
RESULT AND DISCUSSION

T h e  c h a p te r  c o n c e n t r a te s  o n  th e  r e s u l t  a n d  d is c u s s io n  o b ta in e d  f ro m  s tu d y . N o t 

o n ly , th e re  is  a  s tu d y  o n  th e  e f f e c t  o f  v a r io u s  fa c to r s  o n  th e  p e r fo rm a n c e  o f  th e  

a d s o rp tio n ,  b u t  th e  p r o p e r t ie s  o f  a d s o r b e n ts  a re  a ls o  d e s c r ib e d .  T h e  r e s u l ts  a n d  

d is c u s s io n s  o f  a l l  a d s o r b e n ts  w e re  d iv id e d  in to  tw o  g ro u p s . T h e  f i r s t  w a s  c h i t in  a n d  

c h i to s a n  p re p a re d  in  th e  la b o r a to ry . T h e  s e c o n d  w a s  c h i to s a n  p u r c h a s e d  f ro m  S e a  

F re s h  C o .,  L td . T h e  r e s u l t  o f  a d s o r p t io n  c u t t in g  f lu id  o f  a ll  a d s o r b e n ts  is  p re s e n te d  a s  

fo l lo w s :

4.1. Preliminary experimental
4.1.1. Effect of motor stirrer speed
In  th i s  s e c t io n ,  r e la t io n s h ip  b e tw e e n  s p e e d  o f  m o to r  s t i r r e r  a n d  a d s o rp tio n  

c a p a c ity  w a s  c o n s id e r e d ,  a s  s h o w n  in  F ig u re  4 .1  a n d  4 .2 . A d s o r p t io n  c a p a c ity  o f  

c u t t in g  f lu id s  o n  e i th e r  c h i to s a n  b e a d s  o r  b le n d e d  c h i to s a n /P V A  in c re a s e s  w h e n  sp e e d  

o f  s t i r r e r  u s e d  in  m ix in g  p ro c e s s  in c re a s e s  f ro m  6 0 0  rp m  to  2 1 0 0 0  rp m  (R e y n o ld s  

n u m b e r  v a r y  in  r a n g e  1 .2 x l 0 6 to  4 2 . 1 x l 0 6, th e  c a lc u la te d  s h o w  in  A p p e n d ix  I ). S ti ll  

in c re a s in g  in  th e  s p e e d ,  th e  c a p a c ity  d o e s  n o t  c h a n g e .  T h e  s iz e  o f  o il d ro p le ts  in  th e  

e m u ls io n  is  r e d u c e d  f ro m  0 .0 2  to  0 .0 0 5  m m  w h e n  th e  s p e e d  in c r e a s e s  f ro m  1 2 0 0  rp m

to  2 1 0 0 0  rp m .
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Figure 4.1 A d s o r p t io n  c a p a c i ty  o f  c u t t in g  f lu id s  o n  2 g  c h i to s a n  p r e p a r e d  in  th is  w o rk  

a s  a  f u n c t io n  o f  s t i r r e r  s p e e d  w h e n  th e  in i t ia l  c o n c e n t r a t io n  o f  c u t t in g  f lu id s  

is  a t  0 .1  %  w /v  a n d  p H  3 ♦  6 0 0  rp m , ■  1 2 0 0  rp m , ▲  2 0 0 0  rp m  a n d  

•  2 1 0 0 0  rp m

Figure 4.2 A d s o r p t io n  c a p a c i ty  o f  c u t t in g  f lu id s  o n  2 g  b le n d e d  c h i to s a n /P V A  as  a 

f u n c t io n  o f  s t i r r e r  s p e e d  w h e n  in i t ia l  c u t t in g  f lu id s  c o n c e n t r a t io n  a t 0.1 %  

w /v  a n d  p H  3 o f  ♦  6 0 0  rp m , ■  1 2 0 0  rp m , ▲  2 0 0 0  rp m  a n d  •  2 1 0 0 0  rp m
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T h e  s m a l l e r  th e  s iz e  o f  o il  d ro p le ts ,  th e  h ig h e r  th e  s p e e d  is  r e q u i r e d ,  a s  s h o w n  in  

F ig u re  4 .3 .  T h e r e f o r e ,  th e  d r o p le t  d is p e r s e s  v e ry  w e ll  in  th e  e m u ls io n  a n d  th e n  le a d s  to  

t r a n s f o r m a t io n  to  th e  a d s o rb e n ts .  F ro m  th e  a b o v e , c u t t in g  f lu id s  w i l l  b e  p re p a re d  u s in g  

s p e e d  o f  s t i r r e r  a t  1 2 0 0  rp m  fo r  10 m in .

(c )  2 1 0 0 0  rp m

Figure 4.3 O p tic a l  m ic r o g r a p h  o f  c u t t in g  f lu id  e m u ls io n  d is p e r s io n  in  w a te r :

(a )  1 2 0 0  rp m ; (b )  2 0 0 0  rp m  a n d  (c )  2 1 0 0 0  rp m

4.1.2. Source of chitosan
A p p e a r a n c e  o f  c h i t in  e x t r a c te d  f ro m  a  b la c k  t ig e r  s h r im p  w a s  f a d e d  o ra n g e  

f la k e s . T h e  f la k e s  w e r e  in s o lu b le  in  a  d i lu te d  a c id , b a s e  a n d  d e io n iz a te d  w a te r .  F ro m  

th e  e x p e r im e n ts ,  it w a s  fo u n d  th a t  2 3 7 .3 5  g  o f  c h i t in  w a s  e x t r a c te d  f ro m  8 6 4 .1 0  g  o f  

d r ie d  b la c k  t ig e r  s h r im p  s h e ll .
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A p p e a r a n c e  o f  c h i to s a n  w a s  fa d e d  y e l lo w  f la k e s ,  g lo s s y  a n d  in s o lu b le  in  

d e io n iz a te d  w a te r  a n d  d i lu te d  b a s e . C h i to s a n  is  d is s o lv e d  b y  a c id .  It w a s  fo u n d  th a t 

1 6 8 .2 5  g  o f  c h i to s a n  w a s  e x t r a c te d  f ro m  2 0 2 .4 6  g  o f  c h i t in  f la k e s .  T h is  c h i to s a n  f la k e s  

w a s  f o r m e d  in to  b e a d s .  A d s o r p t io n  o n  c h i to s a n  p re p a re d  in  th i s  w o rk  a n d  o n  c h ito s a n  

p u r c h a s e d  f r o m  S e a  F r e s h  C o .,  L td .,  w a s  c o m p a r e d . I t w a s  f o u n d  th a t  a d s o rp tio n  

c a p a c i ty  o f  c u t t i n g  f lu id s  o n  b o th  c h i to s a n s  is  n o t  m u c h  d if f e r e n t ,  a s  s h o w n  in  F ig u re

4 .4 .

C o n s id e r in g  a d s o r p t io n  c a p a c i ty  o f  c u t t in g  f lu id s  o n  c h i to s a n  p r e p a r e d  in  th e  

la b o r a to ry  a n d  c h i to s a n  p u r c h a s e d  f ro m  S e a  F r e s h  C o .,  L td .,  u n d e r  th e  c o n d i t io n  o f

1 .0 0  %  w /v  c u t t in g  f lu id s  c o n c e n t r a t io n  a n d  p H  3. T h e  c h i to s a n  f r o m  b o th  s o u rc e s  h a d  

th e  s a m e  d e g r e e  o f  d e a c e ty la t io n  (%  D D  >  9 0 % ). T h e y  a ls o  h a d  th e  s a m e  fu n c t io n a l  

g ro u p  in  s t r u c tu r e  s h o w n  in  F ig u re  4 .5 . B u t c h i to s a n  p u r c h a s e d  f r o m  S e a  F r e s h  C o ., 

L td .,  w o u ld  b e  u s e d  in  b a tc h  a n d  c o n tio u o u s  e x p e r im e n ta l  m o d e s  s in c e  th is  c h i to s a n  

d is c h a r g e d  le s s  w a s te  in  la b o ra to ry .



qe
 (m

g/
g)

66
200

1 5 0  4

Figure 4 .4  C o m p a r in g  a d s o r p t io n  c a p a c ity  o n  2  g  in i t ia l  c u t t in g  f lu id s  a t  1.0 0  %  พ /V 

a n d  p H  3 o f  ♦  c h i to s a n  f ro m  b la c k  t ig e r  s h r im p  ■  c h i to s a n  f ro m  S e a  

F r e s h  C o . L td .

cm-1

Figure 4 .5  F T - I R  s p e c tu a  o f  c h i to s a n s  (a )  f ro m  b la c k  t ig e r  s h r im p  

(b )  f ro m  S e a  F re s h  C o ., L td .,
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4.1.3. Concentration of chitosan solution
E f fe c t  o f  c o n c e n t r a t io n  o f  c h i to s a n  s o lu t io n  o n  a d s o r p t io n  c a p a c i ty  w a s  s h o w n  in  

F ig u re  4 .6 . I n c r e a s in g  c h i to s a n  c o n c e n t r a t io n  f r o m  1.2  %  w /v  to  2 .0  %  w /v , th e  

c a p a c ity  in c r e a s e s  f r o m  9 0  to  135 m g /g  w h e n  u s in g  2  g  c h i to s a n  b e a d s  a n d  1 .0  %  w /v  

in i t ia l  c o n c e n t r a t io n  o f  c u t t in g  f lu id s  a t  p H  3. F u r th e r  in c r e a s in g  th e  c h i to s a n  s o lu t io n  

c o n c e n t r a t io n  to  2 .2  %  w /v  to  th e  b e a d s , it  w a s  fo u n d  th a t  th e  c a p a c ity  d ro p s  

s ig n if ic a n tly .  T h is  is  d u e  to  v is c o s i ty  o f  th e  s o lu t io n .  T h e  v is c o s i ty  in c re a s e s  w i th  th e  

s o lu t io n  c o n c e n t r a t io n  th e  g re a t  th e  v is c o s i ty  o f  th e  s o lu t io n ,  th e  d e n s e  b e a d s  a re  

o b ta in s .  T h e  v is c o s i ty  o f  c h i to s a n  s o lu t io n  c h a n g e  in  th e  r a n g e  4 8 6 .1  to  3 8 0 .3 x l 0 3 c P  

fo r  c h i to s a n  s o lu t io n  1 .2 %  to  2 .2  %  w /v , r e s p e c t iv e ly .  T h e r e f o r e ,  th e  c h i to s a n  s o lu t io n  

c o n c e n t r a t io n  a t  2 .0  %  w /v  w a s  c h o s e n  to  p r e p a r e  th e  b e a d s  f o r  f u r th e r  s tu d ie s .

