
C h a p t e r  I

G e n e r a l  B a c k g r o u n d

I n t r o d u c t i o n

C h i t o s a n  i s  a  d e a c e t y l a t e d  p o l y a m i n e  w h i c h  i s  b i o d e g r a d a b l e  
a n d  b io c o m p a t i b l e .  C h i t o s a n ,  a  w a t e r  s o l u b l e  p r o d u c t ,  i s
t r a n s f o r m e d  f r o m  c h i t i n  w h i c h  i s  c o m m e r c i a l l y  e x t r a c t e d  f r o m  
s h r i m p  a n d  c r a b  s h e l l s .  A  v a r i e t y  o f  p h a r m a c e u t i c a l  a p p l i c a t i o n s  o f  
c h i t o s a n  h a v e  b e e n  p r o p o s e d .  I t  c a n  b e  a p p l i e d  i n t o  t a b l e t s ,  b e a d s ,  
m e m b r a n e s ,  m i c r o c a p s u l e s ,  g e l s  a n d  s o  o n . O v e r  t h e  y e a r s ,  t h e r e  
h a v e  b e e n  a  n u m b e r  o f  r e f e r e n c e s  t . 0  t h e  u s e  o f  c h i t o s a n  a s  
p h a r m a c e u t i c a l  e x c i p i e n t s  in  f o r m u l a t i o n  ( B o d m e i e r  a n d  P a e r a t a k u l ,  
1 9 8 9 ;  L in  a n d  L in ,  1 9 9 2 ;  K n a p c z y k ,  1 9 9 3 ;  T h a c h a r o d i  a n d  R a o ,1 9 9 3  
a; b; K r i s t i  e t  a l .  , 1 9 9 3 ) .

I n  T h a i l a n d ,  s h r i m p  f a r m i n g  h a s  b e e n  e x t e n s i v e l y  p o p u la r  
e s p e c i a l l y  in  t h e  s o u t h e r n  a r e a  a l o n g  t h e  s h o r e l i n e s .  B e i n g  o n e  o f  
t h e  m a j o r  e x p o r t  p r o d u c t s ,  t h e  p r o c e s s i n g  o f  t h i s  i n d u s t r y  n o w a d a y s  
r e s u l t s  in  e n o r m o u s  a m o u n t  o f  b y - p r o d u c t s  e s p e c i a l l y  t h e  s h e l l s  th a t ,  
b e c o m e  i n d u s t r i a l  w a s t e s  a n d  e v e n t u a l l y  c a n  c r e a t e  a n  
e n v i r o n m e n t a l  p r o b le m .  B y  c o n v e r t i n g  t h i s  b y - p r o d u c t s  t o  c h i t o s a n  
a s  a  h i g h l y  v a l u a b l e  m a t e r i a l  w i l l  r e d u c e  t h i s  p o l u t i o n  p r o b le m  f r o m  
s e a f o o d  i n d u s t r y  ( Y o a w a p h a  W a ip r ib ,  1 9 9 1 ) .

T a b l e t  f i lm  c o a t i n g  i s  a  p r o c e s s  w h i c h  i n v o l v e s  t h e  d e p o s i t i o n  
o f  a  t h i n  p l a s t i c - l i k e  m a t e r i a l  c o n s i s t i n g  o f  p o l y m e r ,  p l a s t i c i z e r ,  
c o l o r a n t  a n d  /  o r  o t h e r  a d d i t i v e s  u p o n  t h e  s u r f a c e  o f  t a b l e t s .  T h e  
r e a s o n s  fo r  f i lm  c o a t e n g  i n c l u d e  i m p r o v e m e n t  o f  t h e  p r o d u c t  
a p p e a r a n c e ,  p r o t e c t i o n  o f  t h e  a c t i v e  i n g r e d i e n t  a g a i n s t  t h e  
e n v i r o n m e n t  ( h e a t ,  l i g h t ,  a i r  a n d  m o i s t u r e ) ,  i d e n t i f i c a t i o n  a n d  
d e c r e a s e  t h e  r i s k  o f  c o n f u s i o n ,  s e p a r a t i o n  o f  t h e  i n c o m p a t i b l e  a c t i v e  
i n g r e d i e n t s ,  p r e v e n t i o n  o f  t h e  d u s t  f o r m a t io n  a n d  /  o r  c o n t r o l  o f  t h e  
r e l e a s e  o f  a n  a c t i v e  i n g r e d i e n t .

T h e  p o l y m e r s  t h a t  a r e  w i d e l y  u s e d  in  f i lm  c o a t i n g  a r e  t h e  
c e l l u l o s e  d e r i v a t i v e s  s u c h  a s  h y d r o x y p r o p y l  m e t h y l c e l l u l o s e ,
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c e l l u l o s e  a c e t a t e  p h t h a l a t e ,  s o d i u m  c a r b o x y m e t h y l  c e l l u l o s e  a n d  
e t h y l c e l l u l o s e .  C h i t o s a n  w h i c h  h a s  a  c l o s e  c h e m i c a l  r e l a t i v e  o f  
c e l l u l o s e  a n d  l i k e  c e l l u l o s e  s h o u l d  h a v e  f i l m  f o r m i n g  c a p a c i t y  a n d  
s h o u l d  p r o b a b ly  b e  a p p l i e d  a s  f i lm  f o r m e r  in  t a b l e t  f i l m  c o a t i n g .

C h i t o s a n  c a n  b e  d i s s o l v e d  i n  m a n y  a c i d  s o l u t i o n s  w h i c h  
a c e t i c  a c id  s o l u t i o n  i s  m o s t  o f t e n  u s e d  ( L o w e r ,  1 9 8 4  a ) .  C h i t o s a n  
s o l u t i o n  c a n  b e  p r e p a r e d  t o  t h e  c a s t  f i l m  h a v i n g  a  g o o d  m e c h a n i c a l  
p r o p e r t i e s  ( A v e r b a c h ,  1 9 7 8 ;  K i e n z l e - s t e r z e r , n d . )  a n d  c h i t o s a n  f i l m s  
a r e  u s e d  in  d o s a g e  f o r m  f o r  c o n t r o l l e d  d r u g  r e l e a s e  ( K a n k e  e t  a l .  , 
1 9 8 9 ;  M i y a z a k i ,  Y a m a g u c h e  a n d  T a k a d a ,  1 9 9 0 ) .

H o w e v e r ,  n o  s t u d i e s  h a v e  b e e n  p u b l i s h e d  o n  t h e  e f f e c t  o f  t h e  
m o l e c u l a r  w e i g h t  o f  c h i t o s a n ,  p l a s t i c i z e r  a n d  c o l o r  i n  f i l m  c o a t i n g  
f o r m u l a t i o n s  o n  t h e  p r o p e r t i e s  o f  c a s t  f i l m s  a n d  c o a t e d  t a b l e t s .  I n  
t h i s  s t u d y ,  t h e  a q u e o u s - b a s e d  c o a t i n g  s o l u t i o n  a n d  t h e  p a n  s p r a y  
m e t h o d  w e r e  u s e d  t o  p r e p a r e  f i lm  c o a t e d  t a b l e t s  b y  u s i n g  c h i t o s a n  a s  
f i lm  f o r m e r ,  a n d  t h e  e f f e c t  o f  v a r i a b l e s  i n  c o a t i n g  f o r m u l a t i o n s  o n  
t h e  c a s t  f i lm  a n d  c o a t e d  t a b l e t  p r o p e r t i e s  w a s  e v a l u a t e d .  T h e  m o d e l  
d r u g  u s e d  i n  t h e  e x p e r i m e n t  w a s  p r o p r a n o l o l  h y d r o c h l o r i d e ,  a  w a t e r  
s o l u b l e  d r u g  g e n e r a l l y  u s e d  a s  a n t i h y p e r t e n s i v e  a g e n t .  T h e  U S P  
r e q u i r e s  p r o p r a n o lo l  h y d r o c h l o r id e  p r e p a r a t i o n s  t o  b e  p r o t e c t e d  f r o m  
l i g h t  a n d  s h o u l d  b e  p r e s e r v e d  i n  w e l l - c l o s e d  c o n t a i n e r ,  a n d  
c o m m e r c i a l  t a b l e t  d o s a g e  f o r m s  a r e  f i l m  c o a t e d  ( J o h n ,  1 9 9 0 ;  
L u n d , 1 9 9 4 ;  T h e  U n i t e d  S t a t e s  P h a r m a c o p e i a l  C o n v e n t i o n ,  1 9 9 4 ) .

O b j e c t i v e s  o f  t h e  s t u d y

T h e  a i m s  o f  t h i s  s t u d y  a r e  :
1. T o  s t u d y  t h e  e f f e c t  o f  m o l e c u l a r  w e i g h t  o f  c h i t o s a n  o n  

c h i t o s a n  f r e e  f i l m s  a n d  p r o p r a n o lo l  h y d r o c h l o r i d e  c o a t e d  t a b l e t s .
2 . T o  s t u d y  t h e  e f f e c t  o f  t y p e  a n d  a m o u n t  o f  p l a s t i c i z e r  o n  

c h i t o s a n  f r e e  f i l m s  a n d  p r o p r a n o lo l  h y d r o c h l o r i d e  c o a t e d  t a b l e t s
3 . T o  s t u d y  t h e  p r o p e r t i e s  o f  p r o p r a n o l o l  h y d r o c h l o r i d e  

c o a t e d  t a b l e t s  a f t e r  e x p o s u r e  to  t h e  a c c e l e r a t e d  c o n d i t i o n .
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L i t e r a t u r e  R e v i e w

P h a r m a c e u t i c a l  F i l m  C o a t i n g

F i l m  c o a t i n g s  a r e  a n  i n t e g r a l  p a r t  o f  t h e  d o s a g e  f o r m  
d e v e l o p m e n t  p r o c e s s .  T h e  p r o c e s s  o f  f i l m  c o a t i n g  i n v o l v e s  t h e  
a p p l i c a t i o n  o f  a  t h i n  p l a s t i c - l i k e  m a t e r i a l  o n t o  t h e  s u r f a c e  o f  a  s o l i d  
s u b s t r a t e .  T h e  s u b s t r a t e  c a n  b e  t a b l e t s ,  c a p s u l e s ,  p e l l e t s ,  g r a n u l e s ,  
o r  p a r t i c l e s .  T y p ic a l ly ,  t h e  c o a t i n g  i s  a p p r o x i m a t e l y  2 5  t o  1 0 0  p m  in  
t h i c k n e s s .  T h e  f i lm  c o a t i n g  i s  a p p l i e d  t o  i m p r o v e  t h e  p h y s i c a l  a n d  
c h e m i c a l  p r o p e r t i e s  o f  t h e  s u b s t r a t e .

F i l m  c o a t i n g ,  i n  c o n t r a s t  t o  s u g a r  c o a t i n g ,  h a s  m i n i m a l  
im p a c t  o n  t h e  s u b s t r a t e ,  a n d  f i n a l  p r o d u c t  s i z e  a n d  w e i g h t .  T h e
f i lm  c o a t i n g  p r o c e s s  i s  a  f a s t e r  a n d  c a n  b e  a u t o m a t e d .  T h e
a d v a n t a g e s  o f  t h e  f i lm  c o a t i n g  t e c h n i q u e  c o m p a r e d  t o  t h e  s u g a r  
c o a t i n g  a r e  l i s t e d  in  T a b l e  1.

T a b l e  1 T h e  a d v a n g e s  o f  t h e  f i l m  c o a t i n g  c o m p a r e d  t o  t h e  s u g a r  
c o a t i n g ( A n s e l  a n d  P o p o v ic h ,  1 9 9 0 ) .

C o n s id e r a b le  r e d u c t i o n  i n  a p p l i c a t i o n  t i m e  
L o w e r  m a t e r i a l  c o s t
A l lo w  m o n o g r a m m i n g  i d e n t i f i c a t i o n  a t  n o  a d d i t i o n a l  c o s t
D u r a b le  a n d  r e s i s t a n t  t o  c h i p p i n g  a n d  c r a c k i n g
S t a b l e  t o  l i g h t ,  a ir , h e a t  a n d  m o i s t u r e
W a t e r  p e r m e a b le  a n d  p e r m e a b l e  t o  g a s t r o i n t e s t i n a l  j u i c e s
N o  u n d e r c o a t  o r  p r o t e c t i v e  p r e c o a t i n g  r e q u i r e d
O d o u r l e s s  a n d  t a s t e l e s s
S i m p l e  p r o c e d u r e  t o  l e a r n  a n d  r e p r o d u c e
N o  d u s t i n g
N o  s e p a r a t e  w a x  o r  p o l i s h  c o a t  n e c e s s a r y  
N o  m o r e  a d v e r s e  e f f e c t  o n  d i s i n t e g r a t i o n  t i m e .
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T h e  i n i t i a l  t a b l e t  f i l m  c o a t i n g s  a p p l i e d  i n  1 9 5 3  u s e d  o r g a n ic  
s o l v e n t s ,  a n d  t h e  e q u i p m e n t  a n d  c o a t i n g  p r o c e s s e s  w e r e  t h o s e  u s e d  
in  s u g a r  c o a t i n g .  T h e  c o a t i n g  c o m p o s i t i o n s  w e r e  l a d l e d  o n t o  t h e  
t a b l e t s ,  r e s u l t i n g  i n  c o a t i n g s  t h a t  w e r e  t h i c k e r ,  h a d  m o r e  v a r i a b l e  
f i lm  t h i c k n e s s ,  a n d  w e r e  l e s s  p h a r m a c e u t i c a l l y  e l e g a n t  t h a n  t h e  
c u r r e n t  c o a t i n g .  S i g n i f i c a n t  i m p r o v e m e n t s  h a v e  b e e n  m a d e  o v e r  
t h e  p a r t  3 0  y e a r s  i n  t h e  e q u i p m e n t ,  t h e  c o a t i n g  p r o c e s s ,  t h e  c o a t i n g  
c o m p o s i t i o n ,  a n d  t h e  q u a l i t y  o f  t h e  f i lm  c o a t i n g s .  H o w e v e r ,  
a q u e o u s - b a s e d  f i lm  c o a t i n g s  d id  n o t  r e p la c e  t h e  o r g a n i c  s o l v e n t -  
b a s e d  s y s t e m s  f o r  a l m o s t  2 0  y e a r s .  T h i s  e v o l u t i o n  w a s  p r i m a r i l y  
e n c o u r a g e d  b y  s t r i c t e r  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  ( E P A )  l a w s  
l i m i t i n g  t h e  q u a n t i t y  o f  o r g a n ic  s o l v e n t s  t h a t  c o u l d  b e  d i s c h a r g e d  b y  
a n  i n d u s t r i a l  p l a n t  in t o  t h e  e n v i r o n m e n t ,  a n d  b y  Q c c u p a t i o n a l  s a f e t y  
a n d  H e a l t h  A c t  ( O S H A )  c o n c e r n e d  a b o u t  t h e  h e a l t h  a n d  s a f e t y  o f  t h e  
o p e r a t o r s .  D u r i n g  t h e  p e t r o l e u m  c r i s i s  in  t h e  1 9 7 0 s ,  t h e  c o s t  o f  
o r g a n i c  s o l v e n t s  i n c r e a s e d  d r a m a t i c a l l y ,  8 0  a q u e o u s - b a s e d  c o a t i n g s  
a l s o  h a d  p o t e n t i a l  c o s t  s a v i n g . ( A n s e l  a n d  P o p o v ic h ,  1 9 9 0 ;  S e i t z ,  1 9 9 0 ) .

