
CHAPTER 6

CONTINUOUS ADSORPTION

In  o r d e r  to  o b ta in ,  th e  e x p e r im e n t  o f  b a tc h  p a r a m e te r s  c a n  p r o v id e  e s s e n tia l  

in f o r m a t io n  o f  th e  p r o c e s s  a b o u t  th e  e f f e c t iv e n e s s  o f  th e  a d s o r p t io n  p ro c e s s e s .  

N e v e r th e le s s  f o r  th e  o p e r a t io n  o f  in d u s tr ia l  s c a le  c o n t in u o u s  a d s o r p t io n  s y s te m , f ix e d -  

b e d  c o lu m n  p r o c e d u r e s  a r e  a n  a b s o lu te .  T h e re fo re ,  th e  f ix e d - b e d  c o lu m n  o f  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 ry l  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 ro 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 ry l  s u lfa 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 )  w e re  in v e s t ig a te d  in  th i s  th e s is  u s in g  b a s ic  a d s o r p t io n  c o lu m n  d e s ig n  p a ra m e te r s .  

F u r th e r m o r e ,  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 n d  c h i to s a n - s o d iu m  la u ry l  s u lfa te  

(C H - S D S )  s tu d ie s  w e re  b r in g  to  e v a lu a te  th e  e f f e c ts  o f  b e d  d e p th  a n d  th e  in le t  f lo w  

ra te  o f  a d s o r p t io n  o f  c u t t in g  f lu id s .  In  a d d it io n , th e  a n a ly s i s  o f  th e  b r e a k th ro u g h  c u rv e  

w a s  d o n e  b y  u s in g  a  m o d e l  o f  b e d  d e p th /  s e rv ic e  t im e  ( B D S T ) .  D o u b le  tw o  c o lu m n s  

w e re  e m p lo y e d  a ls o  in  th is  s tu d ie s .  T h e  d e ta i l  o f  a l l  p r e s e n te d  in  th e  f o l lo w in g  s e c t io n :

6.1. Single column
Initially, cutting fluids was adsorbed by the adsorbent resulting in residual in the

effluent. Adsorption occurred continuously and the adsorbate concentration in the
effluent gradually rose. In the upflow mode, when cutting fluids was introduced at the
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b o t to m  o f  a  c le a n  b e d  o f  th e  a d s o r b e n ts ,  m o s t  o f  c u t t in g  f lu id s  r e m o v a l  in i t ia lly  

o c c u r re d  in  a  n a r r o w  b a n d  a t  th e  b o t to m  o f  th e  c o lu m n . T h is  s te p  w a s  c a l le d  th e  

a d s o rp tio n  z o n e . A s  c o lu m n  o p e r a t io n  c o n tin u e s ,  th e  lo w e r  la y e rs  o f  th e  a d s o rb e n t  

b e c a m e  s a tu r a te d  w i th  c u t t in g  f lu id s  a n d  th e  a d s o r p t io n  z o n e  p r o g r e s s e d  u p w a rd  

th r o u g h  th e  b e d . E v e n tu a l ly ,  th e  a d s o rp t io n  z o n e  r e a c h e d  th e  to p  o f  th e  c o lu m n  a n d  th e  

c u t t in g  f lu id s  c o n c e n t r a t io n  in  th e  e f f lu e n t  b e g a n  to  in c re a s e .  A  b re a k th r o u g h  c u rv e  o f  

c o lu m n  w a s  o b ta in e d  b y  p lo t t in g  th e  a d s o r b a te  c o n c e n t r a t io n  in  th e  e f f lu e n t  a g a in s t  

t im e . T h e  b r e a k th r o u g h  c u rv e s  fo r  c u t t in g  f lu id s  w i th  in i t ia l  c o n c e n t r a t io n  1 .0 0  %  w /v , 

p H  3 f lo w  ra te  0 .5  c m 3/m in  a n d  b e d  d e p th  2 0  c m , 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 , C H -C -T a b ,  C H - T w e e n  8 0 , B C H -C - T a b  a n d  B C H - T w e e n  8 0  a s  a d s o r b e n ts  a re  

s h o w n  in  F ig u r e  6 .1 .  T h e  p o in t  o n  th e  b re a k th r o u g h  c u r v e  a t  w h ic h  th e  c u t t in g  f lu id s  

c o n c e n t r a t io n  r e a c h e s  i ts  m a x im u m  p e r m is s ib le  v a lu e  (1 0 0  m g /1 ) is  r e f e r r e d  to  a s  a  

b re a k th ro u g h .  T h e  b re a k th r o u g h  t im e s  ( c o r r e s p o n d in g  to  C /C o  =  0 .1 0 )  a re  8 m in  fo r  

c h i to s a n ,  12 m in  fo r  b le n d e d  c h i to s a n /P V A  1 :1 , a n d  5 m in  fo r  C H -C -T a b ,  C H -T w e e n  

