
CHAPTER VI

RESULT AND DISCUSSION

4.1 Characterization of Chitin from Shrimp Shell

4 .1 .1  M o r p h o lo g ic a l  A n a ly s is

T o  o b s e r v in g  on  th e  s u r f a c e d '  a lp h a  c h it in , w h ic h  w a s  p rep a red  fro m  
sh r im p  s h e l l ,  th e  S E M  im a g e  illu s tr a te s  th at th e  c h it in  p o w d e r  e x h ib it e d  u n e v e n  s iz e  

su c h  a s  la r g e  and sm a ll  p a r ticu la r  s tru ctu re , and th e  in d iv id u a l o r  a g g r e g a te d  fr a g m e n ts  

can  b e  s e e n  a s  s h o w n  in F ig u re  4 .1 ( A )  and th en  m o r e  m a g n ify in g  th at c h it in  lo o k  lik e  
f ib e r s  r e s p e c t iv e ly  in F ig u r e  4 .1  (B ) .

Figure 4.1 S E M  im a g e  o f  a lp h a  c h it in  o b ta in e d  from  sh r im p  s h e l l  ( A )  m a g n if y in g  
(x lO O ) an d  (B )  is  m a g n ify in g  ( x 5 ,0 0 0 ) .
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4 .1 .2  C h e m ic a l  A n a ly s i s  o f  C h itin

T h e  c h e m ic a l  s tr u c tu r e s  o f  th e  a lp h a  c h it in  an d  th e  r e s u lt in g  w e r e  

in v e s t ig a te d  w ith  th e  u s e  o f  th e  F T IR  s p e c tr o s c o p y . A s  s h o w n  in F ig u r e  4 .2 ,  th e  F T IR  

sp ec tra  o f  c h it in  o r ig in a l  s h o w  a b roa d  ban d  o f  th e  O F l-s tr e tc h in g  in a w a v e n u m b e r  

ra n g e  o f  3 4 5 0  c m '1 to  3 0 0 0  c m ’1. A n  c h a r a c te r is t ic  p e a k  at 2 ,8 7 8  c m ' 1 w h ic h  ca n " b e  

a s s ig n e d  to  th e  C -H s tr e tc h in g  b o n d s , th e  F T IR  p e a k s  at 1 6 23  c m ’w h ic h  c o r r e sp o n d  to  
th e  a m id e  I p ea k  ( - C O N H - )  and a m id e  p e a k  11 at 1 ,5 5 0  c m '1 c o r r e sp o n d  to o u t o f  p h a se  

N -H  s tr e tc h in g  and  C -N  s tr e tc h in g . D e g r e e  o f - d e a c e t y la t io n  (S a n n a n , 1 9 7 7 )  can  

d e te r m in e  in e q u a tio n  fo r  lo w  d e g r e e  o f  d e a c e ty la t io n  ( D D ) .  T h e  d e g r e e  o f  d e a c ty la t io n  
from  c h it in  in th is  b a tch  is  3 3 .1 4  %

DD = 101-35.71(Abs1550/ Abs2878)

Figure 4 .2  A T R -F T IR  sp e c tr a  o f  sh r im p  a lp h a  c h it in  p o w d e r .
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4 .1 .3  Y ie ld in g  o f  C h itin  P ro d u c tio n

S h r im p  s h e l l s  are in it ia l ly  1 0 0  g  a n d  d é c a lc i f ic a t io n  fo r  r e m o v in g  c a lc iu m  
c o m p o n e n t  b y H C l 1 .0  N  in 2 4  hr. a n d  th en  d e p r o te in iz a t io n  s te p  and  w a s h in g  in 
d is t i l le d  w a te r  and  th e  n e x t  is  dry in o v e n  and n et w e ig h t  in fin a l is  2 2 .6 1  g

Table 4.1 N e t  w e ig h t  a lp h a  c h it in  in g ram

Raw material Dry Basis Weight (g)
Shrimp shells 100.0
Demineralized shrimp shells(decalcification) 54.74
Deproteinized shrimp shells 39.17
Chitin powder 22.61

4.2 Characterization ofDBD Plasma-Treated Nylon-Chitin Membranes

4 .2 .1  E f fe c t  o f  D B D  P la sm a  T r e a tm e n t T im e  on  W a ter  C o n ta c t  A n g le  on  
N y lo n - C h i t in  M e m b r a n e s

T h e  h y d r o p h il ic i ty  o f D B D  p la sm a -tr e a te d  n y lo n -c h it in  m e m b r a n e s  w e r e  

c h a r a c te r iz e d  b y  w a te r  c o n ta c t  a n g le  m e a s u r e m e n t . T h e  e f fe c t  o f  D B D  p la s m a  tr e a tm e n t  
t im e  o n  th e  w a ter  c o n ta c t  a n g le  o f  th e  n y lo n -c h it in  m e m b r a n e s  w e r e e s t im a te d .  
O b v io u s ly ,  F ig u re  4 .3  s h o w s  th at th e  w a te r  c o n ta c t  a n g le  d r a s t ic a l ly  d e c r e a s e d  fro m  
8 8 .0 °  to  3 7 .4 °  a s  th e  D B D  p la s m a  trea tm e n t t im e  in c r e a se d  fro m  0  ร to  6 0  ร. A n d  a fter  