D u e  t o  t h e  e x p e n s e  o f  t h e  o r g a n ic  s o l v e n t s ,  t h e  p r o b le m  o f  
t h e  r e l e a s e  o f  t h e s e  p o t e n t i a l l y  t o x i c  a g e n t s  in t o  t h e  a t m o s p h e r e ,  t h e  
h i g h  c o s t  o f  s o l v e n t  r e c o v e r y  s y s t e m s  a n d  t h e i r  e x p l o s i v e n e s s ,  
p h a r m a c e u t i c a l  m a n u f a c t u r e r s  a r e  f l a v o r i n g  t h e  u s e  o f  a q u e o u s -  
b a s e d  f i lm  c o a t i n g  ( A n s e l  a n d  P o p o v ic h ,  1 9 9 0 )

T h e  T a b l e t  C o a t i n g  P r o c e s s

T h e  c o a t i n g  p r o c e s s  c a n  b e  d e s c r ib e d  b y  i n i t i a l l y  d i s c u s s i n g  
t h e  k e y  f a c t o r s  t h a t  i t  c o m p r i s e s  a n d  t h e n  s h o w i n g  t h e i r  c o m p l e x  
i n t e r a c t i o n .  T h e r e  a r e  t w o  p r i m a r y  c o m p o n e n t s  i n v o l v e d  i n  t a b l e t  
c o a t i n g  i n c l u d i n g  c o a t i n g  p r o c e s s  a n d  m a t e r i a l s  u s e d  i n  f i l m  c o a t i n g .

1 . C o a t i n g  p r o c e s s

T a b l e t  a r e  f i lm  c o a t e d  b y  t h e  a p p l i c a t i o n  o r  s p r a y i n g  o f  t h e  
f i l m  c o a t i n g  s o l u t i o n  u p o n  t h e  t a b l e t s .  T h e  v o l a t i l i t y  o f  t h e  s o l v e n t  
e n a b l e s  t h e  f i lm  t o  a d h e r e  q u ic k ly  t o  t h e  s u r f a c e  o f  t h e  t a b l e t s .  T h e  
e q u i p m e n t  a n d  o t h e r  c o a t i n g  v a r i a b l e s  a r e  i m p o r t a n t  f a c t o r s  in  
c o a t i n g  p r o c è s .

1 .1  E q u i p m e n t

M o s t  e q u i p m e n t  c u r r e n t l y  u s e d  f o r  f i lm  c o a t i n g  h a s
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evolved from  s ta n d a rd  p a n n in g  eq u ip m en t th a t  w as p rev a len t in  
th e  su g a r  coating .

A lthough  co n v en tional eq u ip m en t can  be p rac tica lly  
used  for film  coating , it does n o t re p re se n t an  ideal cho ice ,partly  
b ecau se  of th e  re la tiv e ly  low efficiency in  a ir  exchange, an d  also 
b ecau se  i t  does n o t u su a lly  re p re se n t a closed system  m  w hich th e  
h az a rd s  o f u s in g  o rgan ic so lven ts can  be k ep t to a m in im um . T hus, 
th e  tre n d  h a s  b een  to in c reases  g rea tly  th e  ab ility  o f th e  eq u ip m en t 
to rem ove so lv en t from  th e  coating  en v iro n m en t an d  also to  im prove 
ta b le t  m ix ing  efficiency w ith in  th e  pan . T h is h as  b een  achieved  
w ith  th e  deve lopm ent o f th e  horizon ta lly  ro ta tin g , baffled, p e rfo ra ted  
p an  su ch  as  th e  A ccela-Cota, H i-C oater o r D riaco a te r an d  a ir  
su sp en sio n  sy stem  (P o rte r, 1982). T he g en e ra l ty p es o f th e  
eq u ip m en t for ta b le t  coa ting  m ay be ca tegorised  as show n  in  T able 
2.

T a b le  2 T ypes o f th e  eq u ip m en t for ta b le t  coa ting  
(P o rte r, 1982; S eag er e t al., 1985).

T y p e M o d i f i c a t i o n

1 . C onven tional p a n  system . 
- S ta n d a rd  coating  p an A p ea r,h ex ag o n a l or sp h e rica l

- P e lleg rin i p a n
m eta l p an
A in teg ra l baffled p a n  co n ta in in g

1 - G la tt im m ersion-sw ord  system

a d ry ing  a ir  d iffuser (an  a n g u la r  
pan)
A p an  co n ta in in g  a  p e rfo ra ted<

.

- Im m ersio n -tub e  system
m eta l sw ord 
A p an  co n ta in in g  a tu b e

;;
1i
.
1

delivering  th e  h e a te d  a ir  a n d  a 
sp ray  nozzle
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T y p e M o d i f i c a t i o n

2. P e rfo ra ted  p an  system .
- A cela-C ota A n a n g u la r  p a n  w ith  th e  

com plete ly  p e rfo ra ted  fla t 
p o rtio n  o f th e  p an  p e rip h e ry

- H i-C oater A n a n q u la r  p an  w ith  th e  four 
p e rfo ra te d  fla t po rtio n  o f th e  
p an  p e rip h e ry

- D riacoa ter A n a n g u la r  p a n  w ith  th e  inside  
p e rip h e ry  h av in g  a  hollow 
p e rfo ra te d  rib s for in tro d u c in g  
d ry in g  a ir

3. A ir su sp en sio n  system
- W u rs te r  flu id ized  bed  co a te r T a b le ts  con tinuously  p ass  up 

th e  c e n tra l  co lum n
- G la tt flu id ized  bed  co a te r T a b le ts  co n tin u o usly  p a ss  up 

th e  c e n tra l  colum n
- A erom atic flu id ized  b ed  co a te r L ack  th e  in n e r  co a tin g  p o rtio n
- F re u n d  F lo-coater L ack  th e  in n e r  co a tin g  p o rtio n  

a n d  locate  th e  sp ra y  guns in  
co lum n w all a ir  ang le 
dow n w ard s

1 .2  V ariab les

T he co a tin g  o f ta b le ts  in  a  co a tin g  p an  involves 
sp ray in g  th e  coa ting  com positions th ro u g h  one o r m ore sp ra y  guns 
onto a ro ta tin g  bed  o f tab le ts . T he  ap p lied  co a tin g  m u s t be d ried  
before it  touches th e  co a tin g  p a n  o r rece ives its  n e x t ap p lica tio n . To 
a tta in  a co n tinuous coa ting  o p era tio n , th e  ra te  o f w a te r  ev ap o ra tio n  
from  th e  coated  ta b le ts  m u s t e q u a l th e  r a te  o f w a te r  ap p lied  in  th e  
coating  liquid. A t eq u ilib riu m , th e re  is a  ba lan ce  b e tw een  th e  in p u t 
an d  th e  e x h a u s t v a riab les . T h e  in p u t  v a ria b le s  include te m p e ra tu re  
a n d  hu m id ity  if  th e  d ry in g  a ir , r a te  o f ap p lica tio n  o f th e  coating  
liquid, an d  su rface  a re a  o f th e  ta b le ts . T he e x h a u s t v a riab le s  
include th e  e x h a u s t air, th e  cap ac ity  o f th e  e x h a u s t  a ir  to  c a rry  th e  
ev ap ora ted  w a te r  a t  th a t  te m p e ra tu re , th e  ra te  o f ev ap o ra tio n  of 
w a te r from  th e  coated  ta b le ts  a t  th e  ta b le t  bed  te m p e ra tu re  an d  the
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T he n u m ero u s v a ria b le s  involved in  th e  film  coating  
process need  to be con tro lled  to e n su re  co n s is te n t p ro d u c t quality .

c o a te d  ta b le t  su r fa ce  a r e a  from  w h ic h  th e  w a te r  m u s t  e v a p o r a te .

T hese v a riab les  m ay be 
(K ulvanich , 1993) :

c lassified  in to  follow ing ca tego ries

V a r ia b le s C o m m e n t  a n d  D is c u s s io n

1 . E q u ip m en t
- P an  design  / baffling P a n  speed, baffling  a n d  load ing  

affect th e  m ix ing  o: th e  ta b le t  
bed

- Speed S peed  th a t  a re  too slow m ay 
cau se  localized overw ettin g , 
ta b le ts  s tick in g  to  each  o th e r  or 
to th e  p an

2 . S p ray  system
- S p ray in g  ra te /deg ree  

o f a to m izatio n /sp ray  
p a tte rn

In  th e  a irless, h ig h  p re s su re  
system , th e  sp ra y  ra te , th e  
sp ray  p a t te rn  a n d  d eg ree  o f 
a to m iza tio n  a re  d irec tly  
affected  by flu id  p re s su re  
an d  nozzle design . [ท th e  a ir  
system , th e  ra te  o f so lu tio n  flow 
is m ost d irec tly  affec ted  by th e  
liqu id  p re s su re  a n d  liqu id  orifice 
size T he degree  o f a to m iza tio n  
an d  sp ray  p a t te r n  a re  affected  
by a ir  p re ssu re , a ir  volum e, th e  
orifice size, nozzle con figu ration ,
flu id  p re s su re ,a n d  flu id  v iscosity  

- Nozzle-to-bed d istance  T he sp ray  w id th  can  be ad ju s ted
an d  an g le /nu m b er of sp ray  by m oving th e  nozzle close or
gun  / pum ping  system fu th e r  aw ay  from  th e  ta b le t  bed, 

b u t n o t too w ide w hich  could 
re su lt  in  ap p lica tio n  o f th e  
so lu tion  d irec tly  on th e  p an  
su rface  o r localized  o v erw ettin g  
m ay re su lt  by to n a rro w  of sp ray  
p a tte rn . M ore sp ra y  g u n s can  be 
u sed  to app ly  th e  co a tin g



so lu tion  T he pum p ing  of the  
so lu tion  shou ld  be also ad ju sted  
to ob ta in  a su itab le  condition
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3. P rocess a ir  sy stem
- T e m p e ra tu re , vo lum e a n d  Supply  a ir  shou ld  have some 

qua lity /b a lan ce  b e tw een  su p p ly  degree of dehum id ifica tion  in 
an d  e x h a u s t a ir  flow o rd e r to m in im ize seaso n al

flu c tu a tio n  in  th e  m o istu re  
co n ten t of incom ing air.
A n a lte rn a tiv e  p rocedure  is to 
com pensate  for v a ria tio n  in 
hu m id ity  o f in le t a ir  by 
optim izing  one or m ore of ะ 
a ir  vo lum e,in le t a ir  te m p e ra tu re  
an d  sp ray in g  ra te

2. M a te ria ls  u sed  in  film  coating
T he typ ica l film  fo rm u la tio n  consists  o f polym er, 

p lastic izer, so lvent, co lo ran t, o p aq u an t-ex ten d er, an d  m iscellaneous. 
An idea l film  co a tin g  m a te r ia l  sh o u ld  have th e  follow ing a ttr ib u te s  ะ

1 . S o lubility  in  so lv en t o f choice for coating  p rep a ra tio n
2 . So lub ility  re q u ire d  for th e  in ten d ed  use, eg., free w ate r- 

solubility , slow w a te r-so lu b ility  o r p H -d ep en d en t so lub ility
3. C apacity  to p roduce a n  e le g an t looking p ro d uc t
4. S tab ility  in  th e  p resen ce  o f hea t, ligh t, m o istu re , a ir  an d  

th e  su b s tra te  b e ing  coated
5. E ssen tia lly  no color, ta s te  or odor
6 . C om patib ility  w ith  com m on coating  so lu tion  add itives
7. N ontoxicity  w ith  no pharm acologic activ ity , an d  ease  o f 

app lication  to th e  p a rtic le s  o r ta b le ts
8 . R esis tance  to crack ing , an d  p rovision  o f ad eq u a te  

m oistu re , ligh t, odor, or d ru g  su b lim atio n  b a rr ie r  w hen  d esired
9. No b ridg ing  o r filling  o f th e  debossed ta b le t su rfaces by 

th e  film  fo rm er
10. E ase  o f p r in tin g  p ro ced ure  on h igh-speed  eq u ip m en t.

N o  c o m m e r c ia lly  a v a ila b le  m a te r ia l  fu lf i l ls  a ll  r e q u ir e m e n t
o f  a n  id e a l  c o a t in g  m a te r ia l. A  p h a r m a c e u tic a l  s c ie n t is t  u s u a lly
fo r m u la te s  a  c o a t in g  s o lu t io n  to  a c h ie v e  c e r ta in  d e s ir e d  p r o p e r tie s
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for th e  film coating  p roduct. T he av a ilab ed  film  fo rm er can  be 
classified in to  n o nen te ric  m a te ria ls  (hydroxypropylcellulose, 
hydroxypropyl m ethylcellu lose, sodium  carboxym ethy lcellu lose , 
ethylcellulose, povidone, po lye thy lene glycol an d  ac ry la te  polym er) 
and  en te ric  m ate ria ls  (cellulose ac e ta te  p h th a la te , ac ry la te  polym er, 
hydroxypropyl m ethylcellu lose p h th a la te , po lyvinyl a c e ta te  
p h th a la te )  (Rowe, 1984).

Some p h arm aceu tica l in v es tig a to rs  found  th a t  som e 
m a te ria ls  such as m alto d ex trin  (P o rte r  a n d  W oznicki, 1989), ce rea l 
solid hydro lysate  (Sm all an d  Je ffrie s , 1973) a n d  su b s tan ce  iso la ted  
from  roots of S a l a r i a  m a c r o s p e r m a  (V en k a te sw arlu  e t  ah , 1993) 
could be used  a s  film  fo rm ing  m a te ria l.

T h e o ry  o f  f i lm  f o r m a t io n

In  p h arm aceu tica l film  coa ting  process, w h en  a  co a tin g  
solu tion  is applied  upon th e  su rface  o f tab le ts , se ts  o f force occur 
betw een  th e  film  form ing  po lym er m olecules (cohesion), a n d  b e tw een  
film  a n d  su b s tra te  (adhesion)(B anker, 1966).

Cohesion re fe rs  to  th e  ab ility  o f con tiguous su rfa ce s  o f th e  
sam e m ateria l, a t  a  m olecular o r a t  a  su p e rm o lecu la r level, to  form  a 
stron g  bond w hich p rev en ts  o r re s is ts  se p a ra tio n  a t  th e  p o in t of 
contact. To ob ta in  h igh  levels o f cohesion  th e  tw o p h e n o m e n a  a re  
necessary  :

1 . The cohesive s tre n g th  o f th e  m a te ria l, m olecule to 
m olecule, m u st be re la tiv e  high.

2 . T he coalescence su ffic ien tly  occurs to  d isa p p e a re  th e  
boundary  layers betw een  ad jacen t po lym er m o lecu la r lay e rs .