Figure 4.6 A d s o r p t io n  c a p a c i ty  o f  c u t t in g  f lu id s  b y  v a r ia t io n  c h i to s a n  s o lu t io n

c o n c e n t r a t io n  a t  c u t t in g  f lu id s  c o n c e n t r a t io n s  o f  1 .0 0  %  w /v  a n d  p H  3 o f  

c o n c e n t r a t io n  o f  c h i to s a n  s o lu t io n  ♦  1 .2 0  %  w /v , ■  1 .7 0  %  w /v , ▲  2 .0 0  %

w /v  a n d  X 2 .2 0  %  w /v
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4.1.4. Ratio of chitosan to polyvinyl alcohol
C u t t in g  f lu id s  a d s o r p t io n  c a p a c i ty  a s  a  fu n c t io n  o f  c h i to s a n  p o ly v in y l  a lc o h o l 

ra t io  w a s  s tu d ie d ,  a s  s h o w n  in  F ig u r e  4 .7 . C a p a c ity  w a s  d e c r e a s e d  w h e n  th e  f ra c tio n  

ra t io  o f  c h i to s a n  to  p o ly v in y l  a lc o h o l  in c r e a s e d  f ro m  1:1 to  1 :2 . H y d ro x y l  g ro u p s  in  

th e  s t r u c tu re  o f  p o ly v in y l  a lc o h o l  fo rm  h y d r o g e n  b o n d in g  w i th  h y d r o x y l  g ro u p s  in  th e  

c h i to s a n .  T h e r e f o r e  le s s  h y d r o p h i l i c  p r o p e r ty  w a s  o b ta in e d  a s  a d d i t io n  o f  p o ly v in y l  

a lc o h o l .  E x c e s s  p o ly v in y l  b o n d s  w i th  a m in o  g ro u p s  in  c h i to s a n  [3 2 ]  c o n s e q u e n t ly  le a d  

to  le s s  c a p a c ity .  I n  a d d i t io n ,  c o n ta c t  a n g le  o f  b le n d e d  c h i to s a n /P V A  1:1 (1 9 .7 8 ° )  is  le s s  

th a n  th a t  o f  c h i to s a n  (2 5 ° )  a n d  b le n d e d  c h i to s a n /P V A  1 :2 (2 5 ° )  w h e r e  th e  a m p li tu d e  o f  

c o n ta c t  a n g le  is  p r e s e n te d  in  p a r e n th e s is .  F r o m  a b o v e ,  b le n d e d  c h i to s a n /P V A  1:1 w a s  

c h o s e n  to  s tu d y  in  th e  n e x t  s e c t io n .

Figure 4.7 A d s o r p t io n  c a p a c i ty  o f  c u t t in g  f lu id s  o n  ■  b le n d e d  c h i to s a n /P V A  1:1 , 

▲  b le n d e d  c h i to s a n /P V A  1 :2 w h e n  th e  in i t ia l  c u t t in g  f lu id s  is 1 .0  %

w /v  a t  p H  3
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4.1.5. Crosslink with glutaraldehyde
O w in g  to  th e  l im i ta t io n  o f  a p p l ic a t io n  o f  c h i to s a n  a n d  b le n d e d  c h i to s a n /P V A  in  

a c id ic  c o n d i t io n ,  c r o s s l in k in g  is  th e n  in t ro d u c e d  to  e l im in a te  th is  l im it .  T h e  c h i to s a n  

w h ic h  c r o s s l in k e d  w i th  g lu ta r a ld e h y d e  is  v e ry  s ta b le  e v e n  in  e i th e r  a c id ic  o r  b a s ic  

s o lu t io n  [3 3 , 3 4 ] , T h e r e f o r e ,  c ro s s l in k in g  w ith  g lu ta r a ld e h y d e  is  in t ro d u c e d  to  b le n d e d  

c h i to s a n /P V A  1 :1 . F ig u r e  4 .8  s h o w s  th e  e f f e c t  o f  c r o s s l in k in g  w i th  g lu ta ra ld e h y d e  o n  

a d s o r p t io n  c a p a c i ty .  T h e  a d s o r p t io n  c a p a c ity  d e c r e a s e s  w i th  in c r e a s in g  p e rc e n ta g e  o f  

g lu ta r a ld e h y d e .  T h is  is  d u e  to  b o n d in g  b e tw e e n  g lu ta r a ld e h y d e  a n d  a m in o  g ro u p s  in  

c h i to s a n .  T h e r e f o r e ,  th e r e  is  n o t  e n o u g h  a d s o rb e d  s i te  o n  th e  a d s o rb e n t .  C o m p a r is o n  

e f f e c t  o f  c r o s s l in k in g  o n  a d s o r p t io n  c a p a c ity  w h e n  u s in g  d i f f e r e n t  a d s o r b e n ts  is s h o w n  

in  F ig u r e  4 .9 .  C r o s s l in k in g  w i th  g lu ta ra ld e h y d e  d o e s  n o t  e n c o u r a g e  a n  a d s o rp tio n  

b e c a u s e  o f  le a k in g  o f  a d s o r b e d  s ite s . T h e r e f o r e ,  c r o s s l in k in g  c h i to s a n  w ith  

g lu ta r a ld e h y d e  a n d  c r o s s l in k  b le n d e d  c h i to s a n /P V A  1:1 a re  n o t  c h o s e n  to  in v e s t ig a te  

in  th e  fu r th e r  s tu d ie s .
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Figure 4.8 A d s o r p t io n  c a p a c i ty  o f  0 .1  %  w /v  c u t t in g  f lu id s  a n d  p H  3 o n  c h i to s a n  

w h ic h  c r o s s l in k  w i th  G L A  ♦  0.1 % , น 1 .5  % , A 2.5  %  a n d  0 c h i to s a n

Figure 4.9 A d s o r p t io n  c a p a c i ty  o f  0 .1  %  c u t t in g  f lu id s  a t  p H  3 o n  ♦  c h i to s a n , 

■  c r o s s l in k in g  c h i to s a n  w ith  G L A  a n d  A b le n d e d  c ro s s l in k

c h i to s a n /P V A  w i th  1.5 %  w /v  G L A
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F r o m  p r e l im in a r y  a d s o rp tio n  o f  c u t t in g  f lu id s ,  it s u g g e s ts  th a t  c h i to s a n  a n d  

b le n d e d  c h i to s a n /P V A  1:1 a re  a  n e w  a d s o r b e n t  fo r  a d s o r b in g  c u t t in g  f lu id s  fro m  

w a s te w a te r  o f  m a c h in a r y  p ro c e s s .  T h u s ,  m o d i f ic a t io n  o f  c h i to s a n  is  n e e d e d  to  in c re a s e  

a d s o rp t io n  c a p a c i ty .

4.2. Batch mode
In  th i s  s e c t io n ,  e f f e c ts  o f  p a ra m e te r s  o n  a d s o r p t io n  c a p a c i ty  a r e  in v e s t ig a te d .  T h e  

c h o s e n  p a r a m e te r s  a r e  in i t ia l  c u t t in g  f lu id s  c o n c e n t r a t io n ,  p H  c o n d i t io n ,  s a l t  a n d  ty p e  

o f  a d s o rb e n t .  T y p e  o f  a d s o rb e n ts  u s e d  in  th i s  s e c t io n  w e re  c h i to s a n  (C H ) , b le n d e d  

c h i to s a n /P V A  1:1 (C H /P V A ) ,  b e n z o y l  c h i to s a n  (B C H ) , q u a te r a m in a te d  c h i to s a n  

(Q C H ) , c h i to s a n - s o d iu m  la u ra y  s u lf a te  ( C H - S D S ) ,  c h i to s a n - h e x a d e c y l t r im e th y  

a m m o n iu m  b r o m id e  (C H - C -T a b ) ,  c h i to s a n -  p o ly o x y e th y le n e  s o rb i ta n m o n o o le a te  (C H - 

T w e e n  8 0 ) ,  b le n d e d  c h i to s a n /P V A - s o d iu m  la u ra y  s u lf a te  ( B C H - S D S ) ,  b le n d e d  

c h i to s a n /P V A - h e x a d e c y l t r im e th y  a m m o n iu m  b ro m id e  ( B C H - C - T a b )  a n d  b le n d e d  

c h i to s a n /P V A - p o ly o x y e th y le n e  s o r b i ta n m o n o o le a te  ( B C H - T w e e n  8 0 ).

4.2.1. Initial cutting fluids concentration
E f fe c t  o f  in i t ia l  c u t t in g  f lu id s  c o n c e n t r a t io n  o n  a d s o rp tio n  c a p a c i ty  is  s h o w n  in  

F ig u re  4 .1 0 . W h e n  in i t ia l  c o n c e n t r a t io n  in c r e a s e s  f ro m  0.1 %  w /v  to  1 .0 0  %  w /v , th e  

c a p a c i ty  o f  a ll  a d s o r b e n ts  in c re a s e s .  W h e n  in c re a s in g  in i t ia l  c u t t in g  f lu id s  

c o n c e n t r a t io n s  f ro m  0 .1  to  1 .0  %  w /v , th e  c u t t in g  f lu id s  g r a d ie n t  b e tw e e n  b u lk  p h a s e  

a n d  s u r f a c e  o f  a d s o r b e n ts  e n h a n c e s  c u t t in g  f lu id s  d if f u s io n  to  th e  a d s o rb e d  s ite . 