8 0 , B C H -C - T a b  a n d  B C H - T w e e n  8 0 . T h e  p o in t  w h e r e  th e  e f f lu e n t  c u t t in g  f lu id s  

c o n c e n t r a t io n  r e a c h e s  9 0  %  o f  th e  in f lu e n t  c u t t in g  f lu id s  is  c a l le d  th e  p o in t  o f  c o lu m n  

e x h a u s t io n . T h e n ,  th e  e x h a u s t io n  t im e s ,  C /C o  =  0 .9 ,  w e r e  9 0  m in  fo r  c h i to s a n ,  163 

m in  fo r  b le n d e d  c h i to s a n /P V A  1 :1 , 63  m in  fo r  C H -C -T a b ,  3 0  m in  fo r  C H -T w e e n  80  

a n d  B C H -C - T a b ,  5 5  m in  fo r  B C H -T w e e n  8 0 . T h e  v o lu m e  o f  c u t t in g  f lu id s  t r e a te d  a t 

th e  b r e a k th ro u g h  p o in t  w e re  4 .0  c m 3 fo r  c h i to s a n ,  6 .0  c m 3 f o r  b le n d e d  c h i to s a n /P V A  

1 :1 , C H -C -T a b ,  C H - T w e e n  8 0 , B C H - C - T a b  a n d  B C H - T w e e n  8 0  a s  a d s o rb e n ts .  A t th e  

e x h a u s t io n  p o in t  w e re  4 5 .0  c m 3 fo r  c h i to s a n ,  8 1 .5  c m 3 f o r  b le n d e d  c h i to s a n /P V A  1:1 ,

3 1 .5  c m 3 fo r  C H - C - T a b ,  1 5 .0  c m 3 fo r  C H - T w e e n  8 0  a n d  B C H - C - T a b  a n d  2 7 .5  c m 3

fo r  B C H -T w e e n  8 0 . A ll  r e s u l ts  a re  s u m m a r iz e d  in  T a b le  6 .1 .
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Figure 6.1 B r e a k th r o u g h  p ro f i le s  fo r  c u t t in g  f lu id s  a d s o r p t io n  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 C H - C - T a b ,  0  C H - T w e e n  8 0 , □  B C H - 

C - T a b  a n d  A B C H -T w e e n  8 0

Table 6.1 E x p e r im e n ta l  r e s u l ts  o f  s in g le  c o lu m n  s tu d ie s  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 , C H -C -T a b , C H - T w e e n  8 0 , B C H - C - T a b  a n d  B C H - 

T w e e n  8 0

A dsorben ts B reak th rough E xhaustion V o lum e o f  trea ted  cu ttin g  flu ids (cm 3)
tim e (m in) tim e (m in) B reak th rou gh  po in t E xhau stion  po in t

C hitosan 8 90 4.0 45.0
B lended
ch itosan /P V A  1:1 12 163 6.0 81.5

C H -C -T ab 5 63 2.5 31.5

C H -T w een  80 5 30 2.5 15.0

B C H -C -T ab 5 63 2.5 31.5

B C H -T w een  80 5 55 2.5 27.5
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T h e  b r e a k th r o u g h  c u r v e s  fo r  c u t t in g  f lu id s ,  in i t ia l  c o n c e n t r a t io n  1 .0 0  %  w /v , p H  3 

f lo w  ra te  0 .5  c m 3/m in  a n d  b e d  d e p th  2 0  c m , o f  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 -S D S  a n d  B C H -S D S  a s  a d s o r b e n ts  a re  s h o w n  in  F ig u re  6 .2 . T h e  

b r e a k th r o u g h  t im e s  w e re  0 .7  a n d  4 .5  h  fo r  b e n z o y l  c h i to s a n  a n d  q u a te ra m in a te d  

c h i to s a n ,  r e s p e c t iv e ly .  T h e  b r e a k th r o u g h  t im e  o f  C H -S D S  a n d  B C H -S D S  w e re  

o b ta in e d  a t  0 .3  h . T h e  p o in t  w h e re  th e  e f f lu e n t  o f  c u t t in g  f lu id s  c o n c e n t r a t io n  r e a c h e s  

9 0  %  o f  th e  in f lu e n t  o f  c u t t in g  f lu id s  w e re  8 0  h  fo r  b e n z o y l  c h i to s a n ,  154  h  fo r  

q u a te r a m in a te d  c h i to s a n ,  8 0  h  fo r  C H -S D S  a n d  100  h . fo r  B C H - S D S , r e s p e c t iv e ly . 