The ind iv idual o r seg m en ts  o f m acrom olecu les b e tw e e n  an d  
w ith in  film layers m ay  diffuse u n d e r  a v a rie ty  o f cond itions 
including  gelation, w hen  polym ers a re  deposited  in so lu tio n  o v er a 
p rev ious polym er layer o r a t  e lev a ted  te m p e ra tu re s  co rresp o n d in g  to 
a sem isolid s ta te . T he re su lt, if  th e re  is a d e q u a te  cohesive a t tra c tio n  
betw een  th e  m olecules an d  suffic ien t d iffusion  a n d  coalescence, WÜ1 
be a  resto ra tio n  o f th e  po lym er s tru c tu re  to a un ifo rm  n o n la m in a te d  
m atrix  a t  th e  con tact zone (H oneyw ill, 1986). T h e re  a re  som e fac to rs
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affecting  a  cohesion in film  coatings w hich  can  be b riefly  m en tio n ed  
(B anker, 1966) ะ

1. P rocessing  factors

The factors w hich m ay in c rease  film  cohesion  in c lu d e  ะ 
increase  con tact tem p e ra tu re , su rface  co n tac t tim e  a n d  coat 
th ickness, an d  use a su itab le  coa ting  so lu tion  co n cen tra tio n , deg ree  
of polym er solvation  and  viscosity.

2 . F o rm ulation  factors

The fo rm ulation  facto rs affec ting  cohesion  include p o lym er 
ch em istry  an d  polym er s tru c tu re  p ro p ertie s , so lv en t effects, th e  
d ispersed  solids, and  p lastic ization .

B oth processing  an d  fo rm u la tio n  facto rs a ffec ting  cohesion  
in film  coating  can be ad ju s ted  to achieve a  d es ired  film  co a tin g  
p roduc t (B anker, 1966).

F u n d a m e n ta l  P r o p e r t i e s  o f  P o ly m e r ic  M a t e r i a l s  a n d  
T h e i r  A p p l ic a t io n  in  F i lm  C o a t in g  F o r m u la t i o n s

T he technology of film  coating  is n o t new ; i t  h a s  p re c e d e n ts  
in bo th  p a in ts  an d  adhesives technology. I t is a  fie ld  o f ap p lied  
science w here specfic discip lines such  as po lym er science, m a te r ia l  
science, su rface science, m echanics, p h ysica l c h e m is try  an d  
p h arm acy  m eet. I t is safe to say  th a t  w hen  p ro b lem s occur th e  
so lu tion  will never be found in  one d iscip line.

T he fu n d am en ta l p ro p ertie s  o f po lym er, i.e. th e ir  m o lecu la r 
w eigh t an d  m olecular w eigh t d is trib u tio n , in te ra c tio n  w ith  
p lastic izers and  solubility  in  so lven ts can  be u sed  in  o p tim is in g  th e  
fo rm ulation , especially in  th e  so lu tion  o f su ch  p ro b lem s a s  film  
cracking, edge sp littin g  an d  b ridg ing  found d u rin g  th e  film  coa ting . 
T hese th re e  problem s a re  th o u g h t to be cau sed  by th e  b u id  up of 
s tre sses  w ith in  th e  film coating  d u rin g  sh rin k a g e  on e v a p o ra tio n  o f 
th e  solvent. T his will re su lt in  e ith e r  c rack in g  o r edge sp li t t in g  if  
th e  s tre sses  are  g rea te r  th a n  th e  ten s ile  s tre s s  re q u ire d  to ru p tu re  
th e  film  or b ridg ing  if th e  s tre sse s  g rea tly  exceed  th e  fo rces o f 
adhesion  holding the  film  in to  th e  in tag lia tio n  (Rowe, 1982 c). 
T hese problem s are  show n in  F igu re  1.



Stresses due 
to shrinkage

Adhesion good Adhesion poor
Cracking splitting Bridging of

intagliations

F ig u r e  1 F ilm  cracking, edge sp littin g  an d  b ridg ing  of th e  
in tag lia tio n .

D u rin g  th e  coating  process polym er ch a in  m obility  is an  
im p o r ta n t facto r in  in fluencing  th e  m agn itude  of th e  s tre sse s  
developed. W hen  th e  polym er ch a in s a re  m obile, as in  th e  case of 
th e  p o lym er so lu tion  and , to a  ce rta in  ex ten t, th e  gel, th ey  o r ie n ta te  
th em se lv es  so as to relieve any  s tre sses  form ed. H ow ever, as 
so lvent, a n d  hence th e  free volum e, is lo st from  th e  gel s tru c tu re , th e  
ch a in  m obility  becom es progressively  re s tr ic ted  an d  an y  developed 
s tre sse s  becom e in  (Rowe, 1982 c).

T he so lu tion  of th ese  prob lem s h as a t  le a s t tw o cou rses of 
action; to  a tta c k  th e  root cause of th e  problem  an d  to fo rm u la te  so as 
to m in im ise  th e  incidence of th e  defect. The vario u s asp ec ts  of th e  
film  co a tin g  fo rm u lation  w ill be controlled, i.e. th e  choice of th e  
g rad e  o f polym er, th e  p lastic izer an d  th e  o th e r add itves.

1. T he g rade of polym er

Som e p ro p ertie s  of polym eric m a te ria ls  for film  coa ting  
m ay  be m en tio n ed  to a m olecular w eigh t an d  m o lecu la r w eigh t 
d es tr ib u tio n , a po lym er chem istry , an d  a crysta llin ity .

1.1 M olecular w eigh t an d  m olecular w eigh t d is tr ib u tio n

In  film  coating, th e  su itab le  m echan ica l s tre n g th  is 
req u ired . O ne w ay to increase  th e  s tre n g th  of a po lym er is to 
in crease  its  m olecular w eight. Low m olecular w eigh t po lym ers a re  
u su a lly  re la tiv e lly  w eak b u t as th e  m olecular w eigh t is in c re ased  th e  
s tre n g th  also  increase  u n til a t  som e critica l m olecular w eig h t th e re
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is no fu r th e r  in crease  in  s tre n g th  (R adebaugh,1988; Rowe, 1982 a). 
H ow ever, for sm ooth  coa ting  operation , th e  coating  m a te ria l should  
be su ffic ien tly  low m olecu lar w eight, low viscosity and  shou ld  have 
good film -form ing  ab ility . T herefore, its  m olecular w eigh t an d  
m olecu lar w eigh t d is tr ib u tio n  a re  im p o rtan t factors in  d e te rm in in g  
th e  efficiency as  a coating  m a te r ia l (N agai, Sekigaw a an d  H oshi, 
1989).

All th e  po lym ers u sed  in  film  coating  are  con tro lled  by 
m ean s of an  a p p a re n t viscosity  re p re se n tin g  th e  viscosity  o f a 
specific co n cen tra tio n  of th e  po lym er dissolved in a specific so lven t 
a t a  specific te m p e ra tu re . Since viscosity contro l is ach ieved  by 
con tro lling  th e  ch a in  len g th  d u rin g  th e  p roduction  process, th e  
v iscosity  can  be re g a rd ed  as  an  in d irec t m easu re  o f th e  m olecular 
w eigh t of th e  po lym er (F lorence an d  A ttw ood , 1981; Rowe, 1984).

I t is possible to d e te rm in e  th e  m olecular w eigh t by u sin g  th e  
M ark -H ouw ink  eq u a tio n  ะ-

[ ]ๆ = KMva
w hich re la te s  th e  in tr in s ic  viscosity of th e  po lym er [ ]ๆ to  its  

m o lecu la r w eigh t (Mv) u sin g  th e  co n s tan t (K) an d  (a). T hese 
co n s tan ts  a re  u su a lly  d e te rm in ed  em pirically  by app ly ing  th e  
eq u a tio n  to sam ple  o f know n m olecular w eigh t a n d  w ith  very  n arrow  
m olecu lar w eigh t d is tr ib u tio n  an d  a re  d ep end en t on th e  so lven t an d  
th e  te m p e ra tu re  u sed  (Rowe, 1982 b).

T he low viscosity  g rade polym er is p re fe rred  as it  is possible 
to p rep a re  w ith  a h ig h e r co n cen tra tio n  w hich p erm its  th e  fo rm ation  
of a  coating  m ore quickly a n d  w ith  econom y o f so lven ts (Joh n son  
an d  M ich, 1970). I t is also know n th a t  th e  add ition  o f h ig h  
m o lecu la r w eigh t com ponen ts to a d is trib u tio n  e.g. as a consequence 
of b len d in g  h igh  an d  low m olecu lar w eigh t g rades of a po lym er can  
in crease  th e  effective s tre n g th  of th a t  polym er. T h is effect h a s  been  
show n to be beneficia l in  th e  case of film  coated  ta b le ts  p ro n e  to 
edge sp littin g  in  th a t  th e  incidence o f th is  defect w as s ign ifican tly  
reduced  w hen  b lends of h igh  an d  low m olecular w eigh t g rad es of 
hydroxypropyl m ethy lcellu lose w ere u sed  (Rowe, 1982 b). B lend ing  
m ay be ca rried  o u t u sin g  th e  fo rm ula  :



13

log ๆร = N lo g r ii  + (100-N) logท 2ุ

100

W here rig is th e  a p p a re n t v iscosity  so u g h t,  ๆ1 a n d  ๆ2 a re  th e  
ap p a re n t v iscosities o f th e  f irs t a n d  second com ponen ts o f th e  b lend, 
and  N is th e  w eigh t p e rc e n t o f th e  f ir s t  co m p o n en t (Rowe, 1984).

1.2 P olym er ch em istry

T he sh ap e  o f po lym eric  m olecules e x e rts  a  s tro n g  
influence on cohesion in  film , since m o lecu la r sh ap e  la rge ly  
d e te rm in es bo th  th e  d iffusib ility  o f a m acrom olecu le or its  in d iv id u a l 
b ran ch es or segm en ts, a n d  th e  s tr e n g th  o f its  in te rla c in g  a re a s . 
B ranched  m olecules in  w hich  th e  b ra n c h e s  do n o t g rea tly  h in d e r  
diffusion m ay have a g re a te r  cohesive s tr e n g th  th a n  n o n b ran ch ed  
equally  n o ncrysta lling  po lym ers, b a sed  on a  f irm e r an ch o rin g  o f such  
m acrom olecules in  th e  d iffusion lay er. M acrom olecules w ith  a 
re g u la r s tru c tu re  an d  n o t in  a  s tro n g ly  c ry s ta llin e  s ta te  sh o u ld  be 
m ore diffusible th a n  m olecules w ith  a  h igh ly  ir re g u la r  
ste reochem ical s tru c tu re . In  a  hom ologous se ries, low er m o lecu la r 
w eigh t fractions ex ib it a  g re a te r  cohesion , a n d  show  a  g re a te r  
change in cohesive s tre n g th  w ith  te m p e ra tu re  changes. In  s tro n g ly  
po lar polym ers, se lf-adhesion  by d iffusion  is in sig n ifican t, d ue  to  th e  
m in im al flexibility an d  fixed o rd e r o f th e  m acrom olecu les cau sed  by 
the  in te rm o lecu la r forces ho ld ing  th e  p o lym er ch a in s  in  a fixed form  
(B anker, 1966).

1.3 C ry s ta llin ity  o f po lym er

A h igh  o rdered , c ry s ta llin e  p o lym er re p re se n ts  a 
polym er system  of m ax im um  co m p ac tn ess  a n d  cohesive s tre n g th . 
The in te rm o lecu la r forces w hich  p ro m ote  cohesion, p a r tic u la r ly  
hydrogen  bonding, also p rem o te  c ry s ta llin ity . T he closer th e  p o la r 
groups are  to one a n o th e r  a long  th e  c h a in  an d  th e  b e t te r  th e ir  
la te ra l fit, th e  m ore c ry s ta llin ity  is p ro m o ted  c ry s ta llin ity  is re la te d  
to film  stiffness an d  y ield  po in t, a n d  also affec ts film  perm eab ility ,
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2. T he p lastic izer

T he p lastic izer is defined  as a  su b s ta n tia lly  nonvolatile , 
h igh  boiling a n d  n o n sep a ra tin g  su b s tan ce , p la s tic ize r is o ften  added  
to po lym ers in  o rd er to change th e  p h ysica l p ro p e rtie s  a n d  en h ance  
the film  form ing  ch a rac te ris tic s  o f po lym ers

f le x ib ility , a n d  b r it t le n e s s . M o d u lu s  in c r e a s e s  w ith  in c r e a s e  in
c r y s ta ll in ity  (B a n k er , 1966; R a d eb a u g h , 1 9 8 8 ).

M e c h a n is m  o f  P l a s t i c i z a t i o n

A ttem p ts  a t  ex p lana tio n  o f th e  m ech an ism  of p las tic iza tio n  
m ay be g rouped  u n d e r th re e  concep ts called  th e  lub ric ity , th e  gel 
an d  th e  free volum e th eo ries  (D oolittle, 1954; S e a ra  a n d  D arby, 
1982).

1 . T he lubricity  theory , w hich  is p roposed  th e  fu n c tio n  of th e  
p lastic izer is to reduce the  in te rm o le cu la r fric tion . T he u n d e rly in g  
th o u g h t is th a t  w hen  a p lastic  is fixed th e  m acrono lecu les m u s t w ork 
back an d  fo rth  over each  o th er. T he p la s tic ize r is th o u g h t of as 
lu b rica tin g  th is  m ovem ent an d  th e re b y  red u c in g  th e  in te rn a l 
resistan ce .

2 . T he gel theo ry  view es th e  p las tic iza tio n  as d isg reg a tio n  
w ith  su b seq u en t m ore or less o rien te d  ag g reg a tio n  by th e  possib ility  
of th e  fo rm ation  of th e  th ree -d im en sio n a l n e tw o rk  by m an y  un ions 
of m acrom olecules a t  a few p laces along  th e ir  c h a in  le n g th s  an d  to 
increased  tendency  tow ard  gel fo rm atio n  in m ore co n cen tra ted  
so lu tions because of th e  g re a te r  likelihood o f po lym er-p loym er 
contacts.

T he gel theory  d iffers from  th e  lu b ric ity  th eo ry  in  sev era l 
im p o rtan t aspects. The p ro p o n en ts  o f th e  gel th eo ry  consider 
rig id ity  in an  unp lastic ized  m ass to  be cau sed  by a n  in te rn a l  th ree - 
d im en tional honeycom b s tru c tu re  a n d  gel fo rm ed  by loose 
a tta c h m e n ts  betw een  the  m acrom olecu les w hich  occur a t  in te rv a ls  
along the  m olecular chains. T he p las tic ize r m a sk s  th e  ce n te rs  of 
force by selectively  so lvating  th e  po lym er ch a in s. A t th e  sam e  tim e 
th e re  are  free m olecules of p la s tic ize r u n a tta c h e d  to  p o lym er to be 
p a rticu la rly  effective in sw elling  o f th e  gel a n d  to fa c ilita te  th e
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3. T he free volum e th eo ry  s ta r te d  s im u ltan eo u sly  w ith  th e  
atom ic a n d  m olecular theo ries an d  th e  inev itab le  q uestion , w h a t lies 
b e tw een  th e  atom s and  m olecules. T he free volum e o r free  space of 
a c rysta l, glass, or liquid m ay be defined as th e  d ifference b e tw een  
th e  vo lune observed a t  abso lu te  zero te m p e ra tu re  an d  th e  vo lum e 
m ea su re d  for th e  rea l crystal, g lass, or liqu id  a t  a g iven  use 
te m p e ra tu re . This m ay be exp ressed  by th e  eq u a tio n  ะ

V f = v t  -  VO

w here V f is th e  free volum e. Vf is th e  specific vo lum e a t  
te m p e ra tu re  t, and  v °  th e  specific volum e a t  som e re fe ren ce  p o in t.

