
CHAPTER IV
RESULTS AND DISCUSSION

4.1 Preparation of Chitin

Shrimp shells generally compose of three major components, which 
are chitin, calcium carbonate, and protein. After calcium carbonate and 
protein are removed by solvent extraction, chitin will be obtained as the 
remaining portion. In this research, chitin was prepared from shrimp shells of 
Penaeus merguiensis by demineralization with hydrochloric acid solution and 
deproteinization with aqueous sodium hydroxide solution in order to remove 
calcium carbonate and protein, respectively. The yield obtained during the 
process o f chitin production is shown in Table 1. Chitin was obtained as a 
white flaky material.

Table 4.1 Yield of chitin production from shrimp shells.

Material Yield* (%)
Shrimp shell 1 0 0

Product after demineralization 46.31
Product after deproteinization (chitin) 27.73

* dry weight basis

Chitin has some extent o f amino groups other than acetamide groups 
at C2 position of N-acetyl glucosamine repeating units. The degree of 
deacetylation o f chitin depends on the nature of chitin resources and the 
conditions used during deproteinization. The chitin used in this study was 
inevitable subjected to N-deacetylation during deproteinization process under 
alkaline condition and heating.. According to the method of Sannan et a l,
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1978, the degree of deacetylation o f chitin calculated from FTIR (Figure 4.1) 
was 21.54%.
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Figure 4.1 FTIR spectrum of chitin powder.

The method used to determine the molecular weight o f chitin was 
based on viscosity measurement by the method of Lee, 1974. The viscosity- 
average molecular weight o f chitin was determined based on Mark-Houwink 
(eqn. 3.6).

The intrinsic viscosity was determined from the Y-intercept o f the plot 
between (ๆsp/C) versus chitin concentration (g/100 ml) and [ln(prei/C)] versus 
concentration of chitin (g/100 ml) (Figure 4.2). The intrinsic viscosity was 
obtained at 16.67 (100 ml/g). The viscosity-average molecular weight o f chitin 
was calculated to be 1.04xl06 g/mol.
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C o n c e n tr a tio n  ( g / 100m l)

Figure 4.2 Reduced viscosity (ๆรp/C) and (ln(ฦ1.ei/C) versus concentration of 
chitin solution, •  : าๅรp/C, A : In (ๆrei)/c.

4.2 Preparation of CM-chitin

Due to the difficulty to dissolve chitin in common solvents, chitin is 
chemically modified to CM-chitin in order to achieve the ease of dissolution. 
The FTIR spectrum of CM-chitin is shown in Figure 4.3 and the absorption 
frequencies o f characteristic bands of CM-chitin are summarized in Table 4.2.

The absorption due to carbonyl stretching of carboxylic group appears 
at 1735 cm"1 and primary hydroxyl groups at 1070 cm"1 decreases on 
carboxymethylation (Figure 4.3). The degree o f carboxymethylation 
wasestimated to be 0.45 under the reaction condition from elemental analysis.



27

Table 4.2 FTIR characteristic absorption bands of CM-chitin.

Frequencies (cm '1) Assignment and remarks
1735 c = 0  stretching o f carboxylic group
1659 c = 0  stretching of acetamide group
1561 NH deformation
1317 CN band and CH2 wagging

1070 and 1031 C -0  stretching vibration
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W a v e n u m b e r  (  c m '1 )

Figure 4.3 FTIR spectrum of CM-chitin.
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C o n c e n t r a t io n  ( g / 1 0 0  m l )

Figure 4.4 R e d u c e d  v i s c o s i t y  (ๆรp/C) a n d  ( l n ( ๆ,.61) / C )  v e r s u s  c o n c e n t r a t io n  o f  

C M - c h i t in  s o lu t io n ,  •  : ๆรp /C , ▲  ะ In (ๆ rei)/c.

T h e  m o le c u la r  w e i g h t  o f  C M - c h it in  w a s  d e t e r m in e d  b y  v i s c o m e t r ic  

m e t h o d .  A c c o r d in g  t o  th e  m e t h o d  o f  K a n e k o  ( 1 9 8 2 ) ,  th e  m o le c u la r  w e i g h t  o f  

C M - c h i t in  w a s  d e r iv e d  f r o m  its  in tr in s ic  v i s c o s i t y .  T h e  p lo t  o f  r e d u c e d  

v i s c o s i t y  ( ๆ sp /C ) a n d  [ l n ( p rei) /C ]  v e r s u s  c o n c e n t r a t io n  o f  C M - c h i t in  s o lu t io n  is  

s h o w n  in  F ig u r e  4 .4 .  T h is  p lo t  s h o w s  t h e  e x t r a p o la t e d  v a lu e  o f  e a c h  l in e  

r e a c h e s  th e  s a m e  p o s i t i o n  a n d  th is  v a lu e  w a s  r e fe r r e d  t o  in t r in s ic  v i s c o s i t y  o f  

C M - c h it in .  T h e  a v e r a g e - m o le c u la r  w e i g h t  o f  C M - c h i t in  w a s  d e t e r m in e d  b a s e d  

o n  M a r k - H o u w in k  e q u a t io n  ( e q n . 3 .7 ) .
T h e  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 i g h t  o f  C M - c h i t in  o b t a in e d  fr o m  

t h e  c a l c u la t io n  w a s  5 .0 9 x 1  o 4.
T h e  m o le c u la r  w e i g h t  o f  C M - c h i t in  w a s  a l s o  d e t e r m in e d  b y  G P C .  

N u m b e r - a v e r a g e  m o le c u la r  w e i g h t  a n d  w e ig h t - a v e r a g e  m o le c u la r  w e i g h t  o f  

C M - c h it in  a r e  3 . 0 2 x l 0 5 a n d  9 . 8 9 x l 0 5, r e s p e c t iv e ly .
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4.3 Characterization of CM-chitin/PVA Blend Films

4 .3 .1  F T I R  A n a l y s i s  o f  t h e  B le n d  F i lm s
F T I R  s p e c t r o s c o p y  is  o n e  o f  t h e  m o s t  p o w e r f u l  t e c h n iq u e s  fo r  

i n v e s t i g a t io n  o f  m u l t i - c o m p o n e n t  s y s t e m  b e c a u s e  it  p r o v id e s  in f o r m a t io n  o n  

th e  b le n d  c o m p o s i t io n  ( L e e  e t  a l ,  1 9 9 6 ) .  F ig u r e  4 .5  s h o w s  t h e  F T I R  s p e c tr a  

o f  C M - c h i t in ,  P V A ,  a n d  th e  b le n d  f i lm s  m e a s u r e d  a t w a v e n u m b e r  r a n g in g  

fr o m  2 0 0 0  t o  4 0 0  c m ' 1. T h e  F T I R  s p e c t r u m  o f  p u r e  P V A  f i lm  is  s h o w n  in  

