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CHAPTER IV 
RESULTS AND DISCUSSION

4.1 Chemical structure of Chitosan and Hexanoyl Chitosan

Chitosan employed as the starting material had 91% degree of deacetylation 
and a viscosity-average molecular weight of 3.72x1 o5 g/mol. The FT-IR spectrum of 
chitosan is shown in Figure 4.1 (a). The characteristic absorption peaks of chitosan 
were observed at 3000-4000 cm'1 (OH, NH2), 2867 cm'1 (-CH- stretching), 1655 cm' 1 

(-CONH-, amide I), 1554 cm'1 (-NH, amide H), 1317 cm'1 (C-N stretching), and 
1107 cm' 1 (C-0 stretching vibration).

Figure 4.1 (b) shows the FT-ER spectrum of H-chitosan. The characteristic 
absorption peaks of H-chitosan were observed at 1716 cm' 1 (C=0 of N (COR)2), 
1745 cm'1 (C= 0  of OCOR), 2958 cm''(vas CH3), 2932 cm'1 (vasCH2), 2872 cm'1 (vs 
CH2), 1471 cm'1 (ôsCH2), and 1164 cm'1 (twisting vibration of CH2).
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The characteristic absorption peaks of chitosan which were observed at 
3000-4000 cm' 1 were absent in the FT-IR spectrum of H-chitosan, indicating that 
hexanoylation reaction occurred at the hydroxyl groups of chitosan. The FT-IR 
analysis suggests that hexanoyl groups substituted into hydroxyl and amino groups 
on the monosacharide of chitosan.

'H-NMR and 13C-NMR were used to confirm the chemical structure of H- 
chitosan. 'H-NMR spectrum of H-chitosan in CDCI3 (Figure 4.2) shows signals at 
5.6(H1), 5.2 (H3), 4.2 (H4), 3.4~3.6 (H6, H5), and 2.6 (H2) ppm due to the protons 
of the polysaccharide ring and the signals at 2.4 (-CO-CH2-), 1.3-1.6 (-CH2-), and 0.9 
(-CH3) ppm which are assigned to the peaks of hexanoyl chains.

Figure 4.2 'H-NMR spectrum of H-chitosan.

Figure 4.3 illustrates 13C-NMR spectrum of H-chitosan in CDCI3. The 
signals were observed at 58 (C2), 6.5 (C4), 73 (C3), and 99 (Cl) ppm which are 
attributed to the carbons in the polysaccharide ring. The signals of (3-s carbons of 
hexanoyl groups are shown at 14 (a), 22.4 (b), 31.3 (c), and 24.4 (d) ppm as singlet
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signals while the signals of (X-CH2 are split into 7 peaks at 27.1, 28.2, 29.6, 33.8, 
36.0, and 39.5 ppm corresponding to the hexanoyl groups in different environment. 
The signals shown at 178.7, 176.5, 172.5, 171, 168.6, and 165.5 ppm are assigned to 
the carbonyl carbons. Similar results have been reported by Zong et al. (2000), who 
synthesized and characterized the structures of acylated chitosan.

Figure 4.3 13C-NMR spectrum of H-chitosan.
From FT-IR, 'H-NMR, and 13C-NMR analysis, the results indicate that H- 

chitosan was obtained after the chemical modification of chitosan by hexanoylation 
reaction.
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4.2 Chemical Structure of H-chitosan/PCL Blend films

Blend films of H-chitosan and PCL with various blend compositions were 
prepared using chloroform as co-solvent. To obtain information on the interaction 
between the polymers, the chemical structures of pure H-chitosan, PCL, and H- 
chitosan/PCL blend films were investigated by FT-IR spectrometer. As shown in 
Figure 4.4 (a) the FT-IR spectrum of hexanoyl chitosan (H-chitosan) has the 
characteristic peaks at 1716 cm"1 (C=0 of N (COR)2), 1745 cm"1 (C=0 of OCOR), 
and 2958 cm'Vas CH2), 2932 cm"1 (vas CH2), 2872 cm'1 (vs CH2), 1471 cm"1 (Ss 
CH2), and 1164 cm'1 (twisting vibration of CH2).