T he glass tra n s itio n  te m p e ra tu re  is reach ed  a t  w hich  th e  
m a te r ia l  becom es glassy. A t th is  po in t th e  decrease  in  vo lum e 
con tinues, b u t th e  am o u n t of change is sm aller. T he d ec rease  m u s t 
re p re se n t th e  decrease in space betw een  th e  a to m s a n d  m olecules 
(S ears an d  D arby, 1982). B ecause an  increase  o f hole free vo lum e 
p e rm its  increased  m otion of po lym er m olecules, a  s tu d y  of 
p las tic iza tio n  is a study  of w ays to increase  free volum e. T he  m otion  
an d  th e re  fore the  free volum e of a system  m ay be in c rease  by ะ

1. Increasing  the  n u m b er o f en d  groups (low er th e  m o lecu la r 
w eigh t o f polym er).

2 . Increasing  th e  n u m b er or len g th  of side ch a in  ( in te rn a l 
p lastic ization).

3. Increasing  th e  chance of m ain  ch a in  m o v em en t by 
inclusion  o f segm ents of low ste ric  h in d ran ce  an d  low in te rm o le c u la r  
a ttra c tio n  , low po larity  and  H -bonding, ( in te rn a l p las tic iza tio n ).

4. Inclusion of a com patible com pound of low m o lecu la r 
w eigh t (ex te rn a l p lasticization).

m o v e m e n t  o f  th e  p o ly m er  m o le c u le s , th a t  is , in c r e a s in g  f le x ib il ity .

5. R aising  th e  tem p e ra tu re .
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:■ »*- PLASTICIZER

F ig u r e  2 T he lub ric ity  th eo ry  o f p lastic iza tion . A. polym er- 
po lym er bonds an d  p las tic ize r -p lastic izer bonds a re  
p re fe rred  over polym er- p las tic izer bonds: B. po lym er- 
p lastic izer bonds are  p re fe rred .

F ig u r e  3 Sources of free volum e for p lastic ization ; A, ch a in  en d  
m otion ; B ,  side chain  m otion; c ,  m ain  ch a in  

"crankshaft"  m otion; D, e x te rn a l p las tic ize r m otion.

T he p lastic izer an d  polym er a re  g en era lly  th o u g h t to be held  
to g e th e r by in te rm o lecu la r secondary  valence forces fo rm ing  a 
com plex o r m olecular agg regate . T he low ering  o f th e  g lass



t r a n s i t io n  t e m p e r a t u r e  b e lo w  r o o m  t e m p e r a t u r e  b y  p la s t ic iz a t io n  
c h a n g e s  a  h a r d , b r i t t le ,  g la s s - l ik e  m a t e r ia l  a t  r o o m  t e m p e r a t u r e  to  a  
so ft , f le x ib le  a n d  t o u g h  m a t e r ia l  ( B a n k e r ,  1 9 6 6 ) .

P la s t i c i z e r s  c o m m o n ly  u s e d  in  p h a r m a c e u t ic a l  a p p l ic a t io n s  
in c lu d e :  (a ) g ly c o l  d e r iv a t iv e s  w h ic h  a r e  u s e f u l  fo r  c e l lu lo s ic s  a n d  
p o ly v in y l  a lc o h o l;  (b) p h t h a la t e  e s t e r s ,  w h ic h  a c c o u n t  fo r  o v e r  h a l f  o f  
a ll  th e  p la s t i c i z e r s  u s e d  in d u s t r ia l ly ;  (c) p h o s p h a t e  e s t e r s ;  (d) 
a d ip a t e s ,  a z e la t e s ,  o le a t e s ,  a n d  s e b a c a t e s ,  e s p e c ia l ly  u s e f u l  fo r  
v in y ls ;  (e) e p o x y  p la s t ic iz e r s ;  a n d  (f) f a t t y  a c id  e s t e r s  fr o m  n a t u r a l  
s o u r c e s  ( E d g r e n  a n d  T h e e u w e s ,  1 9 9 0 ) .

T h e  b a s ic  r e q u ir e m e n t s  o f  a n y  p la s t i c i z e r s  in  a  p o ly m e r  
s y s t e m  a r e  c o m p a t ib i l i t y  a n d  p e r m a n e n c e .  T h e  m o s t  e f f e c t iv e  
p la s t ic iz e r s  w i l l  g e n e r a l ly  r e s e m b ly  m o s t  c lo s e ly  in  s t r u c t u r e  t h e  
p o ly m e r  t h e y  p la s t ic iz e d .  T h u s ,  w a t e r  s o lu b le  c e l lu lo s e  e t h e r s  a r e  
b e s t  p la s t ic iz e r  b y  h y d r o x y l  c o n t a in in g  c o m p o u n d s .  S u b s t a n t ia l ly  
a l ip h a t ic  n o n p o la r  p o ly m e r s  a r e  b e s t  p la s t i c i z e d  b y  e s t e r s  a n d  
n o n s o lv e n t  o i ls .  ( B a n k e r ,  1 9 6 6 ;  A u l t o n ,  H o u g h t o n  a n d  W e lls ,  1 9 8 5 ;  
R a d e b a u g h , 1 9 8 8 ) .

S o m e  in t e r e s t i n g  e f f e c t s  o f  p la s t i c i z e r s  r e la t e d  to  t h e  f i lm  
c o a t in g  a r e  ะ

1. T h e  r e la t io n s h ip  b e t w e e n  in t r in s ic  v i s c o s i t y  o f  p o ly m e r  
s o lu t io n  a n d  f i lm  p r o p e r t ie s .

A  c o n v e n ie n t  w a y  o f  a s s e s s i n g  t h e  d e g r e e  o f  p o ly m e r  / 
p la s t ic iz e r  in t e r a c t io n  i s  to  m e a s u r e  t h e  in t r in s ic  v i s c o s i t y  o f  t h e  
p o ly m e r  d is s o lv e d  in  t h e  p la s t ic iz e r .  A  l iq u id  w i t h  h ig h  s o lv e n t  
p o w e r  fo r  t h e  p o ly m e r  i s  e x p e c t e d  to  c a u s e  c h a in s  to  e x p a n d ,  
w h e r e a s  a  l iq u id  w i t h  lo w  s o lv e n t  p o w e r  w o u ld  b e  l e s s  e f f e c t iv e  o r  
p o s s ib ly  c a u s e  t h e  c h a in s  to  c o i l  u p . T h e r e f o r e  t h e  r e s u l t in g  
s o lu t io n  h a s  h ig h  v i s c o s i t y  w h e r e  in t e r a c t io n  b e t w e e n  p o ly m e r  
s e g m e n t s  a n d  s o lv e n t  m o le c u le s  i s  p r e f e r e d  ( R a d e b a u g h ,  1 9 8 8 ) .

E n t w is t l e  a n d  R o w e  (1 9 7 8 )  f o u n d  a  c o r r e la t io n  b e t w e e n  t h e  
in t r in s ic  v i s c o s i t y  o f  t h e  p o ly m e r /p la s t i c i z e r  s o lu t io n s  a n d  t h e  t e n s i l e  
s t r e n g t h ,  e lo n g a t io n  a t  r u p t u r e  o f  c a s t  f i lm . T h e  m e c h a n ic a l  
p r o p e r t ie s  w e r e  a t  a  m in im u m  w h e n  t h e  in t r in s ic  v i s c o s i t y  w a s  a t  a  
m a x im u m . A  r e la t io n s h ip  w a s  fo u n d  b e t w e e n  t h e  lo w e r in g  o f  a  
c a lc u la t e d  g la s s  t r a n s i t io n  t e m p e r a t u r e  o f  h y d r o x y p r o p y l
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m e t h y lc e l lu lo s e  in  t h e  p r e s e n c e  o f  t h e  p r o p y le n e  g ly c o l ,  P E G  2 0 0  a n d  
g ly c e r o l, a n d  t h e  h ig h e r  o f  t h e  in t r in s i c  v i s c o s i t y .  S h a h  a n d  Z a tz  
(1 9 9 2 )  f o u n d  t h a t  t h e  h ig h  v a l u e s  fo r  r e c ip r o c a l  o f  m o d u lu s  o f  
e la s t i c i t y  a n d  lo w  t e n s i l e  s t r e n g t h  c o r r e la t e d  w i t h  h ig h  in t r in s ic  
v is c o s i t y  v a lu e s .  A m o n g  t h e  p l a s t i c i z e r s  t e s t e d  d im e t y l  p h t h a la t e  
a n d  g ly c e r y l  t r ia c e t a t e  w e r e  m o s t  e f f i c i e n t  p la s t i c i z e r s  fo r  c e l lu lo s e  
e s t e r s .

2 . T h e  e f f e c t  o f  p la s t i c i z e r  t y p e  a n d  a m o u n t

T h e  d e g r e e s  o f  lo w e r in g  in  s o f t e n in g  p o in t  a n d  g la s s  
t r a n s i t io n  t e m p e r a t u r e  d e p e n d  o n  t h e  t y p e s  a n d  l e v e l s  o f  p la s t i c i z e r  
u s e d .

E f f e c t  o f  p la s t i c i z e r  c o n c e n t r a t io n  o n  c e r t a in  f i lm  
p r o p e r t ie s  : s w e l l in g ,  p o r o s i t y  a n d  p e r m e a b i l i t y  h a s  b e e n  s t u d ie d  in  
f i lm s  o f  tw o  a c r y la t e - m e t h a c r y la t e  c o p o ly m e r s .  I t  w a s  f o u n d  t h a t  
g ly c e r o l  t r ia c e t a t e  o r  g ly c e r o l  t r ib u t y r a t e  c o n t e n t  in  b o t h  f i lm s  
c a n n o t  b e  v a r ie d  b e y o n d  1 6  ±  5  %  พ /พ  o f  f i lm  w e i g h t  b e c a u s e  o f  t h e  
b le e d in g  o c c u r r e n c e . M ix in g  o f  t h e  t w o  p la s t i c i z e r s  o f f e r e d  o f  m e a n s  
o f  v a r y in g  t h e  c o n t e n t  o f  in d iv id u a l  p la s t i c i z e r  in  t h e  f i lm . I n c r e a s e  
in  t h e  fr a c t io n  o f  t h e  m o r e  h y d r o p h i l ic  g ly c e r o l  t r ia c e t a t e  in  t h e  
m ix e d  p la s t ic iz e r  c o u p le d  w i t h  a  d e c r e a s e  in  t h e  l e s s  h y d r o p h i l ic  
g ly c e r o l  t r ib u t y r a t e  in c r e a s e  t h e  u r e a  p e r m e a b i l i t y  o f  t h e  l e s s  
h y d r o p h il ic  f i lm s  o f  m e t h a c r y la t e  f i lm ;  t h i s  w a s  r e la t e d  to  t h e  
le a c h in g  o f  g ly c e r o l  t r ia c e t a t e  w i t h  a l s o  r e s u l t e d  in  e n h a n c e m e n t  o f  
f i lm  p o r o s ity . In  t h e  m o r e  h y d r o p h i l ic  f i lm  o f  a c r y la t e ,  u r e a  
p e r m e a b i l i t y  in c r e a s e d  a s  t h e  m o r e  h y d r o p h i l ic  g ly c e r o l  t r ia c e t a t e  
f r a c t io n  d e c r e a s e  a n d  t h e  l e s s  h y d r o p h i l ic  g ly c e r o l  t r ib u t y r a t e  
f r a c t io n  in c r e a s e d ,  a  f in d in g  w h ic h  w a s  a t t r ib u t e d  to  t h e  p o t e n t i a l  o f  
g ly c e r o l  t r ib u t y r a t e  fo r  p r o m o t in g  f i lm  s w e l l i n g  a n d  p o r o s i t y .  
P e r m e a b i l i t y  i s  th e r e f o r e  d e p e n d e n t  o n  t h e  h y d r o p h i l ic i t y  o f  b o t h  t h e  
p la s t ic iz e r  a n d  p o ly m e r  c o n s id e r e d  t o g e t h e r  (O k o r , 1 9 8 2 ) .

F r e e  f i lm s  p r o d u c e d  u s i n g  e t h y l c e l l u l o s e  p s e u d o la t e x  w e r e  
p r e p a r e d  b y  a  s p r a y in g  m e t h o d .  T h e  e f f e c t  o f  1 0  d i f f e r e n t  
p la s t ic iz e r s  r e p e r s e n t in g  t h r e e  c h e m ic a l  c l a s s e s  ( c i t r a t e  e s t e r s ,  d i ­
a c id  e s t e r s  a n d  f a t t y  a c id s /a lc o h o ls )  o n  f r e e  f i lm  m e c h a n ic a l  
p r o p e r t ie s  w a s  d e t e r m in e d .  I n c r e a s in g  t h e  a m o u n t  o f  p la s t i c i z e r  le d  
to  a n  in c r e a s e  in  fr e e  f i lm  e lo n g a t io n  a n d  a  d e c r e a s e  in  m o d u lu s  a n d  
s t r e s s  a n d  t h e  r e s u l t s  in d ic a t e d  t h a t  t y p e ,  a m o u n t ,  e l e v a t e d  s t o r a g e  
t e m p e r a t u r e  a n d  h u m id i t y  in f lu e n c e d  f r e e  f i lm  m e c h a n ic a l
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b e h a v io u r .  T h e s e  c h a n g e s  b y  t e m p e r a t u r e  p r o b a b ly  a r i s e d  fr o m  
f u r t h e r  g r a d u a l  c o a le s c e n c e  o f  e t h y c e l lu lo s e  p s e u d o la t e x  p a r t ic le s  
( H u t c h in g s ,  C la r s o n  a n d  S a k r , 1 9 9 4 ) .

P la s t ic iz e d  h y d r o x y p r o p y l  m e t h y lc e l lu lo s e  f r e e  f i lm s  w a s  
u s e d  to  s t u d y  t h e  e f f e c t  o f  tw o  p la s t i c i z e r s  w i t h  d i f f e r e n t  a q u e o u s  
s o lu b i l i t i e s ,  t r ia c e t in  a n d  P E G  4 0 0  o n  t h e  w a t e r  v a p o r  p e r m e a b i l i t y  
o f  f r e e  f i lm s .  P E G  4 0 0  w a s  f o u n d  to  e n h a n c e  w a t e r  v a p o r  
p e r m e a b i l i t y  w h i le  t r ia c e t in  s l ig h t ly  d e c r e a s e d  w a t e r  v a p o r  
p e r m e a b i l i t y  (O k h a m a fe  a n d  Y o r k , 1 9 8 3 ; J o h n s o n  e t  a l . ,  1 9 9 1 ) .