6 0  ร th e  w a te r  c o n ta c t  a n g le  s lig h t ly  d e c r e a s e d  a ro u n d  3 1 .4 °  at th e  tr e a tm e n t t im e  lo n g e r  
to  12 0  ร im p lie d  a sa tu ra tio n  sta te  o f  su r fa c e  h y d r o p h il ic ity . T h e  r e su lt  in d ic a te d  th a t th e  
D B D  p la s m a  trea tm en t lea d  to  an in c r e a s e  in th e  s u r fa c e  h y d r o p h il ic i ty  o f  th e  p la s m a -  

trea ted  n y lo n -c h it in  m e m b r a n e s . T h is  s h o u ld  b e m o s t ly  l ik e ly  d u e  to  th e  p r e s e n c e  o f  n e w  
p o la r  fu n c t io n a l  g r o u p s  o n  th e  p la sm a -tr e a te d  su r fa c e  in d u c e d  b y  th e  a c t iv e  s p e c ie s
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g e n e r a te d  b y  th e  a ir  p la sm a ,  
s p e c ie s ,  w h ic h  are v e r v  r e a c t iv e  su c h  as

e s p e c ia l ly  o x y g e n -b a s e d  s p e c ie s  a n d  c h a r g e d  

c a r b o n v l e r o u n  ( 0 = 0 )  C E sen a e/ a l.  2 0 0 8 ) .
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Figure 4.3 E f fe c t  o f  p la s m a  trea tm e n t t im e  fo r  w a te r  c o n ta c t  a n g le  o n  n y lo n -c h it in  
m e m b r a n e s .
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Figure 4.4 Effect of plasma treatment time for droplet shape on membranes (a)
Untreated plasma (b) plasma treated 30 ร (c) plasma treated 60 ร (d) plasma treated 90 ร.

4 .2 .2  E f fe c t  o f  D B D  P la s m a  T r e a tm e n t T im e  o n  S u r fa c e  C h e m ic a l  A n a ly s i s  o f  
N y lo n -C h it in  M e m b r a n e s

T h e  s u r fa c e  c h e m ic a l  c o m p o s i t io n  o f  D B D  p la sm a -tr e a te d  n y lo n -c h it in  

m e m b r a n e s w e r e  in v e s t ig a te d  b y  u s in g  th e  A T R -F T IR  te c h n iq u e . T h e  A T R -F T I R  sp e c tr a  

o f  th e  n y lo n -c h it in  m e m b r a n e s b e fo r e  a n d  a fter  th e  D B D  p la s m a  tr e a tm e n t w a s  

d e te r m in e d  a s  s h o w n  in F ig u r e  4 .5 .  A f te r  th e  D B D  p la s m a  tr e a tm e n t, th e  n e w  
c h a r a c te r is t ic  p e a k s  a p p e a r in g  at th e  w a v e n u m b e r s  o f  1 7 2 0  cm "1 c o r r e s p o n d in g  to  
C a r b o n y l, c= 0 s tr e tc h in g  (R a g o ja n u  e t a l.,  2 0 1 0 ) .  T h e  in te n s ity  o f  th e  n e w  p e a k s  w a s  
a ls o  fo u n d  to  in c r e a se  w ith  in c r e a s in g  th e  D B D  p la s m a  trea tm e n t t im e , im p ly in g  a  

h ig h e r  a m o u n t o f  th e  n e w  o x y g e n - c o n t a in in g  fu n c tio n a l  g r o u p s  at a  lo n g e r  p la s m a  
trea tm e n t t im e  an d  m e m b r a n e s  a fte r  trea ted  p la s m a  b e c o m e  m o r e  p o la r ity

4 0 0 0  3 0 0 0  2 0 0 0  1 0 0 0

พ a v e n u m b e r  ( c m '1)
Figure 4.5 ATR-FTIR spectra of nylon-chitin membranes at different plasma treatment
time.
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4.2.3 Effect of DBD Plasma Treatment Time And Chitin Content on 
Mechariical Properties of Nylon-Chitin Membranes

The tensile strength of DBD plasma-treated nylon-chitin membranes were 
characterized by Lloyd, universal tensile tester. The effect of DBD plasma treatment 
time on tensile strength of the nylon-chitin membranes was estimated. Obviously, Figure
4.6 shows that slowly decreasing tensile strength when increasing plasma treatment time 
in the same chitin content because after plasma that occur porosityon membranes which 
can induce to and Figure 4.7 shows comparison between untreated plasma and treated 
plasma in different chitin content. The result demonstrates both of treated and 
untreatedare decreasing when chitin content is increasing and Figure 4.8 is verify chitin 
content and tensile strength in same treatment times and the result show the same that is 
decrement of mechanical properties when increment chitin content that cause may be 
from effect of viscosity is increase more and more in blending processwhich affects to 
low compatibility and become decrease of mechanical properties.
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F ig u r e  4 .6  M e c h a n ic a l  p r o p e r t ie s  o f  n y lo n -c h it in  m e m b r a n e s  at d if f e r e n t  p la s m a  
tr e a tm e n t t im e .