For pure PCL film (Figure 4.4 (f)), the carbonyl stretching absorbance (C=0 
of OCOR) was observed at about 1722 cm"1 and 1732 cm"1, which correspond to the 
crystalline and amorphous components, respectively. The other peaks appear at 2945 
cm"1 (vas CH2), 2864 cm"1 (vs CH2), 1471 cm"1 (vasCH2), 1190 cm"1 (O-C-C vasCH2), 
1108 cm'1 (C-0 stretching), and 732 cm'1 (C-C stretching).

The FT-IR spectra of H-chitosan/PCL blend films with various blend 
compositions (Figure 4.4 (b)-(e)) exhibit the characteristic peaks of both pure H- 
chitosan and PCL. There is no additional peak for interaction between a-H atoms of 
hexanoyl groups and carbonyl groups of PCL. This result indicates that the 
interaction might be quite weak and could not be detected by using FT-ER. technique. 
De Kesel et al. (1999) studied the miscibility of PCL/poly(vinyl alcohol) (PVA) 
blends by using DSC, FT-IR, and optical microscopy. The FT-IR results indicated 
that no change of carbonyl absorption of PCL was observed and the hydrogen bond 
between PCL and PVA in the OH region was difficult to detect. This might 
indicated that the hydrogen bond between PCL/PVA is quite weak.
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Figure 4.4 FT-ER. spectra of H-chitosan/PCL blend films. H-chitosan/PCL blend 
composition; (a) 100/0 (H-chitosan); (b) 80/20; (c) 60/40; (d) 40/60; (e) 20/80; and 
(f) 0/100 (PCL).

4.3 Morphology

The surface morphology of H-chitosan/PCL blend films was characterised 
by using SEM. Before etching the surface of blend films, the surface morphology 
was difficult to observe the dispersed phase. However, when the surface of blend 
films was etched the dispersed phase was readily observed, as shown in Figure 4.5 
(b)-(e). Figure 4.5 (a) shows a smooth surface of pure H-chitosan film. In contrast, 
pure PCL film (Figure 4.5 (f)) shows many voids on the surface. The similar result 
was reported by Ng et al. (2000) who investigated surface morphology of PCL film 
by atomic force microscopy. The film was fabricated using solution casting 
technique and methylenechloride was used as a solvent. They found that the voids 
were observed on the surface of in PCL film. Huatan et al. (1995) reported that PCL 
microspheres made from solvent evaporation techniques were porous in nature and
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the porosity might be attributed to the presence of surface imperfections and high 
crystallization rate of PCL.

Figures 4.5 (b) and (c) show SEM micrographs of H-chitosan/PCL blend 
films with blend compositions of 80/20 and 60/40, respectively. The presence of 
voids could be observed for the blend films after it was immersed in acetic acid 
solution to remove PCL. According to this, the etched film contained voids which 
corresponded to the positions of PCL particles. It could be observed that PCL 
particles were regularly dispersed throughout the H-chitosan matrix. In addition, the 
sizes of voids became larger when PCL content increased from 20% to 40%. The 
surface morphology of H-chitosan/PCL blend films with blend compositions of 
40/60 and 20/80 are shown in Figures 4.5 (d) and (e), respectively. The presence of 
voids was observed for the blend films after immersing in cyclohexane to remove H- 
chitosan. The etched film had voids which represented to the position of H-chitosan 
particles. It could be observed that the void sizes were not noticeably changed when 
H-chitosan content was increased from 20% to 40%.

From SEM technique, the etched surface morphology of H-chitosan/PCL 
blend films indicates that the phase separation occurred in all the blend compositions.

Similar observations were reported by Olabarrieta et al. (2001) who 
prepared chitosan/PCL blend films with 5, 10, and 15% (พ/พ) of PCL content and 
investigated the fracture surface morphology of these blend films. It was revealed 
that chitosan/PCL blend which containing 15% (พ/พ) of PCL content showed 
ellipsoidal PCL particles dispersed in chitosan matrix and the particles were small (1- 
10 pm). They concluded that phase separation occurred in chitosan and PCL blend. 
Kim et al. (2000) investigated the morphology of PCL/com starch granules blends. 
It was found that com starch granules dispersed in the PCL matrix. This indicated 
that phase separation occurred in PCL/com starch granules blends.
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Figure 4.5 SEM micrographs of H-chitosan/PCL blend films. H-chitosan/PCL 
blend composition: (a) 100/0 (H-chitosan); (b) 80/20; (c) 60/40; (d) 40/60; (e) 20/80; 
and (f) 0/100 (PCL).
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4.4 Miscibility

