
CHAPTER II
L I T E R A T U R E  R E V I E W

2.1  N y lo n  6 ,6

2.1.1 Basic Principle of Nylon

F ig u r e  2 .1  Polyamide or Nylon 6,6 Structure (Bernstein et al., 2005)

Nylon is a common polymeric material used for product of things, 
ranging from stockings, clothing, carpets, automotive components, hot air balloons, 
toothbrush and studied since it was first synthesized by D uP ont. The Nylon of specific 
interest 'for this study is Nylon6,6. The simplified synthetic scheme involves the 
condensation polymerization of adipic acid and 1,6 hexanediamine (Bernstein e t a l ,
2005) The mechanical and physical properties of Nylon 6,6 are strongly dependent on 
hydrogen bonding force between the carbonyl oxygen and the amide hydrogen atoms 
within the polymer chain. Water media has a very dramatic effect on these bonding 
forces and as a result, significantly modifies its properties.(Abdelbary et a l ,  2013) 
Furthermore, All nylons are considered hygroscopic. This means that they can absorb 
or release moisture based on environmental conditions. Nylon is more hydrophilic 
property when compared with other polymers. (Savarino e t a l ,  2000)
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F ig u r e  2 .2  Preparation of Nylon 6,6 or Polyamide

2.1.2 Literature Review of Nylon

Pappas et al., (2006) study about modification of the fibers were 
plasma treat with a frequency of 90 kHz, leading to the functionalization of the 
surface through the addition of new reactive chemical groups such as -COOH and -  
OH and changing the energy, chemical composition and wettability of the surface the 
improvement of the hydrophilic character of the surface as the water contact angle 
measured after the plasma treatments significantly decreased. The corresponding 
changes of the total surface energy were evaluated with a dynamic contact angle 
analysis system revealing a significant increase due to the exposure that can be 
mainly attributed to the increase of its polar component. Preliminary XPS results 
show a significant increase in oxygen content with the addition of carboxylic and 
hydroxylic groups and a decrease in the carbon content of the surface. Most 
importantly, the plasma modified nylon fibers and films exhibit a stable wetting 
behavior.

Zhu et ah, (2007) study the influence of the amount of absorbed moisture in 
nylon fibers during atmospheric pressure plasma (DBD) treatment and the existence 
of moisture in the substrate material may have a potential influence on the 
treatment effect. In this study, nylon 6 fibers with three different moisture regains 
(1.23, 5.19 and 9.70%) were treated by atmospheric pressure to improve the 
wettability and dyeing properties of fibers. The scanning electron microscope 
showed that at 9.70% moisture regain, the surface layer of the fibers was partially 
peeled off after plasma treatment. X-ray photoelectron spectroscopy analysis
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in d ic a te d  th a t th e  p la s m a -tr e a te d  f ib e r s  h a d  h ig h e r  o x y g e n  c o n c e n t r a t io n  th a n  th e  

c o n t r o l  f ib e r s . In  d y n a m ic  c o n t a c t  a n g le  m e a s u r e m e n t ,  th e  a d v a n c in g  c o n t a c t  a n g le s  

o f  a ll  th r e e  tr e a te d  g r o u p s  d e c r e a s e d  a b o u t 1 2 ° ,  w h i l e  th e  g r o u p s  w i t h  5 .1 9  a n d  

9 .7 0 %  m o is tu r e  r e g a in s  h a d  lo w e r  r e c e d in g  c o n t a c t  a n g le s  th a n  th e  g r o u p  w ith  

1 .2 3 %  m o is t u r e  r e g a in . U s in g  a c id  d y e  a n d  d i s p e r s iv e  d y e ,  r e s p e c t iv e ly ,  g r e a te r  d y e  

u p ta k e  w a s  o b s e r v e d  in  tr e a te d  f ib e r s  w h e r e a s  th e  d y e  d e p th s  o f  th e  t w o  d y e s  in  

n y lo n  f ib e r s  w e r e  n o t  a f f e c t e d  b y  p la s m a  tr e a tm e n t . T h e _ d y e a b il i ty  o f  th e  tr e a te d  

f ib e r s  w i t h  1 .2 3 %  m o is tu r e  r e g a in  w a s  a  l i t t le  b e tte r  th a n  th a t o f  th e  o th e r  tw o  

tr e a te d  g r o u p s . In a d d it io n , n o  s ig n if ic a n t  d i f f e r e n c e  in  s in g le  f ib e r  t e n s i l e  s tr e n g th  

w a s  fo u n d  a m o n g  c o n tr o l  a n d  tr e a te d  f ib e r s (Z h u  e t a l . , 2 0 0 7 )
C u i e t  a l . ,  ( 2 0 0 5 )  S tu d y  o f  th e  s u r f a c e  m o d i f ic a t io n  o f  a  n y l o n - 6 , 6  f i lm  

p r o c e s s e d  in  a n  a tm o s p h e r ic  p r e s s u r e  a ir  d ie le c t r ic  b a rr ier  d is c h a r g e  w ith  n y l o n - 6 , 6  

f i lm  h a s  b e e n  tr e a te d  u s in g  an  a tm o s p h e r ic  p r e s s u r e  a ir  d ie le c t r ic  b a rr ier  d is c h a r g e  

( D B D ) .  T h e  r e s u lta n t  su r fa c e  m o d i f i c a t io n s  w e r e  s tu d ie d  u s in g  X -r a y  p h o t o e le c t r o n  

s p e c t r o s c o p y  ( X P S ) ,  c o n ta c t  a n g le  m e a s u r e m e n t  a n d  s e c o n d a r y  io n  m a s s  

s p e c tr o m e tr y  ( S I M S ) .  T h e  s u r fa c e  o x id a t io n  a r is in g  in  th e  D B D  d is c h a r g e  in c r e a s e  

fo u n d  in  th e  h y d r o p h il ic i t y  o f  th e  s u r fa c e  p o s t - t r e a tm e n t  is  in  th e  m a in  b e l i e v e d  to  b e  

a s s o c ia t e d  w it h  th e  e a r lie r  o u t c o m e  a n d  m o r e  p o la r ity .  P a r tia l r e c o v e r y  o f  th e  s u r fa c e  

c o n t a c t  a n g le  v a lu e s  is  fo u n d  fo r  th e  trea ted  s a m p le s  f o l lo w i n g  e x t e n d e d  s to r a g e  in  

a m b ie n t  a ir . T h e  f in a l  c o n ta c t  a n g le  o b ta in e d  fo r  th e  tr e a te d  s a m p le s  w a s  5 0 °  s t i l l  

r e d u c e d  s ig n i f ic a n t ly  fr o m  th at o f  8 3 .5 °  th e  u n tr e a te d  m a te r ia l