F ig u r e  4 .7  C o m p a r is o n  o f  m e c h a n ic a l p r o p e r t ie s  o n  n y lo n -c h it in  m e m b r a n e s  a t d if fe r e n t  

c h it in  c o n te n t , tr ea te d  a n d  u n treated  p la sm a .

Chitin  co n ten t (w t% )
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F ig u r e  4 .8  M e c h a n ic a l  p r o p e r t ie s  on  n y lo n -c h it in  m e m b r a n e s  at d if fe r e n t  c h it in  c o n te n t .

4 .2 .4  E f fe c t  o f  P la s m a  o n  S u r fa c e  M o r p h o lo g y  o f  N y lo n -C h it in  M e m b r a n e s

F ig u re  4 .9  ( A )  and  (B )  s h o w s  th e  s u r fa c e  m o r p h o lo g y  o f  10%  n y lo n -c h it in  

m e m b r a n e s  u n trea ted  an d  trea ted  p la s m a , r e s p e c t iv e ly .  A f te r  trea ted  p la sm a , it c a n  b e  
s e e n  that th e  su r fa c e  o f  m e m b r a n e s  w a s  m o r e  p o r o s ity a n d  la rg e  a g g r e g a te  c h it in  b e c o m e  
to  sm a ll s p o t  o f  ch itin .

F ig u r e  4 .9  S E M  im a g e s  o f  (A )  n o n -p la s m a  trea ted  n y lo n /c h it in  m e m b r a n e  at ratio  o f  

9 0 :1 0  and ( B )  p la sm a -tr e a te d  n y lo n /c h it in  m e m b r a n e  at ra tio  o f  9 0 : 1 0

A s  s h o w n  in F ig u r e  4 .1 0  (a ) ,  (b )  a n d  (c )  th e  S E M  im a g e  s h o w s  m o re  p o r o u s  

a n d  ro u g h  s tru ctu re  o f  n y lo n /c h it in  m e m b r a n e s  a fter  s u b je c t in g  to  D B D  p la sm a  fo r  1 2 0  

ร. A n  in c r e a se  o f  c h it in  c o n te n t  in th is  b io - c o m p o s i t e  m e m b r a n e  in d ic a te d  a b ig g e r  s iz e  
o f  p o res  w h ic h  can  e x p la in  th at c h it in  w a s  s e n s i t iv e  to  d e g r a d e  u n d e r  p la s m a  tr e a tm e n t  

th en ; it fa c i l i ta te s  to  c r e a te  p o r o u s  s tru c tu re  o n  n y lo n /c h it in  m e m b r a n e s .
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F ig u r e  4 .1 0  S E M  im a g e s  o f  (a )  n o n -p la s m a  trea ted  n y lo n /c h it in  m e m b r a n e  and  p la s m a  
tr e a te d  n y lo n /c h it in  m e m b r a n e s  a t n y lo n /c h it in  ra tio  o f  (b )  9 0 : 1 0  ( c )  8 0 : 2 0 .

A fte r  ly s o z y m e  tr e a tm e n t, n o n -p la s m a  treated  n y lo n /c h it in  m e m b r a n e  F ig u r e  

4 . 1 1 (a ) s h o w s  a g g r e g a t io n  o f  c h it in  sp o ts  sp r e a d  o n  th e  s u r fa c e  w h i le  th e  p la s m a  trea ted  

n y lo n /c h it in  m e m b r a n e  s h o w e d  g o o d  d is tr ib u tio n  o f  o p e n e d -p o r e s  o n  th e  p la s m a  trea ted  
s u r fa c e . B e c a u s e c h it in  w a s  s u s c e p t ib le  to  d e g r a d e  w ith  ly s o z y m e  a n d  a n  in c r e a se  o f  

c h it in  c o n te n ts  s h o w e d  m o r e  p o r o u s  s tru ctu re  a s  s h o w n  in (b )  and  ( c ) .  M o r e o v e r , th e  
l y s o z y m e  te s t  c o u ld  s u g g e s t  th e  g o o d  d is tr ib u tio n  o f  p o r o s ity  a n d  c o m p a t ib i l i ty  b e tw e e n  
n y lo n  and  c h it in  a fter  p la s m a  trea tm en t m e m b r a n e . A n d  f ig u r e  4 .1 2  s h o w s  (a ) b e fo r e  

ly s o z y m e  h y d r o ly s is  an d  (b )  a fter  ly s o z y m e  h y d r o ly s is  th a t ca n  d e s c r ib e  c h it in  is  

d ig e s te d  b y  ly s o z y m e  fro m  p ro tru d ed  c h it in  s p o t s  b e c o m e  t o o  s h a l lo w  p o r o u s .