F ig u r e  4^5 ( a ) .  T h e  c h a r a c t e r is t ic  p e a k s  o f  P V A  at 1 4 1 9  c m ' 1, 1 0 9 1  c m ' 1, a n d  

8 5 4  c m '1 a r e  a t tr ib u te d  t o  O H  d e f o r m a t io n  ( in  p la n e ) ,  C - 0  s t r e t c h in g ,  O H  

d e f o r m a t io n  ( o u t  o f  p la n e )  ( M iy a  e t  a l ,  1 9 8 4 ) .  W h i le  t h e  c h a r a c t e r is t ic  

a b s o r p t io n  b a n d s  o f  C M - c h i t in  a t 1 6 1 0  c m '1 b e lo n g s  t o  c=0 s t r e t c h in g  o f  a c id  

s a lt  (  T o k u r a  e t  a l ,  1 9 8 3 a  ) ,  1 6 5 9  c m ' 1 a n d  1 5 6 1  c m '1 b e lo n g s  t o  a m id e  I a n d  

a m id e  II b a n d s ,  a n d  th e  o th e r s  o c c u r r e d  a t 1 1 5 7  c m '1 a n d  1 0 5 0  c m '1 a r e  th e  

c h a r a c t e r is t ic  p e a k s  o f  p y r a n o s e  r in g  (K u r ita  e t  a l ,  1 9 9 1 ) .  T h e  F T I R  s p e c tr a  

o f  C M - c h i t i n /P V A  b le n d  f i lm s  w i t h  v a r io u s  b le n d  r a t io s  ( F ig u r e  4 .5  ( b - f ) )  

w e r e  c h a r a c t e r iz e d  b y  t h e  p r e s e n c e  o f  a b s o r p t io n  b a n d s  o f  t h e  p u r e  

c o m p o n e n t s ,  w h o s e  in t e n s i t i e s  w e r e  r o u g h ly  r e la te d  t o  th e  b l e n d in g  r a t io .
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Figure 4.5 F T I R  s p e c tr a  o f  p u r e  a n d  b le n d  f i lm s  a t  v a r io u s  c o m p o s i t i o n s  o f  

C M - c h i t in  t o  P V A ,  C M - c h i t in /P V A  c o m p o s i t io n :  ( a )  0 /1 0 0  ( P V A ) ;  ( b )  2 0 /8 0 ;  

( c )  4 0 /6 0 ;  ( d )  5 0 /5 0 ;  ( e )  6 0 /4 0 ;  ( f )  2 0 /8 0 ;  ( g )  1 0 0 /0  ( C M - c h i t in ) .

4 .3 .2  X - r a y  D i f f r a c t io n  P a tte r n s
W id e - a n g le  x - r a y  d i f f r a c t io n  ( W A X D )  p a t te r n s  o f  t h e  f i lm s  

w e r e  m e a s u r e d  t o  c o m p a r e  th e  c r y s t a l l in e  s tr u c tu r e  o f  C M - c h i t in  f i lm  a n d  

P V A  f i lm  w i t h  t h e  b le n d  f i lm s .  T h e  X - r a y  d i f f r a c t io n  p a t te r n  o f  t h e  f i lm s  is  

s h o w n  in  F ig u r e  4 .6 .  T h e  c r y s t a l l in e  s tr u c tu r e  o f  C M - c h i t in  a n d  P V A  f i lm s  

a p p e a r e d  to  b e  n e a r ly  t h e  s a m e  p o s i t i o n s  o f  2 0  d e g r e e .  F ig u r e  4 .6  ( g )  s h o w s  

t h e  C M - c h i t in  e x h ib i t e d  c r y s t a l l in e  p e a k s  a t 2 0  =  9 .4 °  a n d  2 0  =  1 9 .3 ° .  P V A  

s h o w e d  t h e  c r y s t a l l in e  p e a k s  a t  2 0  =  9 .4 °  a n d  2 0  =  2 0 ° .  In  t h e  X - r a y  

d i f f r a c t io n  p a t te r n  o f  t h e  b le n d  f i lm s ,  n o  p e a k  o th e r  th a n  t h o s e  o f  C M - c h i t in  

a n d  P V A  w a s  o b s e r v e d .  F o r  t h e  b le n d s ,  th e ir  r e f l e c t io n  p a t te r n s  a r e  s im i la r  t o  

t h e s e  o f  C M - c h i t in  a n d  P V A  w i t h  s m a l l  r e d u c in g  in  th e ir  in t e n s i t y .  T h e s e  

r e s u lt s  a r e  s im i la r  t o  t h e  w o r k  o f  K im  e t  a l. ( 1 9 9 2 a )  w h o  s t u d ie d  t h e  p r o p e r t ie s  

o f  P V A /c h i t o s a n  b le n d  m e m b r a n e .  K im  e t  al. ( 1 9 9 2 a )  f o u n d  th a t  t h e  in t e n s i t y
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o f  p e a k  o f  c h i t o s a n  d r o p s  u p o n  b le n d in g  s o  b le n d in g  o f  c h i t o s a n  w i t h  P V A  

d e c r e a s e s  t h e  c r y s t a l l in i t y  o f  c h i t o s a n .

2  theta (degree)

Figure 4.6 W id e - a n g le  X - r a y  d i f f r a c t io n  p a t te r n s  o f  C M - c h i t in /P V A  b le n d  

f i lm s ,  C M - c h i t i n /P V A  c o m p o s i t io n :  (a )  0 / 1 0 0  ( P V A ) ;  ( b )  2 0 /8 0 ;  ( c )  4 0 / 6 0 ;  (d )  

5 0 /5 0 ;  ( e )  6 0 /4 0 ;  ( f )  8 0 /2 0 ;  ( g )  1 0 0 /0  ( C M - c h i t in ) .