3 . T h e  e f f e c t  o f  m o le c u la r  w e ig h t  a n d  s i z e  o f  t h e  p la s t i c i z e r
T h e  e f f e c t  o f  t h e  a d d it io n  o f  v a r io u s  g r a d e s  o f  P E G  to

H P M C  f i lm  h a s  b e e n  s t u d ie d .  T h e  u l t im a t e  t e n s i l e  s t r e n g t h  a n d  
e lo n g a t io n  a t  b r e a k  w e r e  r e d u c e d . H o w e v e r ,  in  t h e  c a s e  o f  h ig h e r  
m o le c u la r  w e ig h t  g r a d e s  o f  P E G  , t h i s  w a s  w i t h o u t  a  c o r r e s p o n d in g  
la r g e  in c r e a s e  in  e lo n g a t io n .  O n ly  t h e  lo w e r  m o le c u la r  w e i g h t  
g r a d e s  o f  P E G  h a d  a  s ig n i f i c a n t  e f f e c t  o n  e lo n g a t io n  a n d  a  m a r k e d  
r e d u c t io n  in  s t r e n g t h  (A u lto n  a n d  A b d u l-R a z z a k . 1 9 8 1 ) .  L im  a n d  
W a n  (1 9 9 4 )  o b s e r v e d  t h e  b le e d in g  o f  P V A  f i lm s  p la s t i c i z e d  w i t h  
P E G . T h e  r e a s o n  c o u ld  b e  t h a t  t h e  P E G  m o le c u le s ,  b e in g  s e v e n  
t im e s  la r g e r  in  s iz e  t h a n  g ly c e r o l  m o le c u le s ,  w e r e  r e j e c t e d  fr o m  t h e  
c r y s t a l  la t t ic e  o f  P V A  f i lm s .  S a k e l la r io u ,  H a s s a n  a n d  R o w e  ( 1 9 9 4 )  
h a v e  b e e n  s t u d ie d  t h e  p la s t ic iz a t io n  b y  P E G  6 0 0 0  o n  h y d r o x y p r o p y l  
m e t h y lc e l lu lo s e  a n d  p o ly v in y l  a lc o h o l  f i lm s .  P E G  6 0 0 0  w a s  a  p o o r  
p la s t i c i z e r  fo r  t h e  tw o  p o ly m e r s .  I t  s e g r e g a t e d  in t o  a  s e p a r a t e  d u e  
to  i t s  t h e r m o d y n a m ic  in c o m p a t ib i l i t y .

4 . A n t ip la s t ic iz a t io n

A n t ip la s t ic iz a t io n  a r i s e s  fr o m  a n  in t e r a c t io n  b e t w e e n  t h e  
p o ly m e r  a n d  t h e  p la s t ic iz e r  m o le c u le s  a n d  d e c r e a s e s  t h e  m o le c u la r  
m o b il i ty  o f  t h e  p o ly m e r . H o w e v e r ,  w h e n  t h e  t e m p e r a t u r e  i s  r a i s e d  
a b o v e  t h e  g la s s  t r a n s i t io n  t e m p e r a t u r e ,  t h e  p o ly m e r  f i lm s  c o n t a in  
e n o u g h  e n e r g y  to  o v e r c o m e  t h e  in t e r a c t io n  b e t w e e n  t h e  p o ly m e r  a n d  
p la s t i c i z e r  m o le c u le s ,  a n d  t h e  a n t ip la s t i c i z a t io n  e f f e c t  i s  d i s a p p e a r e d  
(G u o , 1 9 9 3 ; 1 9 9 4 ) . P o o r  p la s t i c i z a t io n  b y  p r o p y le n e  g ly c o l  o n  H P M C  
f i lm  h a s  b e e n  s t u d ie d .  T h e  r e s u l t  m a y  b e  d u e  to  h y d r o g e n  b o n d in g  
w h ic h  w o u ld  r e d u c e  t h e  m o v e m e n t  o f  t h e  c h a in  m o le c u le .  A ls o ,  
b e c a u s e  p r o p y le n e  g ly c o l  is  a  r e la t iv e ly  s m a l l  m o le c u le ,  w h e n  
in t e r s p e r s e d  in  t h e  la r g e  p o ly m e r  s t r u c t u r e ,  i t  m a y  n o t  a d e q u a t e ly  
r e d u c e  t h e  r ig id ity  o f  t h e  p o ly m e r  ( M a s i lu n g a n  a n d  L o r d i, 1 9 8 4 ) .
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A n t ip la s t ic iz a t io n  d e c r e a s e s  th e  fr e e  v o lu m e  a n d  a c c o m p a n ie s  w i t h  a  
d e c r e a s e  in  th e  w a t e r  tr a n s p o r t .  T h e  fr e e  v o lu m e  in  t h e  p o ly m e r  is  
a f f e c t e d  b y  a n n e a l in g  a n d  t h e  o t h e r  b y  a n t ip la s t i c i z a t io n  (G u o ,  
1 9 9 4  a ).

3 . T h e  o t h e r  a d d i t iv e s

F r e q u e n t ly  a d d in g  o t h e r  in g r e d ie n t s  tc  a  c o a t in g  
c o m p o s it io n  is  n e c e s s a r y  to  s t a b i l iz e  o r  im p r o v e  t h e  p r o d u c t .  T h e s e  
s o m e  m a t e r ia l s  a r e  c o lo r a n t ,  o p a q u a n t  a n d  o t h e r s .

3 . 1  C o lo r a n t  a n d  la k e

O fte n  a  d is t in c t iv e  c o lo r  i s  d e s ir e d  to  g iv e  t h e  p r o d u c t  a  
u n iq u e  id e n t i t y .  T h e  c o lo r a n t  c a n  b e  e i t h e r  s o lu b i l iz e d  o r  s u s p e n d e d  
in  t h e  s o lv e n t  s y s t e m .  T h e  a d d it io n  o f  t h e s e  m a t e r ia l s  p r o v id e s  
d is t in c t iv e  c o lo r  a n d  e le g a n c e  to  t h e  c o a t e d  t a b le t .  T h e  m o s t  
b r i l l ia n t  c o lo r a n ts  a r e  p r o v id e d  b y  c e r t i f ie d  F o o d , D r u g  a n d  C o s m e t ic  
(F D & C ) o r  D r u g  a n d  C o s m e t ic  (D & C ) d y e s  a n d  la k e s  'G o ld e m b e r g .  
1 9 8 3 ;  S e i t z .  1 9 9 0 ).

P r i l l ig  (1 9 6 9 )  h a s  s t u d ie d  t h e  e f f e c t  o f  c o lo r a n t s  o n  t h e  
s o lu b i l i t y  c h a r a c t e r i s t ic s  o f  c e l lu lo s e  p o ly m e r s  (H P M C ,H P C  a n d  
s o d iu m  e t h y c e l lu lo s e  s u l f a t e ) .  C o a t in g s  c o n t a in in g  F D & C  R e d  
N o .3 ,F D & C  R e d  N o .4 , D & C  R e d  N o . 17, D & C  R e d  N o . 18 , D & C  R e d  
N o .2 1  a n d  D & C  R e d  N o .2 2  w e r e  s h o w n  to  h a v e  a  r e t a r d a t io n  e f f e c t  
o n  d i s in t e g r a t io n  a n d  d is s o lu t io n  r a te  o f  r ib o f la v in  c o a t e d  t a b le t .

3 .2  O p a q u a n t

I n s o lu b le  p a r t ic u la t e  m a t e r ia l s  in  f i lm  c o a t in g s  
p r o v id e  c o lo r  a n d  o p a c it y  to  im p r o v e  a p p e a r a n c e  o r  s t a b i l i t y .  
O c c a s io n a l ly  t h e y  a r e  u s e d  to  r e d u c e  t a c k in e s s  o r  s t i c k i n e s s .  
O p a c if ie r s  a r e  u s u a l ly  in o r g a n ic  m a t e r ia l s  t h a t  p r o v id e  h in d in g  
p o w e r .  (R a d ib a u g h , 1 9 8 8 ) . T h e  in c o r p o r a t io n  o f  o p a q u a n t s  in t o  t h e  
p o ly m e r  f i lm  w a s  a ls o  a f f e c te d  t h e  m e c h a n ic a l  p r o p e r t ie s  a n d  w a t e r  
t r a n s m is s io n .  T a lc u m  c r e a t e d  m o r e  s t r e s s  in  t h e  f ilm  o w in g  to  i t s  
p la t e l ik e  s h a p e  w h e n  c o m p a r e d  w it h  t h e  s p h e r ic a l  s h a p e  o f  t i t a n iu m  
d io x id e  (A k h a m a fe  a n d  Y o r k , 1 9 8 5  b ). T h e  r a t e  o f  w a t e r  v a p o r  
t r a n s m is s io n  is  d e c r e a s e d  b u t  d e f f e r e n t  e x t e n t s  a s  s o l id - lo a d in g  
c o n t e n t  i s  in c r e a s e d  fo r  b o th  t a lc u m  a n d  t i t a n iu m  d io x id e  (P a r k e r ,  
P e c k  s a n d  B a n k e r ,  1 9 7 4 ) .
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3 .3  T h e  o t h e r s

T o  p r o v id e  a  d o s a g e  fo r m  w i t h  a  u n iq u e  c h a r a c t e r i s t i c ,  
s p e c ia l  m a t e r ia l s  m a y  b e  in c o r p o r a te d  in t o  t h e  c o a t in g  s o lu t io n .  
F la v o r s  o r  s w e e t e n e r s  a r e  a d d e d  to  m a s k  o b j e c t io n a b le  o d o r s  o r  to  
e n h a n c e  a  d e s ir e d  t a s t e .  W a x e s  a r e  u s e d  in  s m a l l  a m o u n t  to  l e n d  a  
f in i s h  to u c h . S u r f a c t a n t s  a r e  u s e d  to  s o lu b i l iz e  im m is c ib le  o r  
in s o lu b le  in g r e d ie n t s ,  o r  to  f a c i l i t a t e  f a s t e r  d i s s o lu t io n  o f  t h e  c o a t in g .  
A n t io x id a n t  o r  s u n s c r e e n in g  a g e n t  a r e  in c o r p o r a t e d  to  s t a b i l i z e  a  
d y e  s y s t e m  to  o x id a t io n  a n d  c o lo r  c h a n g e .  A n t im ic r o b ia ls  a r e  a d d e d  
to  p r e v e n t  m ic r o b ia l  g r o w th  in  t h e  c o a t in g  c o m p o s i t io n  ( H a j r a t w a la ,  
1 9 7 4 ; S e i t z ,  M e h ta  a n d  Y e a g e r ,  1 9 8 6 ; C a r r o ll ,  B r a d le y  a n d  
K a lm ik o f f ,  1 9 9 4 ).

M e c h a n i c a l  P r o p e r t i e s  o f  F i l m ( A u l t o n  a n d  A b d u l-  
R a z z a k , 1 9 8 2 ; R a d e b a u g h , 1 9 8 8 ).

T h e  e la s t i c i t y  a n d  t e n s i l e  s t r e n g t h  o f  t h e  v a r io u s  f i lm s  c a n  
b e  e v a lu a t e d  b y  a  t e n s i l e - s t r e n g t h  t e s t e r .  T h e  t e s t  i s  p a r t ic u la r ly  
a p p r o p r ia te  to  o b ta in  t h e  o p t im u m  r a t io  o f  p la s t i c i z e r  to  p o ly m e r  
a n d  to  d e t e r m in e  t h e  e f f e c t  o f  c o lo r a n ts  a n d  o p a q u a n t s  o n  t h e  f i lm  
p r o p e r t ie s .

T h e  t e n s i l e  t e s t i n g  p r o c e s s  i s  to  a p p ly  in c r e a s in g  t e n s i l e  lo a d  
a t  a  c o n s t a n t  r a te  to  a  f i lm  s tr ip  w h ic h  k n o w  d im e n s io n s  in  t h e  
d im e n s io n  p e r p e n d ic u la r  to  t h e  c r o s s - s e c t io n  o f  t h e  f i lm  s t r ip  u n t i l  
t h e  f a i lu r e  t a k e s  p la c e .  T h e  lo a d  a t  f i lm  f a i lu r e  w i l l  b e  m e a s u r e d  in  
t e r m  o f  fo r c e  p e r  u n i t  c r o s s - s e c t io n a l  a r e a  o f  t h e  f i lm .

A  ty p ic a l  s t r e s s - s t r a in  c u r v e  i s  s h o w n  in  F ig u r e  4 . T h e  
u l t im a t e  t e n s i l e  s t r e n g t h  is  t h e  m a x im u m  a p p l ie d  s t r e s s  a t  w h ic h  
t h e  f i lm  b r e a k s .  S t r e s s  i s  c a lc u la t e d  b y  d iv id in g  fo r c e  b y  o r ig in a l  
c r o s s - s e c t io n a l  a r e a  a n d  e lo n g a t io n  a t  b r e a k  i s  c a lc u la t e d  b y  d iv id in g  
t h e  in c r e a s e  in  le n g t h  b y  o r ig in a l  l e n g t h .  E la s t i c  m o d u lu s  i s  a  
m e a s u r e  o f  t h e  s t i f f n e s s  a n d  r ig id i t y  o f  t h e  f i lm . I t  i s  c a l c u la t e d  a s  
a p p l ie d  s t r e s s  d iv id e d  b y  th e  c o r r e s p o n d in g  s t r a i n  in  t h e  r e g io n  o f  
l in e a r  e la s t i c  d e fo r m a t io n .  Y ie ld  p o in t  in  t h e  f ig u r e  i s  a  l i m i t  o f  
e la s t i c i t y .  A r e a  u n d e r  c u r v e  i s  a  f u n c t io n  o f  t h e  w o r k  d o n e  in  
b r e a k in g  th e  f i lm  a n d  is  r e p r e s e n t a t iv e  o f  t h e  f i lm 's  t o u g h h n e s s .  
T h e  e n e r g y  to  b r e a k  p e r  u n i t  a r e a  is  c a lc u la t e d  b y  d iv id in g  t h e  a r e a  
u n d e r  c u r v e  b y  t h e  v o lu m e  o f  th e  s p e c im e n  b e t w e e n  t h e  c la m p s .
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F i g u r e  4  T h e  s t r e s s - s t r a in  c u r v e  o f  a  p o ly m e r  f i lm .

I n  a d d it io n ,  t h e  f i lm  c a n  b e  s u b m it t e d  fo r  t h e  f o l lo w in g  t e s t s  
s h o w n  in  T a b le  3  a n d  t h e  e v a lu a t io n  o f  th e  q u a l i t y  o f  c o a t in g  o n  a  
t a b le t  c a n  b e  d e t e r m in e d  b y  m a n y  m e th o d s  a s  s h o w n  in  T a b le  4 .

T a b l e  3  T h e  p o ly m e r ic  f i lm  e v a lu a t io n .

T e s t M e t h o d
F ilm  h a r d n e s s - T h e  m ic r o in d e n t a t io n  a p p a r a t u s  

(R o w e , 1 9 9 2  b)
P u n c t u r e  a n d  s h e a r - U s i n g  t h e  f o r c e - d e te c t in g  a n d  d r iv e  

m e c h a n is m  ( R a d e b a u g h ,1 9 8 8 )
M o is t u r e  s o r p t io n - P e r io d ic  w e ig h in g  o f  f i lm  a f t e r  

e x p o s u r e  to  e l e v a t e d  h u m id i t y
W a te r  v o p o r  p e r m e a b i l i t y - S e a l in g  f i lm  a c r o s s  t h e  t r a n s m is s io n  

c e l l  a n d  p e r io d ic  w e ig h in g  o f  c e l l  
(P r a te r , M e a k in  a n d  W ild e , 1 9 8 2 )

- A  m a s s  s p e c t r o m e t r ic  t e c h n iq u e  
(P o r te r , 1 9 8 2 )

T h e r m a l  p r o p e r t ie s - D i f f e r e n t ia l  s c a n n in g  c a lo r im e t r y  
(D S C )a n d  T h e r m a l  m e c h a n ic a l  
a n a ly s i s  (T M A )  
(M is e v ,n d ;R a d e b a u g h , 1 9 8 8 )

C h e m ic a l  a n a ly s i s - U s in g  s t a t ic  s e c o n d a r y  io n  m a s s  
s p e c t r o m e t r y ( D a v ie s  e t  a l . ,  1 9 9 0 )
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T a b l e 4  T h e  c o a t e d  t a b le t  e v a l u a t i o n  (M e h t a ,Y e a g e r ,  1 9 8 6  
R e d e b a u g h ,1 9 8 8 ;  R o w e , 1 9 9 2  b ).