F u r th e rm o re  a d s o r p t io n  c a p a c ity  o f  C h i to s a n ,  b le n d e d  c h i to s a n /P V A  1 :1 , b e n z o y l  

c h i to s a n  a n d  q u a te r a m in a te d  c h i to s a n  w e re  le s s  s ig n i f ic a n t  w h e n  c o m p a r e d  w ith  th e  

a d s o rp tio n  c a p a c i t i e s  o f  o th e r  a d s o rb e n ts .  T h is  is d u e  to  a ll  a d s o rb e n t  s i te s  a re  

o c c u p ie d  a n d  th e re  is  n o t  e n o u g h  s i te s  to  a d o rb  m o re  c u t t in g  f lu id s .  C o m p a r is o n
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a d s o r p t io n  c a p a c i ty  o n  a d s o r b e n ts ,  i t  w a s  f o u n d  th a t  C H -S D S  a n d  B C H -S D S  s h o w e d  

h ig h e r  a d s o r p t io n  c a p a c ity .  S o d iu m  la u ry l  s u lp h a te  in te r a c te d  w i th  a m in o  g ro u p s  o f  

c h i to s a n  to  r e n d e r  m o r e  h y d r o p h o b ic .  T h e  C H -S D S  a n d  B C H - S D S  in te ra c t  w i th  

c u t t in g  f lu id s  th r o u g h  h y d r o p h o b ic  in te r a c t io n .  T h is  in d ic a te d  th a t  th e  s u b s t i tu te d  

m e th y le n e  g r o u p s  in  C H -S D S  a n d  B C H - S D S  ( s e e  F T - I R  s e c t io n )  o n  a m in o  g ro u p s  o f  

c h i to s a n  h a s  h ig h e r  b in d in g  a f f in i ty  fo r  th e  a d s o r p t io n  o f  c u t t in g  f lu id s .

Figure 4.10 A d s o r p t io n  c a p a c i ty  o f  a d s o r b e n ts  a t  p H  3 w i th  in i t ia l  c o n c e n t r a t io n  

o f  c u t t in g  f lu id s  a s  □  0.1 % , \พ 0 .5  % , E  1 .0  %  a n d  II II 3 .0  %  w /v  

A p p l ic a t io n  o f  a d s o r p t io n  to  c u t t in g  f lu id s  e f f lu e n t  f ro m  tu r n in g  p r o c e s s e s  w e re  

d o n e . T h e  c h a r a c te r is t ic  o f  th e  e f f lu e n t  is  s h o w n  in  T a b le  4 .1 .  T h e  a d s o r p t io n  c a p a c ity  

is  p r e s e n te d  in  T a b le  4 .2 . T h e  h e a t  o f  c o m b u s t io n  o f  a d s o r b e n ts  b e fo re  a d s o rp tio n  

c u t t in g  f lu id s  is  lo w e r  th a n  a f te r  a d s o r p t io n  c u t t in g  f lu id s  a n d  c u t t in g  f lu id s  e f f lu e n t.
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T h e  h e a t  o f  c o m b u s t io n  o f  C H , C H /P V A , B C H , Q C H , C H - S D S , C H -C -T a b ,  C H -  

T w e e n  8 0  a n d  B C H - S D S  in c re a s e  a s  1 7 .1 , 9 .2 ,  2 3 .0 ,  2 5 .8 , 2 1 .3  8 .4  1 0 .0  a n d  2 1 .1 , 

r e s p e c t iv e ly  f o r  c u t t i n g  f lu id s  w h ile  c u t t in g  f lu id s  e f f lu e n t  in c re a s e  a s  1 6 .4 , 8 .7 , 2 4 .0 ,

2 5 .6 , 3 0 .0 , 8 .1 , 1 0 .0  a n d  2 0 .8  k j / g ,  r e s p e c t iv e ly . T h e  c a p a c i ty  o b ta in e d  f ro m  s y n th e t ic  

c u t t in g  f lu id s  is  c lo s e d  to  th a t  o b ta in e d  f ro m  th e  e f f lu e n ts .  T h is  im p l ie s  th a t ,  th is  w o rk  

c a n  b e  a p p l ie d  to  th e  w a s te w a te r  t re a tm e n t .

Table 4.1 C h a r a c te r i s t i c s  o f  c u t t in g  f lu id s  e f f lu e n t  f ro m  tu r n in g  p r o c e s s e s

P a r a m e te r s C o n c e n t r a t io n  (m g /1 )
C O D 12 0 0 0
O il  a n d  g re a s e 2 3 4 2
T o ta l  s o l id 4 9 4 1

p H  5 .9 6

Table 4.2 A d s o r p t io n  c a p a c i ty  o n  a d s o rb e n ts  a t  p H  3

A d s o rb e n ts

A d s o r p t io n
B e fo re A f te r

S y n th e tic  c u t t in g  f lu id C u t t in g  f lu id s  e f f lu e n t

(ฆ /g) (mg/g) mo
%  C O D  
re m o v a l (mg/g) ( น / 6 )

%  C O D  
re m o v a l

C H 3 5 .5 1 3 0 .6 5 2 .6 18 .8 6 6 8 .9 5 1 .9 9 7 .7
C H P V A 4 3 .5 2 4 2 .1 5 2 .7 2 4 .8 6 6 4 .7 5 2 .2 86.1
B C H 2 9 .1 1 7 5 .7 52.1 4 0 .0 7 3 5 .4 53 .1 6 4 .3
Q C H 2 6 .8 2 8 2 .7 5 2 .6 16.5 7 3 5 .4 5 2 .4 8 7 .4
C H -S D S 2 7 .3 2 5 1 5 .8 4 8 .6 9 9 .3 5 9 0 .1 5 7 .3 9 7 .8
C H -C -T a b 2 9 .4 2 5 0 7 .9 3 7 .8 9 9 .3 2 6 4 .6 3 7 .5 9 6 .4
C H - T w e e n  8 0 2 7 .6 2 4 1 7 .8 3 7 .6 7 8 .7 2 9 0 .5 3 7 .6 6 2 .0
B C H -S D S 2 9 .1 2 3 1 0 .1 4 9 .2 9 8 .8 6 9 2 .6 5 0 .9 9 8 .0

F ig u re  4 .1 1  s h o w s  th e  F T - I R  s p e c tr a  o f  c u t t in g  f lu id s  a n d  c u t t in g  f lu id s  e f f lu e n t .  

I t w a s  fo u n d  th a t  th e  m a in  c o m p o n e n t  o f  c u t t in g  f lu id s  w a s  m in e ra l  o il .  T h e  a lk a n e  

a p p e a re d  a t  2 9 2 5  a n d  2 8 5 5  c m '1, m e th y le n e  a n d  m e th y l  a p p e a r e d  a t  1 4 65  a n d  1375  

c m '1. T h e  lo n g  c h a in  o f  th e  m e th y le n e  g ro u p , m o r e  th a n  f o u r  c a rb o n  a to m s ,  a p p e a re d
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a t 7 2 0  c m '1. T h e  e m u ls i f ie r s  m a y  b e  a  n a p h th e n ic  o f  s u lf o n ic  a c id  g ro u p s  w h ic h  

in c lu d e d  a r o m a tic  a t  1 5 5 5  c m '1, s=0 a n d  S-0 a t  1 1 75  a n d  1 0 55  c m ’1, r e s p e c t iv e ly . 

T h e  H - b o n d in g  o f  w a te r  in  c u t t in g  f lu id s  a p p e a r e d  a s  b ro a d  p e a k  a t  3 6 0 0 -3 2 0 0  c m ' 1 

[3 5 -3 8 ] .  T h e  F T - I R  s p e c t r a  o f  c u t t in g  f lu id s  e f f lu e n t  d id  n o t  a p p e a r  to  b e  a  lo n g  c h a in  

a n d  a d d i t iv e  o f  e m u ls i f ie r s .  I t p r e s e n te d  a lk e n e  a t  1 6 4 7  c m '1. W h ile  H -b o n d in g  o f  

w a te r  in  c u t t in g  f lu id s  e f f lu e n t  a p p e a r e d  a s  b ro a d  p e a k  la r g e r  th a n  c u t t in g  f lu id s . T h e  

a b s e n c e  o f  lo n g  c h a in  a n d  e m u ls i f ie r s  m a y  o c c u r  f ro m  f r ic t io n  a n d  h e a t  w h ic h  d e s tro y s  

th e  c h e m ic a l  s t r u c tu r e  o f  c u t t in g  f lu id s  e f f lu e n t ,  w h ile  b a c te r ia  g r o w in g  in  w a te r  h a v e  

d e s tr o y e d  th e  lo n g  c h a in  o f  m in e ra l  o il .

Figure 4.11 F T - I R  s p e c t r a  o f  (a )  c u t t in g  f lu id s  a n d  (b )  c u t t in g  f lu id s  e f f lu e n t

T h e  s p e c t r a  o f  c h i to s a n  a n d  b le n d e d  c h i to s a n /P V A  1:1 b e f o r e  a d s o rp t io n  o f  th e  

e f f lu e n t  is  s h o w n  in  F ig u re  4 .1 2  (a )  a n d  (b ). T h e  c h i to s a n  a n d  b le n d e d  c h i to s a n /P V A  

1:1 a p p e a r e d  H - b o n d in g ,  p r im a ry  a m in e s  a n d  C - 0  s tr e tc h e d  a t  3 4 0 0 , 1 5 5 7  a n d  1075  

c m '1, r e s p e c t iv e ly .  I t  in d ic a te d  a  d i f f e r e n t  b e tw e e n  c h i to s a n  a n d  b le n d e d  c h i to s a n /P V A  

1:1 d u e  to  d i f f e r e n t  s tr u c tu re .  F ig u re  4 .1 2  (c )  a n d  (d )  s h o w  th e  s p e c t r a  o f  a d s o rb e n ts  

a f te r  a d s o r p t io n  th e  e f f lu e n t .  A lk a n e  a p p e a r e d  a t  2 9 2 5  a n d  2 8 5 5  c m '1, m e th y le n e  a t
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1 4 65  c m ' 1 a n d  m e th y l  a t  1375  c m '1. T h e  a p p e a r a n c e  o f  a lk a n e ,  m e th y le n e  a n d  m e th y l 

g ro u p s  o n  a d s o r b e n ts  d e m o n s t r a te d  th a t  a ll  a d s o r b e n ts  c o u ld  a d s o rb  th e  c u t t in g  f lu id s  

e f f lu e n t  o n to  th e  a d s o rb e n ts .