2.2 Chitin

2 .2 .1  B a s ic  P r in c ip le  o f  C h it in

p H  3
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Figure 2.3 N - A c t y l - D - G l u c o s a m i n e  o r  C h it in  U n it s .
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C h it in  is  th e  m a in  c o m p o n e n t  in  th e  sh r im p  s h e l l s .  T h e  m a in  c h it in  s o u r c e s  

are th e  s h e l l  o f  s h r im p , p r a w n , k r il l ,  c r a b  a n d  lo b s te r  a ls o  fo u n d  in  e x o s k e l e t o n s  o f  

m o llu s k s  a n d  in s e c t s ,  a n d  in  th e  c e l l  w a l l s  o f  s o m e  fu n g i  a n d  a lg a e .  A r th r o p o d  s h e l l s  

( e x o s k e l e t o n s )  are th e  m o s t  e a s i ly  a c c e s s ib le  s o u r c e s  o f  c h it in .  T h e s e  s h e l l s  c o n t a in  

2 0 - 5 0 %  c h it in  o n  d ry  w e ig h t  b a s is .  C h it in  o c c u r s  a s s o c ia t e d  w i t h  o th e r  c o n s t i t u e n t s  

s u c h  a s  l ip id s ,  p r o te in , p ig m e n t  a n d  c a lc iu m  c a r b o n a te . A  s h e l l  o f  c r u s ta c e a n s  s u c h  a s  

c r a b s  a n d  s h r im p s  a re  c o n v e n ie n t ly  a v a i la b le  a s  w a s t e s  fr o m  s e a f o o d  p r o c e s s in g  

w h ic h  a re  e a s y  to  f in d  to  u s e  a s  a  r a w  m a te r ia l in  th e  s y n t h e s is  o f  c h it in .  In a d d it io n ,  
c h it in  is  r e a d i ly  a v a i la b le  a n d  c h e a p , a n d  it a ls o  h a s  th e  d i s t in c t iv e  p r o p e r t ie s  w h ic h  

a re b io c o m p a t ib i l i t y ,  b io d e g r a d a b le  a n d  n o n - t o x ic .  C h it in  is  a  h ig h - m o le c u la r  w e ig h t  

l in e a r  p o ly m e r  a n d  c o n s i s t  o f  jV - a c e t y l - D - g lu c o s a m in e  ( j V - a c e t y l - 2 - a m in o - 2 - d e o x y -  

D - g lu c o p y r a n o s e )  u n its  l in k e d  b y  P -D  ( l - > 4 )  b o n d s . It i s  a  h ig h ly  in s o lu b le  m a te r ia l  

r e s e m b lin g  c e l l u l o s e  in  its  s o lu b i l i t y  a n d  l o w  c h e m ic a l  r e a c t iv ity .  It m a y  b e  r e g a r d e d  

a s  c e l l u l o s e  w ith  th e  h y d r o x y l  a t p o s i t io n  C -2  r e p la c e d  b y  an  a c e t a m id e  g r o u p  in  

c h it in . ( P e n ic h e  et a l ,  2 0 0 8 )  L ik e  c e l l u l o s e ,  it n a tu r a lly  f u n c t io n s  a s  a s tr u c tu r a l  
p o ly s a c c h a r id e .  C h it in  is  a  w h it e ,  h a rd  in e la s t ic ,  n i t r o g e n o u s  p o ly s a c c h a r id e  a n d  th e  

m a jo r  s o u r c e  o f  s u r f a c e  p o l lu t io n  in  c o a s ta l  a r e a s  in d u s tr ie s . T h is  h a s  le d  to  

c o n s id e r a b le  s c i e n t i f i c  a n d  t e c h n o lo g ic a l  in te r e s t  in  c h it in  a n d  c h it o s a n  a s  a n  a t te m p t  

to  u t i l i z e  t h e s e  r e n e w a b le  w a s t e s .
M a n y  r e v ie w s  a n d  a r t ic le s  h a v e  b e e n  p u b l is h e d  c o v e r in g  th e  a p p l ic a t io n s  o f  

c h it in  a n d  i t s  d e r iv a t iv e s  in  th e  a r e a s  o f  p h a r m a c e u t ic a l  a n d  m e d ic a l  a p p l ic a t io n s ,  
p a p e r  p r o d u c t io n , t e x t i l e  d y e in g  a n d  f in i s h in g ,  f ib e r  f o r m a t io n , w a s t e w a t e r  tr e a tm e n t ,  
b io t e c h n o lo g y ,  c o s m e t ic s ,  fo o d  p r o c e s s in g ,  a n d  a g r ic u ltu r e  ( D u n n  et a l ,  1 9 9 7 ) .  
C h e m ic a l  s tr u c tu r e s  o f  c h it in  a n d  c h i t o s a n  are s h o w e d  in  f ig u r e  2 .4
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Figure 2.4 (a )  c h it in  (b )  C e l lu l o s e  a n d  ( c )  c h ito s a n  

2 .2 .2  P r e p a r a t io n  o f  C h it in

a - c h i t in  i s  p r o d u c e d  c o m m e r c ia l ly  fr o m  c r a b  a n d  s h r im p  s h e l l s ,  w h ic h  

c o n t a in  c a lc iu m  c a r b o n a te  a n d  p r o te in  a s  th e  tw o  m a jo r  c o m p o n e n t s .  P ig m e n t s  a re  

a ls o  c o n t a in e d  in  s m a ll  q u a n t it ie s .  F u r th e r m o r e , th e  c h it in  m o le c u l e s  a re  a s s u m e d  to  

h a v e  p o ly p e p t id e  s id e  c h a in s  a t ta c h e d  c o v a le n t ly  to  s o m e  o f  th e  C - 2  a m in o  g r o u p s  

th r o u g h  a m id e  l in k a g e s .  C h it in  is  th e  m o s t  s ta b le  s u b s t a n c e  a g a in s t  a c id  a n d  a lk a li  

a m o n g  t h e s e  c o m p o n e n t s  a n d  n o t  is  s o lu b le  in  o r d in a r y  s o lv e n t s .
T h e  s h e l l  are  f ir s t  c le a n e d  a n d  tr e a te d  w ith  I N  h y d r o c h lo r ic  a c id  at r o o m  

te m p e r a tu r e  to  r e m o v e  c a lc iu m  c a r b o n a te . T h e  d e c a lc i f i e d  s h e l l  a re  th e n  c u t  in to  

s m a ll  f la k e s  o r  are  p u lv e r iz e d  a n d  th e n  h e a t  in  4 %  พ /พ  N a O H ( s o d iu m  h y d r o x id e )  in

8 5  - 90°c to  d e c o m p o s e  th e  p r o te in  a n d  p ig m e n ts .  C h it in  is  o b ta in e d  a s  a lm o s t  

c o lo r le s s  to  o f f - w h it e * p o w d e r y  m a te r ia l.  T h e r e  are s o m e  fr e e  a m in o  g r o u p s  b e s id e s  

a c e ta m id e  g r o u p , a n d  th e  d e g r e e  o f  d e a c e t y la t io n  fo r  th e  i s o la t e d  c h it in  is  a r o u n d  0 . 1 . 
P r o te a s e s  m a y  b e  u s e d  to  r e m o v e  s o m e  o f  th e  p r o te in s  u n d e r  m ild  c o n d i t io n s .