T h e  m isc ib ility  o f  H -c h ito sa n /P C L  b le n d  film s w as e v a lu a te d  b y  fo cu s in g  
o n  th e  sh ift o f  g la ss  tra n s itio n  te m p e ra tu re  ( Tg) o f  th e  b le n d  film s c o m p a re d  to  th o se  
o f  th e  p u re  co m p o n e n ts . F o r  p u re  H -c h ito sa n , th e  D S C  th e rm o g ra m  is sh o w n  in 
F ig u re  4 .6  (a). It w as  fo u n d  th a t no  o b v io u s  Tg fo r H -c h ito sa n  w a s  o b se rv ed . Z o n g  
et al. (2 0 0 0 ) s tu d ie d  th e rm a l p ro p e rtie s  o f  ch ito san , H -c h ito sa n , d e c a n o y l ch ito sa n  
(D -ch ito san ), an d  lau ro y l c h ito sa n  (L -ch ito san ) b y  D S C  m e a su re m e n t. T h e  Tg o f  D - 
c h ito sa n  a n d  L -c h ito sa n  w a s  d e tec ted  at - 4 3 ° c  and  -3 7 ° c ,  re sp e c tiv e ly , b u t no  
o b v io u s  Tg w a s  o b se rv e d  fo r H -ch ito san . D S C  th e rm o g ra m  o f  p u re  P C L  is p re se n te d  
in  F ig u re  4 .6  (d ). It e x h ib its  Tg a t - 6 3 .5 ° c  an d  an  e n d o th e rm ic  p e a k  a ttr ib u te d  to  th e  
m e ltin g  te m p e ra tu re  ( Tm) at 6 3 .8 ° c . T h e re fo re , o n ly  Tg and  Tm o f  P C L  w e re  d e te c te d  
fo r D S C  th e rm o g ra m s  o f  th e  b le n d  film s (F ig u re  4 .6  (b) and  (c)).

Figure 4.6 D S C  th e rm o g ra m s  o f  H -c h ito sa n /P C L  b le n d  film s. H -c h ito sa n /P C L  
b le n d  co m p o sitio n : (a ) 100 /0  (H -ch ito san ); (b ) 4 0 /6 0 ; (c ) 6 0 /4 0 ; an d  (d ) 0 /1 0 0  (P C L ).
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F ig u re  4 .7  ex h ib its  Tg o f  b le n d  film s  as a  fu n c tio n  o f  H -c h ito sa n  co n ten t. 
T h e  re su lt sh o w s  th a t th e re  w a s  no  o b v io u s  ch a n g e d  in  Tg o f  th e  b le n d  film s w h e n  H - 
c h ito sa n  c o n te n t w as  in c reased . F ig u re  4 .8  sh o w s Tm o f  b le n d  film s  as a  fu n c tio n  o f  
H -c h ito sa n  co n ten t. It w a s  fo u n d  th a t Tm o f  b le n d  film s d id  n o t re m a rk a b ly  ch an g e  
w h e n  H -c h ito sa n  c o n te n t w as  in creased .
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Figure 4.7 G lass  tra n s itio n  te m p e ra tu re  o f  H -c h ito sa n /P C L  b le n d  film s  as a  fu n c tio n  
o f  H -c h ito sa n  co n ten t.
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Figure 4.8 M e ltin g  te m p e ra tu re  o f  H -c h ito sa n /P C L  b le n d  film s as a  fu n c tio n  o f  
H -c h ito sa n  co n ten t.
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T h e se  re su lts  in d ica te  th a t th e  H -c h ito sa n /P C L  b le n d  film s  are  im m isc ib le  
an d  c o rre sp o n d e d  to  th e  re su lt fro m  S E M .