CM -1

Figure 4.12 F T - I R  s p e c tra  o f  a d s o r b e n ts  b e fo re  a n d  a f te r  a d s o r p t io n  c u t tin g  

F lu id s  e f f lu e n t  b e fo re  a d s o r p t io n  (a )  c h i to s a n  a n d  (b )  b le n d e d  

c h i to s a n /P V A  1:1  a n d  ; a f te r  a d s o r p t io n  c u t t in g  f lu id s  e f f lu e n t  

(c )  c h i to s a n  a n d  (d )  b le n d e d  c h i to s a n /P V A  1:1

T h e  s p e c t r a  o f  b e n z o y l  c h i to s a n  a n d  q u a te r a m in a te d  c h i to s a n  b e fo re  a d s o rp tio n  o f  

c u t t in g  f lu id s  e f f lu e n t  a re  s h o w n  in  F ig u re  4 .1 3  (a )  a n d  (b ) , r e s p e c t iv e ly .  T h e  b e n z o y l  

c h i to s a n  a p p e a r e d  H - b o n d in g  a t 3 4 2 0  c m '1, a lk e n e  a t 1 6 9 9  a n d  1 4 5 2  c m '1, -N -H  

s t r e tc h in g  a t  1 5 4 0  c m '1, -C -N -  s t r e tc h in g  a t 1 2 75  c m ''a n d  C H  a ro m a tic  a t  7 0 8  c m ’1. 

W h ile  q u a te r a m in a te d  c h i to s a n  a p p e a re d  H - b o n d in g  a t  3 4 2 0  c m '1, -N -F I s tr e tc h in g  a t 

1 6 4 0  c m '1, - C H 3 a t  1381 c m '1, - C - 0  s t r e tc h in g  a t 1 0 75  c m ' 1 a n d  C -C l a t 8 93  c m '1. 

F ig u re  4 .1 3  (c )  a n d  (d )  s h o w s  s p e c t r a  a f te r  a d s o r p t io n  o f  c u t t in g  f lu id s  e f f lu e n t  o f  a ll 

a d s o rb e n ts .  A lk a n e  a p p e a re d  a t 2 9 2 3  a n d  2 8 5 3  c m ’1, m e th y le n e  a t 1463  c m ' 1 a n d  

m e th y l  a t  1 3 7 7  c m '1. T h e  a p p e a r a n c e  o f  a lk a n e , m e th y le n e  a n d  m e th y l  g ro u p s  o n



76

a d s o r b e n ts  d e m o n s t r a te d  th e  a d s o r p t io n  o f  c u t t in g  f lu id s  e f f lu e n t  o n to  b e n z o y l  

c h i to s a n  a n d  q u a te r a m in a te d  c h i to s a n  a s  a d s o rb e n ts .

Figure 4.13 F T - I R  s p e c t r a  o f  a d s o r b e n ts  b e fo re  a n d  a f te r  a d s o r p t io n  c u t tin g  

f lu id s  e f f lu e n t  b e fo re  a d s o rp tio n  (a )  b e n z o y l  c h i to s a n  a n d  (b ) 

q u a te r a m in a te d  c h i to s a n ;  a f te r  a d s o r p t io n  c u t t in g  f lu id s  e f f lu e n t  

(c )  b e n z o y l  c h i to s a n  a n d  (d )  q u a te r a m in a te d  c h i to s a n

T h e  s p e c t r a  o f  C H -S D S , C H -C -T a b  a n d  C H - T w e e n  8 0  b e fo re  a n d  a f te r  

a d s o r p t io n  a re  p r e s e n te d  in  F ig u re  4 .1 4 . F ig u re  4 .1 4  (a ) , b e f o r e  a d s o r p t io n  C H -S D S  

a p p e a r e d  O -H  s t r e tc h in g  a t  3 4 3 5  c m '1, a lk a n e  a t  2 9 2 3  a n d  2 8 5 5  c m '1, N -H  b e n d in g  

tw o  p e a k s  a t  1 6 2 9  a n d  1 5 2 8  c m '1, C H 2 a t 1 4 66  c m 1, C H 3 a t  1 3 7 8  c m '1, s=0 a t  1202  

c m '1, R - O - S  th r e e  p e a k s  a t  1 0 8 7 , 1 0 0 0  a n d  8 1 6  c m '1, C H 2 lo n g  c h a in  m o re  th a n  fo u r  

a to m s  a t  7 2 3  c m '1, ร-(ว  a t  6 3 0  c m ' 1 a n d  = C -H  a t  5 8 3  c m '1. F ig u r e  4 .1 4  (b ) a n d  (c ) , 

b e fo re  a d s o r p t io n  C H - C - T a b  a n d  C H - T w e e n  8 0  a p p e a re d  O - H  s t r e tc h in g  a t  3 4 3 5 , N -H  

b e n d in g  a t  1 6 55  c m '1, a n d  C - 0  s tr e tc h in g  a t  1 0 7 8  c m '1. F ig u r e  4 .1 4  (d ) , (e )  a n d  (f)  

s h o w e d  a f te r  a d s o r p t io n  c u t t in g  f lu id s  e f f lu e n t  o f  C H - S D S , C H - C - T a b  a n d  C H -T w e e n  

80 . A ll  a d s o r b e n ts ,  a lk a n e  a p p e a r e d  a t 2 9 2 3  a n d  2 8 5 7  c m '1, m e th y le n e  a t  1 463  c m ' 1
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a n d  m e th y l  a t  1 3 7 5  c m '1. T h e  a p p e a ra n c e  o f  a lk a n e ,  m e th y le n e  a n d  m e th y l  g ro u p s  o n  

C H - S D S , C H - C - T a b  a n d  C H - T w e e n  8 0  d e m o n s t r a te d  th e  a d s o r p t io n  o f  c u t t in g  f lu id s  

e f f lu e n t  o n to  a d s o rb e n ts .

Figure 4.14 F T - I R  s p e c t r a  o f  a d s o rb e n ts  b e fo re  a n d  a f te r  a d s o r p t io n  o f  c u t t in g

f lu id s  e f f lu e n t  b e fo re  a d s o r p t io n  (a )  C H - S D S , (b )  C H -C -T a b  a n d  (c )  

C H - T w e e n  8 0 ; a f te r  a d s o r p t io n  c u t t in g  f lu id s  e f f lu e n t  (d )  C H -S D S ,

(e )  C H - C - T a b  a n d  ( f )  C H - T w e e n  8 0

T h e  s p e c t r a  o f  B C H -S D S , B C H - C - T a b  a n d  B C H - T w e e n  8 0  b e f o r e  a n d  a f te r  

a d s o r p t io n  a re  p r e s e n te d  in  F ig u re  4 .1 5 . F ig u re  4 .1 5  (a ) ,  b e f o r e  a d s o r p t io n  B C H -S D S  

a p p e a r e d  O -H  s t r e tc h in g  a t  3 4 3 5  c m '1, a lk a n e  a t  2 9 2 3  c m " 1, N - H  b e n d in g  tw o  p e a k s  

a t  1 6 2 9  a n d  1 5 2 8  c m ’1, C H 2 a t  1 4 6 6  c m '1, C H 3 a t  1 3 7 8  c m '1, s=0 a t  1 2 0 2  c m '1, R -O - 

ร  th r e e  p e a k s  a t  1 0 8 7 , 1000  a n d  8 1 6  c m "1, C H 2 lo n g  c h a in  m o r e  th a n  fo u r  a to m s  a t 7 23  

c m " 1, S - 0  a t  6 3 0  c m ' 1 a n d  = C -H  a t 5 8 3  c m '1. F ig u re  4 .1 5  (b )  a n d  (c ) , b e fo re  

a d s o rp t io n  B C H - C - T a b  a n d  B C H - T w e e n  8 0  a p p e a r e d  O -H  s t r e tc h in g  a t  3 4 3 5 , N -H  

b e n d in g  a t  1 6 55  c m ’1, a n d  C - 0  s tr e tc h in g  a t 1 0 7 8  c m " 1. F ig u r e  4 .1 5  (d ) , (e )  a n d  (f)
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s h o w e d  a f te r  a d s o r p t io n  o f  c u t t in g  f lu id s  e f f lu e n t  o f  B C H - S D S , B C H -C - T a b  a n d  

B C H - T w e e n  8 0 . W ith  a l l  a d s o rb e n ts ,  a lk a n e  a p p e a r e d  a t  2 9 2 3  a n d  2 8 5 7  c m '1, 

m e th y le n e  a t  1 4 63  c m "1 a n d  m e th y l  a t  1375  c m '1. T h e  a p p e a r a n c e  o f  a lk a n e , 

m e th y le n e  a n d  m e th y l  g r o u p s  o n  B C H -S D S , B C H - C - T a b  a n d  B C H -T w e e n  8 0  

d e m o n s t r a te d  th e  a d s o r p t io n  o f  c u t t in g  f lu id s  e f f lu e n t  o n to  a d s o r b e n ts .