-•hN
.Eg

lify
.'
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2 .2 .3  L ite r a tu r e  R e v i e w  o f  C h it in

2 .2 .3 .1  B io m ed ica l A p p lica tio n  o f  Chitin

Figure 2 .5  ( A )  C o l la g e n  ( B )  C h i t in - c o l la g e n  b io m im e t ic  m e m b r a n e  ( C - C B M )

S h e n  Y .e t  a l . ,  ( 2 0 1 4 )  th a t e x p e r im e n ta l  o b s e r v a t io n  o f  n u d e  m i c e  f u l l 
t h ic k n e s s  d e f e c t  m o d e l  d r e s s e d  w ith  t y p e  I c o l la g e n  o n ly  a n d  a n o th e r  o n e  h a s  c h it in  

a n d  c o l la g e n ( C - C B M ) ,  at 1 d , 1 พ , 4  พ , a n d  10  พ . T y p e  I, c o l la g e n  a lo n e  s h o w s  th a t  

w o u n d s  are m u c h  s lo w e r  to  h e a l .  T y p e  B ,  c h it in  w ith  c o l la g e n  o r  C - C M B  s h o w s  th e  

r e p a ir e d  w o u n d  s k in  in  th e  c o n t r o l  g r o u p  w a s  r e la t iv e ly  th il l  a n d  h e l io t r o p e  w ith  a  

t e n d e n c y  to  b le e d .  F u r th e r m o r e , in  v iv o  e x p e r im e n t s  s h o w e d  m o r e  o b v i o u s  h a ir  

f o l l i c l e  c e l l  p r o l i f e r a t io n  in  th e  f u l l - t h ic k n e s s  s k in  d e f e c t  n u d e  m ic e .  T h a t  a n a ly s is  

c a n  e x p la in  th a t c h it in  c o n tr ib u te  fo r  w o u n d  r e c o v e r y .



9

2 .3 .3 .2  M ech an ica l P ro p e r tie s  o f  C hitin  F ib er  C o m p o site s

F i g u r e  2 .6  T h e  T e n d e n c y  o f  T e n s i le  S tr e n g th  w ith  C h it in  C o n te n t

L. F a n  e t  a l . ( 2 0 0 5 )  e v a lu a t e d  th e  w a t e r - s o lu b le  c h i t in  c o n t e n t  o f  

A lg in a t e /W a t e r - S o lu b le  C h it in  B le n d  F ib e r s  w ith  m e c h a n ic a l  t e n s i l e  s t r e n g th  th e  

r e s u lt  s h o w n  th a t  t e n s i l e  s tr e n g th  o f  w e t  s ta te  o f  m a te r ia l d e c r e a s e d  w h e n  c h it in  

c o n t e n t  in c r e a s e d  a n d  t e n s i l e  s tr e n g th  o f  d r y  s ta te  o f  m a te r ia l  in c r e a s e d  u n t i l  3 0  w t%  

c h it in  c o n te n t  a n d  th e n  t e n s i l e  s tr e n g th  d r o p p e d  lo w e r  th a n  w e t  s ta te  a t th e  s a m e  

c h it in  c o n te n t  s o  it c a n  c o n c lu d e  h ig h  c h it in  c o n t e n t  c a n  r e d u c e  t e n s i l e  s tr e n g th  o f .  

A g in a t e - C h i t in  f ib e r s .
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2 .3  P la s m a

2 .3 .1  B a s ic  P r in c ip le  o f  P la s m a

F i g u r e  2 .7  E x p e r im e n ta l  S e tu p  o f  T h e  D B D  s y s t e m :  ( 1 )  E le c t r o d e  P la t e s  ( s t a in le s s  

s t e e l  p la te s ) ,  ( 2 )  D ie le c t r ic  P la te  ( g la s s  p la t e ) ,  ( 3 )  A c r y l ic  P la t e s ,  ( 4 )  H ig h  V o lt a g e  

T r a n s fo r m e r , a n d  ( 5 )  P la s m a  C h a m b e r

P la s m a  is  io n iz e d  g a s .  It c o n s i s t s  o f  p o s i t iv e  a n d  n e g a t iv e  io n s ,  e le c t r o n s ,  a s  

w e l l  a s  fr e e  r a d ic a ls .  T h e  io n iz a t io n  d e g r e e  c a n  v a r y  fr o m  1 0 0 %  ( f u l ly  io n iz e d  g a s )  to  

v e r y  lo w  v a lu e s  (p a r t ia lly  io n iz e d  g a s ) .  T h e  p la s m a  s ta te  is  o f t e n  r e fe r r e d  to  a s  th e  

fo u r th  s ta te  o f  m a tter : s o l id ,  l iq u id , g a s ,  a n d  p la s m a  (K e a t c h ,  1 9 9 6 ) .  It i s  a  c o l l e c t io n  

o f  fr e e  c h a r g e d  p a r t ic le s  m o v in g  in  r a n d o m  d ir e c t io n s  th a t is ,  o n  th e  a v e r a g e ,  
e l e c t r i c a l ly  n e u tr a l (n e ~  n j  )  ( s e e  F ig u r e  2 .8  a ).

P la s m a  c a n  o c c u r  in  n a tu r a l. L ig h t n in g  a n d  A u r o r a s  B o r e a l i s  a re  th e  m o s t  

c o m m o n  n a tu ra l p la s m a  o b s e r v e d  o n  E a rth  (F r id m a n  e t a l . , 2 0 0 7 )  H o w e v e r ,  p la s m a s  

c a n  b e  g e n e r a te d  a r t i f ic ia l ly  a t la b o r a to r y  l e v e l s  fo r  p r a c t ic a l  a p p l ic a t io n s .  It is  

u n d e r s to o d  th a t a  c o n t in u o u s  s o u r c e  o f  e n e r g y  is  r e q u ir e d  to  g e n e r a te  a n d  s u s t a in  a  

s ta te  o f  m a tte r . M a n - m a d e  p la s m a s  a re  c o m m o n ly  g e n e r a t e d  a n d  s u s t a in e d  u s in g  

e le c t r ic a l  e n e r g y  a n d  a re  o f t e n  r e fe r r e d  to  a s  ‘d i s c h a r g e s ’ . A  s im p le  d is c h a r g e  is  

s h o w n  s c h e m a t ic a l ly  in  F ig u r e  2 .8  b . It c o n s i s t s  o f  a  v o l t a g e  s o u r c e  th a t d r iv e s  

c u r r e n t th r o u g h  a  lo w - p r e s s u r e  g a s  b e t w e e n  tw o  p a r a l le l  c o n d u c t in g  p la te s  o r  

e le c t r o d e s .  T h e  g a s  “ b r e a k s  d o w n ” to  fo r m  a  p la s m a , u s u a l ly  w e a k ly  i o n iz e d  w h ic h  is



the plasma density only a small fraction of the neutral gas density (Lieberman and
Lichtenberg, 2005). -
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F i g u r e  2 .8  S c h e m a t ic  v i e w  o f  ( a )  a  p la s m a  a n d  ( b )  a  d i s c h a r g e .