T h e  v o lu m e  o f  c u t t in g  f lu id s  t r e a te d  a t  th e  b re a k th r o u g h  p o in t  w a s  21 c m 3 fo r  b e n z o y l  

c h i to s a n ,  135  c m 3 fo r  q u a te r a m in a te d  c h i to s a n ,  9 c m 3 fo r  C H - S D S  a n d  B C H -S D S , 

r e s p e c t iv e ly .  T h e  e x h a u s t io n  p o in t  w a s  2 4 0 0  c m 3 fo r  b e n z o y l  c h i to s a n ,  4 6 2 0  c m 3 fo r  

q u a te r a m in a te d  c h i to s a n ,  2 4 0 0  c m 3 fo r  C H -S D S  a n d  3 0 0 0  c m 3 fo r  B C H -S D S , 

re s p e c t iv e ly .  T a b le  6 .2  s u m m a r iz e d  th e  re s u l t  o b ta in e d  f ro m  th is  s tu d y .

Figure 6.2 B r e a k th r o u g h  p ro f i le s  fo r  c u t t in g  f lu id s  a d s o r p t io n  o n  ♦  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  a n d  0  B C H - S D S



1 3 3

Table 6.2 E x p e r im e n ta l  r e s u l ts  o f  s in g le  c o lu m n  s tu d ie s  o n  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  a n d  B C H - S D S

A d sorben ts B reak through E xhau stio n V o lum e o f  trea ted  cu tting  flu ids (cm 3)
tim e (h) tim e (h) B reak th ro u gh  po in t E xhaustion  poin t

B enzoyl ch itosan 0.7 80 21 240
Q u ateram in a ted
ch itosan 4.5 154 135 4620

C H -S D S 0.3 80 9 2400

B C H -S D S 0.3 100 9 3000

6.2. Evaluation of basic design parameter for continuous adsorption
F o r m a t io n  a n d  m o v e m e n t  o f  a n  a d s o r p t io n  z o n e  c a n  b e  e v a lu a te d  m a th e m a t ic a l ly  

[1 2 , 6 1 , 6 2 ] .  T h e  t im e  re q u i r e d  fo r  th e  a d s o r p t io n  z o n e  to  m o v e  u p  th e  le n g th  o f  its  

o w n  h e ig h t  u p  th e  c o lu m n  o n c e  it h a s  e s ta b l i s h e d  is

t (6 . 1)

w h e re  tz is  th e  t im e  re q u i r e d  fo r  th e  a d s o r p t io n  z o n e  (m in ) ,  Vs is  th e  to ta l  v o lu m e  o f  

c u t t in g  f lu id s  s p ik e d  w a te r  t r e a te d  b e tw e e n  b re a k th r o u g h  a n d  e x h a u s t io n  (1) a n d  Q w is  

th e  in f lu e n t  f lo w  ra te  ( c m 3/m in ) .

T h e  t im e  re q u i r e d  f o r  e s ta b l i s h in g  th e  a d s o r p t io n  z o n e  a n d  m o v e  c o m p le te ly  o u t 

o f  th e  b e d  is

w h e re  tE is  th e  t im e  re q u i r e d  fo r  e s ta b l i s h in g  th e  a d s o r p t io n  z o n e  a n d  m o v e  c o m p le te ly  

o u t  o f  th e  b e d  (m in )  a n d  VE is  th e  to ta l  v o lu m e  o f  c u t t in g  f lu id s  t r e a te d  to  th e  p o in t  o f  

e x h a u s t io n  (1).

T h e  ra te  a t w h ic h  th e  a d s o rp tio n  z o n e  is  m o v in g  u p  o r  d o w n  th r o u g h  th e  b e d  is

บ ^ ! ± = - ± 7-
t ะ t K - t f

(6 .3 )
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w h e re  บ2 is  th e  r a te  o f  th e  a d s o r p t io n  z o n e  (c m /m in ) ,  hz is  th e  h e ig h t  o f  th e  a d s o rp tio n  

z o n e  ( c m ) , h  is  th e  h e ig h t  o f  b e d  d e p th  (c m )  a n d  t f  is  th e  t im e  r e q u ire d  fo r  th e  

a d s o r p t io n  z o n e  to  in i t ia l ly  f o r m  (m in ) .

R e a r r a n g in g  E q u a t io n  6 .3  p ro v id e s  a n  e x p r e s s io n  fo r  th e  h e ig h t  o f  th e  a d s o rp tio n  

z o n e .

T h e  v a lu e  o f  t f  c a n n o t  b e  m e a s u r e d  d ir e c t ly  b u t  th e  l im its  fo r  t f  c a n  b e  e s ta b li s h e d  

b y  f u r th e r  a n a ly s is  o f  th e  a d s o r p t io n  z o n e . A t b re a k th r o u g h  p o in t ,  th e  f ra c t io n  o f  

a d s o rb a te  p r e s e n t  in  th e  a d s o r p t io n  z o n e  s ti l l  h a r in g  p r o c e s s in g  a b i l i ty  to  re m o v e  

a d s o rb a te  w a s

w h e re  F  is  th e  b r e a k th r o u g h  f r a c t io n ,  Co is  th e  in i t ia l  c u t t in g  f lu id s  c o n c e n tr a t io n  

(m g /1 ), c , is  th e  c u t t in g  f lu id s  c o n c e n t r a t io n  a t t im e  t, VB is th e  to ta l  v o lu m e  o f  c u t t in g  

f lu id s  to  th e  p o in t  o f  b re a k th r o u g h  (1), ร2 is  a m o u n t  o f  c u t t in g  f lu id s  th a t  h a s  b e e n  

r e m o v e d  b y  th e  a d s o r p t io n  z o n e  f ro m  b r e a k th r o u g h  to  e x h a u s t io n  a n d  S max is  th e  

a m o u n t  o f  c u t t in g  f lu id s  r e m o v e d  b y  th e  a d s o r p t io n  z o n e  i f  c o m p le te ly  e x h a u s te d .