Figure 4.15 F T - I R  s p e c t r a  o f  a d s o rb e n ts  b e fo re  a n d  a f te r  a d s o r p t io n  o f

c u t t in g  f lu id s  e f f lu e n t  b e fo re  a d s o rp t io n  (a )  B C H - S D S , (b )  B C H -C -  

T a b  a n d  (c )  B C H - T w e e n  8 0 ; a f te r  a d s o r p t io n  c u t t in g  f lu id s  e f f lu e n t

(d )  B C H - S D S , (e )  B C H -C - T a b  a n d  ( f )  B C H - T w e e n  8 0

T h e  S E M  p h o to g r a p h s  o f  c h i to s a n  a n d  b le n d e d  c h i to s a n /P V A  1:1 b e fo re  

a d s o r p t io n  is  s h o w n  in  F ig u re  4 .1 6  (a )  a n d  (b ) , r e s p e c t iv e ly .  T h e  c h i to s a n  a n d  b le n d e d  

c h i to s a n /P V A  1:1 s h o w e d  a  b u m p y  te x tu re  a n d  fo ld  o f  la y e r s  w h ic h  w e re  a r r a n g e d  

h o m o g e n e o u s ly .  F ig u re  4 .1 6  (c )  a n d  (d )  p re s e n te d  s ig n i f ic a n t  c h a n g e s  o f  s tru c tu re  a n d  

a p p e a r a n c e  o n  c h i to s a n  a n d  b le n d e d  c h i to s a n /P V A  1:1 . T h e  S E M  m ic ro g ra p h s  

r e v e a le d  th a t  m o s t  o f  th e  c h i to s a n  a n d  b le n d e d  c h i to s a n /P V A  1:1 a re a s  w e re  c o v e re d
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w ith  a  m u d d y - l ik e  s u b s ta n c e  a n d  th is  w a s  a d s o rb e d  c u t t in g  f lu id s  e f f lu e n t .  T h e  s u r fa c e  

o f  c h i to s a n  a n d  b le n d e d  c h i to s a n /P V A  1:1 w e re  s p re a d e d  a n d  c o v e r e d  w i th  a  m u d d y -  

l ik e  o r  r o u g h  s u r f a c e  w i th  b u b b le - l ik e  te x tu re  d u e  to  th e  c u t t in g  f lu id s  e f f lu e n t  

m o le c u le s  w h ic h  c o v e r e d  th e  b e a d s . T h e s e  b u b b le s  w e r e  c u t t in g  f lu id s  e f f lu e n t  

a d s o r b e d  o n to  th e  c h i to s a n  a n d  b le n d e d  c h i to s a n /P V A  1 :1 . T h e s e  c o n f i rm e d  th a t  

c u t t in g  f lu id s  e f f lu e n t  w a s  a d s o r b e d  b y  a d s o rb e n ts  o n to  i ts  s u r fa c e .

(b )  (d )

Figure 4.16 E le c tr o n  m ic r o s c o p ic  p h o to g ra p h  b e fo re  a d s o r p t io n  c u t t in g  f lu id s  e f f lu e n t  

o f  ( a )  c h i to s a n  a n d  (b )  b le n d e d  c h i to s a n /P V A  1:1 ; a f t e r  a d s o r p t io n  

c u t t in g  f lu id s  e f f lu e n t  (c )  c h i to s a n  a n d  (d )  b le n d e d  c h i to s a n /P V A  1:1 

s o rb e d  b y  a d s o r b e n ts  in to  its  s u r fa c e , [ m a g n if ic a t io n  5 0 0 0  t im e s ]

The SEM  photographs o f  benzoyl chitosan and quateram inated  chitosan before

adsorption is show n in Figure 4 .17 (a) and (b), respectively. The benzoyl chitosan and
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q u a te r a m in a te d  c h i to s a n  s h o w e d  a  b u m p y  te x tu re  a n d  fo ld  o f  la y e rs  w h ic h  w e re  

a r r a n g e d  h o m o g e n o u s ly .  F ig u r e  4 .1 7  (c )  a n d  (d )  p r e s e n te d  s ig n i f ic a n t  c h a n g e  o f  

s t r u c tu r e  a n d  a p p e a r a n c e  o n  b e n z o y l  c h i to s a n  a n d  q u a te r a m in a te d  c h i to s a n .  T h e  S E M  

m ic r o g r a p h s  r e v e a le d  th a t  m o s t  o f  th e  b e n z o y l  c h i to s a n  a n d  q u a te r a m in a te d  c h i to s a n  

a re a s  w e re  c o v e r e d  w i th  m u d d y - l ik e  s u b s ta n c e  a n d  th is  w a s  a d s o r b e d  c u t t in g  f lu id s  

e f f lu e n t .  T h e  s u r f a c e  o f  b e n z o y l  c h i to s a n  a n d  q u a te r a m in a te d  c h i to s a n  w e re  s p re a d  a n d  

c o v e r e d  w i th  m u d d y - l ik e  o r  r o u g h  s u r fa c e  w i th  b u b b le - l ik e  t e x tu r e  d u e  to  th e  c u t t in g  

f lu id s  e f f lu e n t  m o le c u le s  w h ic h  c o v e re d  th e  b e a d s . T h e s e  b u b b le s  w e re  c u t t in g  f lu id s  

e f f lu e n t  a d s o r b e d  o n to  th e  b e n z o y l  c h i to s a n  a n d  q u a te r a m in a te d  c h i to s a n .  I t w a s  

c o n f i r m e d  th a t  c u t t in g  f lu id s  e f f lu e n t  w a s  a d s o r b e d  o n to  th e  s u r f a c e  o f  q u a te r a m in a te d  

c h i to s a n .
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(b )  (d )

Figure 4.17 E le c t r o n  m ic r o s c o p ie  p h o to g r a p h s  b e fo re  a d s o r p t io n  c u t t in g  f lu id s  

e f f lu e n t  o f  b e n z o y l  c h i to s a n  a n d  (b )  q u a te r a m in a te d  c h i to s a n ;  

a f te r  a d s o r p t io n  c u t t in g  f lu id s  e f f lu e n t  (c )  b e n z o y l  c h i to s a n  

a n d  (d )  q u a te r a m in a te d  c h i to s a n . [ m a g n if ic a t io n  5 0 0 0  t im e s ]

T h e  S E M  p h o to g r a p h  o f  C H -S D S  b e fo re  a n d  a f te r  a d s o r p t io n  is  s h o w n  in  F ig u re  

4 .1 9  (a ) . B e fo re  a d s o r p t io n ,  th e  C H -S D S  s h o w e d  a  b u m p y  te x tu r e  a n d  fo ld  o f  la y e rs  

w h ic h  w e re  a r r a n g e d  h o m o g e n o u s ly .  F ig u re  4 .1 9  (b )  p r e s e n te d  s ig n i f ic a n t  c h a n g e  o f  

s tr u c tu re  a n d  a p p e a r a n c e  o n  C H -S D S . T h e  S E M  m ic r o g r a p h s  r e v e a le d  th a t  m o s t  o f  

C H -S D S  a re a  w a s  c o v e r e d  w ith  a  m u d d y - l ik e  s u b s ta n c e  a n d  th is  w a s  a d s o r b e d  c u t t in g  

f lu id s  e f f lu e n t .  T h e  s u r f a c e  o f  C H -S D S  w a s  s p re a d e d  a n d  c o v e r e d  w i th  a  m u d d y - l ik e  

o r  ro u g h  s u r fa c e  w i th  b u b b le - l ik e  t e x tu re  d u e  to  th e  c u t t in g  f lu id s  e f f lu e n t  m o le c u le s  

w h ic h  c o v e re d  th e  a d s o r b e n ts .  T h e s e  b u b b le s  w e re  c u t t in g  f lu id s  e f f lu e n t  a d s o rb e d
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o n to  th e  C H - S D S . T h is  c o n f i r m e d  th a t  c u t t in g  f lu id s  e f f lu e n t  w a s  a d s o r b e d  b y  

a d s o rb e n ts  o n to  i ts  s u r fa c e .

(a) (b)

Figure 4.19 E le c t r o n  m ic r o s c o p ic  p h o to g r a p h  a d s o r p t io n  o f  c u t t in g  f lu id s  e f f lu e n t  o n  

C H -S D S  (a )  b e fo re  a d s o r p t io n  a n d  (b )  a f te r  a d s o r p t io n  [m a g n if ic a t io n  

5 0 0 0  t im e s ]

S E M  p h o to g r a p h s  o f  B C H - S D S  b e fo re  a d s o r p t io n  is  s h o w n  in  F ig u re  4 .2 0 . T h e  

B C H -S D S  s h o w e d  a  b u m p y  te x tu r e  a n d  fo ld  o f  la y e r s  w h ic h  w e re  a r r a n g e d  

h o m o g e n o u s ly .  F ig u re  4 .2 0  (b )  p r e s e n te d  s ig n i f ic a n t  c h a n g e  o f  s tr u c tu re  a n d  

a p p e a ra n c e  o n  B C H -S D S . T h e  S E M  m ic r o g r a p h s  r e v e a le d  th a t  m o s t  o f  th e  B C H -S D S  

a re a  w a s  c o v e r e d  w i th  m u d d y - l ik e  s u b s ta n c e  a n d  th is  w a s  a d s o rb e d  c u t t in g  f lu id s  

e f f lu e n t .  T h e  s u r f a c e  o f  B C H -S D S  w a s  s p re a d e d  a n d  c o v e r e d  w ith  a  m u d d y - l ik e  o r  

ro u g h  s u r f a c e  w i th  b u b b le - l ik e  te x tu r e  d u e  to  th e  c u t t in g  f lu id s  e f f lu e n t  m o le c u le s  

w h ic h  c o v e re d  th e  a d s o rb e n ts .  T h e s e  b u b b le s  w e re  c u t t in g  f lu id s  e f f lu e n t  a d s o rb e d  

o n to  th e  B C H - S D S . T h e s e  c o n f i r m e d  th a t  c u t t in g  f lu id s  e f f lu e n t  w a s  a d s o r b e d  b y

a d s o rb e n ts  o n to  i ts  s u r fa c e .
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(a )  (b )

Figure 4.20 E le c tr o n  m ic r o s c o p ic  p h o to g ra p h  a d s o r p t io n  o f  c u t t in g  f lu id s  e f f lu e n t  

o n  B C H - S D S  (a )  b e f o r e  a d s o rp tio n  a n d  (b )  a f te r  a d s o r p t io n  

[ m a g n i f ic a t io n  5 0 0 0  t im e s ]

T h e  p e r c e n t  C H N  o f  c h i to s a n  a n d  b le n d e d  c h i to s a n /P V A  1:1 b e fo re  a d s o rp t io n  

a n d  a f t e r  a d s o r p t io n  c u t t in g  f lu id s  a n d  c u t t in g  f lu id s  e f f lu e n t  is  p r e s e n te d  in  F ig u re  

