
CHAPTER V ^ ะะ-^
SURFACTANT-ENHANCED REGENERATION OF GRANULAR 

ACTIVATED CARBON USED IN REMOVAL OF A VOLATILE ORGANIC
COMPOUND

5.1 ABSTRACT

Surfactant-enhanced carbon regeneration (SECR) was applied to gas-phase 
application granular activated carbon (GAC) saturated with a volatile organic 
compound (VOC), trichloroethylene (TCE), in packed bed adsorbers. An anionic 
surfactant, sodium dodecyl sulfate, (SDS) was used for this purpose. In this system, 
more than 95% removal of TCE was achieved. However, after the regeneration, only 
about 5% in its original capacity was recovered when surfactant solution was used 
alone. It is speculated that the drastic decrease of its capacity is due to the residual 
surfactant remaining on GAC. With subsequent rinsing the regenerated carbon with 
water at ambient temperature, its capacity was greatly improved. The experimental 
results also revealed that the temperature of the rinsing water has a significant 
influence on the capacity of the regenerated carbon. Concurrently, the adsorption- 
desorption isotherms of SDS on GAC were generated in order to gain more 
information about the mechanistic governing the desorption of the surfactant

5.2 INTRODUCTION

Granular activated carbon (GAC) has been extensively used as an efficient 
adsorbent to remove organic compounds from water and gas streams by means of 
adsorption. The spent GAC must either be replaced or be regenerated to restore its 
adsorptive capability. The predominant industrial practice of using the activated 
carbon only once and disposal or thermal regeneration is costly. Therefore, other 
alternatives have been searched to decrease the regeneration cost such as, chemical 
regeneration, solvent regeneration, supercritical extraction, biological, and ultrasound 
regeneration (1-11).
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R e g e n e r a t i o n  o f  s p e n t  G A C  f o r  g a s  p h a s e  a p p l i c a t i o n s  u s i n g  s u r f a c t a n t  o r  
s u r f a c t a n t - e n h a n c e d  c a r b o n  r e g e n e r a t i o n  ( S E C R )  i s  o n e  o f  t h e  p r o m i s i n g  a l t e r n a t i v e s  
b e c a u s e  o f  i t s  c a p a b i l i t y  i n  l o w e r i n g  i n t e r f a c i a l  t e n s i o n  a n d  i n c r e a s i n g  t h e  s o l u b i l i t y  
o f  o r g a n i c  c o m p o u n d s  b y  s o l u b i l i z a t i o n .  T h e  S E C R  m e t h o d  c o n s i s t s  o f  3  m a i n  s t e p s :  
p a s s i n g  a  s u r f a c t a n t  s o l u t i o n  t h r o u g h  t h e  a c t i v a t e d  c a r b o n  b e d ,  r i n s i n g  o f  e x c e s s  
s u r f a c t a n t  b y  w a t e r ,  a n d  d r y i n g  t h e  b e d  w i t h  w a r m  a i r .  T h e  p r o c e s s  s t r a t e g y  i s  s h o w n  
i n  F i g .  5 . 1 .

P r e v i o u s  ร ณ d i e s  f o r  b o t h  l i q u i d - p h a s e  a n d  v a p o r - p h a s e  a p p l i c a t i o n s  o n  t h e  
c a r b o n  r e g e n e r a t i o n  h a v e  i n d i c a t e d  t h a t  o r g a n i c  a d s o r b a t e s  c a n  b e  d e s o r b e d  o u t  b y  
t h e  S E C R ,  h o w e v e r ,  t h e  e f f e c t i v e  a d s o r p t i o n  c a p a c i t y  o f  t h e  r e g e n e r a t e d  c a r b o n  i n  
s u b s e q u e n t  c y c l e s  w a s  r e d u c e d  ( 1 2 - 1 4 ) .  L e n g  a n d  P i n t o  ( 3 )  i n v e s t i g a t e d  t h e  
r e g e n e r a t i o n  m e c h a n i s m  o f  a c t i v a t e d  c a r b o n ,  w h i c h  a d s o r b e d  4  k i n d s  o f  o r g a n i c  
c o m p o u n d s  u s i n g  S D S  a n d  C T A B  s u r f a c t a n t s .  B h u m m a s o b h a n a  ( 1 4 )  u s e d  S E C R  t o  
r e g e n e r a t e  p h e n o l - a d s o r b e d  c a r b o n .  I n  g a s - p h a s e  a p p l i c a t i o n s ,  R o b e r t s  e t  a l .  ( 1 3 )  
u s e d  t h e  S E C R  t o  r e g e n e r a t e  c a r b o n  c o n t a i n i n g  e i t h e r  t o l u e n e  o r  a m y l  a c e t a t e .  
H o w e v e r ,  d e t a i l e d  b r e a k t h r o u g h  c u r v e s  w e r e  n o t  p r o d u c e d .  T h e s e  i n i t i a l  r e s e a r c h  
w o r k s  h a v e  s h o w n  p r o m i s i n g  r e s u l t s  i n  a p p l y i n g  t h e  S E C R  t o  G A C  f o r  v a p o r - p h a s e  
a p p l i c a t i o n s .  T h e  o b j e c t i v e  o f  t h i s  w o r k  w a s  t o  i n v e s t i g a t e  i m p o r t a n t  p a r a m e t e r s  
a f f e c t i n g  G A C  r e g e n e r a t i o n  b y  S E C R  a n d  r e s t o r a t i o n  o f  t h e  a d s o r p t i o n  c a p a c i t y  o f  
t h e  r e g e n e r a t e d  G A C .
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Figure 5 . 1  P r o c e s s  s t r a t e g y  f o r  s u r f a c t a n t - e n h a n c e d  c a r b o n  r e g e n e r a t i o n .