I f  th e  a d s o r p t io n  z o n e  is  s a tu r a te d  a t  b r e a k th r o u g h ,  th e  v a lu e  o f  F  w ill  b e  v e ry  

c lo s e  to  z e ro  a n d  th e  t im e  re q u i r e d  fo r  th e  z o n e  to  in i t i a l ly  fo rm  {tf) w i ll  b e  

a p p r o x im a te ly  th e  s a m e  a s  th e  t im e  r e q u i r e d  fo r  th e  z o n e  to  m o v e  u p  a  d is ta n c e  e q u a l  

to  its  o w n  h e ig h t .  I f  th e  a d s o r p t io n  z o n e  is  p ra c t ic a l ly  f re e  o f  a d s o rb a te  a t  th e  

b re a k p o in t ,  i .e ., F  ~  0 , th e  t im e  r e q u ire d  fo r  z o n e  f o r m a t io n  is  v e ry  sh o r t. I f  th e  

c o n c e n t r a t io n  f ro n t  is  c h a r a c te r iz e d  b y  a  ty p ic a l  S - s h a p e d  c u r v e ,  F  is a p p ro x im a te ly

(6 .4 )

] { C 0 - c 1) d V  

p  =  j z  =  yB______________ (6 .5 )
ร™* C 0(VE - V B)

0.5. Thus, time for required the adsorption zone to initially form
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t , = ( l - F ) t  1 (6 .6 )

T h e  p e r c e n ta g e  o f  th e  to ta l  c o lu m n  s a tu r a t io n  a t  b r e a k th r o u g h  is

%  S a tu ra tio n  = ^  +  ^ X 1 0 0  (6 .7 )

C o m p a r in g  th e  r e s u l t s  in  T a b le  6 .3  a n d  6 .4 ,  i t  is  fo u n d  th a t  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 , C H - C - T a b ,  B C H -C - T a b ,  C H - T w e e n  8 0  a n d  B C H - T w e e n  8 0  s p e n t  

t im e  fo r  a d s o r p t io n  z o n e  s h o r te r  th a n  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  a n d  B C H - S D S . I t  th i s  n o tic e d  th a t,  th e  h e ig h t  o f  th e  a d s o r p t io n  z o n e  s h o w n  in  

T a b le  6 .3  a n d  6 .4  a r e  in  th e  s a m e  o rd e r in g  n a r r o w  in  a  r a n g e  v a r ie s  f r o m  2 8 .6  to  3 9 .9  

c m . F o r  th e  r a te  o f  th e  a d s o rp tio n  z o n e , it  is  fo u n d  th a t  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 , C H - C - T a b ,  B C H -C - T a b ,  C H - T w e e n  8 0  a n d  B C H - T w e e n  8 0  (T a b le

6 .3 )  s h o w  th e  r a te  o f  th e  a d s o r p t io n  z o n e  h ig h e r  th a n  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 -S D S  a n d  B C H -S D S . P e r c e n ta g e  o f  s a tu r a t io n  a t  b re a k th r o u g h  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 , C H - C - T a b ,  B C H - C - T a b ,  C H - T w e e n  8 0  a n d  

B C H + T w e e n  8 0  in  T a b le  6 .3  o b ta in e d  a re  lo w e r  th a n  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  a n d  B C H -S D S  in  T a b le  6 .4 . I t c a n  b e  c o n c lu d e d  

th a t  h ig h t  c o lu m n  m a y  n o t  s u i ta b le  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  d u e  to  lo w  

p e r c e n ta g e  o f  b r e a k th r o u g h .

Table 6.3 B a s ic  p a r a m e te r s  fo r  f ix e d  b e d  o f  c u t t in g  f lu id s  o n to  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 , C H -C -T a b , B C H - C - T a b ,  C H - T w e e n  8 0  a n d  B C H - 

T w e e n  8 0

A d s o r b e n ts tz  (m in ) h z  (c m ) u z ( c m /m in ) %  B e d  s a tu r a t io n
C h i to s a n 82 3 3 .5 0 .4 0 8 16 .33
B le n d e d  c h i to s a n /P V A  l : l 198 3 5 .7 0 .1 8 0 10.81
C H -C -T a b 58 3 4 .1 0 .5 8 8 14.71
B C H -C - T a b 58 3 4 . 1 0 .5 8 8 14.71
C H -T w e e n  8 0 25 2 8 .6 1 .1 4 3 2 8 .5 7
B C H -T w e e n  8 0 75 3 5 .3 0 .4 7 1 1 1 .7 6