4.5 Thermal Stability

T h e  d e c o m p o s itio n  te m p e ra tu re s  (T d )  o f  p u re  H -c h ito sa n , P C L , an d  H - 
c h ito sa n /P C L  b le n d  film s w e re  d e te rm in e d  b y  th e rm o g ra v im e tr ic  an a ly sis . F ig u re
4 .9  (a) sh o w s tw o  TdS o f  p u re  H -c h ito sa n  at 2 5 5 .3 8 ° c  an d  3 2 1 ° c  w h ic h  c o rre sp o n d e d  
to  th e  T d  o f  h e x a n o y l g ro u p s  ( T d i )  and  g ly co s id ic  lin k a g e  o f  c h ito sa n  (T d 2 ) ,  

re sp e c tiv e ly . Z o n g  et al. (2 0 0 0 ) in v e s tig a te d  th e rm a l p ro p e rtie s  o f  c h ito sa n  w ith  a 
d eg ree  o f  d e a c e ty la tio n  o f  9 0 % , H -ch ito san , d ecan o y l c h ito sa n  (D -c h ito sa n ), and  
lau ro y l c h ito sa n  (L -c h ito sa n ) b y  D S C  m easu rem en t. It w a s  fo u n d  th a t th e  
ex o th e rm ic  p e a k s  o f  ch ito san , H -, D -, an d  L -ch ito san  o b se rv e d  at 2 9 8 ° c ,  2 2 5 ° c ,  
2 4 6 ° c ,  an d  2 5 5 ° c ,  re sp e c tiv e ly , w e re  th e ir  th e rm a l d e c o m p o s itio n  tem p e ra tu res . 
G ran t et al. (1 9 9 0 ) a lso  re p o rte d  th a t ch ito sa n  w ith  d eg ree  o f  d e a c e ty la tio n  o f  8 6 .4 %  
an d  its  lau ro y l d e r iv a tiv e  h ad  th e  e x o th e rm ic  d e c o m p o s itio n  p e a k s  a t 3 2 2 ° c  an d  2 1 7 ° 
c ,  re sp ec tiv e ly . T h e se  e v id e n c e s  su g g es ted  th a t th e  th e rm a l s ta b ility  o f  H -c h ito sa n  
d e c re a sed  w h e n  th e  h e x a n o y l g ro u p s  w e re  in tro d u c e d  to  c h ito sa n  b ack b o n e .

F ig u re  4 .9  (c), th e rm o g ra v im e tr ic  th e rm o g ra m  o f  p u re  P C L  film  sh o w s  a 
s tro n g  p e a k  a t 3 9 1 .0 8 ° c  w h ic h  is th e  d e c o m p o s itio n  te m p e ra tu re  o f  e s te r  lin k a g e  o f  
P C L  (T d3).

F o r  th e rm o g ra v im e tr ic  th e rm o g ra m  o f  b le n d  film  w ith  4 0 %  H -c h ito sa n  
c o n te n t (F ig u re  4 .9  (b )), tw o  ch a ra c te ris tic  T d i ,  T d 2 , p e a k s  o f  p u re  H -c h ito sa n  an d  
c h a ra c te r is tic  T d 3  p e a k  o f  p u re  P C L  w e re  o b se rv e d  an d  fo u n d  in  a ll b le n d  
co m p o s itio n s . T h e se  p e a k s  d id  n o t sh ift fro m  th e  p o s itio n  w h e n  c o m p a re d  w ith  th e  
th e rm o g ra m s  o f  p u re  H -c h ito sa n  and  P C L  film s. T h ese  re su lts  su g g es t th a t th e  
th e rm a l s ta b ility  o f  H -c h ito sa n  w a s  n o t im p ro v ed  b y  b le n d in g  w ith  P C L .
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Figure 4.9 T G A  th e rm o g ra m s  o f  (a) H -ch ito san ; (b ) b le n d  w ith  4 0 %  H -ch ito san ; 
an d  (c) P C L  film s.