T h e r e  a re  fo u r  s t e p s  o f  p la s m a  fo r m in g  (L ie b e r m a n , a n d  L ic h t e n b e r g ,  2 0 0 5 ) .

1 .) S o l id  s t a t e . A t  v e r y  l o w  

te m p e r a tu r e s ,  m a tte r  is  in  a  s o l id  s ta te  

w it h  th e  a to m s  a r r a n g e d  in  w e l l -

2 . )  L iq u id  s t a t e . W h e n  te m p e r a tu r e  

in c r e a s e s  a b o v e  a  c r i t ic a l  v a lu e ,  s o l i d s  m e lt  

a n d  b e c o m e  a  l iq u id .  T h e  g r id  o f  a to m  is  

b r o k e n , b u t m o le c u la r  b o n d s  a re  

m a in ta in e d .

Gas
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3 . )  G a s  s t a t e . A  l iq u id  h e a te d  a b o v e  a  

s e c o n d  c r it ic a l  te m p e r a tu r e  tu r n s  in to  a  g a s .  
T h e  m o le c u le s  in  th e  g a s  d e c o m p o s e  to  fo r m  

a  g a s  o f  a to m s  th a t m o v e  f r e e ly  in  r a n d o m  

d ir e c t io n s

4 . )  P la s m a  s t a t e . I f  th e  te m p e r a tu r e  is  

fu r th e r  in c r e a s e d , th e n  th e  a t o m s  d e c o m p o s e  

in to  fr e e ly  m o v in g  c h a r g e d  p a r t ic le s  

( e le c t r o n s  a n d  p o s i t iv e  i o n s ) ,  a n d  th e  

s u b s t a n c e  e n te r s  th e  p la s m a  s ta te .

In  g e n e r a l ,  p la s m a s  a re  r e a l iz e d  b y  th e  g e n e r a t io n  o f  fr e e  e le c t r o n s  th a t m a k e  

th e  g a s  c o n d u c t iv e .  T h e s e  e le c t r o n s  o b ta in  e n e r g y  fr o m  th e  e le c t r ic  f i e ld  a n d  fu r th e r  

i o n i z e ,  e x c i t e ,  a n d  d is s o c ia t e  g a s  m o le c u l e s  v ia  e n e r g y  tr a n s fe r  d u r in g  c o l l i s io n s .  
T h is  m a k e s  p la s m a s  v e r y  r e a c t iv e .  A l s o ,  p la s m a s  p o s s e s s  h ig h e r  te m p e r a tu r e s  a n d  

e n e r g y  d e n s i t ie s  in  c o m p a r is o n  w ith  m o s t  o th e r  c h e m ic a l  _p r o c e s s e s ,  w h i c h  m a k e  

th e m  in te r e s t in g  a n d  e f f i c i e n t  fo r  v a r io u s  a p p lic a t io n s .  T h e y  c a n  b e  g e n e r a t e d  o v e r  a 

w i d e  r a n g e  o f  p r e s s u r e s  w i t h  d if fe r e n t  e le c t r o n  te m p e r a tu r e s  a n d  d e n s i t i e s .  M o s t  

a p p lie d  p la s m a s  h a v e  e le c t r o n  te m p e r a tu r e s  b e t w e e n  1 -  2 0  e V  (1 e V  ~  1 . 6  X 1 0 ’ 19 

J o u le  ~  1 1 6 0 0  K )  a n d  d e n s i t i e s  b e t w e e n  1 0 6  -  1 0 1 8  ( e l e c t r o n s /c m 3) (F r id m a n  a n d  

K e n n e d y ,  2 0 0 4 ) .

2 .3 .2  P la s m a  G e n e r a t io n

T h e  io n iz a t io n  o f  th e  g a s e s  is  a c c o m p l i s h e d  b y  a p p ly in g  a n  e n e r g y  f i e ld  

u s in g  o n e  o f  th r e e  s o u r c e  f r e q u e n c ie s  r e g u la te d  b y  th e  fe d e r a l  g o v e r n m e n t  ะ
• L o w - f r e q u e n c y  (L F , 5 0 ^ 1 5 0  k H z )
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• R a d io - f r e q u e n c y  (R F , 1 3 .5 6  o r  2 7 .1 2  M H z )
• M ic r o w a v e  ( M W , 9 1 5  M H z  o r  2 .4 5  G H z )
T h e  p o w e r  r e q u ir e d  r a n g e s  fr o m  10  to  5 0 0 0  w a t ts , d e p e n d in g  o n  th e  s i z e  o f  

th e  r e a c to r  an d  th e  d e s ir e d  tr e a tm e n t  ( S h i s h o o ,  2 0 0 7 ) .
F r e q u e n c ie s  s e l e c t e d  fo r  th e  e n e r g y  f ie ld  s o u r c e  a re  c o n t r o l le d  b y  

in te r n a t io n a l  a g r e e m e n t s  to  p r e v e n t  u s e  o f  s o u r c e  f r e q u e n c ie s ,  w h ic h  w o u ld  in te r fe r e  

w it h  w o r ld w id e  c o m m u n ic a t io n  b a n d s . L o w  f r e q u e n c y  is  th e  l e a s t  e x p e n s i v e  m e th o d  

o f  e n e r g y  f ie ld  g e n e r a t io n .  U n f o r t u n a t e ly ,  L o w  f r e q u e n c y  is  a l s o  th e  le a s t  e f f i c i e n t  

m e t h o d  fo r  c le a n in g  a c t io n  a n d  s u r f a c e  m o d i f i c a t io n  to  th e  m a n u fa c tu r e r s . T h is  

f r e q u e n c y  s c o r e s  l o w  o n  a ll  c o u n t s .  S o ,  R F  o r  M W  f r e q u e n c y  s o u r c e s  a re  u s e d  in  

p la s m a  m a n u fa c tu r e r s . M W  s o u r c e  p la s m a s  a re  g e n e r a te d  d o w n s t r e a m  o r  in  a  

s e c o n d a r y  e n v ir o n m e n t .  D o w n s t r e a m  is  d e f in e d  a s  th e  p la s m a  g e n e r a te d  in  o n e  

c h a m b e r  a n d  d r a w n  b y  a  v a c u u m  d if f e r e n t ia l  in to  th e  w o r k  a r e a  o r  a n o th e r  c h a m b e r .  
T h o u g h  th is  c a n  b e  a d v a n t a g e o u s  fo r  o r g a n ic  r e m o v a l  fr o m  io n  s e n s i t iv e  c o m p o n e n t s  

it a ls o  p r o d u c e s  a  l e s s  h o m o g e n e o u s  p r o c e s s  r e s u lt in g  in  th e  c o m p r o m is in g  o f  

u n i f o r m it y  a c r o s s  th e  w o r k  area . In  s u r fa c e  m o d i f i c a t io n  th e  e f f e c t i v e  d e p th  o f  th e  

m o d i f i c a t io n  is  t e n s  o f  n a n o m e te r s  s o  th e  u n ifo r m ity  o f  th e  p r o c e s s  b e c o m e s  

in c r e a s in g ly  im p o r ta n t , r e n d e r in g  M W  s o u r c e  p la s m a s  a  l e s s  d e s ir a b le  c h o i c e .  R F  

p la s m a s  e x h ib it  s ig n i f ic a n t ly  h ig h e r  l e v e l s  o f  v a c u u m  u lt r a v io le t  r a d ia t io n  ( V U V ) ,  
w h i c h  in  p art e x p la in s  th e  h ig h e r  c o n c e n t r a t io n s  o f  e le c t r o n ic a l ly  c h a r g e d  p a r t ic le s  

th a n  fo u n d  in  o th e r  p la s m a  s o u r c e s .  R F  p la s m a s  h a v e  a ls o  b e e n  n o te d  to  b e  m o r e  

h o m o g e n e o u s ,  a  tra it th a t  is  c r i t ic a l  in  tr e a t in g  ir r e g u la r ly  s h a p e d  a n d  o v e r ly  la r g e  

o b j e c t s  ( N ic k e r s o n ,  1 9 9 8 ) .