4 .3 .3  T h e r m a l  P r o p e r ty
T h e r m a l  p r o p e r ty  o f  th e  f i lm s  w a s  e x a m in e d  b y  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 e r  ( D S C ) .  It w a s  o f  p a r t ic u la r  in t e r e s t  t o  e s t im a t e  h o w  th e  

th e r m a l  t r a n s i t io n  o f  P V A  v a r ie d  w i t h  b le n d in g ,  s in c e  t h e  C M - c h i t in  

h o m o p o l y m e r  s t u d ie d  in  t h is  s t u d y  d id  n o t  s h o w  a n y  s ig n i f i c a n t  t r a n s i t io n s  in
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t h e  t e m p e r a tu r e  r a n g e  o f  t h e  D S C  s c a n . C M - c h it in  u n d e r g o e s  t h e  th e r m a l  
d e g r a d a t io n  a t  h ig h  te m p e r a tu r e  in  a ir . T h e  r e s u lt s  o f  t h e  m e a s u r e m e n t s  a r e  

s h o w n  in  F ig u r e  4 .7 .  T h e  h o m o g e n e o u s  P V A  ( F ig u r e  4 .7  ( a ) )  g iv e s  a  r e la t i v e ly  

la r g e ,  s h a r p  m e l t in g  e n d o t h e r m  w i t h  a  p e a k  ( T m) a t a r o u n d  220°c. T h e  

e n d o t h e r m ic  p e a k  o f  P V A  t e n d s  t o  b e  s o m e w h a t  s m a l l e r  b y  b l e n d in g  w i t h  

C M - c h it in .

T e m p e r a t u r e  ( ° C )

Figure 4.7 D S C  th e r m o g r a m s  o f  C M - c h i t in /P V A  b le n d  f i lm s ,  C M -  

c h i t in /P V A  c o m p o s i t io n :  ( a )  0 /1 0 0  ( P V A ) ;  ( b )  2 0 /8 0 ;  ( c )  4 0 /6 0 ;  ( d )  5 0 /5 0 ;  ( e )  

6 0 /4 0 ;  ( f )  8 0 /2 0 ;  ( g )  1 0 0 /0  ( C M - c h it in ) .

T h is  a g r e e s  w i t h  t h e  s tu d y  o f  L e e  e t  a l ,  ( 1 9 9 6 )  w h o  d e t e r m in e d  

t h e  p r o p e r t ie s  o f  (3 -c h it in  a n d  P V A  b le n d s .  L e e  e t  a l ,  ( 1 9 9 6 )  f o u n d  th a t  a s  

P V A  w a s  b le n d e d  w i t h  P - c h it in  u p  t o  5 0 % , th e  in t e n s i t y  o f  t h e  p e a k  o f  P V A  

w a s  r e d u c e d  r a p id ly ,  w i t h  a  s h i f t  t o  lo w e r  t e m p e r a tu r e  o f  m e l t in g  p o in t .
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4 . 3 .4  T h e r m a l  S t a b i l i t y
T h e  th e r m a l s t a b i l i t y  i s  a n  im p o r ta n t  p r o p e r ty ,  w h i c h  c a n  

d e f in i t i v e l y  d e t e r m in e  t h e  p e r f o r m a n c e  o f  a  m a te r ia l  fo r  p r a c t ic a l  u s e .  T h e  

d e g r a d a t io n  t e m p e r a tu r e  ( T d)  o f  p u r e  a n d  t h e  b le n d  f i lm s  a s  a  f u n c t io n  o f  C M -  

c h it in  c o n t e n t  i s  s h o w n  in  F ig u r e  4 .9 .  P u r e  C M - c h it in  a n d  p u r e  P V A  f i lm s  

w e r e  s t a b le  u n t i l  t e m p e r a tu r e  a t 2 6 5 . 9 ° c  a n d  2 8 0 . 9 8 ° c ,  r e s p e c t i v e ly  ( F ig u r e  

4 .8 ) .  T h e  th e r m a l  s t a b i l i t y  o f  t h e  b le n d  f i lm s  w a s  in  t h e  r a n g e  o f  t h e  T d o f  

p u r e  C M - c h i t in  a n d  p u r e  P V A  f i lm s .  I t  w a s  f o u n d  th a t  t h e  d e c o m p o s i t i o n  

t e m p e r a tu r e  o f  t h e  b le n d  f i lm s  in c r e a s e d  w i t h  in c r e a s in g  o f  P V A  c o n t e n t .
F r o m  th e  th e r m a l  a n a ly s i s ,  th e  d e g r a d a t io n  t e m p e r a tu r e  o f  P V A  

f i lm  w a s  h ig h e r  th a n  th a t  o f  C M - c h it in  f i lm .  B y  b le n d in g  o f  C M - c h i t in  w i t h  

P V A , t h e  th e r m a l  s t a b i l i t y  o f  C M - c h i t in /P V A  b le n d  f i lm s  c o u ld  b e  im p r o v e d  

a s  c o m p a r e d  t o  th a t  o f  C M - c h it in  f i lm .  F u r t h e r m o r e , th e  T d o f  t h e  b le n d  f i lm s  

o c c u r r e d  a t  o n e  te m p e r a tu r e  o v e r  a  te m p e r a tu r e  r a n g e  b e t w e e n  t h e  T d o f  C M -  

c h it in  a n d  T d o f  P V A  f i lm s .  T h is  s u g g e s t e d  th a t  th e r e  w a s  g o o d  

in t e r m o le c u la r  in te r a c t io n  b e t w e e n  C M - c h i t in  a n d  P V A .  I f  t h e r e  w a s  n o  

in t e r m o le c u la r  in te r a c t io n ,  t h e  r e s u l t in g  T d w o u l d  b e  e x p e c t e d  t o  o c c u r  a t t w o  

T dร. T h e  f ir s t  t e m p e r a tu r e  o c c u r r e d  a t T d o f  C M - c h i t in  a n d  t h e  s e c o n d  

t e m p e r a tu r e  o c c u r r e d  a t T d o f  P V A .
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T em p era tu re  ( ° C )

Figure 4.8 T G A  t h e r m o g r a m s  o f  C M - c h i t i n /P V A  b le n d  f i lm s ,  C M -  

c h i t i n /P V A  c o m p o s i t io n :  ( a )  0 / 1 0 0  ( P V A ) ;  ( ๖ )  5 0 /5 0 ;  ( c )  1 0 0 / 0  ( C M - c h i t in ) .
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Figure 4.9 T h e r m a l  d e c o m p o s i t i o n  te m p e r a tu r e  o f  C M - c h i t in /P V A  b le n d  

f i lm s  a s  a  f u n c t io n  o f  C M - c h i t in  c o n t e n t .
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T h e  r e s u lt s  a g r e e  w i t h  t h e  w o r k  o f  W i l l ia m s o n  e t  a l. ( 1 9 9 8 )  w h o  

s t u d ie d  t h e  p r o p e r t ie s  o f  s e m i- in t e r p e n e t r a t in g  n e t w o r k  ( S I P N )  o f  p o l y ( N ,N -  

d im e t h y la c r y la m id e )  ( D M A M )  w i t h  c e l l u l o s e  o r  c h it in .  T h e  d e g r a d a t io n  o f  

D M A M - S I P N  b le n d  o c c u r r e d  in  o n e  s t a g e  o v e r  a  te m p e r a tu r e  r a n g e  b e t w e e n  

D M A M  a n d  t h e  p o ly s a c c h a r id e .  T h is  s u g g e s t e d  g o o d  in t e r m o le c u la r  

in t e r a c t io n  b e t w e e n  D M A M  m a tr ix  a n d  th e  p o ly s a c c h a r id e s .