4.6 Crystalline structure

W A X D  p a tte rn  o f  p u re  H -c h ito sa n  is e x h ib ite d  in  F ig u re  4 .1 0  (a). H - 
ch ito sa n  sh o w s a  s tro n g  d iffra c tio n  p e a k  a t d iffrac tio n  a n g le s  (2 9 ) o f  2 -6° to g e th e r  
w ith  a  b ro a d  p e a k  a t d iffra c tio n  an g les  (2 0 ) o f  20°. S im ila r  re su lts  h a v e  b e e n  
re p o rte d  b y  Z o n g  et al. (2 0 0 0 ), w h o  sy n th es ized  an d  c h a ra c te r iz e d  th e  s tru c tu re  o f  
a cy la ted  c h ito sa n s  w h ic h  w e re  h ex an o y l, d ecan o y l, an d  lau ro y l ch ito san , in  w h ic h  
th e  acy l s id e  c h a in s  w e re  su b s titu te d  at th e  p y ran o se  r in g  o f  ch ito san . T h e y  fo u n d  
th a t th e  (/-sp ac in g  o f  d iffra c tio n  an g les  (2 0 ) o f  2-6° o f  each  c h ito sa n  d e r iv a tiv e  
in c re a se d  as  a  fu n c tio n  o f  th e  n u m b e r  o f  c a rb o n  a to m s o f  acy l su b s titu e n ts . A s a  
re su lt, th e  s id e  c h a in s  w e re  p a c k e d  w ith  each  o th e r  fo rm in g  a  lay e red  s tru c tu re  w ith  
th e  m a in  c h a in s  ex ten d ed .

In  F ig u re  4 .1 0  (f), X -ra y  d iffra c tio n  p a tte rn  o f  p u re  P C L  sh o w s tw o  sharp  
d iffra c tio n  p e a k s  w h ic h  ap p e a r a t d iffra c tio n  an g les  (2 0 ) o f  21 .4° an d  23 .9°. F o r  th e  
H -c h ito sa n /P C L  b le n d s  film s, th e  d iffra c tio n  p a tte rn s  a re  sh o w n  in  F ig u re  4 .1 0  (b )-
(e). T h e re  a re  th e  d iffra c tio n  p e a k s  a t d iffra c tio n  an g les  (2 0 ) o f  21 .5°, 23 .8°, a n d  2-6°
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w h ic h  are  th e  c h a rac te ris tic  d iffra c tio n  p e a k s  o f  p u re  P C L  an d  H -ch ito san , 
re sp ec tiv e ly . W h e n  c o m p a re d  th e se  th ree  d iffra c tio n  p e a k s  w ith  p u re  H -c h ito sa n  and  
P C L  d iffra c tio n  p eak s , th e  sh if t o f  th e  p eak s  w as n o t o b se rv e d  and  no  p e a k s  o th e r 
th an  th o se  o f  H -c h ito sa n  an d  P C L  w ere  o b se rv ed .

5 10 15 20 25 30 35 40 45 50
2 0 /d eg ree

Figure 4.10 W A X D  p a tte rn s  o f  H -c h ito sa n /P C L  b le n d  film s. H -c h ito s a n /P C L  
b le n d  co m p o sitio n : (a) 100 /0  (H -ch ito san ); (b ) 80 /20 ; (c) 6 0 /4 0 ; (d ) 4 0 /6 0 ; (e) 2 0 /8 0 ; 
an d  (f) 0 /1 0 0  (P C L ).

C h iu  an d  M in  (2 0 0 0 ) s tu d ie d  th e  m ic ro s tru c tu re  o f  P C L  c ry sta ls  fo rm e d  in  
P C L /P V C  b le n d s . T h e y  re p o rte d  th a t th e  d iffra c tio n  p e a k s  o f  p u re  P C L  a p p ea red  at 
d iffra c tio n  a n g le s  (2 0 ) o f  21 .5° an d  23 .8° w h ic h  a re  in d e x e d  to  b e  (1 1 0 ) an d  (2 0 0 ) 
p la n e s  o f  an  o r th o rh o m b ic  s tru c tu re  w h e rea s  th e  d iffra c tio n  p e a k  o f  P V C  d id  n o t 
ap p ear. F o r  P C L /P V C  b len d s , th e  d iffrac tio n  p eak s  ap p e a re d  a t th e  p o s itio n  o f  p u re  
P C L  an d  th e  p e a k  in te n s ity  in c re a se d  as a  fu n c tio n  o f  P C L  co n ten t. T h e  re su lt 
in d ica ted  th a t th e  c ry sta l s tru c tu re  an d  u n it ce ll d im e n s io n s  o f  P C L  c ry s ta ls  in  th e  
P C L /P V C  b le n d  re m a in e d  th e  sam e  as in  p u re  P C L . In  c a se  o f  H -c h ito sa n /P C L  
b len d s , th e  X -ra y  an a ly sis  in d ica te s  th a t an  o rth o rh o m b ic  c ry s ta l fo rm  o f  P C L  w as 
n o t ch an g ed  a fte r  b le n d in g  w ith  H -ch ito san .
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4.7 Mechanical Properties