2 .3 .3  C la s s i f ic a t io n  o f  P la s m a

P la s m a  s ta te s  c a n  b e  d iv id e d  in  t w o  m a in  c a te g o r ie s :  th e r m a l p la s m a s  

( e q u i l ib r iu m  p la s m a s )  a n d  n o n - th e r m a l  p la s m a  o r  c o ld  p la s m a  ( n o n - e q u i l ib r iu m  

p la s m a s ) .
2.3 .3 .1  T herm al p la sm a  or equ ilibriu m  p la sm a
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A s  th e  n a m e  s u g g e s t e d ,  th e r m a l p la s m a s  a re  ‘h o t ’ . T h e y  h a v e  h ig h  g a s  

te m p e r a tu r e s  ( u s u a l ly  >  1 0 ,0 0 0  K ) . T h e r m a l p la s m a s ,  a n  e s s e n t ia l  c o n d i t io n  fo r  th e  

fo r m a t io n  o f  th is  p la s m a  i s  s u f f ic i e n t ly  h ig h  w o r k in g  p r e s s u r e  a n d  l o w  e le c t r ic  f i e ld s .  
In  th is  ty p e ,  th e  e le c t r o n  te m p e r a tu r e  (Te) i s  a p p r o x im a t e ly  e q u a l to  n e u tr a l  
te m p e r a tu r e  (Tn), ( T e~ T n). T h e s e  p la s m a s  a re  u s u a l ly  s u s t a in e d  a t h ig h  p o w e r  

d e n s i t ie s  ( p o w e r  in p u t  p e r  u n it  v o lu m e )  a n d  h a v e  l o w  c h e m ic a l  s e l e c t i v i t y .  T h e  m a in  

d r a w b a c k s  o f  u s in g  th e r m a l p la s m a s  fo r  p la s m a  c h e m ic a l  a p p l ic a t io n s  a re  th e  

o v e r h e a t in g  o f  r e a c t io n  m e d ia  w h e n  e n e r g y  is  u n i f o r m ly  c o n s u m e d  b y  th e  r e a g e n ts  

in to  a l l  d e g r e e  o f  f r e e d o m  a n d , th u s  ,h ig h  e n e r g y  c o n s u m p t io n  r e q u ir e d  to  p r o v id e  

s p e c ia l  q u e n c h in g  o f  th e  r e a g e n ts .  E tc . T h e y  a re  o b v i o u s l y  o f  n o  in te r e s t  to  t e x t i l e  

m a n u fa c tu r e r s  (F r id m a n  a n d  k e n n e d y ,  2 0 0 4 ) .  L ig h t n in g  a n d  th e r m a l arc d i s c h a r g e s  

are e x a m p l e s  o f  n a tu r a l ly  o c c u r r in g  a n d  a r t i f i c ia l ly  g e n e r a te d  th e r m a l p la s m a s ,  
r e s p e c t iv e ly .

2 .3 .3 .2  N o n -th erm a lp la sm a  or non-equ ilibriu m  p la sm a

W h ile  N o n - t h e r m a l  P la s m a  in c lu d e  lo w - p r e s s u r e  d ir e c t  c u r r e n t ( D C )  

a n d  r a d io  fr e q u e n c y  (R F )  d i s c h a r g e s  ( s i le n t  d i s c h a r g e s ) ,  a n d  d is c h a r g e  fr o m  

f lu o r e s c e n t  ( n e o n )  i l lu m in a t in g  tu b e s . T h e r m a l c o n d i t io n  o f  e le c t r o n  t e m p e r a tu r e s  

( T e)  i s  e x t r e m e ly  h ig h e r  th a n  n e u tr a l t e m p e r a tu r e s  ( T n), (Te>Tท). T h e  fr e e  e le c t r o n s  

a re v e r y  h o t  in d e e d , w i t h  t y p ic a l  te m p e r a tu r e s  r a n g in g  fr o m  1 0 ,0 0 0  to  5 0 ,0 0 0  K , b u t  

th e  r e s t  o f  th e  s y s t e m ,  th e  io n s  a n d  n e u tr a ls ,  i s  a t o r  n e a r  r o o m  te m p e r a tu r e . B e c a u s e  

th e  f r e e  e le c t r o n s  c o m p r is e  m u c h , m u c h  l e s s  th a n  o n e  m i l l i o n  o f  th e  to ta l  m a s s  o f  th e  

s y s t e m ,  t h e y  h a v e  n e g l i g ib le  h e a t  c a p a c i t y ,  s o  th a t  th e  a c tu a l h e a t  c o n t e n t  o f  th e  

p la s m a  i s  lo w .  H o w e v e r ,  t h o s e  h o t , h ig h  e n e r g y  e le c t r o n s  a re  k e y s  to  th e  p o w e r  o f  

p la s m a  in  it s  a b i l i t y  to  c h a n g e  s u r f a c e s .  T h e y  c a r e e r  m a d ly  a r o u n d  th e  p la s m a  

v o lu m e ,  c o l l i d i n g  w i t h  th e  o th e r  m ic r o s c o p ic  c o m p o n e n t s  a n d  g e n e r a t in g  a  w e a l t h  o f  

n e w  m i c r o s c o p ic  s p e c i e s  w ith  c h e m ic a l  a n d  p h y s ic a l  e n e r g y . T h e y  o p e r a te  at l o w  

p o w e r  d e n s i t i e s ,  b u t h a v e  v e r y  g o o d  c h e m ic a l  s e l e c t iv i t y .  T h i s  p la s m a  c a n  b e  

c l a s s i f i e d  in to  s e v e r a l  t y p e s  d e p e n d in g  u p o n  th e ir  g e n e r a t io n  m e c h a n is m ,  th e ir  

p r e s s u r e  r a n g e , a n d  th e  e le c t r o d e  g e o m e t r y .  A n  e x a m p le  o f  n o n - th e r m a l  p la s m a  is  

g r o w  d is c h a r g e s ,  th e  o p e r a t in g  p r e s s u r e s  a re  n o r m a l ly  l e s s  th a n  1 k P a  a n d  h a v e  
e le c t r o n  te m p e r a tu r e s  o f  th e  o r d e r  o f  1 0 4 k  w i t h  io n s  a n d  n e u tr a l te m p e r a tu r e s
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a p p r o a c h in g  r o o m  te m p e r a tu r e  (F r id m a n  a n d  k e n n e d y ,  2 0 0 4 )  a n d  ( S h i s h o o ,2 0 0 7 ) .  
A n d  o th e r  t y p e s  o f  th is  p la s m a  are a u r o r a s , r a d io  f r e q u e n c y  d is c h a r g e ,  m ic r o w a v e  

d is c h a r g e ,  c o r o n a  d is c h a r g e ,  a n d  d ie le c tr ic - b a r r ie r  d is c h a r g e  ( D B D ) ,  w h ic h  th e  la t te r  

i s  u s e d  in  th is  s tu d y .