F ig u r e  4 .11  S E M  im a g e s  o f  ly s o z y m e  tr e a tm e n t o f  n y lo n /c h it in  m e m b r a n e  (a )  n o n 
p la s m a  trea ted  o f  8 0 :2 0  n y lo n /c h it in  and  p la s m a  trea ted  o f  n y lo n /c h it in  m e m b r a n e  (b )  
9 0 : 1 0 ( c )  8 0 :2 0

F ig u r e  4 .1 2  (a )  m e m b r a n e s  b e fo r e  ly s o z y m e  h y d r o ly s is  and  (b ) a fte r  ly s o z y m e  
h y d r o ly s is .

4 .2 .5  E f fe c t  o f  D B D  P la s m a  T r ea tm en t o n  C r y s ta ll in ity  o f  N y lo n - C h i t in  
M e m b r a n e s

T h e  c r y s ta l l in ity  o f  n y lo n -c h it in  m e m b r a n e s  w a s  d e te r m in e d  w ith  th e  u s e  o f  w id e  

a n g le  x -r a y  d if fr a c t io n  ( W A X D )  a n a ly s is .  F ig lir e  4 .1 3  (a )  s h o w s  th e  c h a r a c te r is t ic  

d if f r a c t io n s  o f  n y lo n  m e m b r a n e s  th at can  b e  s e e n  s h o w e d  th e  fo iir  d if fr a c t io n  p e a k s  o f  

2 0  at 1 3 .7 , 1 7 .1 , 2 0 .2  an d  2 4 .3  d e g r e e b u t n y lo n -c h it in  m e m b r a n e s  th at c a n  b e  o b s e r v e d  
b o th  s a m p le s  s h o w e d  th e  th r e e  d iffr a c t io n  p e a k s  2 0  at 1 3 .5 , 2 0 .4  and 2 4 .3 .  It m a y  b e  

im p lie d  th at a d d it io n  o f  c h it in  b e c o m e  to  m o r e  a m o r p h o u sa n d  c r y s ta l l in i ty  in d e x  
d e c r e a s e s .  T h is m a y b e  in d ic a te  to  th e  in te r m o le c i i la r  r e a c t io n  b e tw e e n  n y lo n  a n d  c h it in ,  
w h ic h  c a u s e s  m e m b r a n e s  m o le c u la r  c h a in s  d i f f ic u lt  to  m o v e  b e c a u s e  o f  v i s c o s i t y  e f f e c t  
w h i le  b le n d in g  to g e th e r  or  g o o d  e n o u g h  c o m p a t ib i l i ty  o f  c o m p o s i t e  m e m b r a n e s . F ig u re  

4 .1 3  (b )  w i l l  c o m p a r e  n y lo n -c h it in  m e m b r a n e s  u n tr e a te d -p la s m a  and 3 0 s  tr e a te d  p la sm a .  
T h e  c h a r a c te r is t ic  d if fr a c t io n s  o f  u n treated  a n d  3 0  ร D B D  p la sm a -tr e a te d  n y lo n -c h it in
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m e m b r a n e s  ca n  b e  s e e n  th at b o th  s a m p le s  s h o w e d  th e  d if fr a c t io n  p e a k  2 0  a t 1 3 .7 , 2 0 .4 ,
2 4 .1  th at m a y  b e  im p lie d  th at th e  D B D  p la s m a  m o d if ic a t io n  d o e s  n o t c h a n g e  th e  d e g r e e  

o f  c r y s ta l l in ity ,  d o e s  n o t e l im in a t e  c r y s ta l l in e  d o m a in s  o r  fo r m  n e w  c r y s ta l l in e  s p e c ie s  
( C a lv im o n te s  e t  a l . ,  2 0 1 1 ) .

F ig u r e  4 .1 3 (a )  X R D  pattern  o f  n y lo n  and  n y lo n -c h it in  m e m b r a n e .
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Figure 4.13(b) X R D  p attern  o f  u n trea ted  a n d  3 0  ร D B D  p la s m a  trea te d  n y lo n -c h it in  
m e m b r a n e s

4 .2 .6  E f fe c t  o f  D B D  P la sm a  T r e a tm e n t o n  T h e r m o -G r a v im e tr ic  A n a ly s i s  o f  
N v lo n -C h it in  M e m b r a n e s