T e s t M e t h o d
1 . V i s u a l  in s p e c t io n  a n d  

c o u n t in g  o f  d e f e c t s
2 . C o lo r  m e a s u r e m e n t

3. O p a c ity  m e a s u r e m e n t

4. R o u g h n e s s
5. G lo s s  m e a s u r e m e n t

6 . F i lm  c o n t in u i t y
7. F i lm  h a r d n e s s  

/  e la s t i c i t y
8 . C r u s h in g  s t r e n g t h
9 . F i lm  a d h e s io n
1 0 . D i s in t e g r a t io n  a n d  

d is s o lu t io n  r a t e
1 1 . S t a b i l i t y

S im p le  a n d  r a p id  m e t h o d  fo r  a s s e s s i n g
t h e  in c id e n c e  o f  d e f e c t s
T h e  t r i s t i m u l u s  c o lo r im e t e r  i s  u s e d  to
a s s i s s  c o lo r  u n if o r m it y
T h e  t r i s t im u lu s  c o lo r im e t e r  i s  u s e d  to
a s s i s s  c o lo r  u n if o r m it y
U s i n g  a  s t y lu s - t y p e  a n a ly z e r
P h o t o d e t e c t o r  i s  u s e d  to  m e a s u r e  l ig h t
r e f le c t io n
A  m e r c u r y  in t r u s io n  m e th o d  
U s i n g  m ic r o in d e n t a t io n

U s i n g  t a b le t  h a r d n e s s  t e s t e r  
T h e  t a b le t - f i lm a d h e s io n  t e s t e r  
U s i n g  d i s in t e g r a t e r  a n d  d is s o lu t io n  
a p p a r a t u s
E x p o s u r e  t h e  c o a te d  t a b le t  to  s t r e s s  
c o n d i t io n  a n d  d e t e r m in e  t h e  d r u g  
c o n t e n t  a n d  l i s t  1 - 1 0  a g a in

F i l m  C o a t e d  T a b l e t  D e f e c t s

V a r ia t io n s  in  t h e  c o a t in g  f o r m u la t io n  o r  a  p o o r ly  c o n t r o l le d  
c o a t in g  p r o c e s s  m a y  r e s u l t  in  u n a c c e p t a b le  q u a b t y  d e f e c t s  in  t h e  
ท !!ท  c o a t in g  s u c h  a s  c r a c k in g ,  s p l i t t in g ,  p ic k in g ,  r o u g h n e s s ,  b r id g in g  
a n d  f i l l in g ,  b l i s t e r in g ,  h a z in g ,  m o t t l in g  a n d  p i t t in g .  F o r  t h i s  
e x p e r im e n t  t h e r e  a r e  t h r e e  i n t e r e s t i n g  f i lm  d e f e c t s  ( c r a c k in g ,  
s p l i t t in g  a n d  p ic k in g )  in c lu d e d  in  t h e  a s s e s s m e n t s .

1 . C r a c k i n g .  C r a c k in g  o c c u r s  i f  in t e r n a l  s t r e s s e s  in  t h e  f i lm  
e x c e e d  t h e  t e n s i l e  s t r e n g t h  o f  t h e  f i lm . T h e  f i lm  c r a c k s  a c r o s s  t h e  
c r o w n  o f  t h e  t a b le t .  T h e  a d d it io n  o f  h ig h e r  m o le c u la r  w e ig h t  
p o ly m e r ,  u s e  o f  p o ly m e r  b le n d s ,  a n d /o r  a d d it io n  o f  s o m e  p la s t i c i z e r s  
c a n  r e l ie v e  t h e  in t e r n a l  s t r a in  to  a v o id  f i lm  c r a c k in g  (R o w e , 1 9 8 2  a; 
O k h a m a f e  a n d  Y o r k , 1 9 8 5  c; R o w e  a n d  R o b e r ts ,  1 9 9 2 ) .
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2 . S p l i t t i n g .  T h e  e d g e s  o f  c o a t e d  t a b l e t s  a r e  a  w e a k  p o in t .  
W h e n  in t e r n a l  s t r e s s e s  in  t h e  f i lm  e x c e e d  t h e  t e n s i l e  s t r e n g t h ,  t h e  
f i lm  s p l i t s  a r o u n d  t h e  e d g e s  o f  t h e  t a b le t s .  T h e  u s e  o f  h ig h e r  
m o le c u la r  w e ig h t  p o ly m e r  a n d /o r  a d d in g  p la s t i c i z e r s  i s  t h e  b e s t  w a y  
to  s o lv e  t h i s  p r o b le m  (R o w e , 1 9 9 2  c).

3 . P i c k i n g .  P ic k in g  o c c u r s  u n d e r  t h e  o v e r w e t t in g  w h e r e  
t a b le t s  c a n  s t ic k  t o g e t h e r  o r  t h e  c o a t in g  p a n  a n d  t h e n  b r e a k  a  p a r t  
g iv in g  a  p ic k e d  a p p e a r a n c e  to  t h e  t a b le t s  s u r f a c e  a n d  r e s u l t in g  in  a  
s m a l l  e x p o s e d  a r e a  o f  t h e  c o r e . A  r e d u c t io n  in  t h e  l iq u id  
a p p l ic a t io n  r a te  o r  in c r e a s e  in  t h e  d r y in g  a ir  t e m p e r a t u r e  a n d  a ir  
v o lu m e  u s u a l ly  s o lv e  t h i s  p r o b le m  ( S e i t z ,  M e h t a  a n d  Y e a g e r ,  1 9 8 6 ) .
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C h i s t o s a n  (K n a r c z y k , K r o w c z y n s k i  a n d  K r z e k , 1 9 8 8 )

F i g u r e  5  S t r u c t u r e  f o r m u la  o f  c h i t o s a n .

C h e m ic a l  n a m e  ะ P o ly  - 2  d e o x y  - 2  a m in o  g lu c o s e

C h it o s a n  i s  a  l in e a r  c a t io n ic  b io p o ly m e r  c o m b in e d  b y  b e t a  1  - 
4  g ly c o s id ic  l in k a g e .  I t  i s  p r o d u c e d  b y  d e a c e t y la t io n  o f  c h i t in .  T h e  
e m p ir ic a l  s t r u c t u r e  i s  (C g  H u  O 4  N )n  w i t h  m o le c u la r  w e ig h t  1 6 1  fo r  
m o n o m e r  a n d  1 0 ,0 0 0  - 1 ,0 0 0 ,0 0 0  fo r  p o ly m e r  C h ito s a r . i s  t a s t e l e s s ,  
o d o r le s s ,  w h i t e  to  c r e a m  f la k e  o r  p o w d e r . I t  h a s  p K a  6 .3 -7 .  
C h it o s a n  is  in c o m p a t ib le  w i t h  a n io n ic s  a n d  s u b s t a n c e s  w i t h  
a ld e h y d e s  g r o u p s .  I t  i s  h y g r o s c o p ic  a n d  s h o u ld  t h u s  b e  k e p t  in  w e l l -  
c lo s e d  c o n t a in e r .

C h a r a c t e r i s t i c s  o f  C h i t o s a n

S o m e  im p o r t a n t  c h a r a c t e r i s t i c s  o f  c h i t o s a n  c a n  b e  b r ie f ly  
m e n t io n e d  a s  t h e  f o l lo w in g  ะ

1. M o le c u la r  w e ig h t

T h e  a v e r a g e  m o le c u la r  w e ig h t  o f  c h i t o s a n  i s  c e r t a in ly  t h e  
m o s t  d i f f ic u l t  p a r a m e t e r  to  o b t a in  w it h  p r e c is io n .  T h is  i s  n o t  o n ly  
t h e  s t r o n g  in t e r a c t io n s  o f  v a r io u s  o r ig in s  o c c u r in g  w i t h  t h i s  
p o ly s a c c h a r id e  b u t  a ls o  to  t h e  d i f f ic u l t y  to  d e t e r m in e  p r e c is e ly  t h e  
e x a c t  v a lu e  o f  t h e  c o n c e n t r a t io n  o f  t h e  p o ly m e r  u s e d ,  e s p e c ia l ly  i f  
c h i t o s a n  i s  n o t  f u l ly  d e a c e t y la t e d .  V a r io u s  m e t h o d s  to  d e t e r m in e
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t h e  m o le c u la r  t h e  m o le c u la r  w e ig h t  o f  c h i t o s a n  a r e  l i s t e d  in  T a b le  
5 ( M u z z a r e l l i ,  L o u g h  a n d  E m a n u e l l i ,  1 9 8 7 ; K n a p c z y k , K r o w c z y n s k i  
a n d  K r z e k ,1 9 8 8 ;  T o k u r a , 1 9 9 4 ) .
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T a b le  5 T h e  m eth o d  o f  d e te r m in in g  th e  m o le c u la r  w e ig h t  o f
c h ito sa n .

M e t h o d A v e r a g e
w e i g h t

d e t e r m i n a t i o n

R e l a t e d  e q u a t i o n

D i r e c t
d e t e r m i n a t i o n
1 . O s m o t ic  

p r e s s u r e  m e th o d
- M e m b r a n e  

o s m o t ic  p r e s s u r e
- V a p o r -p r e s s u r e  

o s m o t ic  p r e s s u r e

M n 7t/C  =  R T ( l / M n  +  A 2 C + ...)  
tt/C  v s . c  ( ฟ C ) c - >  0  =  R T /M n
7T =  o s m o t ic  p r e s s u r e ,  A 2  -  
s e c o n d  v i r ia l  c o e f f ic ie n t

2 . L ig h t  s c a t t e r in g  
m e th o d

M w K c /R e  =  1 /M w p  (0 ) +  2 A 2  c + . .  
K c /R 0  v s  s i n 2  (0 /2 )  +  K c  
( z im m  p lo t )
(K c /R 0 ) c —> 0  =  1 /M w  

0  —¥ 0

R 0  =  R e d u c e d  l i g h t  s c a t t e r i n g  
i n t e n s i t y

3 . S e d im e n t a t io n  
e q u ilb r iu m  m e th o d

I n d i r e c t
d e t e r m i n a t i o n

M w ,M z M  =  R T /(1 -V p )a > 2  *
((d c /d x )  ix c)
G) =  A n g u la r  v e lo c i t y ,
X =  D i s t a n c e  fr o m  r o t a t io n  

a x is

1 . G P C  m e th o d M ,M w ,M w /M lo g  M  V S .V e  , V e  =  E lu t io n  
v o lu m e

2 . V is c o s i t y  m e th o d M v [ๆ] =  K M a  , [ๆ ] =  in t r in s ic  
v i s c o s i t y
ๆ 8 0 /c , In  ๆ 1./c  ) V S .  c
[ๆ ] =  (ๆ ร ท /c  ) c  -►  0  =  (In  ๆ 1./c)
c ->  0

ๆ 8 0  =  s p e c i f ic  v i s c o s i t y  , ๆ 1. =  
r e la t iv e  v i s c o s i t y



2 8

M n  : N u m b e r - a v e r a g e  m o le c u la r  w e ig h t  
M w  : W e ig h t - a v e r a g e  m o le c r la r  w e ig h t  
M z  : Z -A v e r a g e  m o le c u la r  w e ig h t  
M v  : V i s c o s i t y - a v e r a g e  m o le c u la r  w e ig h t

2 . D e g r e e  o f  d e a c e t y la t io n

C h it o s a n  d o e s  n o t  r e f e r  to  a  s p e c i f ic  c o m p o u n d  b u t  to  
tw o  r a n g e s  o f  c o p o ly m e r s ,  c o n t a in in g  t h e  tw o  m o n o m e r  r e s id u e ,  
a n h y d r o - N - a c e t y l - D - g lu c o s a m in e  a n d  a n h y d r o - D - g lu c o s a m in e .  ,T h e  
fo r m e r  i s  t h e  p r e d o m in a n t  c o m p o n e n t  in  c h i t in  a n d  t h e  la t t e r  i s  t h e  
p r e d o m in a n t  c o n p o n e n t  in  c h i t o s a n .  U s u a l ly ,  c h i t o s a n  h a s  d e g r e e  o f  
d e a c e t y la t io n  b e t w e e n  7 0  a n d  9 0  % . T h e  m o le c u la r  s t r u c t u r e  a n d  
p r o p e r t ie s  o f  c h i t o s a n  a r e  a f f e c t e d  b y  t h e  d e g r e e  o f  d e a c e t y la t io n .  
A s  a  c o n s e q u e n c e  o f  t h e  in f lu e n c e  o f  t h i s  p a r a m e t e r  o n  t h e  
p r o p e r t ie s  o f  c h i t o s a n  a n d  t h u s  n u m e r o u s  m e t h o d s  o f  d e t e r m in a t io n  
t h e  d e g r e e  o f  d e a c e t y la t io n  w e r e  p r o p o s e d  in  m a n y  l i t e r a t u r e s .  
T h e s e  m e t h o d s  a r e  g iv e n  in  T a b le  6 . U n f o r t u n a t e ly ,  a  la r g e  
d is c r e p a n c y  e x i s t s  b e t w e e n  t h e  v a l u e s  o b t a in e d  w i t h  s o m e  o f  t h e m .  
F o r  e x a m p le ,  t h e  t i t r a t io n  m e t h o d s  a r e  im p r e c is e  a n d  u n e a s y  to  u s e .  
S p e c tr o s c o p ic  d e t e r m in a t io n s  h a v e  b e e n  p r e f e r e d .  N M R  a n d  IR  
w e r e  p r o p o s e d , b u t  t h e  f i r s t  i s  l im i t e d  to  v a l u e s  o f  d e g r e e  a  
a c e t y la t io n  >  5  % a n d  t h e  s e c o n d  d e p e n d s  o n  t h e  c h o ic e  o f  t h e  
s t a n d a r d iz a t io n  m e t h o d  a l lo w in g  a  c o r r e la t io n  b e t w e e n  d e g r e e  o f  
d e a c e t y la t io n  a n d  a  g iv e n  a b s o r b a n c e  to  b e  e s t a b l i s h e d ,  b u t  a ls o  o n  
t h e  c h o ic e  o f  t h e  tw o  b a n d s  r e q u ir e d  fo r  t h e  c a lc u la t io n s  a s  s h o w n  in  
T a b le  6 . T h u s  i f  t h e  IR  s p e c t r o s c o p ic  d e t e r m in a t io n  r e m a in s  a n  
e a s y  a n d  f a s t  d e t e r m in a t io n ,  a  lo w  o f  d i f f i c u l t i e s  a n d  im p r e c is io n  
m u s t  b e  a v o id e d  a n d  t h e  o t h e r  m e t h o d s  c a n  b e  u s e d  to  c o n f ir m  t h e  
IR  s p e c t r o s c o p ic  t e s t  ( R in a u d o  a n d  D o m a r d ,1 9 8 9 ;  T o k u r a ,  1 9 9 4 ) .
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T a b le  6 M ethod  o f d e te rm in in g  th e  degree of deacety la tion .