2 .3 .4  T y p e  o f  N o n - T h e r m a l  P la s m a

It is  c u s t o m a r y  to  d i v id e  n o n -e q u il iB r iu m  p la s m a s  in to  d i s t in c t iv e  

g r o u p s , d e p e n d in g  o n  th e  m e c h a n is m  u s e d  fo r  th e ir  g e n e r a t io n ,  th e ir  p r e s s u r e  r a n g e ,  
o r  th e  e l e c t r o d e  g e o m e tr y .  In  th is  s e c t io n ,  th e  m o s t  n o ta b le  c h a r a c t e r is t ic s  o f  th e  

f o l lo w i n g  s ix  n o n - t h e r m a l  d is c h a r g e s  a re  l is te d :

2 .3 .4 .1  G lo w  d isch arge
T h e  g l o w  d is c h a r g e  is  s ta t io n a r y  a n d  lo w - p r e s s u r e  d i s c h a r g e ,  

u s u a l ly  g e n e r a te d  b e t w e e n  f la t  e le c t r o d e s .  T h e  g l o w  c a n  b e  p r o d u c e d  b y  a p p ly in g  a  

p o te n t ia l  d i f f e r e n c e  b e t w e e n  e l e c t r o d e s  in  a  g a s .  A c c o r d in g  to  a  m o r e  d e s c r ip t iv e  

p h y s ic a l  d e f in i t io n :  a  g l o w  d is c h a r g e  is  th e  s e l f - s u s t a in e d  c o n t in u o u s  D C  d is c h a r g e  

h a v in g  a  c o l d  c a th o d e , w h i c h  e m it s  e le c t r o n s  a s  a  r e s u lt  o f  s e c o n d a r y  e m i s s i o n  

m o s t ly  in d u c e d  b y  p o s i t i v e  io n s .  A  s c h e m a t ic  d r a w in g  o f  a  t y p ic a l  n o r m a l  g l o w  

d is c h a r g e  i s  s h o w n  in  F ig u r e  2 .9  A n  im p o r ta n c e  d i s t in c t iv e  fe a tu r e  o f  th e  g e n e r a l  

s tr u c tu r e  o f  a  g l o w  d is c h a r g e  is  la r g e  p o s i t i v e  s p a c e  c h a r g e  a n d  s t r o n g  e le c t r ic  f i e ld  

w ith  a  p o t e n t ia l  d r o p  o f  a b o u t  1 0 0  to  5 0 0 .  T h e  t h ic k n e s s  o f  th e  c a t h o d e  la y e r  is  

in v e r s e ly  p r o p o r t io n a l  to  g a s  d e n s i t y  a n d  p r e s s u r e . I f  th e  d is ta n c e  b e t w e e n  e l e c t r o d e s  

i s  s u f f ic i e n t ly  la r g e , Q u a s i-n e u t r a l  p la s m a  w ith  a  l o w  e le c t r ic  f i e ld ,  th e  s o - c a l l e d  

p o s i t iv e  c o lu m n ,  is  fo r m e d  b e t w e e n  th e  c a th o d e  la y e r  a n d  a n o d e . T h e  p o s i t i v é  o f  à  

g l o w  d is c h a r g e  is  th e  m o s t  tr a d it io n a l  e x a m p le  o f  w e a k ly  io n iz e d ,  n o n - e q u i l ib r iu m ,  
lo w - p r e s s u r e  p la s m a  (F r id m a n  a n d  K e n n e d y ,  2 0 0 4 ) .

CATHODE  DARK SP A C E

F i g u r e  2 .9  G e n e r a l  s tr u c tu r e  o f  a  g l o w  d is c h a r g e  (F r id m a n  a n d  K e n n e d y ,  2 0 0 4 ) .
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O n e  r e a s o n  f o r  th e  p o p u la r ity  o f  g l o w  d is c h a r g e s  is  th e  c o m p a r a t iv e ly
l o w  v o l t a g e  a n d  cu rren t n e e d e d  to  ru n  th e m . It h a s  b e c o m e  a n  im p o r ta n t  la b o r a to r y  

t o o l  fo r  p la s m a  c h e m ic a l  in v e s t ig a t io n .  In th e  l ig h t in g  in d u s tr y , th e  n e o n  tu b e s  u s e d  

fo r  o u td o o r  a d v e r t is in g  a n d  th e  f lu o r e s c e n t  t u b e s  a re  e x a m p le s  o f  p r a c t ic a l  

a p p lic a t io n s  o f  g lo w  d is c h a r g e s .  H o w e v e r ,  th e  t o o  l o w  p r e s su r e  a n d  th e  r e s u lt in g  l o w  

m a s s  f l o w ,  th e  g lo w  d is c h a r g e  h a s  n o t  b e e n  u s e d  fo r  in d u s tr ia l p r o d u c t io n  o f  

c h e m ic a ls .

th e  la b o r a to r y  to  p r o d u c e  p la s m a s  fo r  o p t ic a l  e m i s s i o n  s p e c t r o s c o p y  a n d  fo r  p la s m a  

c h e m ic a l  in v e s t ig a t io n .  R F  d is c h a r g e s  c a n  b e  c la s s i f i e d  in to  tw o  t y p e s  a c c o r d in g  to  

th e  m e th o d  o f  c o u p l in g  th e  R F  p o w e r  w it h  th e  lo a d :  c a p a c i t iv e  c o u p l in g  a n d  

in d u c t iv e  c o u p l in g .  F ig u r e  2 .1 0  s h o w s  th e  s e tu p  t y p ic a l ly  c o n s i s t s  o f  a n  R F  

g e n e r a to r , a  m a tc h in g  n e tw o r k ,  a n d  a n  a n te n n a  o f  c a p a c i t iv e  c o u p l in g  (C h u  a n d  L iu ,
2 0 0 8 ) .  R F  d is c h a r g e s  w o r k  w e l l  at l o w  p r e s s u r e ,  b u t a re  u s e d  a l s o  at a t m o s p h e r ic  

p r e s su r e . L o w - p r e s s u r e  R F  d is c h a r g e s  fo r  e t c h in g  p u r p o s e s  h a v e  f o u n d  w id e s p r e a d  

a p p lic a t io n s  in  s e m ic o n d u c t o r  m a n u fa c tu r in g . A s  l o n g  a s  th e  c o l l i s i o n  f r e q u e n c y  is  

h ig h e r  th a n  th e  f r e q u e n c y  o f  th e  a p p lie d  f i e ld ,  th e  d i s c h a r g e  b e h a v e s  v e r y  m u c h  l ik e  

a d c  d is c h a r g e .  T h is  im p l ie s  th a t n o n -e q u i l ib r iu m  c o n d i t io n s  c a n  b e  e x p e c t e d  a t l o w  

p r e s s u r e s ,  w h e r e a s  th e r m a l p la s m a s  a re  g e n e r a te d  at a b o u t  a tm o s p h e r ic  p r e s s u r e .