4 .2 1  (a )  -  (c ) .  I t  w a s  f o u n d  th a t  b e f o r e  a d s o rp t io n  th e  c o m p o n e n t  o f  c e le m e n t  f ro m  

c h i to s a n  a n d  b le n d e d  c h i to s a n /P V A  1:1 w a s  3 6 .2 8  a n d  3 6 .9 2  %  r e s p e c t iv e ly .  A f te r  

a d s o r p t io n  o f  c u t t in g  f lu id s ,  th e  c o m p o n e n t  o f  c e le m e n t  f ro m  c h i to s a n  a n d  b le n d e d  

c h i to s a n /P V A  1:1 in c r e a s e d  to  4 6 .2 6  a n d  4 0 .1 4  %  r e s p e c t iv e ly ,  w h i le  a f te r  a d s o rp tio n  

c u t t in g  f lu id s  e f f lu e n t  th e  c o m p o n e n t  o f  c e le m e n t  f r o m  c h i to s a n  a n d  b le n d e d  

c h i to s a n /P V A  1:1 in c r e a s e d  to  3 8 .2 5  a n d  3 7 .7 8  %  r e s p e c t iv e ly .  T h e  a m o u n t  o f  c 

e le m e n t  a f te r  a d s o r p t io n  o f  c u t t in g  f lu id s  a n d  c u t t in g  f lu id s  e f f lu e n t  r a is e s  c o m p a r e d  

w i th  th e  a m o u n t  b e fo re  a d s o r p t io n  f ro m  a ll  a d s o rb e n ts .  T h is  c a n  b e  p r o v e d  th a t  

c h i to s a n  a n d  b le n d e d  c h i to s a n /P V A  1:1 a s  a d s o r b e n ts  c a n  a d s o r b  c u t t in g  f lu id s  a n d  

c u t t in g  f lu id s  e f f lu e n t .

F ig u re  4 .2 1  (b )  p r e s e n ts  th e  c o m p o n e n t  o f  H  e le m e n t  f ro m  c h i to s a n  a n d  b le n d e d  

c h i to s a n /P V A  1:1 . It w a s  f o u n d  th a t  b e fo re  a d s o r p t io n  th e  c o m p o n e n t  o f  H  e le m e n t
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f ro m  c h i to s a n  a n d  b le n d e d  c h i to s a n /P V A  1:1 d is p la y e d  8 .4 6  a n d  8 .3 2  %  r e s p e c t iv e ly . 

A f te r  a d s o r p t io n  o f  c u t t in g  f lu id s ,  th e  c o m p o n e n t  o f  H  e le m e n t  f ro m  c h i to s a n  a n d  

b le n d e d  c h i to s a n /P V A  1:1 s h o w e d  9 .7 8  a n d  7 .6 2  %  r e s p e c t iv e ly ,  w h ile  a f te r  

a d s o r p t io n  c u t t in g  f lu id s  e f f lu e n t  th e  c o m p o n e n t  o f  H  e l e m e n t  f ro m  c h i to s a n  a n d  

b le n d e d  c h i to s a n /P V A  1:1 s h o w s  7 .1 5  a n d  7 .0 9  %  r e s p e c t iv e ly .

F ig u re  4 .2 1  (c )  p r e s e n ts  th e  c o m p o n e n t  o f  N  e le m e n t  in  c h i to s a n  a n d  b le n d e d  

c h i to s a n /P V A  1 :1 . I t  w a s  f o u n d  th a t  b e fo re  a d s o r p t io n  th e  c o m p o n e n t  o f  N  e le m e n t  

f r o m  c h i to s a n  a n d  b le n d e d  c h i to s a n /P V A  1:1 w a s  1 .8 7  a n d  1 .7 8  %  re s p e c t iv e ly .  A f te r  

a d s o r p t io n  o f  c u t t in g  f lu id s ,  th e  c o m p o n e n t  o f  N  e le m e n t  f r o m  c h i to s a n  a n d  b le n d e d  

c h i to s a n /P V A  1:1 d e c r e a s e d  to  1 .33  a n d  0 .8 2  a n d  % , r e s p e c t iv e ly ,  w h i le  a f te r  

a d s o r p t io n  o f  c u t t in g  f lu id s  e f f lu e n t  th e  c o m p o n e n t  o f  N  e le m e n t  f ro m  c h i to s a n  a n d  

b le n d e d  c h i to s a n /P V A  1:1 d e c re a s e d  to  1.61 a n d  1 .55  r e s p e c t iv e ly .  I t  w a s  fo u n d  th a t  

th e  N  e le m e n t  a f t e r  a d s o r p t io n  o f  c u t t in g  f lu id s  a n d  c u t t in g  f lu id s  e f f lu e n t  w e re  

d e c r e a s e d  f r o m  a l l  a d s o rb e n ts .  T h is  a d v a n ta g e  to  u s e  c h i to s a n  a n d  b le n d e d  

c h i to s a n /P V A  1:1 a s  s o l id  fu e l  d u e  to  r e d u c t io n  o f  N  e le m e n t  r e d u c e s  o x id e  o f  

n i t r o g e n  ( N O x).
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Figure 4.21 P e r c e n t  C H N  o f  c h i to s a n  a n d  b le n d e d  c h i to s a n /P V A  1:1 

(a )  p e r c e n t  c, (b )  p e rc e n t  H  a n d  (c )  p e r c e n t  N; \ \ \  b e fo re  

a d s o r p t io n  c u t t in g  f lu id s ,  =  a f te r  a d s o r p t io n  c u t t in g  f lu id s  a n d  

□  a f t e r  a d s o rp tio n  c u t t in g  f lu id s  e f f lu e n t
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T a b l e  4 .3  P e r c e n t  C H N  e le m e n ts  b e f o r e  a d s o r p t io n ,  a f te r  a d s o r p t io n  c u t t in g  f lu id s  

a n d  a f te r  a d s o r p t io n  c u t t in g  f lu id s  e f f lu e n t  o f  a d s o r b e n ts

A d s o rb e n ts
B e fo re  a d s o rp tio n A fte r  a d s o rp tio n  

sy n th e t ic  c u tt in g  f lu id s
A fte r  a d s o rp t io n  c u tt in g  f lu id s  

e f f lu e n t

c H N c H N c H N

C H 3 6 .2 8 8 .4 6 1.87 4 6 .2 6 9 .7 8 1.33 3 8 .2 5 7 .1 5 1.61

C H /P V A 3 6 .9 2 8 .3 2 1.78 4 0 .1 4 7 .6 2 0 .8 2 3 7 .7 8 7 .0 9 1.55

B C H 4 6 .7 6 .8 7 1.05 5 6 .8 4 9 .7 2 0 .7 3 5 3 .1 6 7 .1 6 1.03

Q C H 3 5 .7 4 8 .2 6 1.46 5 1 .7 10.11 1.17 5 1 .3 9 7 .7 9 1.37

C H -S D S 4 8 .5 2 8 .33 2 .9 9 6 6 .4 6 10.83 1 .54 6 7 .7 10.43 1.3

C H -C -T a b 3 8 .3 5 7 .14 7 .25 5 2 .6 8 .65 4 .9 5 4 0 .5 2 6 .8 5 5 .48

C H -T w e e n  8 0 3 8 .3 2 7 .14 7.21 6 5 .4 5 10.13 2 .7 5 3 9 .4 5 6 .8 9 5.71

B C H -S D S 4 8 .9 4 8 .3 5 2 .4 7 6 2 .9 8 9 .6 4 1.41 52 9 .1 4 2 .2 4

B C H -C -T a b 3 9 .0 3 7 .4 8 6 .85 5 9 .0 2 9 .4 5 3 .8 2 4 1 .7 8 7.21 5.21

B C H -T w e e n  80 3 8 .5 4 7.1 6 .9 5 8 .3 9 9 .2 6 3 .9 4 4 0 .0 7 6 .9 7 5 .43

T h e  p e r c e n t  C H N  o f  b e n z o y l  c h i to s a n ,  q u a te r a m in a te d  c h i to s a n ,  C H -S D S , C H -C -  

T a b , C H - T w e e n  8 0 , B C H - S D S , B C H - C - T a b  a n d  B C H - T w e e n  8 0  b e f o r e  a d s o rp tio n  

c u t t in g  f lu id s  a n d  a f te r  a d s o r p t io n  c u t t in g  f lu id s  a n d  c u t t in g  f lu id s  e f f lu e n t  is 

s u m m a r iz e d  in  T a b le  4 .3 .  I t  w a s  fo u n d  th a t  b e fo re  a d s o r p t io n ,  th e  a m o u n t  o f  c  
e le m e n t ,  a f t e r  th e  a d s o r p t io n  c u t t in g  f lu id s  a n d  c u t t in g  f lu id s  e f f lu e n t ,  r a is e d  in  a ll 

a d s o rb e n ts .  I t th e r e f o r e  c a n  b e  p r o v e n  th a t  th e s e  a d s o r b e n ts  c a n  a d s o r b  c u t t in g  f lu id s  

a n d  c u t t in g  f lu id s  e f f lu e n t .

T a b le  4 .3  p r e s e n ts  th e  c o m p o n e n t  o f  H  e le m e n t  in to  a d s o r b e n ts .  T h e  H  e le m e n t  

h a s  f lu c tu a te d  a f te r  a d s o r p t io n  c u t t in g  f lu id s  a n d  c u t t in g  f lu id s  e f f lu e n t  w h ic h  m a y  b e  

n e g le c te d  fo r  a d s o r p t io n  c u t t in g  f lu id  o f  a d s o r b e n ts .  T h e  c o m p o n e n t  o f  N  e le m e n t  

f ro m  a d s o r b e n ts  is  h ig h e r  th a n  a f te r  a d s o r p t io n  a n d  p r e s e n t  in  T a b le  4 .3 . ft w a s  fo u n d  

th a t  th e  N  e le m e n t  a f te r  a d s o rp t io n  o f  c u t t in g  f lu id s  a n d  c u t t in g  f lu id s  e f f lu e n t  w e re
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T o  a p p ly  a s  a  fu e l ,  h e a t  o f  c o m b u s t io n  o f  e a c h  a d s o r b e n t  w a s  d e te rm in e d .  T h e  

h e a t  o f  c o m b u s t io n  in d ic a te d  th a t  w a s te  c o o la n ts  c a n  b e  u s e d  a s  fu e l  fo r  in c in e ra t io n  

[3 9 ] , I n c r e a s in g  in  h e a t  o f  c o m b u s t io n  o f  e a c h  a d s o r b e n t  a f te r  a d s o r p t io n  s u p p o r ts  th a t  

a ll  a d s o r b e n ts  c o u ld  a d s o r b  th e  c u t t in g  f lu id s  a n d  th e  a d s o r b e n ts  c o u ld  b e  a p p lie d  to  a n  

in c in e r a t io n  a s  a  fu e l.