I ททเนเ1-
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Table 6.4 Basic parameters for fixed bed of cutting fluids onto benzoyl chitosan,

quateraminated chitosan, CH-SDS and BCH-SDS
A d s o r b e n ts tz  (m in ) h z  (c m ) u z ( c m /m in ) %  B e d  s a tu r a t io n

B e n z o y l  c h i to s a n 4 7 5 8 3 9 .3 0 .0 0 8 1.73
Q u a te r a m in a te d  c h i to s a n 8 9 7 0 3 7 .7 0 .0 0 4 5 .6 8
C H -S D S 4 7 8 2 3 9 .7 0 .0 0 8 0 .7 5
B C H - S D S 5 9 8 2 3 9 .8 0 .0 0 7 0 .6 0

6.3. Effect of flow rate
T o  in v e s t ig a te  th e  e f f e c t  o f  f lo w  ra te  o n  c u t t in g  f lu id s  a d s o r p t io n ,  th e  in i t ia l  

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

w h i le  f lo w  ra te  w a s  v a r ie d  0 .5 0 , 1 .0 0  a n d  2 .0 0  c m 3/m in ,  r e s p e c t iv e ly .  T h e  

b r e a k th r o u g h  c u r v e s  a r e  s h o w n  in  F ig u re  6 .3  f o r  c h i to s a n ,  F ig u r e  6 .4  fo r  b le n d e d  

c h i to s a n /P V A  1:1 a n d  F ig u r e  6 .5  fo r  C H -S D S , r e s p e c t iv e ly .

I t c a n  b e  s e e n  th a t  b re a k th r o u g h  t im e  g e n e ra l ly  is  s h o r te r  w h e n  in c r e a s in g  in  f lo w  

ra te .  T h e  e x h a u s te d  t im e  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 a n d  C H -S D S  w a s  9 0  

m in ,  2 1 0  m in  a n d  8 0  h , r e s p e c t iv e ly  w h e n  f lo w  ra te  w a s  0 .5  c m 3/m in .  W h e n , 

in c r e a s in g  f lo w  to  1 .0  c m 3/m in  e x h a u s te d  t im e  w a s  s h o r te r  to  3 0  m in  fo r  c h i to s a n ,  95  

m in  f o r  b le n d e d  c h i to s a n /P V A  1:1 a n d  2 4  h  fo r  C H -S D S . F u r th e r  in c re a s e  f lo w  ra te  to

2 .0  c m 3/m in ,  e x h a u s te d  t im e  w a s  to  13 m in  fo r  c h i to s a n ,  9 0  m in  fo r  b le n d e d  

c h i to s a n /P V A  1:1 a n d  8 h  fo r  C H -S D S , r e s p e c t iv e ly .  A  lo w e r  f lo w  ra te  o f  c u t t in g  

f lu id s  in f lu e n t ,  a t ta c h e d  t im e  b e tw e e n  c u t t in g  f lu id s  a n d  a d s o r b e n ts  is  lo n g . T h e re fo re ,  

m o re  c u t t in g  f lu id s  c a n  b e  r e m o v e d  f ro m  th e  e f f lu e n t .  T h e  v a r ia t io n  in  th e  s lo p e  o f  

b re a k th r o u g h  c u r v e  a n d  a d s o r p t io n  c a p a c ity  m a y  b e  e x p la in e d  o n  th e  b a s is  o f  m a s s  

t r a n s f e r  f u n d a m e n ta ls .  A t h ig h e r  f lo w  ra te , th e  ra te  o f  m a s s  t r a n s f e r  in c re a s e s .  I t 

in t r o d u c e d  th a t  th e  a m o u n t  o f  c u t t in g  f lu id s  a d s o rb e d  o n  u n it  b e d  h e ig h t  in c re a s e s  w ith
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flow rate. Then longer time to reach saturation is show when lower flow rate is
employed [63].

Figure 6.3 B r e a k th r o u g h  c u rv e s  a d s o r p t io n  c u t t in g  f lu id s  o f  c h i to s a n  a t  f lo w  ra te  

♦  0 .5 0 ,  ■  1 .0 0  a n d  ▲  2 .0 0  c m 3/m in

Figure 6.4 B r e a k th r o u g h  c u rv e s  a d s o r p t io n  c u t t in g  f lu id s  o f  b le n d e d  c h i to s a n /P V A  

1:1 a t  f lo w  ra te  ♦  0 .5 0 , ■  1 .0 0  a n d  A 2 .0 0  c m 3/m in
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Figure 6 .5  B r e a k th r o u g h  c u rv e s  a d s o r p t io n  c u t t in g  f lu id s  o f  C H - S D S  a t  f lo w  ra te  