4.4 Swelling Study

4 .4 .1  E q u i l ib r iu m  W a t e r  C o n t e n t
T h e  e f f e c t  o f  im m e r s io n  t im e  o n  th e  e q u i l ib r iu m  w a t e r  c o n t e n t  

( E W C )  o f  t h e  b le n d  f i lm s  i s  s h o w n  in  F ig u r e  4 .1 0 .  A l l  s a m p le s  in  w a t e r  

r e a c h e d  a n  e q u i l ib r iu m  s ta te  w i t h in  1 .3 0  h . K im  e t  a l .  ( 1 9 9 2 a )  s t u d ie d  s w e l l i n g  

c h a r a c t e r i s t ic s  o f  c r o s s - l in k e d  P V A /c h i t o s a n  b le n d  m e m b r a n e  a n d  f o u n d  th a t  

t h e  s a m p le s  r e a c h e d  a n  e q u i l ib r iu m  s ta te  w i t h  in  1 h .
F ig u r e  4 .1 1  s h o w s  E W C  o f  t h e  f i lm s  a s  a  f u n c t io n  o f  C M - c h i t in  

c o n t e n t .  T h e  E W C  o f  C M - c h it in  f i lm s  w a s  a p p r o x im a t e ly  3 6 0 %  w h i l e  t h e  

E W C  o f  P V A  f i lm s  w a s  a r o u n d  1 5 0 % . I t  w a s  f o u n d  th a t  th e  E W C  o f  th e  

b le n d  f i lm s  in c r e a s e d  a s  C M - c h it in  c o n t e n t  in c r e a s e d .  K h o r  e t  a l. ( 1 9 9 6 )  

s u g g e s t e d  th a t  t h e  a b i l i t y  t o  a b s o r b  w a t e r  o f  C M - c h it in  f i lm s  i s  a t tr ib u te d  t o  

th e  in t r o d u c t io n  o f  c a r b o x y m e t h y l  g r o u p  o n  th e  C -6  o f  t h e  g lu c o s e  r e s id u e .  
T h e  p r e s e n c e  o f  c a r b o x y m e t h y l  g r o u p s  d is t r ib u t in g  a lo n g  c h i t in  c h a in s  

d is r u p ts  t h e  H - b o n d in g  in t e r a c t io n s  b e t w e e n  a d ja c e n t  c h i t in  c h a in s .  T h is  

f a c i l i t a t e d  t h e  d i f f u s io n  o f  w a t e r  in to  th e  m a tr ix  o f  C M - c h i t in  f i lm s  ( K h o r  e t  
a l ,  1 9 9 6 ) .

z  ' ใ ฅ 6 6  ๆ  2 * 7 o\
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Figure 4.10 E f f e c t  o f  im m e r s io n  t im e  o n  e q u i l ib r iu m  w a t e r  c o n t e n t  o f  C M -  

c h i t i n /P V A  b le n d  f i lm s  w i t h  t h e  a d d it io n  o f  0 .0 1 %  g lu t a r a ld e h y d e ,  C M -  

c h i t i n /P V A  c o m p o s i t io n :  • :  1 0 0 /0  ( C M - c h it in ) ;  ■ : 8 0 /2 0 ;  A :  6 0 /4 0 ;  

x : 5 0 /5 0 ;  □  ะ 4 0 /6 0 ;  o  : 2 0 /8 0 ;  A: 0 /1 0 0  ( P V A ) .
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100 .  
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0 L
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«
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C M - c h i t i n  c o n t e n t  (% )

Figure 4.11 E q u ilib r iu m  w a te r  c o n te n t  o f  C M -c h it in /P V A  b le n d  f i lm s  w ith
th e  a d d it io n  o f  0 .0 1 %  g lu ta ra ld eh y d e .
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4 .4 .2  E f f e c t  o f  p H

T h e  e f f e c t  o f  p H  o n  t h e  d e g r e e  o f  s w e l l i n g  o f  C M - c h i t i n /P V A  

b le n d  f i lm s  w i t h  v a r io u s  b le n d  c o m p o s i t io n s  i s  s h o w n  in  F ig u r e  4 .1 2 .  T h e  

d e g r e e s  o f  s w e l l i n g  o f  P V A  f i lm s  w e r e  c o n s t a n t  fo r  t h e  w h o l e  p H  r a n g e  f r o m  

p H  3 t o  11 d u e  t o  p H  s t a b i l i t y  o f  P V A  ( G u d e m a n  e t  a l ,  1 9 9 5 ) .  O n  t h e  o th e r  

h a n d , t h e  d e g r e e  o f  s w e l l i n g  o f  C M - c h it in  f i lm s  a n d  th e  b le n d  f i lm s  in c r e a s e d  

s u b s t a n t ia l ly  in  t h e  r a n g e  o f  p H  l e s s  th a n  5 a n d  in  th e  r a n g e  o f  p H  h ig h e r  th a n  

7 . T h e  p K a o f  t h e  c a r b o x y m e t h y l  g r o u p s  i s  a b o u t  3 .4  a n d  th e  a m in o  g r o u p  

h a v in g  a  p K a o f  a b o u t  6 .4  (T o k u r a  e t  a l ,  1 9 8 3 a ) .  T h e  r e a s o n  t o  e x p la in  th e  

e f f e c t  o f  p H  o n  t h e  d e g r e e  o f  s w e l l i n g  o f  C M - c h i t in  f i lm s  a n d  t h e  b le n d  f i lm s  

i s  th a t  in  a c id i c  p H  ( p H < 5 )  s o lu t io n s ,  t h e  a m in e  g r o u p s  o f  C M - c h i t in  

m o le c u l e s  a r e  i o n i z e d  l e a d in g  t o  t h e  d i s s o c ia t io n  o f  t h e  a d j a c e n t  c h a in s  ( K im

F i g u r e  4 .1 2  D e g r e e  o f  s w e l l i n g  o f  C M - c h i t in /P V A  b le n d  f i lm s  w i t h  th e  

a d d it io n  o f  0 .0 1 %  g lu t a r a ld e h y d e  a s  a  f in i t io n  o f  C M - c h i t in  c o n t e n t ,  C M -  

c h i t in /P V A  c o m p o s i t io n :  • :  1 0 0 /0  ( C M - c h it in ) ;  ■ ะ 8 0 /2 0 ;  A :  6 0 /4 0 ;  

x :  5 0 /5 0 ;  □  : 4 0 /6 0 ;  ๐  ะ 2 0 /8 0 ;  A: 0 /1 0 0  ( P V A ) .