T h e r m o -G r a v im e tr ic  A n a ly s is  ( T G A )  is  a c o n t in u o u s  p r o c e s s , in v o lv in g  
in a c c o r d a n c e  w ith  in c r e a s in g  tem p era tu r e  in  th e  fo rm  o f  p r o g r a m m e d  h e a t in g . T h e  
th erm a l d e g r a d a tio n  b e h a v io r  o f  th e  n y lo n -c h it in  m e m b r a n e s  w a s  d e te r m in e d  

a n d illu s tr a te d  in F ig u re  4 .1 4 ;  th e  T G A  o f  n y lo n  m e m b r a n e s  s h o w e d  th e  te m p e r a tu r e  o f  

d e g r a d a t io n  at 4 4 2  °c and o b s e r v e d  10% and  2 0 %  n y lo n -c h it in  m e m b r a n e s  th at h a v e  2  

s te p s .  T h e  first r e g io n  in th e  tem p era tu r e  r e g im e  o f  31°c to  I04°c is  d u e  to  th e  

e v a p o r a t io n  o f  w e a k ly  b o u n d o f  w a te r  and th e  s e c o n d  s te p , th e  10%  n y lo n -c h it in  

m e m b r a n e s  w e r e  d e g r a d e d  at a b o u t 4 3 6  °c a n d  2 0 %  n y lo n -c h it in  m e m b r a n e s  d e g r a d e d  
at 4 2 5  °c. T h e  r e su lts  in d ic a te d  that c h it in  c o n te n t  ca n  in d u c e  fa s t  te m p e r a tu r e  o f  

d e c o m p o s it io n a n d  n y lo n -c h it in  m e m b r a n e s  a re  ra th er  lo w e r  te m p e r a tu r e  o f  d e g r a d a tio n  
a n d  far m o r e  a b s o r p t iv e  m o is tu r e  th an  n y lo n  m e m b r a n e s .

.Tem pera tu re  (๐(ว)
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F ig u r e  4 .1 4  T h e r m a l-G r a v im e tr ic  A n a ly s e s  o f  N y lo n -C h it in  M e m b r a n e s .

4 .3  C h a r a c te r iz a t io n  o f D B D  P la sm a -T r e a te d  C h itin  C o a te d  N y lo n  M e sh

4 .3 .1  S u r fa c e  M o r p h o lo g y  o f  C h itin  C o a te d  on  N y lo n  M e s h  v ia  D B D  P la sm a

F or th e  c o a te d  m e th o d , c h it in  w a s  c o a ted  o n  th e  p la sm a  trea te d  n y lo n  

m e s h  in F ig u re  4 .1 5  (A )  T h e  in c r e a se  an a m o u n t  o f  c h it in  fro m  0 .5  %  to  1 .0  % w /v  
s h o w e d  an  in c r e a s e  th e  a m o u n t o f  c h it in  c o a te d  o n  p la sm a  trea ted  n y lo n  m e s h  a s  s h o w n  

in F ig u r e  (B )  an d  (C ) , r e s p e c t iv e ly .  H o w e v e r , th e  c h it in  c o a te d  o n  n y lo n  m e s h  tren d ed  to  

d e c r e a s e  w h e n  th e  %  c h it in  c o n c e n tr a t io n  in c r e a s e  to  2 .0 %  w /v  a s  s h o w n  in  F ig u r e  ( D )  

w h ic h  m ig h t  b e  d u e  to  th e  h ig h  v is c o s i t y  o f  2 .0 %  w /v  c h it in  s o lu t io n  th an  o th e r  
c o n d it io n s .

F ig u r e  4 .1 5  S E M  im a g e s  o f  ( A )  n y lo n  m e sh  a n d  p la sm a  trea ted  n y lo n  m e s h  c o a te d  (B )  
0 .5 %  w /v  o f  c o a te d  c h it in  (C )  1 %  w /v  o f  c o a te d  c h it in  and ( D )  2  %  w /v  o f  c o a te d  c h it in .
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T h e  su r fa c e  c h e m ic a l  c o m p o s i t io n  o f  D B D  p la sm a -tr e a te d  n y lo n -c h it in  
m e m b r a n e s  w e r e  in v e s t ig a te d  b y  u s in g  th e  A T R -F T I R  te c h n iq u e . T h e  A T R -F T IR  

sp e c tr a  o f  th e  n y lo n -c h it in  m e m b r a n e s  b e fo r e  a n d  a fter  th e  D B D  p la sm a  tr e a tm e n t w e r e  

d e te r m in e d  a s  s h o w n  in F ig u r e  4 .5 .  A fte r  th e  D B D  p la sm a  trea tm e n t, th e  n e w  

c h a r a c te r is t ic  p e a k s  a p p e a r in g  at th e  w a v e n u m b e r s  o f  1 7 2 0  cm -1  c o r r e s p o n d in g  to  

-C a r b o n y l, c=0 s tr e tc h in g  (R a g o ja n u  e t  a l., 2 0 1 0 ) .  T h e  in te n s ity  o f  th e  n e w  p e a k s  w a s  

a ls o  fo u n d  to  in c r e a se  w ith  in c r e a s in g  th e  D B D  p la s m a  tr e a tm e n t t im e , im p ly in g  a 

h ig h e r  a m o u n t  o f  th e  n e w  o x y g e n - c o n t a in in g  fu n c t io n a l  g r o u p s  at a lo n g e r  p la sm a  
tr e a tm e n t t im e  and  m e m b r a n e s  a fte r  trea ted  p la s m a  b e c o m e  m o r e  p o la r ity .