♦  0 .5 0 ,  ■  1 .0 0  a n d  ▲  2 .0 0  c m 3/m in

6.4. Effect of bed height
F ig u r e s  6 .6  to  F ig u r e  6 .8  s h o w  e f f e c t  o f  b e d  h e ig h t  o n  a d s o r p t io n  o f  c u t t in g  f lu id s  

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 n d  C H -S D S  w h e n  u s in g  1 .0  %  w /v  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  p H  3 a t  f lo w  ra te  0 .5  c m 3/m in .  T h e  b e d  d e p th  w a s  

v a r ie d  f r o m  5 to  2 0  c m . M o r e  c u t t in g  f lu id s  a re  a d s o r b e d  w h e n  in c r e a s in g  in  b e d  

h e ig h t .  T h is  c a n  b e  e x p la in e d  th a t  c u t t in g  f lu id s  m o re  t im e  to  c o n ta c t  w i th  a d s o rb e n ts .  

T h is  r e s u l ts  in  h ig h e r  r e m o v e  e f f ic ie n c y  o f  c u t t in g  f lu id s .  T h e  e x h a u s te d  t im e  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 a n d  C H -S D S  w a s  9 0  m in ,  2 1 0  m in  a n d  8 0  h  a t 

b e d  d e p th  2 0  c m . W h e n  th e  b e d  d e p th  w a s  15 c m , th e  e x h a u s te d  t im e  w a s  6 5  m in  fo r  

c h i to s a n ,  8 8  m in  f o r  b le n d e d  c h i to s a n /P V A  1:1 a n d  55  h  f o r  C H - S D S . W h e n  s ti l l  

r e d u c in g  th e  b e d  h e ig h t  to  10 c m , it  w a s  fo u n d  th a t  th e  e x h a u s te d  t im e  w a s  6 0  m in  fo r  

c h i to s a n ,  3 5  m in  fo r  b le n d e d  c h i to s a n /P V A  1:1 a n d  3 8  h  fo r  C H - S D S . W h e n  re d u c in g  

th e  h e ig h t  to  5 c m , th e  e x h a u s te d  t im e  c h a n g e d  to  35  m in  fo r  c h i to s a n ,  3 8  m in  fo r  

b le n d e d  c h i to s a n /P V A  1:1 a n d  3 2  h  fo r  C H -S D S . T h e  h ig h e r  b e d  c o lu m n  re s u l ts  in  a
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d e c re a s e  in  th e  c u t t in g  f lu id s  c o n c e n t r a t io n  in  th e  e f f lu e n t .  T h e  s lo p e  o f  th e  

b r e a k th r o u g h  c u r v e  d e c r e a s e d  w i th  in c r e a s in g  b e d  h e ig h t . H ig h e r  u p ta k e  is  o b ta in e d  a t  

h ig h e r  b e d  h e ig h t  d u e  to  a n  in c re a s e  in  th e  s u r f a c e  a r e a  o f  a d s o r b e n ts ,  w h ic h  p ro v id e s  

m o re  b in d in g  s i te s  fo r  th e  a d s o r p t io n  [6 4 , 6 5 ] ,

Figure 6 .6  B r e a k th r o u g h  c u rv e s  a d s o r p t io n  c u t t in g  f lu id s  o f  c h i to s a n  a t  b e d  d e p th  

♦  2 0 .0 ,  ■  1 5 .0 , ▲  1 0 .0  a n d  0  5 .0  c m
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Figure 6.7 B r e a k th r o u g h  c u rv e s  a d s o r p t io n  c u t t in g  f lu id s  o f  b le n d e d  c h i to s a n /P V A  

1:1 a t  b e d  d e p th  ♦  2 0 .0 , ■  1 5 .0 , ▲  1 0 .0  a n d  0  5 .0  c m

Figure 6 .8  B r e a k th r o u g h  c u rv e s  a d s o rp t io n  c u t t in g  f lu id s  o f  C H - S D S  a t  b e d  d e p th

♦  2 0 .0 ,  ■  1 5 .0 , ▲  1 0 .0  a n d  0  5 .0  c m
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6.5. Analysis column data based on bed depth/service time model
T h e  b e d  d e p th / s e r v ic e  t im e  (B D S T )  m o d e l  w a s  e x te n d e d  to  p re d ic t  a n d  d e te rm in e  

b re a k th r o u g h  t im e  a n d  e x h a u s t io n  t im e  a t  d i f f e r e n t  f lo w  ra te s . T h e  B D S T  m o d e l  is 

b a s e d  o n  p h y s ic a l ly  m e a s u r in g  th e  c a p a c i ty  o f  th e  b e d  a t  d i f f e r e n t  b re a k th r o u g h  

v a lu e s .  T h e  B D S T  m o d e l  w o rk s  w e ll  a n d  p ro v id e s  u s e fu l  m o d e l in g  e q u a t io n s  f o r  th e  

c h a n g e s  o f  s y s te m  p a r a m e te r s .  A  m o d if ie d  fo rm  o f  th e  e q u a t io n  th a t  e x p r e s s e s  th e  