2 3 . 4 . 2  R adio  F requency d isch arge
T h e  r a d io  f r e q u e n c y  (R F )  d i s c h a r g e s  a re  u s e d  e x t e n s iv e l y  in

Figure 2.10 S c h e m a t ic  d ia g r a m  o f  a  c a p a c i t iv e ly - c o u p le d  p la s m a  ( C C P )  p la s m a  

s o u r c e  w ith  a n  e q u iv a le n t  e le c t r ic a l  c ir c u it .
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2.3.4.3 M icro w a ve  d isch a rg e
The plasma is contained in a dielectric tube of a few 

centimeters diameter and is sustained by an electromagnetic wave, which uses only 
the plasma column and the tube as its propagating media. They can operate over a 
large frequency and pressure range and can produce large-volume non-equilibrium 
plasmas of reasonable homogeneity. Plasma columns of up to 4-m length have been 
thus produced. Due to the large pressure range, under.which these discharges can be 
operated, electron densities between 108 and 1015 cm’3 have been reported. 
Applications so far have been limited to elemental analysis and lasing media. The 
ease of operation and the possibility of imposing a gas flow make these discharges 
attractive also for plasma chemical investigations. An.example of Microwave 
discharge as shown in Figure 2.11b  WORKING

GASES

COOLING 
WATER -

WAVEGUIDE

MICRO

WAVES

‘’ร ,
RESONATOR

IiP^  r | ' j  '
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F ig u r e  2 .1 1  Schematic drawing of Microwave discharge. 
(http://www.plasma.inpe.br/LAP Portal/LAP Site/Figures, 17 April 2009)

2.3.4.4 G lid in g  arc  d isch a rg e
The gliding arc discharge is a non-thermal plasma technique, 

which has least two diverging knife-shape electrode. These electrodes are immersed 
in a fast flow of feed gas. A high voltage and relatively low current discharge are 
generated across the fast gas flow between the electrodes (Fridman, 1999). During 
the gliding arc evolution the plasma goes through a variety of different states and 
these phases of the gliding arc are shown in Figure 2.12

http://www.plasma.inpe.br/LAP
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F ig u r e  2 .1 2  Phases of gliding arc evolution: (A) initial gas break-down; (B) 
equilibrium heating phase; (C) non-equilibrium reaction phase.

The initial break-down (A) of the processed gas begins the cycle of the 
gliding arc evolution. The high voltage generator provides the necessary electric field 
to break down the air between the electrodes and the discharge starts at the shortest 
distance (1-2 mm) between the two electrodes (Fridman e t a l . ,  1999).

The equilibrium stage (B) takes place after formation of a stable plasma 
channel. The gas flow at a velocity of about 10 m/s and the length of the arc column 
increase together with voltage (Fridman e t a l . ,  1999).

The non-equilibrium stage (C) When the length of the gliding arc 
exceeds its critical value, heat losses from the plasma column begin to exceed the 
energy supplied by the source, so it is not possible to sustain the plasma in the state 
of thermodynamic equilibrium. As a result, the discharge plasma rapidly cools to the 
gas temperature (about To = 2000 K) while the plasma conductivity is maintained by 
a high value of the electron temperature Te = 1 eV (about 11,000 K). After the decay 
of the non-equilibrium discharge, there is new breakdown at the shortest distance 
between electrodes and the cycle repeats (Fridman et a l . ,  1999).

2.3.4.5 C o ro n a  D isch a rg e
Corona discharges are plasmas that result from the high 

electric field that surrounds an electrically conductive spatial singularity when a
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voltage is applied. Corona generation systems usually take the form of two opposing 
electrically conductive electrodes separated by a gap containing the gas from which 
the plasma is generated and connected to a high voltage source. Corona discharge 
differs from glow discharge (weak current) and arc discharge (high current) with 
respect to the flow of current. The high electric field around the singularity, i.e. the 
point of the needle or the wire, causes electrical breakdown and ionisation of 
whatever gas surrounds the singularity, and plasma is created, which discharges in a 
fountain-like spray out from the point or wire (Shishoo, 2007). One way of 
stabilizing the discharge at high pressure is the use of inhomogeneous electrode 
geometries, e.g. a point electrode and a plane, such as in Figure 2.13, or a thin wire.

Discharge
volume

Electrode

Figure 2.13 The corona discharge-inhomogeneous discharge at atmospheric pressure.

2.3.4.6 D ie lec tr ic  B a rr ie r  D isch a rg e
A dielectric barrier discharge (DBD) is generated in the space 

between two electrodes, each of which is covered with an insulating, dielectric 
coating. Sometimes dielectric-barrier discharges are also called silent discharges 
because of the absence of sparks that are accompanied by local overheating, 
generation of local shock waves, and noise (Fridman and Kennedy, 2004). A DC, 
AC, or pulsed high voltage is applied to the electrodes, which stimulates electron



2 0

emission from the instantaneous cathode. These electrons avalanche to form a 
filament across the gap. DBD plasma has inherent advantages over the discharges, 
which have been treated until now. It combines the large volume excitation of the 
glow discharge with the high pressure of the corona discharge. The main elements of 
dielectric barrier discharge configuration are shown in figure 2.14

F ig u r e  2 .1 4  Experiment Set up of Dielectric Barrier Discharge Plasma (DBD) 
(Agostino e t a l., 2005).

2.15) or cylindrical (Figure 2.16) configurations'. The parallel-plate configuration is 
used to surface treat fast-moving webs and films, and the annular volume of the 
cylindrical configuration is used to treat airflows for ozone production. At least one 
electrode of these geometries is covered with an insulating dielectric barrier to 
prevent real currents from flowing from the discharge volume to the electrodes and 
power supply.

Oxygen Plasma

DBD plasmas are normally operated in one of the parallel-plate (Figure
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H.v. HV. H.v.

xxxxxxx

F ig u r e  2 .1 5  Schematic Diagram of Parallel-Plate DBD Plasma Source 
Configurations.

fd) ~  (e) "  (f)

■ ■ ■ ■ ■ ■ ■ ■  ELECTRODE i / y y y y ไ) DIELECTRIC 

F ig u r e  2 .1 6  Schematic Diagram of Cylindrical DBD Plasma Source Configurations.