4.3.2 Surface Chemical Analysis of Chitin Coated Nylon Mesh

F ig u r e  4 .1 6  F T -IR  im a g e s  o f  n y lo n  m e s h , 0 .5 % , 1 .0  %  a n d  2 .0  %  w /v  o f  c o a te d  c h it in .

4 .3 .3 M e c h a n ic a l  P r o p e r t ie s  o f  C h itin  C o a te d  o n  N y lo n  M e s h  v ia  D B D  P la s m a

T e n s i le  s tren g th  and  e lo n g a t io n  at b reak  o f  th e  p la sm a -tr e a te d  n y lo n  m e s h  f i lm s  

w ith  d if fe r e n t  c h it in  c o n c e n tr a t io n  are  s h o w n  in F ig u r e  4 .1 7 ( A )  and  (B )a fte r  th e  p la sm a
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fo r  c o a te d  c h it in  o n  n y lo n  m e sh , b o th  o f  th e  te n s ile  s tren g th  and  th e  e lo n g a t io n  at b reak  
o f  th e  c h it in  c o a te d  n y lo n  m e sh  f i lm s  s l ig h t ly  d e c r e a s e d  from  th at o f  th e  u n trea ted  o n e .  
C o n s e q u e n t ly ,  w h e n  th e  p la sm a  tr e a tm e n t t im e  w a s  p r o lo n g e d  to  1 2 0  ร.

Nylon mesh °'5*  c° * ed 1 0% ,c,’itin °*’* ๗  2 0% c * ’ c1°*’๗  Muinn _.ฟ1 0 . »  Chitin coated 1. 0%  Chitin coated 2. 0%  Chitin coated
nylon mesh nylonmesh nylonmesh Nyltmmesh ท;,;; 1™ sh n y lo Z sh

F ig u r e  4 .1 7  E f fe c t  o f  p la s m a  trea tm e n t a n d  c h it in  c o n c e n tr a t io n  o n  m e c h a n ic a l  
p r o p e r tie s  ( A )  t e n s i le  s tren g th  (M P a ) a n d  ( B )  e lo n g a t io n  at b rea k  (% )

4 .3 .4  T h e r m o -G r a v im e tr ic  A n a ly s i s  o f  C h itin  C o a te d  o n  N y lo n  M e s h  v ia  D B D
P la sm a

T G A  o f  n a t iv e  ch itin  c o a te d  n y lo n  m e s h  s h o w e d  th e  w e ig h t  lo s s  in f iv e  

s ta g e s . T h e  T h e r m o -g r a v im e tr ic  a n a ly s is  (T G A )  is a c o n t in u o u s  p r o c e s s ,  in v o lv in g  in 
a c c o r d a n c e  w ith  in c r e a s in g  tem p era tu re  in th e  form  o f  p r o g r a m m e d  h e a t in g . T h e  th erm a l  
d e g r a d a tio n  b e h a v io r  o f  th e  n y lo n -c h it in  m e m b r a n e s  w a s  d e te r m in e d  an d  illu s tr a te d  in  
F ig u re  4 .1 4 ;  th e  T G A  o f  n y lo n  m e m b r a n e s  s h o w e d  th e  tem p era tu r e  o f  d e g r a d a tio n  at 
4 4 2  °c a n d  o b s e r v e d  10%  and  2 0 %  n y lo n -c h it in  m e m b r a n e s  th at h a v e  2  s te p s . T h e  fir s t  

r e g io n  in th e  te m p e r a tu r e  r e g im e  o f  31°c to  I04°c is  d u e  to  th e  e v a p o r a t io n  o f  w e a k ly  
b o u n d  o f  w a te r  and th e  s e c o n d  s tep , th e  10%  n y lo n -c h it in  m e m b r a n e s  w e r e  d e g r a d e d  at
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a b o u t 436 °c and  20% n y lo n -c h it in  m e m b r a n e s  d e g r a d e d  at 425 °c. T h e  r e s u lts  
in d ic a te d  th a t c h it in  c o n te n t  ca n  in d u c e  fa s t  tem p era tu r e  o f  d e c o m p o s it io n  an d  n y lo n -  

c h it in  m e m b r a n e s  are ra th er lo w e r  te m p e r a tu r e  o f  d e g r a d a tio n  and  far m o re  a b s o r p t iv e  
m o is tu r e  th an  n y lo n  m e m b r a n e s .

N y lo n  m e s h
0 .5 % C h itin  c o a t e d  n y lo n  m e s h  
1 .0 %  C hitin  c o a t e d  n y lo n  m e s h  
2 .0 %  C h itin  c o a t e d  n y lo n  m e s h

F ig u r e  4 .1 8  T h e r m a l-G r a v im e tr ic  A n a ly s i s  o f  C h itin  C o a te d  N y lo n  M e s h  S e r ie s .