4.4.2. pH condition
E f f e c t  o f  p H  c o n d i t io n  o n  a d s o rp t io n  c a p a c ity  is  s h o w n  in  F ig u re  4 .2 2  fo r  

a d s o r b e n t  6 .0  g  o f  c h i to s a n ,  b le n d e d  c h i to s a n /P V A  1 :1 , b e n z o y l  c h i to s a n  a n d  

q u a te r a m in a te d  a n d  F ig u r e  4 .2 3  fo r  o f  1 .0  g  o f  C H - S D S , C H - C - T a b ,  C H -T w e e n  80 , 

B C H - S D S , B C H - C - T a b  a n d  B C H - T w e e n  80 . M o r e  c u t t in g  f lu id s  c o u ld  b e  a d s o rb e d  

o n  a d s o r b e n ts  in  a c id ic  c o n d i t io n .  C H -S D S  s h o w s  th e  h ig h e s t  a d s o r p t io n  c a p a c ity  

a r o u n d  2 5 1 6  m g /g ,  a t  p H  3 . It is  n o t ic e d  th a t  in c re a s in g  p H  o f  e m u ls io n  to  th e  b a s ic ,  

p H  7 to  11 , C H -S D S  a d s o r b e d  le s s  c u t t in g  f lu id s  f ro m  7 4 7  to  3 0 9  m g /g . B C H -S D S  

s ti l l  a d s o r b e d  m o re  c u t t in g  f lu id s  in  b a s ic  c o n d it io n . T h is  in d ic a te d  th a t  p H  o f  f lu id s  

p la y  a n  im p o r ta n t  ro le  o n  a d s o rp t io n .  D e s ta b i l iz a t io n  o f  th e  e m u ls io n  w a s  o b ta in e d  a t  

a c id ic  c o n d i t io n .  T h is  w a s  d u e  to  th e  fa c t  th a t  th e  n e g a t iv e  c h a r g e  o f  c u t t in g  f lu id s  

p e r f o r m e d  s ta b i l i ty .  M o r e  a c id ic  c o n d it io n s  s h o w e d  a  c a t a ly s t  fo r  th e  in te r a c t io n  

b e tw e e n  o i l  a n d  a m in o  g r o u p s  o f  c h i to s a n  [4 0 , 4 1 ].

decreased in all adsorbents. T his advantage to use adsorbents as solid fuel due to

reduction  o f  N  elem ent reduces the oxide o f  nitrogen (N O x).

A t pH m ore than 3.5, the droplets disperse very w ell in the em ulsion due to the

negative surface charge (see zeta potential section in A pplendix  D). Therefore, the

adsorption  capacity on adsorbents decreased dram atically  in basic condition.
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Figure 4.22 V a r ia t io n  p H  to  a d s o rp t io n  c a p a c i ty  o f  c u t t in g  f lu id s  c o n c e n t r a t io n

1 .0  %  w /v  u s in g  a d s o r b e n t  6 .0  g  o n  ♦  c h i to s a n ,  ■  b le n d e d  c h i to s a n /P V A  

1:1 A b e n z o y l  c h i to s a n  a n d  0  q u a te r a m in a te d  c h i to s a n
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Figure 4.23 V a r ia t io n  p H  to  a d s o r p t io n  c a p a c ity  o f  c u t t in g  f lu id s  c o n c e n t r a t io n  

3 .0 0  %  w /v  u s in g  a d s o r b e n t  1 .0  g  o n  ♦  C H - S D S , ■  C H -C -T a b ,

▲  C H - T w e e n  8 0 , 0  B C H -S D S , □  B C H - C - T a b  a n d  A B C H - T w e e n  80

4.2.3. Salt effect
R e s u l ts  o f  s a l t  e f f e c t  o n  c u t t in g  f lu id s  a d s o r p t io n  o n  6 .0  g  o f  c h i to s a n  a n d  b le n d e d  

c h i to s a n /P V A  1:1 ( C H /P V A  1 :1 ) is  p re s e n te d  in  F ig u r e  4 .2 4  a n d  o n  b e n z o y l  c h i to s a n  

a n d  q u a te r a m in a te d  c h i to s a n  p re s e n te d  in  F ig u re  4 .2 5 . T h e  a d s o r p t io n  c a p a c i t ie s  o n  

c h i to s a n  n o n - a d d in g  s a l ts  a n d  a d d in g  N a C l,  C a C l2, Fe(N C>3) 3, N a 2SC>4, C a S C >4 a n d  

F e S C >4 a t  c o n c e n t r a t io n  0 .0 1  M  w e re  6 9 .8 , 1 3 4 .0 , 1 3 4 .6 , 7 9 .8 , 3 2 .9 , 3 6 .6  a n d  4 8 .2  

m g /g ,  r e s p e c t iv e ly .  T h e  a d s o r p t io n  c a p a c it ie s  o n  b le n d e d  c h i to s a n /P V A  1:1 w e re  7 7 .8 ,

1 2 9 .7 , 1 3 3 .8 , 6 2 .1 , 2 5 .0 ,  4 0 .0  a n d  4 4 .1  m g /g , r e s p e c t iv e ly .  R e s u l t s  o f  th e  s a l t  e f f e c t  o n  

a d s o r p t io n  c a p a c i ty  o f  b e n z o y l  c h i to s a n  a n d  q u a te r a m in a te d  c h i to s a n  a re  p re s e n te d  in 

F ig u re  4 .2 5 . T h e  a d s o r p t io n  c a p a c it ie s  o n  b e n z o y l  c h i to s a n  w i th o u t  a d d in g  s a lt  a n d  

a d d in g  N a C l,  C a C l2, F e ( N Û 3)3, N a 2S 0 4, C a S C >4 a n d  F e S C >4 a t  c o n c e n t r a t io n  0 .01  M
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w e re  9 0 .5 , 1 3 2 .7 , 1 3 4 .6 , 8 3 .2 , 5 1 .2  1 1 7 .3  a n d  8 6 .9  m g /g , r e s p e c t iv e ly .  T h e  a d s o rp tio n  

c a p a c i t ie s  o n  q u a te r a m in a te d  c h i to s a n  w e re  9 0 .8 , 1 3 2 .9 , 1 3 4 .6 , 9 2 .3 , 6 5 .3 , 118 .1  a n d

1 3 4 .6  m g /g ,  r e s p e c t iv e ly .  A d s o r p t io n  c a p a c ity  in c r e a s e d  w i th  th e  a d d i t io n  o f  s a lts  

c o u ld  b e  e x p la in e d  b y  th e  th e o r y  d e v e lo p e d  b y  G u o y - C h a p m a n .  T h e  c u t t in g  f lu id s  

e m u ls io n  f o r m s  a n  e le c t r i c a l  d o u b le  l a y e r  w h e n  e m u ls io n  c o n ta c ts  w i th  th e  a d s o rb e n ts .  

T h e  a d d i t io n  o f  s a l ts  N a C l  a n d  C a C l2 r e s u l te d  in  r e d u c in g  th e  th ic k n e s s  o f  e le c t r ic a l  

d o u b le  la y e r .  T h is  r e s u l t  in c r e a s e s  th e  a d s o rp tio n  o f  th e  c u t t in g  f lu id s .  C o m p a r in g  th e  

c a p a c i ty  w h e n  a d d in g  N a C l  a n d  C a C l2, a d s o rp t io n  c a p a c i ty  in c r e a s e s  w i th  th e  a d d it io n  

o f  C a C l2, b e c a u s e  th e  e le c t r i c a l  d o u b le  l a y e r  is  in v e r s e ly  p r o p o r t io n  to  th e  s ix th  p o w e r  

o f  th e  c h a rg e  o n  th e  io n  [ 1 1 ] w h i le  th e  a d s o r p t io n  c a p a c i ty  d e c r e a s e d  w i th  th e  a d d it io n  

o f  s u lf a te  io n s  i .e . N a 2รO4 , C a S C q  a n d  F e S 0 4 . T h is  m a y  b e  d u e  to  th e  fa c t  th a t  th e  

s u lf a te  io n  h a d  a n  a t t r a c t io n  to  th e  a m in o  g ro u p s  o f  a d s o r b e n ts .  T h e  a d d i t io n  o f  

Fe(NC>3)3 in to  th e  c u t t in g  f lu id  e m u ls io n  d id  n o t  c le a r ly  s h o w  a n y  t r e n d  o f  in c re a s in g  

a d s o r p t io n  c a p a c ity .