T e n s ile  s tren g th  an d  e lo n g a tio n  at b re a k  o f  H -c h ito sa n /P C L  b le n d  film s  as a  
fu n c tio n  o f  H -c h ito sa n  c o n te n t a re  illu s tra te d  in  F ig u re s  4 .11 an d  4 .1 2 , re sp ec tiv e ly . 
In  F ig u re  4 .1 1 , th e  te n s ile  s tre n g th  o f  p u re  P C L  and  p u re  F I-ch ito san  f ilm s  w ere  
12.21 M P a  a n d  4.01 M P a , re sp ec tiv e ly . F o r  th e  b le n d  f ilm s, th e  te n s ile  s tren g th  
d e c re a sed  d ra m a tic a lly  w ith  in c rea s in g  H -c h ito sa n  co n te n t fro m  0 %  to  6 0 % , a n d  th en  
s lig h tly  in c re a se d  w ith  in c re a s in g  H -c h ito sa n  c o n te n t fro m  6 0 %  to  100% . I t w as 
fo u n d  th a t th e  m in im u m  te n s ile  s tren g th  o f  b le n d  film s w as  2 .6 9  M P a  w h ic h  w as 
o b ta in e d  a t 6 0 %  H -c h ito sa n  co n ten t.

Figure 4.11 T e n s ile  s tren g th  o f  H -c h ito sa n /P C L  b le n d  film s as  a  fu n c tio n  o f  H - 
ch ito sa n  co n ten t.

F ig u re  4 .1 2  sh o w s th e  e lo n g a tio n  a t b re a k  o f  th e  b le n d  film s  as a  fu n c tio n  o f  
H -c h ito sa n  co n ten t. T h e  e lo n g a tio n  at b re a k  o f  p u re  P C L  an d  p u re  H -c h ito sa n  film s 
w e re  6 5 .6 8 %  an d  3 5 3 .2 4 % , re sp ec tiv e ly . F o r  th e  b le n d  film s, th e  e lo n g a tio n  a t b re a k  
in c rea sed  w ith  in c re a s in g  th e  H -c h ito sa n  co n te n t fro m  0%  to  4 0 %  an d  th e  m in im u m
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v a lu e  (2 9 -3 0 % ) w a s  o b ta in e d  at 6 0 -7 0 %  H -c h ito sa n  co n ten t. A fte r  th a t th e  
e lo n g a tio n  a t b re a k  w as s lig h tly  in c rea sed  w ith  in c re a s in g  H -c h ito sa n  co n ten t.

H - c h i to s a n  c o n t e n t  ( % )
Figure 4.12 E lo n g a tio n  a t b re a k  o f  H -c h ito sa n /P C L  b le n d  film s  as a  fu n c tio n  o f  
H -c h ito sa n  co n ten t.

T h is  n o n - lin e a r  d e p e n d e n c e  o f  m e c h a n ic a l p ro p e rtie s  o f  th e  b le n d  f ilm s  on  
H -c h ito sa n  co n te n t su p p o rte d  th e  o c c u rre n ce  o f  p h a se  se p a ra tio n  o c c u rre d  in  th e  H - 
c h ito sa n /P C L  b le n d  film s. T h e  p o o r  m ech an ica l p ro p e rtie s  o f  b le n d  f ilm  w ith  60%  
H -c h ito sa n  c o n te n t re su lte d  fro m  th e  a g g lo m era te  o f  P C L  p a rtic le s  d isp e rse d  in  H - 
ch ito sa n  m a tr ix  th a t w e re  re v e a le d  in  S E M  m ic ro g ra p h s  an d  p o o r  a d h e s io n  b e tw e e n  
H -c h ito sa n  m a tr ix  an d  P C L  p a rtic le . K o e n ig  an d  H u a n g  (1 9 9 5 ) ex p la in e d  th e  rea so n  
fo r a  re d u c tio n  o f  te n s ile  s tren g th  o f  P C L /H A -C S  b le n d s  th a t H A -C S  h a s  c lu m p e d  o r 
co a le sc e d  in to  la rg e r ag g reg a te s  w h en  b le n d e d  w ith  P C L .