38

e t  a l.,  1 9 9 2 a ) .  F o r  a lk a l in e  p H  ( p H > 7 )  s o lu t io n s ,  t h e  e f f e c t  o f  p H  o n  th e  

d e g r e e  o f  s w e l l i n g  o f  C M - c h it in  a n d  th e  b le n d  f i lm s  in c r e a s e d  b e c a u s e  o f  th e  

p r e s e n c e  o f  t h e  c a r b o x y m e t h y l  g r o u p s  th a t  a r e  io n i z a b le  f u n c t io n a l  g r o u p s  o f  

C M - c h i t in  ( G u d e m a n  e t  a l ,  1 9 9 5 ) .  It c o u ld  s a y  th a t  t h e  C M - c h i t i n /P V A  b le n d  

f i lm s  s h o w e d  t h e  p H  s e n s i t iv i t y .

7 0 0 ■

p \
6 0 0 ■

m m
ผ ิ) 5 0 0 1 I 1 จt

4 0 0
%CZ)

<+-lo 3 0 0 m m a B
<D
4 ) 200

B ร m ร z A
ช ง ่

100
z A z * A z

Q
0 1 1 ■ 1

/•) 4 6 8 10

p H

F i g u r e  4 .1 3  E f f e c t  o f  g lu t a r a ld e h y d e  c o n c e n t r a t io n  o n  d e g r e e  o f  s w e l l i n g  o f  

C M - c h i t in /P V A  b le n d  f i lm s  a s  a  f u n c t io n  o f  p H , o  : 0 .0 0 5 %  g lu t a r a ld e h y d e ;
□  : 0 .0 1 %  g lu t a r a ld e h y d e ;  A :  0 .0 5 %  g lu t a r a ld e h y d e .

T h e  e f f e c t  o f  c r o s s - l in k in g  o n  e q u i l ib r iu m  d e g r e e  o f  s w e l l i n g  fo r  

C M - c h i t in /P V A  b le n d  f i lm  w i t h  5 0 /5 0  b le n d  r a t io  i s  s h o w n  in  F ig u r e  4 .1 3 .  
T h e  e q u i l ib r iu m  d e g r e e  o f  s w e l l i n g  d e c r e a s e s  w i t h  t h e  in c r e a s in g  o f  th e  

c o n c e n t r a t io n  o f  th e  c r o s s - l in k in g  a g e n t  in  t h e  f i lm s .  I t  i s  m a in ly  d u e  t o  th e  

c r o s s - l in k in g  d e n s i t y  o f  t h e  p o ly m e r  c h a in s .  M o r e o v e r ,  a s  t h e  c o n c e n t r a t io n  o f  

th e  c r o s s - l in k in g  a g e n t  in c r e a s e s ,  m o r e  h y d r o x y l  g r o u p s  in  P V A  a n d  m o r e  

h y d r o x y l  a n d  a m in o  g r o u p s  in  C M - c h it in  w e r e  c o n s u m e d  d u e  t o  t h e  c r o s s -  

l in k in g  r e a c t io n .  I t  h a s  b e e n  w e l l  k n o w n  th a t  h y d r o x y l s  r e a c t  w i t h  a ld e h y d e  to
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fo r m  a c e t a l s ,  a n d  a m in o  g r o u p s  fo r m  a  S c h i f f  b a s e  ( K im  e t  a l ,  1 9 9 2 a ) .  
T h e r e f o r e ,  a s  P V A  a n d  C M - c h i t in  r e a c t  w i t h  g lu t a r a ld e h y d e ,  t h e  c r o s s - l in k e d  

b le n d s  b e c o m e  l e s s  c a p a b le  fo r  h y d r o g e n  b o n d in g  f o r m a t io n  w i t h  w a t e r  

m o le c u l e s  b e c a u s e  t h e  in t e r m o le c u la r  a n d  in t r a m o le c u la r  c r o s s - l in k i n g  c a u s e d  

b o th  b y  a c e t a l iz a t io n  a n d  t h e  fo r m a t io n  o f  t h e  S c h i f f  b a s e ,  r e s u l t in g  in  th e  

d e c r e a s in g  o f  t h e  d e g r e e  o f  s w e l l i n g  a t  e q u i l ib r iu m .
K im  e t  a l, ( 1 9 9 2 a )  s t u d ie d  t h e  e f f e c t  o f  c r o s s - l in k i n g  a g e n t  o n  

s w e l l i n g  p r o p e r t y  o f  P V A  a n d  c h i t o s a n  b le n d  m e m b r a n e .  T h e y  f o u n d  th a t  th e  

c r o s s - l in k i n g  r e d u c e s  t h e  s w e l l i n g  a b i l i t y  o f  t h e  m e m b r a n e  d u e  t o  t h e  c r o s s -  

l in k in g  d e n s i t y  a n d  a l s o  t o  th e  d i s c o u n t e d  a b i l i t y  o f  h y d r o g e n  b o n d in g  

b e t w e e n  w a t e r  m o le c u l e s  a n d  h y d r o x y l s  a n d  a m in o  g r o u p s  in  t h e  P V A  a n d  

c h i t o s a n  b le n d .
T h e  r e s p o n s e  o f  t h e  b le n d  f i lm s  w i t h  5 0 %  C M - c h i t in  c o n t e n t  t o  a  

s t e p  c h a n g e  in  p H  i s  s h o w n  in  F ig u r e  4 .1 4 .  In  th is  e x p e r im e n t ,  t h e  f i lm s  w e r e  

b r o u g h t  in t o  a  s w e l l i n g  e q u i l ib r iu m  a t p H  6 f o r  1 .3 0  h  a n d  t h e n  tr a n s fe r r e d  t o  a  

b u f f e r  s o lu t io n  a t p H  1 0  s o  th a t  a n  a b r u p t s w e l l i n g  w a s  e n s u r e d . L a te r , th e  

f i lm s  w e r e  p la c e d  b a c k  in to  a  b u f f e r  s o lu t io n  a t p H  6, a n d  s h r in k e d  a g a in .  T h e  

r e s u lt s  s h o w e d  th a t  s w e l l i n g  b e h a v io r  o f  t h e  b le n d  f i lm s  i s  r e v e r s ib le  w h e n  th e  

e n v ir o n m e n t a l  p H  i s  c h a n g e d .  T h e  b le n d  f i lm s  s h o w  a  p H - s e n s i t i v e  s w e l l i n g  

c h a r a c t e r i s t ic  th a t  m a y  b e  a p p l i c a b le  t o  a  c o n t r o l l e d - r e l e a s e  s y s t e m  b e c a u s e  

t h e  b le n d  f i lm s  c o u ld  c h a n g e  d e g r e e  o f  s w e l l i n g  w h e n  p H  w a s  a lt e r e d .
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F i g u r e  4 .1 4  D e g r e e  o f  s w e l l i n g  o f  C M - c h i t in /P V A  b le n d  f i lm s  w i t h  5 0 / 5 0  

b le n d  r a t io  c o n t a in in g  0 .0 1 %  g lu t a r a ld e h y d e  o n  a  s t e p  c h a n g e  in  p H .