4 .3 .5  C r y s ta ll in ity  o f  C h itin  C o a te d  N y lo n  M e sh  S e r ie s

T h e  c r y s ta l l in ity  o f  n y lo n -c h it in  m e m b r a n e s  w a s  d e te r m in e d  w ith  th e  u se  
o f  w id e  a n g le  x -r a y  d if fr a c t io n  ( W A X D )  a n a ly s is .  F ig u re  4 .1 3  (a )  s h o w s  th e  

c h a r a c te r is t ic  d if f r a c t io n s  o f  n y lo n  m e m b r a n e s  th at c a n  b e  s e e n  s h o w e d  th e  fo u r  
d iffr a c t io n  p e a k s  o f  2 0  at 1 3 .7 , 1 7 .1 , 2 0 .2  and  2 4 .3  d e g r e e  bu t n y lo n -c h it in  m e m b r a n e s  
th at can  b e  o b s e r v e d  b o th  s a m p le s  s h o w e d  th e  th ree  d if fr a c t io n  p e a k s  2 0  at 1 3 .5 , 2 0 .4
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a n d  2 4 .3 .  It m a y  b e  im p lie d  th at a d d it io n  o f  ch itin  b e c o m e  to  m o r e  a m o r p h o u s  an d  

c r y s ta l l in e  in d e x  d e c r e a s e s . T h is  m a y  b e  in d ic a te  to  th e  in te r m o le c u la r  r e a c t io n  b e tw e e n  

n y lo n  and  c h it in , w h ic h  c a u s e s  m e m b r a n e s  m o le c u la r  c h a in s  d i f f ic u lt  to  m o v e  b e c a u s e  
o f  v is c o s i t y  e f f e c t  w h i le  b le n d in g  to g e th e r  o r  g o o d  e n o u g h  c o m p a t ib i l i ty  o f  c o m p o s i t e  

m e m b r a n e s . F ig u r e  4 .1 3  (b ) w i l l  c o m p a r e  n y lo n -c h it in  m e m b r a n e s  u n tr e a te d -p la s m a  a n d  

3 0  ร treated  p la s m a . T h e  c h a r a c te r is t ic  d if f r a c t io n s  o f  u n trea te d  and  3 0  ร D B D  p la s m a -  
trea ted  n y lo n -c h it in  m e m b r a n e s  ca n  b e  s e e n  th at b o th  s a m p le s  s h o w e d  th e  d if fr a c t io n  

p e a k  2 0  at 1 3 .7 , 2 0 .4 ,  2 4 .1  th at m a y  b e  im p lie d  th at th e  D B D  p la s m a  m o d if ic a t io n  d o e s  

n o t  c h a n g e  th e  d e g r e e  o f  c r y s ta l l in ity ,  d o e s  n o t e l im in a te  c r y s ta l l in e  d o m a in s  o r  fo r m  

n e w  c r y s ta l l in e  s p e c ie s  (C a lv im o n te s  et a l . ,  2 0 1 1 ) .

Figure 4.19 The XRD pattern of nylon mesh and chitin coated nylon mesh.
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W a ter  so r p tio n  iso th e r m s  w e r e  m ea su re d  a c c o r d in g  to  th e  p r o c e d u r e  
d e sc r ib e d  b y  m e s h  s a m p le s  w e r e c u t  in to  sm a ll  p ie c e s  (2.0mmx2.0mm) a n d  d r ied  in a  

v a c u u m  and th e  d r ied  s a m p le s  w e r e  w e ig h e d  to  in to  p r e -w e ig h e d  an d  th e n  im m e r s e  in 1 
h o u r  an d  th en  d r ied  and  w e ig h e d  u n til v a lu e  is  c o n s ta n t ly  w h ic h  w e r e  o b ta in e d  fo e  ea c h  

t y p e  o f  f ilm  w ith in d iv id u a lly  p rep ared  f i lm s  a s  r e p lic a te d  e x p e r im e n ta l  s a m p le s ,a n d  
th ree  s p e c im e n s  fro m  e a c h  s a m p le .T h e  e f f e c t s  o f  ch itin  o n  th e  w a te r  so r p t io n  iso th e r m  in  

c h it in  c o a te d  n y lo n  m e s h c a n  b e  c o n c lu d e d  a s  f o l lo w s  c o a t in g  o f  c h it in  v ia  p la s m a  th at is  

m a in ly  and s l ig h t ly  in c r e a se  o f  w a ter  so r p t io n  in f ig u r e  4 .2 0 a n d  c a n  r e f le c t  th e  

r e la t io n s h ip b e tw e e n  th e  w a te r  c o n ta c t  a n g le  a n d  th e  w e t ta b il i ty  o f  th e  s u r fa c e  b y  w a te r .