M e th o d D e s c r ip t io n R ef.
Colloidal titration Amino residue analysis Terayama,1952
Elemental analysis Carbon,hydrogen and nitrogen 

determination
Tokura, 1994

Enzymatic method Colorimetric or HPLC assays Nanjo, Katsumi
of hydrolyzed chitosan and Sakai, 1991

First derivative Absorption determination at Muzzarelli et al.,
ultraviolet spectro- 199 nm by first derivative u v 1985
photometry spectrophotometry
Gas chromatography Retention time of methanol in Muzzarelli et al.,

a chitosan column 1980
Infrared Absorption band ratios
spectrometry a 1655-1 c m /2867-1 cm Miya et al., 1980

b 1655-1 c m /3450-1 cm Baxter et al, 1992
Mass spectrometry NH2 / NHCO CH.C{ ratio Hayes, 1978
NMR spectroscopy Chemical shift Tokura, 1994
Thermal analysis Empirical calibration Alonso, Peniche-

technique Covas and Nieto, 
1983

3. S o lubility

Since ch ito san  is a  cationic po lym er h av in g  a  pK a of 
ab o u t 6.3, its  so lub ility  depends on th e  p resence of th e  free am ine 
groups capab le o f being  p ro to n a ted  by th e  acid m edium . I t  m ig h t 
be expected  th a t  th ese  w ould be a  specific level o f deace ty la tio n  
above w hich  so lub ility  in  acid  so lu tion  w ould be exh ib ited . 
C e rta in ly  th e re  w ould a p p e a r to be no need  for th e  h ig h  level o f 
deace ty la tio n  in  o rd e r to induce so lubility  in  acid  so lu tion . F or 
exam ple , ch ito san  h av in g  degree of deace ty la tion  ab o u t 64 % can 
be com pletely  soluble (R obert, 1994).

T h u s  th e  exact degree of deace ty la tion  req u ired  to re n d e r 
a  po lym er soluble is no t read ily  de te rm ined , an d  undoub ted ly  
v a ried  w ith  such  facto rs as  ch itosan  m olecular w eight, 
co n cen tra tio n  a n d  im p urity , an d  n a tu re  of th e  acid  used.

T he acid  species w hich  can  solubilize an d  inso lubilize th e  
ch ito san  a re  lis ted  in  T able 7. M iscibilitly o f ch ito san  so lu tion  
w ith  acetone, e th a n o l an d  m eth an o l depends on a con cen tra tio n  
of th e  o rgan ic  so lvent. A t co n cen tra tio n  as h igh  as  50 % of
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T a b le  7 Solubility  of ch itosan  in  v ario u s acids.

o rg a n ic  so lv e n t , c h ito sa n  so lu tio n  s t i l l  fu n c t io n s  w ith o u t  a n y
p r e c ip ita tio n  (L ow er, 1984).

T y p e S o lu b le  in I n s o lu b le  in
Inorganic acid 
Organic acid HC1 and  HCIO 4  

Acetic, adipic, citric, 
formic, lactic, m alic, 
m alonic, oxalic, 
propionic, pyruvic 
succinic an d  ta r ta r ic  
acid

น 2  SO 4  a n d  H 3  P O 4

4. V iscosity

T he ap p a re n t viscosity  of ch ito san  so lu tio n  is 
d ep en d en t on th e  m olecular w eight, th e  co n cen tra tio n , th e  ad d ed  
sa lt co n cen tra tio n  and  th e  tem p e ra tu re . T he v iscosity  in c re ases  
w ith  an  increase  in m olecular w eigh t a n d  co n cen tra tio n  of 
ch ito san , w hile it decreases th e  viscosity  w ith  an  in c rease  in 
te m p e ra tu re . T he add ition  of sa lts  w ill reduce  th e  rep e llin g  
effect of each  positively

ch arg ed  deace ty la ted  u n it on neighboring  g lucosam ine u n it  a n d  
w ill reduce in  an  ex tended  conform ation  o f th e  po lym er in  
so lu tion . T h is effect re su ltin g  in  a m ore rand o m  coil like 
conform ation  of the  m olecule w ill decrease  th e  v iscosity  of 
ch ito san  so lu tion  (M uzzarelli, 1976).

F ila r an d  W irich (1978) defined  th e  m olecu lar w eig h t 
ran g es  of ch ito san  in te rm s of so lu tion  viscosity. T hese  v iscosity  
ty p es w ere se lected  as re p re se n ta tiv e s  of read ily  be p roduced  on a 
com m ercial scale from  sh rim p  shell. T he v iscosity  ra n g e s  a re  ะ

H igh ะ > 1000 cps., 1 % polym er in  1 % acetic acid.
M edium  ะ > 100 - 250 cps.,1 %  po lym er in  1 % acetic  acid.
Low ะ 25 - 70 cps., 2 % polym er in  2 % acetic  acid.

K n a p ezy k , K ro w czy n sk i a n d  K rzek  (1 9 8 8  b.) d e f in e d  th e
m o le c u la r  w e ig h t  r a n g es  o f  c h ito sa n  b y  d e te r m in in g  th e  v is c o s ity
o f  th e  c h ito sa n  so lu tio n  a t c o n c e n tr a tio n  1 % u s in g  a c e tic  a c id  1 %
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of th e  solu tion . The viscosity  ra n g e s  a re  low-below 200, m edium - 
betw een  200-800 and  high-above 800 m P a.s.

Rheology of ch ito san  so lu tion  b eh aves as  a  p seu do p lastic  
m a te ria l show ing d ecreasin g  v iscosity  a t  in c re ased  sh e a r  
(M uzzarelli, 1976).

5. C he la ting  p ro p erty

th ey  in te ra c t w ith  m u ltiv a len t ca tions, especia lly  w ith  d iv a len t 
cations, ch ito san  so lu tion  does n o t follow th is  b eh av io u r. T h is 
m a te r ia l can  form  com plexs w ith  m an y  m eta ls , such  a s  Ag, Au, 
Cd, Cr, Cu, Fe, Hg, Mn, Ni an d  P t, even  th o u g h  th e  m ech an ism  
probably  is no t com pletely un ders too d . R inaudo  a n d  D om ard  
(1989) used  th e  p o ten tio m etry  m eth o d  for u n d e rs ta n d in g  o f the  
chela tion  process assu m in g  th a t  two v icina l N H 2  fu n c tio n s on 
th e  sam e ch a in  are  too fa r  to in te ra c t  w ith  th e  sam e  C u a n d  th a t  
only sm all v aria tio n s of viscosity  w ere  observed  d u rin g  com plex 
fo rm ation . T h eir p red ic ted  s tru c tu re  is dep ic ted  in  F ig u re  6 . 6

F ig u r e  6 The p red ic ted  s tru c tu re  o f cu -ch ito san  com plex 
(R inaudu  an d  D om ard, 1989).

6 . A dsorption p ro p erty

C hitosan  w as found to adso rb  on som e s u b s tra te s  such  
as cellulose and  kaolin . W ith  cellulose as  th e  s u b s tra te  th e  
am o u n t of ch itosan  adsorbed  a t  eq u ilib riu m  d ec rea sed  w ith  
increase  in  th e  m olecular w eigh t o f ch ito san  a n d  w ith  d ec rease  in 
th e  degree of acety la tion  w hile w ith  kao lin  as th e  s u b s tra te  th e re  
w as th e  reverse  dependence on th e  s tru c tu ra l  p a ra m e te rs  w ith  
th e  equ ilib rium  adsorp tion  of ch ito san  in c reas in g  w ith  in c re a se  in 
its  m otecu lar w eight an d  w ith  d ecrease  in  th e  d eg ree  of 
acety la tion . The d iffe ren t d ependencies on th e  m o lecu la r 
w eigh t of th e  so rbate  m ay be ex p la ined  as  due  to th e  porous 
n a tu re  of cellulose while kao lin  is nonporous. T h e  low m olecu la r

C on tra ry  to o th e r p o lysaccharides th a t  give gels w hen
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w eigh t ch a in s  w ill be ab le  to p e n e tra te  th e  sm all po res of 
cellulose. C o n tra ry  to th e  ad so rp tion  on kao lin  w hich is 
d o m in a ted  by e le c tro s ta tic  in te ra c tio n s . A n increase  in  the  
ad so rp tio n  on kao lin  occured  w ith  increase  in th e  charge  on the  
ch ito san  m olecule by d ec rea s in g  degree  of ace ty la tion  (Domszy, 
M oore an d  R obert, 1985; R obert, 1994).

T he ad so rp tio n  o f cellu lose-like b iopolym ers such  as 
ch itin , ch ito san  a n d  m icro cry sta lline  cellulose on indom ethac in  
w as also in v es tig a ted . T he ad so rp tiv e  capacity  w as ra n k e d  in 
th e  o rd e r : ch ito san  > ch itin  > m icrocrysta lline  cellulose an d  th e  
ad so rp tion  iso th e rm s w ere  found  to follow L an g m u ir and  
F reu n d lich  eq u a tio n s  (L in an d  P ern g , 1992).

7. C rosslin k in g  (Lower, 1984 a; S k au g ru d , 1989; M ireles 
e t ah, 1991)

M any m u ltiv a le n t an io n s can  be reac ted  w ith  th e  
ch ito san  m olecules g iv ing  th e  crosslink ing  p roducts. 
C rosslin k in g  can  be done in  acid, n e u tra l  or basic en v iro n m en t, 
d epend ing  on m ethods app lied . S ev e ra l gelling co u n te r ions are  
availab le  such  as  a lg in a te ,ca rb o x y m eth y l cellulose, ca rrag een an , 
ep ich lo rohydrin  h ep a rin , g lu ta ra ld eh y d e , m olybdate, 0X 0 acid  and  
pectin .

8 . S uscep tib ility  to  en zy m atic  hydrolysis

T he su scep tib ility  o f ch ito san  to hydrolysis by a  se ries 
of com m ercial enzym e, in c lu d in g  lip ases ,p ro teases,ca rb o h y d rases , 
ta n n a se  a n d  sev era l g ly canases h a s  been  explored. T he large 
n u m b er o f th ese  enzym es w ere  found to re su lt in  v ary in g  degrees 
of ch ito san  hydro lysis b ased  on viscosity  d e te rm in a tio n s  
(P an ta teo n e , Y alp an i a n d  Scollar, 1991).

9. Toxicity

C h ito san  is n o t ex p ected  to be d igested  o r absorbed  
from  th e  h u m a n  g a s tro in te s tin a l tra c t. T he in g ested  ch ito san  
w ould be excre ted  u n ch an g ed  in th e  feces w ith o u t s ig n ifican t 
absorp tion . T h is expected  lack  o f ab so rp tion  w ould preclude 
sign ifican t system ic toxicity . A n o ra l LD50 of ch ito san  > 1 0  g / 
Kg w as repo rted , in d ica tin g  a lack  o f acu te  o ra l toxicity . In 
addition , th e  g lucosam ine backbone o f ch ito san  can  be considered
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innocuous. G lucosam ines a re  n a tu ra l  am in o su g a rs  found in 
la rge  co n cen tra tio n s in ce rta in  foods, i.e. m ilk, egg, liver, yeast, 
m olasse an d  trip e . T hey  ex is t n a tu ra lly  in th e  body as 
com ponen ts of m ucopolysaccharides, m ucopro te in s an d  
m ucolip ids (M cCurdy, 1991). A n o th e r im p o rta n t a sp ec t is th a t  
ch ito san  does n o t co n ta in  h a rm fu l m ononers from  an y  
po lym eriza tion  step  an d  is re g a rd ed  as physio logical safe 
(S k aug ru d , 1989).

A p p l ic a t io n s  o f  C h i to s a n

C h ito san  h a s  b een  re p o rte d  to have  u sefu l app lica tio n s 
in  th e  ag ricu ltu ra l, biotechnology, c larifica tion  a n d  w aste  
m an ag em en t, cosm etic an d  p e rso n a l care, den ta l, food, m edical, 
p h a rm a ceu tic a l a n d  o th e r a rea s .T h e  fists o f th em  are  given here :

1. A g r i c u l t u r a l  a p p l i c a t i o n
U s e

- C oat seeds (w heat, rice an d  peas)
- P o s th a rv e s t p re se rv a tio n  o f 

f ru its  an d  vegetab les
(bell pepper, cucum ber, lime, 
s traw b e rry  an d  tom ato)

- te a t-s e a la n t in  cow
- A nim al feed

Sandford , 1989 
G haou th , A ru lan d  
Assifin, 1991; B en jaku l, 1990

C aro lan  e t  al., 1991 
S andford , 1989

2 . B io te c h n o lo g ic a l  a p p l i c a t i o n
U s e

- Im m obilization  of enzym es

- Im m obilization  of liv ing cell
- E n cap su la tio n  of DNA
- E n cap su la tio n  of m am m alian  cell
- P u rifica tio n  an d  recovery

R e f .
Sandford , 1989; L euba, 
R en k en  an d  F laschel, 1990 
S k au g ru d , 1989 
T heodora, 1993 
Kim an d  R ha, 1989 
Sandford , 1989

3. C la r i f i c a t io n  a n d  w a s te  m a n a g e m e n t  a p p l i c a t i o n
U s e

- W a te r  tre a tm e n t
- P e tro leu m  so rb en t
- A m ino acid recovery
- Sew age e ffluen t tre a tm e n t
- R adioactive w aste  tre a tm e n t
- Recovery m icroalgae

R e f .
Lower, 1984 b; S tru szczy k  
an d  K ivekas, 1991

Lower, 1984 a; Tony, 1984; 
- Sandford , 1989



- M eta l recovery K u rita , K oyam a a n d  
T an iguch i,1986

4. C o s m e tic  a n d  p e r s o n a l  c a r e  a p p l i c a t i o n
U s e  R e f .

- H a ir  care (h a ir  sp ray , sham poo, 
h a ir  conditioner, se ttin g  lotion, 
blow -dry lotion

L ang  a n d  C lausen , 1989

- S k in  care (m oistu rizer, liptic, 
eye shadow , soap an d  cosm etic 
pack

S andford , 1989; K okai 
an d  Koho , 1992 b; c

- N ail (nail varn ish )
- T h icken ing  ag en t an d  foam  

en h a n c e r

5. D e n ta l  a p p l ic a t io n

L ang  a n d  C lausen ; 1989 
Poole, 1989; L an g  a n d  
C lausen , 1989

U s e  R e f .
- G el for th e  tre a tm e n t of

periodon titis
- P rev en tio n  th e  fo rm ation  of 

p aro d o n ta l pocket
- F illing  paste

M uzzarelli, 1993

- T oo thpaste , chew ing gum  
an d  m outh  w ash

L ang  a n d  C lausen , 1989

6 . F o o d  a p p l ic a t io n
U s e

- A nticho lestero l an d  fa t-b ind ing  
su b stan ce

R e f .
F u k ad a , K im u ra  a n d  A yaki, 
199l;Ik e d a , 1993; Le H oux
a n d  G rondin , 1993

- Inh ib ition  of lactose in to lerance
- Recovery the  flavour from  

seafood p rocessing  s trea m
- C ontro l th e  food add itives 

re lease

L aoch ariy aku l, nd

- T h icken ing  ag en t 
--D ehum idifying an d  clarify ing  

beverage
A verbach , 1978; Im e r i a n d  

K norr, 1988 ;L aochariyaku l, nd

- P ackag ing  of food N ish iyam a,1992 ; K okai a n d  
Koho, 1992 a; d ; W ei e t  al.,

1 9 9 2
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7. M e d ic a l  a p p l i c a t i o n
U s e

- W ound h ea ling  acce le ra to r

- P lastic  su rg ery
- O rthopedic (The ca rtilag in o u s 

tissu e  prom otion)
- Urology (hem osta tic  effect an d  

w ound h ea lin g  )
- C ontact lenes

- A ntim icrobial activ ity

- Antim ycotic

- C ontraceptive

8 . P h a r m a c e u t i c a l  a p p l i c a t i o n
U s e

T a b le t  e x c ip ie n t
- D irect com pression d ilu en t

- W et g ran u la tio n  d ilu en t
- D isin teg ran t
- B inder

M a tr ix
- B ead and  pelle t

- G ranu le

- T ab le t

- Porous m atrix  for th e  contro lled  
re lease  of m acrom olecule

I

R e f .
Jack so n , 1984; S p a rk e s  an d  
M u rray , 1986; M osbey,1988; 
S chm id t e t  al., 1993 
M uzzarelli, 1993 
M uzzarelli, 1993

B arto n e  a n d  A dickes, 1988; 
M uzzarelli, 1993 
M arkey , B ow m an an d  
B ergam in i,1989  
M uzzarelli, e t  ah, 1990; 
M uzzarelli, 1993 
K napczyk, 1992; L napczyk, 
M acu ra  a n d  P aw lik ,1992  
S m ith , 1984

R e f .