4.8 Oxygen Barrier Property

Figure 4.13 shows the oxygen permeability of blend films as a function of
H-chitosan content. For pure PCL film, the oxygen permeability obtained was
782,055 cm3pm/m2.sec.bar which was higher than the oxygen permeability of pure
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H -c h ito sa n  film  (1 8 6 ,1 7 3  c m 3p m /m 2.sec .bar). A cc o rd in g  to  th e  re p o rt o f  N g  et al. 
(2 0 0 0 ), th e  gas tra n sp o rt in  P C L  film s o ccu rred  th ro u g h  th e  p o re s  an d  d e fec ts  in  
film s b e c a u se  th e  O 2 /N 2 p e rm se le c tiv ity  v a lu e  o b ta in e d  w a s  s im ila r  to  K n u d se n  
p e rm se le c tiv ity  v a lu e  o f  O 2 /N 2 .

In  K n u d se n  flow , o n e  ty p e  o f  th e  gas tra n sp o rt m e c h a n ism , th e  gas 
m o le c u le s  p e rm e a te  th ro u g h  d e fec ts  in  th e  p o ly m e r w h o se  d im e n s io n s  are 
c o m p a ra b le  to  o r  la rg e r th a n  th e  m ean  free  p a th  o f  th e  p e rm e a n t m o le c u le s , in  th e  
ran g e  o f  5 -1 0 0 0  A 0 (S h ilto n  et a l ,  1996). O u r S E M  re su lts  h a v e  sh o w n  th a t th e  
v o id s  ap p ea red  o n  th e  su rface  o f  P C L  film  an d  h av e  b e e n  c o n s is te n t w ith  th e  re su lt o f
N g  et al. (2 0 0 0 ).

'โ̂ 'a

H - c h it o s a n  c o n t e n t  ( % )
Figure 4.13 O x y g en  p e rm e a b ility  o f  H -c h ito sa n /P C L  b le n d  film s  as a  fu n c tio n  o f  H - 
ch ito sa n  co n ten t.

F o r  o x y g en  p e rm e a b ility  o f  th e  b le n d  film s, it w a s  fo u n d  th a t o x y g en  
p e rm e a b ility  re m a rk a b ly  d e c re a sed  w h en  H -c h ito sa n  c o n te n t in c re a se d  fro m  0 %  to 
4 0 %  an d  s lig h tly  in c re a se d  fro m  4 0 %  to  100%  H -c h ito sa n  co n ten t. T h e  m in im u m  
o x y g en  p e rm e a b ility  (4 4 ,6 2 8  c m 3p m /m 2.sec .bar) w a s  o b ta in e d  fo r th e  b le n d  w ith  
4 0 %  H -c h ito sa n  co n ten t. T h e  d ec rea s in g  o f  o x y g en  p e rm e a b ility  re su lte d  fro m  H - 
ch ito sa n  p a r tic le s  d isp e rs in g  in  P C L  m a trix . T h ese  led  to  th e  d iff ic u lty  o f  th e
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ch ito sa n  p a r tic le s  d isp e rs in g  in  P C L  m atrix . T h ese  led  to  th e  d iff ic u lty  o f  th e  
p e rm e a tio n  o x y g e n  gas th ro u g h  th e  b le n d  film s d u e  to  th e  gas p a th w a y s  b e c o m e  
m o re  to rtu o u s . S im ila r  re su lt w a s  re p o rte d  b y  O la b a rr ie ta  et al. (2 0 0 1 ) w h o  s tu d ie d  
o x y g en  p e rm e a b ility  o f  c h ito sa n /P C L  b le n d  film s. It w as  re p o rte d  th a t o x y g en  
p e rm e a b ility  o f  c h ito sa n /P C L  b le n d  film s d e c re a sed  c o m p a re d  w ith  p u re  c h ito sa n  
an d  P C L  film s. C o n seq u en tly , th e  d e c re a s in g  o f  o x y g en  p e rm e a b ility  o f  P C L  film  
in d ica te s  th a t o x y g e n  b a rr ie r  p ro p e rty  o f  P C L  w as  im p ro v e d  b y  b le n d in g  w ith  H - 
ch ito san . B y  b le n d in g  P C L  w ith  H -ch ito san , it w o u ld  b e  p o ss ib le  to  u se  P C L  in  a rea  
w h e re  h ig h  o x y g e n  b a rr ie r  p ro p e rty  w as req u ired .
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