4 .4 .3  E f f e c t  o f  S a l t  T y p e
T h e  d e g r e e  o f  s w e l l i n g  o f  p u r e  a n d  t h e  b le n d  f i lm s  in  v a r io u s  

t y p e s  o f  s a l t  s o lu t io n s  is  s h o w n  in  F ig u r e  4 .1 5 .  T h e  s a l t  s o lu t io n s  u s e d  in  t h is  

s tu d y  w e r e  N a C l ,  L iC l ,  C a C l2, a n d  F e C l3 s o lu t io n s .  T h e  c o n c e n t r a t io n  o f  th e  

s a l t  s o lu t io n s  w a s  0 .2 5  M . It w a s  f o u n d  th a t , fo r  a l l  s a l t  s o lu t io n s ,  t h e  d e g r e e  

o f  s w e l l i n g  o f  t h e  b le n d  f i lm s  in c r e a s e d  a s  C M - c h i t in  c o n t e n t  in c r e a s e d .  I t  c a n  

b e  s e e n  th a t  t h e  f i lm s  e x h ib i t e d  a  s ig n i f ic a n t  in c r e a s e  in  t h e  d e g r e e  o f  s w e l l i n g  

in  s a l t  s o lu t io n s  a s  C M - c h it in  c o n t e n t  in c r e a s e d  f r o m  4 0 %  t o  1 0 0 % . H o w e v e r ,  
t h e  m o s t  in c r e a s e s  in  d e g r e e  o f  s w e l l i n g  o f  t h e  f i lm s  w e r e  o b t a in e d  fo r  th e  

f i lm s  im m e r s e d  in  m o n o v a le n t  s a lt  s o lu t io n s  ( N a C l  a n d  L iC l ) .  F o r  C a C l2 
s o lu t io n ,  T o k u r a  e t  a l, ( 1 9 8 3 b )  f o u n d  th a t  C M - c h it in  c a n  b in d  c a l c iu m  io n s  

e v e n  in  t h e  p r e s e n c e  o f  m o n o v a le n t  c a t io n s .  T h e  te tr a h e d r a l  c h e la t io n  o f  C M -
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c h it in  t o w a r d  C a 2+ o c c u r r e d  b y  t h e  a s s i s t a n c e  o f  th e  a c e t a m id e  a n d  h y d r o x y l  

g r o u p s  in  a d d it io n  t o  c a r b o x y l  g r o u p s .  W a t a n a b e  e t  a l, ( 1 9 9 2 )  r e p o r te d  th a t  

t h e  a d d it io n  o f  ir o n (I I I )  c h lo r id e  in to  C M - c h i t in  s o lu t io n  in d u c e d  g e l  

f o r m a t io n  s o  t h is  m e a n t  C M - c h i t in  c a n  a l s o  b in d  F e 3+.

F i g u r e  4 . 1 5  E f f e c t  o f  s a lt  t y p e  o n  d e g r e e  o f  s w e l l i n g  o f  C M - c h i t i n /P V A  b le n d  

f i lm s  w i t h  t h e  a d d it io n  o f  0 .0 1 %  g lu t a r a ld e h y d e  a s  a  f u n c t io n  o f  C M - c h i t in  

c o n t e n t ,  x :  H 20 ;  A :  N a C l;  o  : L iC l;  □ : C a C l2; * :  F e C l3.

S w e l l i n g  b e h a v io r  o f  C M - c h i t in  a n d  P V A  b le n d  f i lm s  in  v a r io u s  

t y p e s  o f  s a l t  s o lu t io n  i s  d i f f e r e n t  fr o m  th a t  o b t a in e d  fr o m  c h i t o s a n  a n d  p o l y  

( a c r y l ic  a c id )  s e m i- in t e r p e n e t r a t in g  p o ly m e r  n e t w o r k  ( s e m i - I P N ) .  W a n g  e t  a l. 
( 1 9 9 6 )  s t u d ie d  t h e  e f f e c t  o f  s a lt  t y p e  o n  t h e  d e g r e e  o f  s w e l l i n g  o f  c h i t o s a n  a n d  

p o l y ( a c r y l i c  a c id )  s e m i - I P N  a n d  f o u n d  th a t  t h e  d e g r e e  o f  s w e l l i n g  o f  s e m i - I P N  

in c r e a s e d  s u b s t a n t ia l ly  w h e n  io n i c  v a l e n c e s  o f  s a lt s  in c r e a s e d .  S e m i - I P N  

e x h ib i t e d  t h e  m a x im u m  d e g r e e  o f  s w e l l i n g  in  th e  s o lu t io n s  o f  t r iv a le n t  s a lt s  

( A l 3+)  a n d  t h e  m in im u m  d e g r e e  o f  s w e l l i n g  w a s  o b t a in e d  in  t h e  s o lu t io n s  o f  

m o n o v a le n t  s a lt s  ( K +, N a +). T h e  r e a s o n  is  th a t  c h i t o s a n  d o e s  n o t  b in d  o r  b in d
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w e a k l y  t o  a lk a l i  a n d  a lk a li  e a r th  m e t a l  io n s  r e s u l t in g  in  l o w e r  d e g r e e  o f  

s w e l l i n g  ( W a n g  e t  a l ,  1 9 9 6 )
F o r  P V A  f i lm s  a n d  t h e  b le n d  f i lm s  w i t h  C M - c h i t in  c o n t e n t  l e s s  

th a n  4 0 % , t h e  e f f e c t  o f  d i f f e r e n t  s a lt  t y p e s  o n  th e  c h a n g e  in  d e g r e e  o f  s w e l l i n g  

o f  th e  b le n d  f i lm s  w a s  v e r y  s m a l l .  F r o m  F ig u r e  4 .1 5 ,  it  w a s  o b s e r v e d  t h a t  p u r e  

P V A  f i lm s  h a d  t h e  l o w e s t  d e g r e e  o f  s w e l l i n g .  B y  th e  a d d it io n  o f  C M - c h i t in  to  

P V A  f i lm s ,  t h e  d e g r e e  o f  s w e l l i n g  o f  P V A  in  s a lt  s o lu t io n s  c o u l d  b e  e n h a n c e d .