A d s o r p t io n  c a p a c i ty  in c re a s e d  w i th  th e  a d d i t io n  o f  c h lo r id e  io n  d u e  to  th e  

e m u ls io n  r e d u c e s  th e  th ic k n e s s  o f  th e  e le c t r ic a l  d o u b le  la y e r .  T h is  r e s u l ts  in  in c re a s in g  

th e  a d s o r p t io n  c a p a c i ty .  T h e  a d d i t io n  o f  F e ( N 0 3)3 in to  th e  c u t t in g  f lu id s  e m u ls io n  d id  

n o t  c le a r ly  c h a n g e  a n y  t r e n d  o f  a d s o r p t io n  c a p a c ity .  T h e  a d s o r p t io n  c a p a c i ty  in c re a s e d  

w i th  th e  a d d i t io n  o f  s u lf a te  io n s  i .e . C a S C >4 a n d  F e S C >4 c o m p a r e  to  n o n - a d d in g  sa lt,  

w h ile  th e  s u lf a te  io n  f r o m  N a 2ร (ว 4 d e c re a s e d  th e  a d s o r p t io n  c a p a c i ty  o f  c u t t in g  f lu id s

e m u ls io n .
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Figure 4.24 A d s o r p t io n  c a p a c i ty  o f  c u t t in g  f lu id s  o n  c h i to s a n  a n d  b le n d e d  

c h i to s a n /P V A  1:1 (C H /P V A  1 :1 ) w h e n  □  n o n  a d d in g  s a l t  a n d  

a d d in g  0 .0 1  M  c o n c e n t r a t io n  o f  s a l ts  II N a C l ,  \ \ \  C a C b ,

III F e ( N 0 3 )3, E N a 2SC>4, III C a S C >4 a n d  #  FeSC>4. 6 g o f  a d s o rb e n ts  

w e re  u s e d  a n d  th e  p H  c o n d i t io n  w a s  a t p H  3.
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Figure 4.25 A d s o r p t io n  c a p a c i ty  o f  c u t t in g  f lu id s  o n  b e n z o y l  c h i to s a n  (B C H )  a n d  

q u a te r a m in a te d  c h i to s a n  w h e n  อ n o n  a d d in g  s a l t  a n d  a d d in g  0 .0 1  M  

c o n c e n t r a t io n  o f  s a l ts  !  N a C l, \ \ \  C a C l2, III F e ( N 0 3 )3, E N a 2SC>4,

III C a S C >4 a n d  #  FeSC>4. 6 g  o f  a d s o r b e n ts  w e re  u s e d  a n d  th e  p H  

c o n d i t io n  w a s  a t  p H  3.

R e s u l t s  o f  s a l t  a d d i t io n s  e f f e c t  o n  a d s o r p t io n  c a p a c i ty  o f  C H - S D S , C H -C -T a b , 

C H - T w e e n  8 0  a n d  B C H - S D S  a re  p re s e n te d  in  F ig u r e  4 .2 6 .  T h e  a d s o r p t io n  c a p a c it ie s  

o n  C H -S D S  w i th o u t  a d d in g  s a l t  a n d  a d d in g  N a C l,  C a C l2, F e ( N 0 3 )3, N a 2S 0 4 , C aS C >4 

a n d  F e S C >4 a t  c o n c e n t r a t io n  0 .0 1  M  w e re  1 4 1 .3 , 1 3 4 .6 , 1 3 2 .5 , 9 4 .6 ,  1 1 8 .1 , 1 1 9 .9  a n d

1 3 4 .4  m g /g , r e s p e c t iv e ly .  T h e  a d s o r p t io n  c a p a c i t i e s  o n  b le n d e d  C H - C - T a b  w e re  6 1 .2 ,

1 3 3 .1 , 1 3 4 .6 , 5 6 .7 , 7 5 .8 , 8 5 .6  a n d  132 .3  m g /g , r e s p e c t iv e ly .  T h e  a d s o r p t io n  c a p a c it ie s  

o n  C H - T w e e n  8 0  w e re  9 5 .2 , 1 3 4 .6 , 1 3 0 .8 , 6 4 .6 ,  7 4 .3 , 7 8 .3  a n d  1 3 4 .6  m g /g , 

r e s p e c t iv e ly .  T h e  a d s o r p t io n  c a p a c it ie s  o n  B C H - S D S  w e r e  1 3 2 .9 , 1 3 3 .6 , 9 5 .0 , 1 1 6 .9 ,

1 1 8 .1 , 1 3 4 .6  a n d  1 4 1 .3  m g /g , r e s p e c t iv e ly .
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I t  w a s  f o u n d  th a t  th e  a d s o r p t io n  c a p a c i t ie s  o f  C H -S D S  a n d  B C H -S D S  d id  n o t 

c h a n g e  s ig n i f ic a n t ly  w h e n  a d d in g  sa l ts . T h e  a d s o r p t io n  c a p a c i t i e s  o f  C H - C - T a b  a n d  

C H -T w e e n  8 0  in c r e a s e d  w i th  th e  a d d i t io n  o f  c h lo r id e  s a l ts  a n d  F e S C >4 c o m p a r e d  to  

th a t  w i th o u t  a d d i t io n  o f  th e s e  s a l ts .  T h is  is  d u e  to  th e  fa c t  th a t  e m u ls io n  r e d u c e s  th e  

th ic k n e s s  o f  th e  e le c t r i c a l  d o u b le  la y e r . T h e  a d d i t io n  o f  F e ( N 0 3)3, N a 2SC>4 a n d  C a S C >4 

s a l ts  to  th e  c u t t in g  f lu id s  e m u ls io n  d id  n o t  d e m o n s t r a te d  th e  te n d e n c y  c h a n g e  o f  

a d s o rp t io n  c a p a c i ty  o f  C H - C - T a b  a n d  C H -T w e e n  80 .
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Figure 4.26 A d s o r p t io n  c a p a c i ty  o f  c u t t in g  f lu id  o n  C H - S D S , C H -C -T a b ,  C H - T w e e n  

8 0  a n d  B C H - S D S  w h e n  อ n o n  a d d in g  s a l t  a n d  a d d in g  0 .0 1  M  

c o n c e n t r a t io n  o f  s a l ts  ::: N a C l,  \ \ \  C a C l2, III F e ( N 0 3)3, E N a 2S 0 4,

III C a S C >4 a n d  #  FeSC>4. 6 g  o f  a d s o r b e n ts  w e re  u s e d  a n d  th e  p H  

c o n d i t io n  w a s  a t  pFI 3.
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I t  c a n  b e  c o n c lu d e d  th a t  N a C l  a n d  C a C l2 e n h a n c e d  th e  a d s o r p t io n  c a p a c ity  o f  th e  

c u t t in g  f lu id s  e m u ls io n .  A d d in g  N a 2SC>4 a n d  C a S C >4 to  th e  e m u ls io n  d id  n o t  e n c o u ra g e  

c a p a c i ty  o f  a d s o r b e n ts .  A d d in g  F e ( N 03)3 a n d  F eS C >4 d id  n o t  a f f e c t  o n  a d s o rp tio n  

c a p a c ity .

R e s u l t s  o f  N a C l  c o n c e n t r a t io n  o n  c u t t in g  f lu id s  a d s o r p t io n  c a p a c i ty  o f  6 g  o f  

a d s o rb e n ts  a t  p F l 3 a r e  p r e s e n te d  in  F ig u r e  4 .2 7 . A d d in g  N a C l  s a l t  in c re a s e s  th e  

a d s o r p t io n  c a p a c i ty  fo r  c h i to s a n ,  b le n d e d  c h i to s a n /P V A  1 :1 , b e n z o y l  c h i to s a n , 

q u a te r a m in a te d  c h i to s a n ,  C H - C - T a b  a n d  C H - T w e e n  8 0 . W h ile  a d d in g  N a C l  s a l t  to  th e  

e m u ls io n ,  th e  c a p a c i ty  o f  C H -S D S , B C H - S D S  d id  n o t  c h a n g e  m u c h . W h e n  a d d in g  

m o re  N a C l  c o n c e n t r a t io n s  f ro m  0 .0 1  to  0 .0 5  M , a d s o r p t io n  c a p a c i ty  in c re a s e s  s l ig h tly . 

T h is  is  d u e  to  r e d u c in g  o f  th ic k n e s s  o f  th e  e le c t r ic a l  d o u b le  la y e r . T h e re fo re ,  

a d s o r p t io n  c a p a c i ty  in c re a s e s  w i th  s a l t  c o n c e n t r a t io n .  O n  th e  o th e r  h a n d ,  a d s o rp tio n  

c a p a c i ty  o f  C H - C - T a b  a n d  B C H - T w e e n  8 0  d e c r e a s e  d r a m a t ic a l ly  w h e n  a d d in g  m o re  

N a C l.  T h is  s h o w e d  s im i la r  r e s u l t  fo r  p e n ta c h lo r o p h e n o l  a d s o r p t io n  o n  c h i to s a n  [4 2 ] ,

Figure 4.27 A d s o r p t io n  c a p a c i ty  o f  c u t t in g  f lu id s  w h e n  □  n o n  a d d in g  sa lt  

a n d  a d d in g  N a C l  c o n c e n t r a t io n  III 0 .0 l a n d  E 0 .0 5  M
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R e s u l ts  o f  C a C l2 c o n c e n t r a t io n  o n  c u t t in g  f lu id s  a d s o r p t io n  c a p a c i ty  o f  6 .0  g  o f  

a d s o r b e n ts  a t  p H  3 a re  p r e s e n te d  in  F ig u re  4 .2 8 . A  C a C b  s a l t  in c r e a s e d  th e  a d s o rp tio n  

c a p a c i ty  fo r  c h i to s a n ,  b le n d e d  c h i to s a n /P V A  1 :1 , b e n z o y l  c h i to s a n ,  q u a te ra m in a te d  

c h i to s a n ,  C H - C - T a b  a n d  C H - T w e e n  80 . W h e n  a d d in g  C a C b  s a l t  to  th e  e m u ls io n  th e  

c a p a c i ty  o f  C H -S D S  d id  n o t  c h a n g e  s ig n if ic a n tly .  T h e  a d s o r p t io n  c a p a c ity  o f  B C H - 

S D S  d e c r e a s e s  w h e n  a d d in g  0 .0 1  M  C a C b -  F u r th e r  in c r e a s in g  C a C b  c o n c e n t r a t io n  to  

0 .0 5  M , a d s o r p t io n  c a p a c i ty  o f  B C H - S D S  l i t t le  in c re a s e d .  W h e n  a d d in g  m o re  C a C l2 

c o n c e n t r a t io n  f r o m  0 .0 1  to  0 .0 5  M , th e  a d s o r p t io n  c a p a c i ty  in c r e a s e d  s lig h tly . It c a n  b e  

c o n c lu d e d  th a t  in c r e a s in g  N a C l  o r  C a C b  f ro m  0 .01  to  0 .0 5  M  d o e s  n o t  a f f e c t  o n  

c u t t in g  f lu id s  a d s o r p t io n  c a p a c ity .

Figure 4.28 A d s o r p t io n  c a p a c i ty  o f  c u t t in g  f lu id s  w h e n  □  n o n  a d d in g  sa l t  

a n d  a d d in g  C a C b  c o n c e n t r a t io n  III 0 .0 l a n d  E 0 .0 5  M
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