s e rv ic e  t im e  a t  b r e a k th r o u g h ,  t, a s  a  f ix e d  f u n c t io n  o f  o p e r a t io n  p a r a m e te r  is  th e  B D S T  

m o d e l  [6 2 , 6 6 -6 9 ] :

w h e re  t  is  th e  t im e  ( m in ) ,  z  is  th e  b e d  d e p th  o f  c o lu m n  (c m ) , Co is  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 i n g  f lu id s  in  th e  l iq u id  p h a s e  (m g /L ) ,  V is  th e  in f lu e n t  l in e a r  

v e lo c i ty  ( c m /m in ) ,  No is  th e  a d s o r p t io n  c a p a c i ty  (m g /1 ), Ka is  th e  ra te  c o n s ta n t  in  th e  

B D S T  m o d e l  (1 /m g -m in )  a n d  Cl is  th e  e f f lu e n t  c o n c e n t r a t io n  o f  c u t t in g  f lu id s  in  th e  

l iq u id  p h a s e  (m g/1 ).

A  p lo t  o f  t v e r s u s  z  s h o u ld  y ie ld  a  s t r a ig h t  l in e  w h e re  No a n d  Ka, th e  a d s o rp tio n  

c a p a c i ty  a n d  ra te  c o n s ta n t ,  c a n  b e  e v a lu a te d .

(6.8)

t =  a Z  + b (6 .9 )

w h e re

(6.10)

(6.11)

T h e  s lo p e  c o n s ta n t  fo r  a  d i f f e r e n t  f lo w  ra te  c a n  b e  d ir e c t ly  c a lc u la te d  b y

a  - a — - a —7 
V 0

Q
Q ( 6. 12)
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where a and V are the old slope and influent linear velocity, respectively and a and V 

are the new slope and influent linear velocity. As the column used in experimental has 
the same diameter, the ratio of original (v) and new influent linear velocity (v ) and 
original flow rate ( 0  and the new flow rate (Q ).

For other influent concentrations, the desired equation is given by a new slope 
and a new intercept is given by

where b is the new and old intercept, respectively, c  0 and Co is the new and old 
influent concentration, respectively.

The lines of t and z  at values of C/Co 0.2, 0.4 and 0.6 when employing chitosan, 
blended chitosan/PVA 1:1 and CH-SDS are shown in Figure 6.9, 6.10 and 6.11, 
respectively. The related constants of BDST according the slopes and intercepts of line 
are summarized in Table 6.5. When increasing in C/Co increased, the rate constant Ka 
decreases while the adsorption capacity of the bed per unit bed volume, No, increases. 
From the values of correlation coefficient, the validity of the BDST model is suitable 
for the present system. The BDST model constants can help to scale up the process of 
continuous adsorption for the other flow rate without further experimental runs [68]. 
The BDST equation obtained at a flow rate of 0.5 cnvVmin was used to predict the 
adsorbent performance at a higher flow rate of 1.0 cm3/min. The predicted time (tc) 
and experimental time (te) are shown in Table 6.6. A good prediction has been made

(6.13)

5. b c 0 ln(C0- l )  
C0 ln(C0- l ) (6.14)

for the case of changed flow rate.
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0 -I----------- 1----------- 1----------- 1----------- 1----------- 1----------- 1------------1------------1----------- 1----------- 1
0 .0  2 .0  4 .0  6 .0  8 .0  10.0 12 .0  14.0  16 .0  18.0 2 0 .0

Z (cm)

Figure 6.9 Isoremoval lines for different bed depth heights on chitosan
♦  C,/Co = 0.2, ■  Ct/Co = 0.4 and ▲  C,/Co = 0.6

0 .0  2 .0  4 .0  6 .0  8 .0  10.0  12.0  14 .0  16.0  18.0  20 .0

z (cm)

Figure 6.10 Isoremoval lines for different bed depth heights on blended chitosan/PVA 
1:1 ♦  Ct/Co = 0.2, ■  C,/Co = 0.4 and ▲  c,/c0 = 0.6
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Figure 6.11 Isoremoval lines for different bed depth heights on CH-SDS 

♦  Ct/Co = 0.2, ■  Ct/Co = 0.4 and ▲  C,/Co = 0.6

Table 6.5 Calculated constants of BDST model for the cutting fluids on chitosan

C,/Co a (min/cm) b (min) Ka (1/mg/min) No (mg/1) R2
0.2 0.31 1.25 7.00x1 O'5 491.32 0.919
0.4 0.72 2.00 4.37x1 O’5 1141.13 0.982
0.6 1.12 4.75 1.84x1 O'5 1775.09 0.979

Table 6.6 Predicted breakthrough time based on BDST constant for a new flow rate 
on chitosan

c,/c0 a
(m in /cm )

b
(ภา!ท)

V

(cm /m in)
v ’

(cm /m in)
a ’