4.5 Mechanical Properties

B e c a u s e  p o ly m e r ic  m a te r ia ls ,  s u c h  a s  f i lm s ,  m a y  b e  s u b j e c t e d  to  

v a r io u s  k in d s  o f  s t r e s s  d u r in g  u s e ,  d e t e r m in a t io n  o f  m e c h a n ic a l  p r o p e r t ie s  w i l l  

b e  u s e f u l  fo r  p r a c t ic a l  u s e .  F ig u r e  4 .1 6  s h o w s  t e n s i l e  s t r e n g th  o f  C M -  

c h i t i n /P V A  b le n d  f i lm s  a s  a  f u n c t io n  o f  C M - c h i t in  c o n t e n t  w i t h  a n d  w i t h o u t  

c r o s s - l in k in g  a g e n t .  T h e  m a x im u m  t e n s i l e  s t r e n g th  w a s  o b t a in e d  fo r  t h e  b le n d  

f i lm s  w i t h  5 0 %  C M - c h it in  c o n t e n t  fo r  b o t h  w i t h  a n d  w i t h o u t  c r o s s - l in k i n g  

a g e n t .  T h e  c r o s s - l in k e d  b le n d  f i lm s  s h o w e d  a  s l i g h t ly  h ig h e r  t e n s i l e  s t r e n g th  

th a n  n o n - c r o s s l in k e d  b le n d  f i lm s .  T h is  m a y  b e  e x p la in e d  th a t  t h e  c r o s s l in k s  

p la y e d  a  k e y  r o le  a s  a  b r id g e  th a t  l in k s  p o ly m e r  c h a in  t o g e t h e r  t o  f o r m  th e  

n e t w o r k  s tr u c tu r e  th a t  m a d e  th e  f i lm s  s t r o n g e r ,  a n d  h e n c e  th e  f i lm s  e x h ib i t e d  a  

s l i g h t ly  h ig h e r  t e n s i l e  s tr e n g th  ( K im  e t  a l ,  1 9 9 2 a ) .  H o w e v e r ,  th e  in c r e a s e  in  

t e n s i l e  s t r e n g th  a l s o  d e p e n d e d  o n  th e  a m o u n t  o f  c r o s s - l in k in g  a g e n t  a d d e d  th a t  

i s  s h o w n  in  F ig u r e  4 .1 7 .  T h e  t e n s i l e  s t r e n g th  in c r e a s e d  w h e n  th e  a m o u n t  o f  

c r o s s - l in k i n g  a g e n t  in c r e a s e d .
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F i g u r e  4 .1 6  T e n s i l e  s t r e n g th  o f  C M - c h i t in /P V A  b le n d  f i lm s  a s  a  f u n c t io n  o f  

C M - c h i t in  c o n t e n t ,  o  : f i lm s  w i t h o u t  g lu ta r a d e h y d e ;  □  : f i lm s  w i t h  0 .0 1 %  

g lu t a r a ld e h y d e .

F i g u r e  4 . 1 7  T e n s i l e  s t r e n g th  o f  C M - c h i t in /P V A  b le n d  f i lm s  w i t h  5 0 /5 0  b le n d  

r a t io  a s  a  f u n c t io n  o f  p e r c e n t  o f  g lu t a r a ld e h y d e .
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T h e  r e a s o n  fo r  t h e  im p r o v e m e n t  o f  t e n s i l e  s t r e n g th  o f  C M - c h i t in /P V A  

b le n d  f i lm s  m ig h t  b e  d u e  t o  t h e  o c c u r r e n c e  o f  s o m e  s p e c i f i c  in t e r a c t io n s  

b e t w e e n  C M - c h i t in  a n d  P V A  m o le c u l e s .  T h e s e  in t e r a c t io n s  a r e  s u p p o s e d  to  

b e  h y d r o g e n  b o n d in g  fo r m a t io n s  b e t w e e n  t h e  h y d r o x y l  g r o u p s  o f  P V A  a n d  th e  

h y d r o x y l  a n d  c a r b o x y m e t h y l  g r o u p s  o f  C M - c h it in .
E lo n g a t io n  a t b r e a k  is  a n o th e r  m e c h a n ic a l  p r o p e r ty  th a t  i s  im p o r ta n t  

fo r  d e t e r m in in g  th e  a p p l i c a t io n  o f  p o ly m e r ic  f i lm s .  F ig u r e  4 .1 8  s h o w s  th e  

e lo n g a t io n  a t b r e a k  o f  th e  b le n d  f i lm s  w i t h  a n d  w i t h o u t  c r o s s - l in k i n g  a g e n t  a s  

a  f u n c t io n  o f  C M - c h i t in  c o n t e n t .  It w a s  f o u n d  th a t  t h e  e lo n g a t i o n  a t  b r e a k  o f  

t h e  b le n d  f i lm s  d e p e n d e d  o n  t h e  C M - c h i t in  c o n t e n t .  W h e n  C M - c h i t in  c o n t e n t  

in c r e a s e d ,  e l o n g a t i o n  a t b r e a k  d e c r e a s e d .

C M - c h i t i n  c o n t e n t  (% )

F i g u r e  4 .1 8  E lo n g a t io n  a t b r e a k  o f  C M - c h i t in /P V A  b le n d  f i lm s  a s  a  f u n c t io n  

o f  C M - c h i t in  c o n t e n t ,  □  : f i lm s  w i t h o u t  g lu t a r a d e h y d e ;  O :  f i lm s  w i t h  0 .0 1 %  

g lu t a r a ld e h y d e .