2.4 Interaction of Plasmas with Polymer Surfaces

In the plasma treatment of polymers, energetic particles and photons 
generated in the plasma interact strongly with the polymer surface, usually via free 
radical chemistry. In plasma which does not give rise to thin film deposition, four 
major effects on surfaces are normally observed. Each is always present to some 
degree, but one may be favored over the others, depending on the substrate and the
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gas chemistry, the reactor design, and the operating parameters. The four major 
effects are:

1. ) Surface cleaning, that is, removal of organic contamination that interferes
with adhesion processes.

2. ) Ablation or etching of material from the surface, it is important for
cleaning of badly contaminated surface, for the removal of weak 
boundary and increase the surface area.

3. ) Cross-linking of near-surface molecules, which can cohesively strengthen
the surface layer.

4. ) Modification of surface-chemical structure, which can occur during
plasma treatment itself, and upon re-exposure of the treated part to air, at 
which time residual free radicals can react with atmospheric oxygen or 
water vapor.
Plasma treatment can be used with great effect to improve the bond 

strength of polymer to fibre and polymer to polymer combinations. In these cases, 
the improved adhesion results from both increased wettability of the treated substrate 
and the modification of surface chemistry of the polymer (Mittal e t al. ,2000)

2.5 Literature Survey on Surface Modification of Polymers by Plasma 
Treatment

Plasma treatment is frequently used for the improvement of adhesion 
and wettability of polymeric materials, and it has been reported by a number of 
authors. The machanisms of surface functionalization of polymeric substrates are 
different from the gas-phase processes. The advantage of this technique is that 
plasma treatment only changes the uppermost atomic layers of a material surface 
without modifying the bulk properties. The amount of toxic byproducts is low 
compared to other methods.

Yang and Gupta (2004) demonstrated that an atmospheric-pressure 
plasma was generated by a RF discharge in a gas mixture of helium and oxygen 
could be used to modify PET surfaces. It was found that contact angle could be
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reduced from 70 to 28° in less than 1 ร of exposure time, and analysis on ion energy 
suggested that ions have no direct contribution to the surface modification. The 
absorption spectroscopy measurements indicated the presence of ozone and oxygen 
atoms that are responsible for the surface modification.

In 2006, Dumitrascu et al. reported the modification of woven commercial 
natural, synthetic and mixed fabrics surface produce by a dielectric barrier discharge 
plasma, which is run in air, argon and nitrogen at. atmospheric pressure. They 
resulted that a DBD plasma can be used to modify in a very uniform way the surface 
of textile materials, leading to enhanced hydrophilicity. The enhanced wettability and 
wickability appeared to be strongly increased within the first 0.1-0.2 ร of treatment. 
Any subsequent surface modification following longer treatment (>1.0 ร) was less 
important. The increased wettability could be attributed to the increased level of 
oxidation, where supplementary polar functionalities are created on the fabric fibre 
surface, as observed by X-ray photoelectron spectroscopy (XPS).

De Geyter e t al. (2007) studied modification of polyester (PET) and 
polypropylene (PP) film by a dielectric barrier discharge in air, helium, and argon 
atmosphere at medium pressure (5.0 kpa). It was found that the polymer films 
modified in air, helium, and argon shown a remarkable increase in hydrophilicity due 
to the implantation of oxygen-containing group, such as C-O, 0-C =0, and c=0. In 
the formation of oxygen-containing functionalities than an argon plasma, which is 
more efficient than helium plasma. In an plasma, most of the created radicals at the 
polymer surface will quickly react with an oxygen particle, resulting in an efficient 
implantation of oxygen functionalities.

The primary effect of the plasma treatment was on surface roughness, in good - 
accordance with atomic force microscopy (AFM) roughness data. A AFM study was 
done by Poletti et al. (2003) to quantify the effect of gas composition on the surface 
roughness. Figure 2.17 shows AFM images of the untreated and the 1 min and 2 min 
air plasma treated PET samples. The surface of the untreated PET textile appeared to 
be flatter compared to the treated samples. The treated samples showed that the air 
plasma treatment induced pits and micropores whose density, depth and size 
increased as a function of exposure time.
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Figure 2.17 3-D views of AFM Images of PET Textile Surface, (a) Untreated 
Surface; (b) 60 ร Treated Surface; (c) 120 ร Treated Surface

Also in 2007, Park et al. studied on effect of dielectric barrier discharge on 
surface modification characteristic of polyimide film. The DBD plasma treatment 
power was fixed at 12 kv and medium frequency of 30"kFIz, and the treatment 
temperature was kept below 35°c. It was found that the number of c= 0  and C-O-C 
species on the PI surface could be increased after the DBD plasma treatment because 
of the oxidation in air of the active species. Also, the Ra value of the PI film surfaces 
were confirm by AFM. They result that the adhesion of the PI film with the mixed 
gas between N2 and air at treatment time 5 min was much higher than untreated 
sample.

Bae et al. (2001) reported that the TGA data where no significant 
deterioration of morphology of pp membranes was observed by plasma treatment. 
Both virgin and plasma treated pp membranes were thermally stable up to 200°c, 
even though slight weight loss was observed above 220°c for the plasma treated pp 
samples. This was probably due to the degradation of small amount of short
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molecules not strongly bound to pp surface. Results shown that tensile strength of pp 
membranes before and
after plasma treatment. Also, no significant difference was observed in mechanical 
strength between the two types of pp membranes.

In 2008, Khorasani e t al. modified the surface of poly (L-lactic acid) 
(PLLA) and poly (D, L-lactic acid-coglycolic acid) (PLGA) for improvement of 
nerve cell adhesion by using Radio frequency (RF) plasma treatment in O2 . It was 
found that the hydrophilicity increase greatly after O2 plasma treatment. The results 
showed that improved cell adhesion was attributed to the combination of surface 
chemistry and surface wettabillity during plasma treatment. Cell culture result 
showed that B65 nervous cell attachment and growth on the plasma treated PLLA 
was much higher than an unmodified sample and PLGA.

Yang e t al. (2009) investigated the effect of a glow discharge plasma 
treatment can inco'rporated polar functional group onto the surface of the PET film 
causing decrease in the contact angle and rise in surface free energy. The decrease of 
contact angle suggests that the formation of hydrophilic groups on the plasma treated 
polymer film surface. They explained that the plasma creates radical species on the 
polymer surface, mainly through polymer chain scission or hydrogen abstraction by 
bombardment of plasma particle. This species can combine with oxygen in the air, 
thus also contributing to increase the amount of polar groups such as -OH, c=0, 
COOH and COO- on the plasma treated polymer surfaces.

Zhang and Fang (2009) reported the modification of polyester fabrics by 
plasma treated with a dielectric barrier discharge (DBD) in air/Ar at atmospheric 
pressure and at a power of 300 พ. The SEM images shown that the untreated 
polyester fiber had smooth surface (Figure 2.18 a.) but the treated with plasma had 
an evident change with the presence of grooves in the fiber surface morphology 
(Figure 2.18 b.). The roughness indicated that etching action had occurred to the 
fiber surface.
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F ig u r e  2 .1 8  SEM images of the Polyester Fibers, (a) Untreated; (b) air/Ar Plasma 
Treated at a Dielectrics Space of 3 mm for 150 ร.
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