(m in /cm )
z

(cm )
tc

(m in)
te

(m in)
0.2 0.31 1.25 0.10 0.20 0.16 20.0 1.9 3.5
0.4 0.72 2 .00 0.10 0.20 0.36 20 .0 5.2 4.9
0.6 1.12 4.75 0.10 0 .20 0.56 20 .0 6.5 8.8
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Table 6.7 Calculated constants of BDST model for the cutting fluids on 
blended chitosan/pVA 1:1

Ct/Co a (min/cm) b (min) Ka (1/mg/min) No (mg/1) R2
0.2 0.72 -1.00 -8.75x10'5 1141.13 0.971
0.4 1.20 1.00 8.75xl0'5 1901.88 0.968
0.6 2.60 -5.50 -1.59x1 O'5 4120.74 0.982

Table 6.8 Predicted breakthrough time base on BDST constant for a new flow rate on 
blended chitosan/PVA 1:1

C /C o a

(m in /cm )
b

(m in)
V

(cm /m in)
v ’

(cm /m in)
a ’

(m in /cm )
z

(cm )
tc

(m in)
te

(m in)
0.2 0.72 -1 .00 0.10 0.20 0 .36 2 0 .0 8.2 14
0.4 1.20 1.00 0 .10 0.20 0 .60 2 0 .0 11.0 25
0.6 2 .60 -5 .50 0.10 0.20 1.30 20 .0 31.5 51

Table 6.9 Calculated constants of BDST model for the cutting fluids on CH-SDS

Ct/Co a (min/cm) b (min) Ka (1/mg/min) No (mg/1) R2
0.2 0.16 -0.67 -1.31E-04 253.58 0.951
0.4 0.56 -2.07 -4.22E-05 887.54 0.993
0.6 1.68 -3.40 -2.57E-05 2662.63 0.974

Table 6.10 Predicted breakthrough time based on BDST constant for a new flow rate 
on CH-SDS

C /C o a
(min/cm)

b
(min)

V

(cm/min)
v’

(cm/min)
a ’

(min/cm)
z

(cm) (h) (h)
0.2 0 .1 6 -0 .6 7 0 .1 0 0 .2 0 0 .11 2 0 .0 2 .8 3 .5
0.4 0 .5 6 -2 .0 7 0 .1 0 0 .2 0 1 .03 2 0 .0 7 .7 3 4 .0
0.6 1 .68 -3 .4 0 0 .1 0 0 .2 0 2 .3 0 2 0 .0 2 0 .2 7 9 .0

The predicted time obtained from chitosan blended chitosan/PVA 1:1 and CH-
SDS is close to the experimental value. It was foud that the BDST model and 
constants evaluated can be used to design a column over a range of feasible flow rate 
at C/Co 0.2, 0.4 and 0.6, respectively. These results also indicate the equation which is 
used to predict adsorption performance when operation at other condition.
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6.6. Two columns
The breakthrough curves for a two column, initial cutting fluids concentration

1.00 % w/v, pH 3 flow rate 0.5 cm3/min and bed depth 10 cm of chitosan as 
adsorbents are shown in Figure 6.12. The breakthrough times were 6 and 1 minutes for 
circular glass columns A and B, respectively. The point where the effluent cutting 
fluids concentration reaches 90 % of the influent cutting fluids was 100 and 55 
minutes, respectively. The volume of cutting fluids spiked water treated at the 
breakthrough point was 3.0 and 0.5 cm3 for the double two column, respectively and at 
the exhaustion point was 50 and 27.5 cm3, respectively.

Figure 6.12 Breakthrough curve of adsorption of cutting fluid on chitosan 
type two column ♦  column A and ■  column B

The breakthrough curves for a two column, initial cutting fluids concentration
1.00 % w/v, pH 3 flow 0.5 cm3/min and bed depth 10 cm of CH-SDS as adsorbents are 
shown in Figure 6.13. The breakthrough times were 0.3 and 0.1 h for circular glass 
columns A and B, respectively. The point where the cutting fluids effluent 
concentration reaches 90 % of the influent cutting fluid was 29 and 47 h, respectively.
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The volume of cutting fluids spiked water treated at the breakthrough point was 9 and 
3 cm3 for the two column, respectively and at the exhausting point was 870 and 1410 
cm3, respectively.

Figure 6.13 Breakthrough curve of adsorption of cutting fluids on CH-SDS 
type two column ♦  column A and ■  column B

Table 6.11 Basic parameters of two columns on chitosan and CH-SDS

A d so rb en ts T ype o f  co lum n tz
(m in)

hz
(cm )

บ z
(cm /m in) %  Bed saturation

C hitosan
T w o co lum ns (A ) 94.0 17.7 0 .189 11.32
T w o co lum ns (B ) 54.0 19.3 0 .357 3.57

C H -S D S
T w o co lum ns (A) 1722.0 19.6 0.011 2.05
T w o co lum ns (B ) 281 4 .0 19.9 0.007 0.42
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