F o r  b o t h  w i t h  a n d  w i t h o u t  c r o s s - l in k in g  a g e n t ,  t h e  e l o n g a t io n  a t  b r e a k  

o f  th e  b le n d  f i lm s  w a s  c o n s t a n t  w h e n  C M - c h i t in  c o n t e n t  w a s  o v e r  5 0 % . It
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m a y  b e  d u e  t o  t h e  s tr u c tu r e  o f  C M - c h i t in  w a s  m o r e  r ig id  t h a n  P V A .  T h e s e  

a m o u n t s  o f  C M - c h i t in  r e s t r ic t e d  t h e  m o t io n  o f  m o v e m e n t  o f  t h e  c h a in s  

r e s u l t e d  in  d r a m a t ic a l ly  d e c r e a s in g  o f  t h e  e lo n g a t io n  a t  b r e a k  o f  t h e  b le n d  

f i lm s .
It  w a s  c o n s id e r e d  th a t  t h e  c r o s s l in k e d  b le n d  f i lm s  h a d  a  lo w e r  

e lo n g a t io n  a t  b r e a k  th a n  t h e  n o n - c r o s s - l in k e d  b le n d  f i lm s  s in c e  C M - c h i t in  a n d  

P V A  c h a in s  w e r e  h e ld  t o g e t h e r  b y  c r o s s - l in k in g  a g e n t .  In  a d d it io n ,  th e  

p r e s e n c e  o f  c r o s s l in k s  l im i t e d  t h e  e x t e n s ib i l i t y  o f  C M - c h i t in  a n d  P V A  c h a in s  

r e s u l t in g  in  d e c r e a s e  o f  e l o n g a t io n  a t b r e a k . M o r e o v e r ,  h ig h e r  a m o u n t  o f  

g lu t a r a ld e h y d e  c a u s e d  l o w e r  e lo n g a t io n  a t b r e a k  a s  s h o w n  in  F ig u r e  4 .1 9 .

F i g u r e  4 .1 9  E lo n g a t io n  a t  b r e a k  o f  C M - c h i t in /P V A  b le n d  f i lm s  w i t h  5 0 /5 0  

b le n d  r a t io  a s  a  f u n c t io n  o f  g lu t a r a ld e h y d e .

W h e n  g lu t a r a ld e h y d e  c o n t e n t  w a s  o v e r  0 .0 1 % , t h e  e lo n g a t io n  a t b r e a k  

w a s  c o n s t a n t .  T h is  m e a n s  0 .0 1 %  o f  g lu t a r a ld e h y d e  w a s  a  p r o p e r  c o n t e n t  to  

b in d  a lm o s t  a l l  f u n c t io n a l  g r o u p s  C M - c h i t in  a n d  P V A  t o g e t h e r .
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L e e  e t  a l, ( 1 9 9 6 )  p r e p a r e d  t h e  b le n d  f i lm s  o f  P - c h i t in  a n d  P V A  fr o m  

t h e  s o lu t io n  o f  f o r m ic  a c id  s o lv e n t  s y s t e m . T h e y  f o u n d  th a t  a s  P V A  c o n t e n t  

in c r e a s e d ,  t h e  t e n s i l e  s t r e n g t h  d e c r e a s e d  a n d  e lo n g a t io n  a t b r e a k  in c r e a s e d .  

T h e  b le n d  f i lm s  h a d  t h e  m a x im u m  t e n s i l e  s tr e n g th  a t 7 0 %  P - c h it in  c o n t e n t .  
T h e y  r e p o r te d  th a t  t h e  e n h a n c e m e n t  o f  t e n s i l e  s t r e n g th  r e s u l t e d  f r o m  t h e  

e x i s t e n c e  o f  s p e c i f i c  in t e r a c t io n  b e t w e e n  P -c h it in  a n d  P V A .
K im  e t  a l, ( 1 9 9 2 a )  p r e p a r e d  th e  b le n d  f i lm s  o f  P V A  a n d  c h i t o s a n  f r o m  

t h e  s o lv e n t - c a s t i n g  t e c h n iq u e .  T h e y  fo u n d  th a t th e  b le n d  f i lm s  th a t  c o m p o s e d  

P V A  1 .5  g ,  c h i t o s a n  1 g  a n d  g lu t a r a ld e h y d e  6 x 1  O'6 m o l / g  p o l y m e r  s h o w e d  t h e  

h ig h e r  t e n s i l e  s t r e n g th  th a n  p u r e  P V A  a n d  c h it o s a n  f i lm s .  T h is  e f f e c t  c a n  b e  

e x p la in e d  f r o m  t h e  f a c t  th a t  b le n d in g  o f  c h it o s a n  w i t h  P V A  le a d s  t o  a n  

in t e r m o le c u la r  in t e r a c t io n  b e t w e e n  th e m  w it h in  a  r e a s o n a b le  r a n g e  o f  

c o m p o s i t io n .  F o r  th e  c r o s s - l in k e d  b le n d , th e  t e n s i l e  s t r e n g th  in c r e a s e d  w i t h  

th e  a m o u n t  o f  c r o s s - l in k i n g  a g e n t .

4.6 Oxygen Permeability

T h e  o x y g e n  p e r m e a b i l i t y  r a te s  o f  C M - c h i t in /P V A  b le n d  f i lm s  w e r e  

d e t e r m in e d  a s  a  f u n c t io n  o f  C M - c h i t in  c o n t e n t .  T h e  r e s u lt  i s  s h o w n  in  F ig u r e  

4 .2 0 .  T h e  o x y g e n  p e r m e a b i l i t y  r a te  o f  P V A  f i lm  w a s  1 ,2 5 1 ,3 8 4  c m 3/ m 2 d  b a r  

a n d  th a t  o f  C M - c h i t in  f i lm  w a s  5 6 4 ,3 6 2  c m 3/ m 2 d  b ar.
T h e  b le n d  f i lm s  o f  a l l  c o m p o s i t io n s  h a d  a  r e m a r k a b le  r e d u c in g  in  

o x y g e n  p e r m e a b i l i t y  r a te s  a s  c o m p a r e d  to  p u r e  P V A  f i lm .  T h e  m in im u m  

o x y g e n  p e r m e a b i l i t y  r a te  w a s  o b t a in e d  fo r  th e  b le n d  f i lm  w i t h  2 0 %  C M - c h i t in  

c o n t e n t .  T h e  d r a m a t ic a l ly  d e c r e a s in g  o f  o x y g e n  p e r m e a b i l i t y  r a te  o f  b le n d  

f i lm s  a s  c o m p a r e d  t o  p u r e  P V A  f i lm s  i s  p o s s ib ly  d u e  t o  t h e  p r e s e n c e  o f  C M -  

c h it in  c o n t e n t ,  w h i c h  h a s  o x y g e n  p e r m e a b i l i t y  r a te  l o w e r  th a n  P V A  f i lm s ,  in  

t h e  b le n d  f i lm s .  I t  m a y  b e  d u e  t o  th e  p a c k in g  s tr u c tu r e  o f  C M - c h i t in .  A s  a



4 7

r e s u lt ,  t h e  o x y g e n  p e r m e a t io n  t h r o u g h  t h e  f i lm s  w a s  r e s t r ic t e d .  ( Y o s h i m iz u  

a n d A s a k a r a ,  1 9 9 0 ) .
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F i g u r e  4 .2 0  O x y g e n  p e r m e a b i l i t y  r a te  o f  C M - c h i t in /P V A  b le n d  f i lm s  a s  a  

f u n c t io n  o f  C M - c h i t in  c o n t e n t .
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