4.3.6 Water Sorption of Chitin Coated Nylon Mesh Series

Nylon mesh 0.5% chitin coated 1.0% chitin coated 2.0%chitin coated 
nylon mesh nylon mesh nylon mesh

Figure 4.20 Water sorption of nylon mesh and chitin coated nylon mesh.
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4.4 Characterization of Calcium Content
4.4.1 Calcium Content of (80:20) Nylon: Chitin Membranes

The amount of calcium can be calculate from Atomic absorption 
spectrometer (A AS) that can be create the standard calibration curve of 
calciumconcentration in ppm (part per million or mg/L) in order to find calcium content 
in next step. The result shows three times measuring absorbance and converts to calcium 
concentration by using calibration curve of calcium concentrationwhich shows in 
appendix E. Finally, quantity of calcium in 20% nylon-chitin membranes is 0.80 ppm in 
table 4.2 .
Table 4.2 Calcium content of (80:20) nylon:chitin membranes

Sample Mean concentration
Nylon-chitin membranes absorbance (ppm)

Round 1 0.059 ±0.0010 0.82
Round 11 0.056 ± 0.0005 0.78
Round 111 0.057 ±0.0005 ' 0.80

Mean calcium concentration (ppm) 0.80 ± 0.020

4.4.2 Calcium Content of 2,0% Chitin Coated on Nylon Mesh
The result shows three times measuring absorbance and converts to-calcium 

concentration by using calibration curve of calcium concentration which shows in 
appendix E. Finally, quantity of calcium in 2% chitin coated on nylon meshis 3.01 ppm 
in table 4.3 .
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Table 4.3 Calcium content of 2% chitin coated on nylon mesh

Sample
Chitin coated on nylon mesh

Mean
absorbance

concentration
(ppm)

Round I 0.205 ±0.0010 2.98
Round II 0.212 ±0.0023 3.07
Round III 0.204 ±0.0015 2.96

Mean calcium concentration (ppm)- 3.01± 0.058

4.5 Characterization of Sensitivity for Plasma Treatment between Nylon and Chitin
The result shows that both nylon and chitin are sensitive with plasma treatment 

together because increment of treatment time increases hence, the tensile strength 
decreases moreover, chitin has more sensitive than nylon 6,6 because the decrement 
effect of mechanical properties is higher than nylon and more chitin content also affects
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Figure 4.21 Comparison mechanical properties between nylon membrane and nylon- 
chitin membrane in differential plasma treatment times.
4.6 Characterization of chitin content

4.6.1 Chitin content on nylon-chitin membranes
TGA measurements provide valuable information that can beused to find 

compositional analysis ofmulti-component materials orblends. เท this case for measuring 
chitin content from nylon-chitin membranes from blending method and the result shows 
in figure 4.22 the first, pure nylon membranes does not have chitin so chitin content is 
zero percentage and the next is nylon-chitin membranes in other ratios that are 
increasing chitin ratio to blend respectively in 95:5 (nylonxhitin), 90:10 (nylonxhitin) 
and 80:20 (nylonxhitin), chitin content are 12.25% , 18.77% and 29.10% (in % พ/พ
unit) the result reveals the increment ofchitin content when more adding ratio of chitin.

Figure 4.22 Chitin content (%พ/พ) of nylon-chitin membranes (Blending).
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4.6.2 Chitin Content on Nylon Mesh
In this case for measuring chitin content from chitin coated on nylon mesh 

from coating method and the result shows in figure 4.23 the first, pure nylon 
meshthatuncoated chitin so chitin content is zero percentage and the next is coated chitin 
on surface.of nylon mesh in other different concentration of chitin solution and verify 
solution for immersing ๒0.5% , 1.0% and 2% chitin concentration respectively and the 
results reveal the increment of chitin content and values are 73.53% , 77.25% and 
77.78% (in % พ/พ unit) when immerse in more concentration.Moreover, in coating 
method there are a lot of chitin attach on surface that can observe in SEM images that 
correspond high chitin content on sample than blending method.However, when 
immerse in high chitin concentration that is slightly increase chitin content because of 
viscosity effect from chitin solution that prohibits the adhesion of chitin on nylon mesh 
surface.

N y l o n  m e s h  0 . 5 % c h i t i n  1 . 0 % c h i t i n  2 . 0 % c h i t i n
c o a t e d  o n  m e s h  c o a t e d  o n  m e s h  c o a t e d  o n  m e s h

Figure 4.23 Chitin content (%พ/พ) of chitin coated on nylon mesh.
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4.7 Characterization of Biocompatibility Cytotoxic

4.7.1 Surface Morphology of Nylon-Chitin Membranes
The human skin dermal fibroblast cells attachment on pure nylon membranes 

and nylon-chitin membranes were seeded on surface. After 48 h of incubation, there 
were many cells attached on 5% nylon-chitin membranes in Figure 4.21 (A) and most of 
the cells remained in round-shape. But for nylon-chitin membranes, cells adhered and 
almost completely spread on the surface in Fig. 4.21 (B). They had many pseudopodia 
and formed a layer on the surface. These results indicated thatthe cells stretched their 
morphology and were proliferating. This preliminary experiment suggests that the 
nylon-chitin membranes have better biocompatibility compared with nylon membranes 
in terms of fibroblast cell culture. It would have potentials to be used as wound dressing 
materials or tissue regeneration scaffold in vitro. Further investigation such as cellular 
proliferation and differentiation assays are underway.

Figuré 4.24(A) Fibroblast cell attachments of nylon membranes (B) and 5% nylon- 
chitin membranes of 48 h seeding the cells.
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