S aw ay an ag i, N am b u  a n d  
N agai, 1982 a; b; Inouye 
e t  ah, 1988; K napczyk, 1993
Rvirtp. 1 ใ
R itth id e j e t  al„  1994 
U p a d ra s h ta ,K a tik a n e n i a n d  
N uessle ,1992

B odm eier, O h an d  P ra m a r, 
1989; B odm eier an d  
P ac ra tak u l,1 9 8 9 ; T ap ia , 
G oskonda a n d  U p a d ra sh ta , 
1993; B uck ton  a n d  N ew ton , 
1993
C h an dy  a n d  S h arm a ,1 9 9 2 ; 
M iyazak i e t  ah, 1983 
N igalaye A dusum illi a n d  
Bolton, 1990; A du su m illi a n d  
Bolton, 1991; A kbuga,1993  
C a rd in a l a n d  C urn to lo , 1990

T W ém z.
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t

D is s o lu t io n  e n h a n c e m e n t
- D isso lu tion  e n h a n c e r

F i lm
- Polyelectro ly te com plex film
- F ilm  dosage form  

for coating  g ran u le

M e m b r a n e
- C ontro l d ru g  p e rm ea tio n

- D ialysis or f iltra tio n

- P e rv ap o ra tio n  p rocess

- C ontro l som e su b s tan ces  
tra n s p o r t

- R everse osm otic m em b ran e

o f  in s o lu b le  d r u g
S aw ayanag i, N am bu  and  
N agai,1982 c; S h ira ish i e t  al., 
1990; Im ai e t a l . ,1991

K aw ash im a e t  al., 1985 
K anke e t  al., 1989; M iyazaki, 
Y am aguch i an d  T akada,1990

S aw ayanag i, N am bu  an d  
N agai,1982 d ;N a k a tsu k a  an d  
A ndrady, 1992; T h acb aro d i 
an d  Rao,1993 a; b 
C handy  an d  S h arm a , 1990; 
G urash i, B la ir an d  Allen, 
1992
Yisong, W enjun  an d  Tongyin, 
1990; U ragam i, 1991 
U ragam i,1994

S h igeru  an d  Fum io,1978; 
Y ang an d  Zall, 1984

M ic r o c a p s u le  o r  m ic r o s p h e r e
- M icrocapsule o r m icrosphere

B io a d h e s iv e
- B ioadhesive

L ip o s o m e
- Liposom e stab ilize r

G e l
- G el p rep a ra tio n

Gallo an d  H assan , 1988; 
M esh ab  e t  al., 1989;
N ishioka, e t al., 1989 a,b; 
T hanoo, S u n n y  and  
Ja y a k rish n a n , 1992;
O hya e t  al., 1993;
L in an d  lin, 1992; A kbuga and  
K urm az,1994;
Polk, e t al., 1994

T akay am a, e t  al., 1990;
L ehr, e t  al., 1992

O hsoyen,1991; H en rik sen , 
S m istad  an d  K arlsin , 1994

R oberts, 1989; Tom oko,1992; 
K ristl, 1993; K ubota, 1993
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9. O th e r s  ะ A ntifouling, concrete processing, d e te rg e n t 
in g red ien t, fabric for clothing, p ap e r coating, p h o to g rap h y  an d  
tex tile  t r e a tm e n t (B rzeski,1987; L aochariyaku l,nd )

P la s t i c i z e r s
1. P ropylene glycol (A m erican P h a rm a ce u tica l 

A ssociation  an d  th e  P h a rm aceu tica l Society o f G rea t 
B rita in , 1986; Jo h n , 1990; Reynolds, 1993)

CH 3- CH- CH 2  o h

OH

F ig u r e  7 S tru c tu re  fo rm ula  of propylene glycol.

C h e m ic a l  n a m e  ะ ( ±  ) - P ropane - 1 , 2  - diol

T he em pirical s tru c tu re  is C H 3 .C H O H .C H 2 O H  w ith  
m o lecu la r w eigh t 76.10. P ropylene glycol is clear, colorless, 
v iscous an d  p rac tica lly  odorless liquid  h av in g  a  sw eet, s lig h th y
ac rid  ta s te . I t  h as  boiling p o in t a t  188 °c an d  flash  p o in t a t  99 °c. 
I t  is m iscible w ith  w ate r, acetone, alcohol, g lycerin  a n d  
chloroform , an d  im m iscible w ith  ligh t m in era l oil an d  fixed oils.

U se  ะ Propylene glycol is a  so lvent o r co-solvent u sed  in  
so lu tions, p a re n te ra ls , topical p rep a ra tio n s  an d  aeroso l so lu tio n s 
a n d  u sed  as h u m e c ta n t in  top ical p rep a ra tio n s.

I n c o m p a t ib i l i ty  ะ I t is incom patib le w ith  ox idizing 
re a g e n ts  such  as po tassium  p e rm an g an a te .

S ta b i l i ty  a n d  s to r a g e  c o n d i t io n  ะ I t  is s tab le  in  well- 
closed co n ta ine rs, b u t a t  h igh  te m p e ra tu re  in th e  open  it  tre n d s  
to oxidise, giving th e  p roducts such  as p rop ionaldéhyde, lactic 
acid, pyruvic acid and  acetic acid. I t  absorbs m o istu re  w hen  is 
exposed to m oist air. T his m a te ria l should  be s to red  in  well- 
closed co n ta in e r an d  p ro tec ted  from  light.

2 . Polyethyene glycol 400 (PEG  400) (John , 1990; 
R eynolds, 1993)
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C h e m ic a l  n a m e  ะ a  - hydro  -  CD -  hydroxypoly  - (oxy-1,2- 
e thaned iy l) glycol

T he em pirica l s tru c tu re  is H 0 C H 2 (C H 2 0 C H 2 )nC H 2 0 H 
w ith  m olecular w eigh t 380-420. P E G  400 is c lear, colorless or 
sligh tly  yellow ish, v iscous liqu id  h av in g  hygroscopic p ro p e rtie s . 
The odor is s lig h t b u t ch a rac te ris tic , a n d  th e  ta s te  is b i t te r  an d
sligh tly  bu rn ing . I t h as  flash  p o in t a t  238 °c a n d  so lid ification  
po in t a t  4-8 ๐c. PE G  400 is soluble in  w a te r, alcohols, glycols, 
acetone an d  benzene.

U se  ะ PE G  400 can  be u sed  to be a  so lvent, so lub ilizer, 
su sp en d in g  agen t, em u lsion  s tab ilize r an d  lu b rica n t. I t  is w idely 
u sed  as p lastic izer in conjunction  w ith  film -form er. I t  is u se fu l 
a s  p lastic izers in  m icro -encapsu la ted  p ro d u c ts  to avoid  ru p tu re  o f 
th e  coating  film  w hen  m icrocapsu les a re  co m p ressed  in to  ta b le t.

I n c o m p a t ib i l i ty  ะ T he tw o te rm in a l hydroxy l g roups can  
be esterified  or e terified . C hem ical in co m p atib ilitie s  occur w ith  
asp irin , carbonic acid, b ism u th , m ercu ry  an d  silv e r sa lt, iodine, 
theophy lline  deriv a tiv es an d  som e p re se rv a tiv e s . I t  is 
incom patib le w ith  FD&C Red No.3 an d  FD & C Yellow No.5.

S ta b i l i ty  a n d  s to r a g e  c o n d i t i o n  ะ I t  is chem ically  
stab le  in a ir  an d  in  so lu tion . P E G  400 do n o t su p p o rt m icrob ia l 
g row th  no r become ranc id . O xidation  m ay  occur if  P E G  400 is
exposed for long periods to te m p e ra tu re s  exceed ing  50 ๐c. T h is  
m a te r ia l shou ld  be s to red  in  w ell-closed co n ta in e r.

3. G lyceryl tr ia c e ta te  (T riace tin ) (D oobttle , 1954; 
B udavari, 1989)

H 2  ÇO O CCH 3  

H CO O CCH 3  

H 2  CO O CC H 3

F ig u r e  8 S tru c tu re  fo rm u la  o f tr ia c e tin .
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T he em p irica l s tru c tu re  is C 3 H 5  (O CO CH 3 ) 3  w ith  
m olecu lar w eigh t 248.20. T ria ce tin  is colorless, so m ew h at oily 
liqu id  h av in g  a s lig h t fa tty  odor a n d  a  b i t te r  ta s te . I t  h as
m eltin g  p o in t a t  -78 °c a n d  bo iling  p o in t a t  258-260 ๐c. T riace tin  
is soluble in  14 p a r ts  o f w a te r , s lig h tly  so lub le in  carbon  disulfide, 
inso lub le in  m in e ra l oil a n d  m iscible w ith  alcohol, e th e r  and  
chloroform .

U se  ะ T riace tin  is u sed  as  fixative in  p erfum ery , so lvent 
for basic dyes an d  ta n n in g  in  d y eing  a n d  p la s tic iz e r for cellulose 
ace ta te  an d  n itroce llu lose  com positions.

I n c o m p a t ib i ty  ะ I t  is com patib le  w ith  cellu lose e s te rs  
an d  e th e rs , acrylic re s in , a n d  polyvinyl a c e ta te  b u t incom patib le  
w ith  re s in s  o f v iny l ch lo ride  type, p o lysty ren e  an d  ru b b e r 
chloride.

S ta b i l i ty  a n d  s t o r a g e  c o n d i t i o n  ะ I t  sh o u ld  be sto red  
in  a ir t ig h t  co n ta in e r.

P r o p r a n o lo l  h y d r o c h l o r i d e  (Jo h n , 1990; G erb e r an d  
h o tte r , 1993; L und, 1994 R eynold, 1994 ).

F ig u r e  9 S tru c tu re  fo rm u la  o f p ro p ran o lo l hydroch lo ride .

C h e m ic a l  n am e :(+ )l-Iso p ro p y lam in o -3 -(l-N ap h th y lo x y ) 
p ro p an -2 -ol hydrochloride.

T he em p irica l s t ru c tu re  is C 1 6 H 2 1 N O 2 , HC1 w ith  
m olecular w eigh t 295.8. P ro p ran o lo l h y droch lo ride  is w hite  or 
a lm o st w hite  c ry s ta llin e  pow der, odourless, nonhygroscopic and
b it te r  ta s te . I t  h a s  m eltin g  p o in t a t  163-166 ๐c a n d  pK a 5.0-6.0 .
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I t  is soluble in  20 p a r ts  o f w a te r, in  20 p a r ts  o f e th a n o l an d  
s lig h tly  soluble in  chloroform , a n d  p rac tica lly  inso luble in  e th e r.

U se  ะ P ro p rano lo l is a  b e ta  b locker u sed  in  th e  t r e a tm e n t 
of h y p e rten s io n  an d  to im prove th e  to lerance  to exercise in 
p a tie n ts  w ith  an g in a  pecto ris. I t  h a s  been  given for th e  
p rev en tio n  o f re -in farc tion . I t  is also u sed  in  th e  tre a tm e n t of 
ca rd iac  a r rh y th m ia s  a n d  it  is o ften  effective in  su p ra v e n tr ic u la r  
ta c h y a rrh y th m ia s .

P h a r m a c o k i n e t i c  ะ P rop rano lo l is a lm o st com pletely  
ab so rb ed  from  th e  g a s tro - in te s tin a l tra c t, b u t is sub jected  to 
considerab le  h ep a tic  tis su e  b in d in g  a n d  firs t-p ass  m etabolism . 
P e ak  p la sm a  co n cen tra tio n s occur ab o u t 1 to  2 h o u rs  a f te r  a  dose, 
b u t v ary  g rea tly  be tw een  ind iv idua ls. I t  is m etabolized  in  th e  
liver, th e  m etabo lites b e ing  ex c rea ted  in  th e  u rin e  to g e th e r w ith  
only sm a ll am o u n ts  o f u n ch an g ed  p roprano lo l. P rop rano lo l 
c rosses th e  p lacen ta  a n d  tra ce s  a re  found in  m ilk. I t  also crosses 
th e  b lood-brain  b a rr ie r . I t  is h igh ly  p ro te in  b o un d  an d  re p o rte d  
n o t to be sign ifican tly  d ialysab le.

I n c o m p a t ib i l i t y  ะ P ro p rano lo l HC1 w as found  to  be 
com patib le w ith  s ta rch , S ta-R x 1500®, Avicel PH  1 0 1 , E lcem a G 
250® an d  Ac-Di-Sol®. In te rac tio n s  b e tw een  p ro p ran o lo l HC1 
an d  m ag n esiu m  s te a ra te , E m com press® , calcium  p h o sp h a te
m o no h y d ra te , Prim ojel® , S teric  acid, Avicel® a n d  lactose w ere 
ev id en t. T h is w as ach ieved  by com paring  th e  DSC th e rm o g ram  
o f p ro p ran o lo l HC1 an d  each  of th e  in v es tig a ted  excip ien ts.

S ta b i l i ty  a n d  s to r a g e  c o n d i t i o n  ะ P ro p rano lo l HC1 is 
affected  by ligh t. In  aq u eou s so lu tions, i t  decom poses w ith  
ox ida tion  of th e  isopropy lam ine side chain , accom panied  by 
red u c tio n  in  th e  pH  o f th e  so lu tion . Solu tion  is m ost s tab le  a t  pH
3.0 an d  decom posed rap id ly  u n d e r a lk a lin e  condition . 
P ro p rano lo l HC1 is s tab le  to h e a t. I t  shou ld  be p re se rv e d  in 
w ell-closed co n ta in e rs  a n d  th e  U S P  re q u ire s  p re p a ra tio n s  to be 
p ro tec ted  from  fight.
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