5 . 3  E X P E R I M E N T A L  S E C T I O N

Materials

A  B P L  4 x 1 0  G A C  s u p p l i e d  b y  C a l g o n  C a r b o n  C o r p o r a t i o n  ( P i t t s b u r g h ,  
บ ร A )  w a s  u s e d  a s  a n  a d s o r b e n t .  T h e  r e p o r t e d  B E T  s u r f a c e  a r e a  a n d  a p p e a r a n c e  
d e n s i t y  o f  G A C  a r e  1 , 1 0 0 - 1 , 2 0 0  m 2 / g  a n d  0 . 5  g / c m 3 ,  r e s p e c t i v e l y .  T h e  c a r b o n  w a s  
p r e t r e a t e d  b y  b o i l i n g  i n  d e i o n i z e d  w a t e r  f o r  1  h ,  f o l l o w e d  b y  r i n s i n g  w i t h  d e i o n i z e d  
w a t e r  3 t i m e s  t h e n  d r y i n g  i n  a n  o v e n  a t  110°c f o r  2 4  h .  T h e  t r e a t e d  c a r b o n  w a s  
s t o r e d  i n  a  d e s s i c a t o r .  A n  a n a l y t i c a l  g r a d e  t r i c h l o r o e t h y l e n e  ( T C E )  f r o m  L a b - S c a n  
A n a l y t i c a l  S c i e n c e s  ( D u b l i n ,  I r e l a n d )  w a s  c h o s e n  a s  t h e  m o d e l  a d s o r b a t e .  S D S  
( c h e m i c a l  g r a d e )  u s e d  a s  t h e  r e g e n e r a n t  w a s  s u p p l i e d  b y  A P S  A j a x  F i n e c h e m  
( A u b u r n ,  N S W ,  A u s t r a l i a ) .  S u r f a c t a n t  s o l u t i o n  w a s  p r e p a r e d  w i t h  d e i o n i z e d  w a t e r .
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Methods

A  d y n a m i c  a d s o r p t i o n  o f  T C E  o n  f r e s h  G A C  w a s  f i r s t l y  p e r f o r m e d  u n t i l  
r e a c h i n g  t h e  s a t u r a t i o n  t o  o b t a i n  a  b r e a k t h r o u g h  c u r v e .  T h e  T C E - s a t u r a t e d  G A C  w a s  
t h e n  r e g e n e r a t e d  w i t h  s u r f a c t a n t  s o l u t i o n .  T h e  r e g e n e r a t i o n  c o n s i s t e d  o f  3  m a i n  s t e p s :  
1 )  p a s s i n g  t h e  s u r f a c t a n t  s o l u t i o n  t h r o u g h  t h e  G A C  b e d ,  2 )  f l u s h i n g  t h e  e x c e s s  
s u r f a c t a n t  o f f  w i t h  w a t e r ,  a n d  3 )  d r y i n g  t h e  b e d  w i t h  w a r m  a i r .  A f t e r  t h e  
r e g e n e r a t i o n  s t e p ,  t h e  d y n a m i c  a d s o r p t i o n  o f  T C E  o n  t h e  r e g e n e r a t e d  G A C  w a s  
c a r r i e d  o u t  i n  a  s i m i l a r  m a n n e r  t o  o b t a i n  a  s u b s e q u e n t  b r e a k t h r o u g h  c u r v e .  F r o m  
t h e s e  t w o  c u r v e s ,  t h e  a d s o r p t i o n  c a p a c i t y  o f  t h e  f r e s h  a n d  r e g e n e r a t e d  G A C  w e r e  
c a l c u l a t e d  a n d  c o m p a r e d .  A  s i m p l i f i e d  f l o w  s c h e m e  o f  t h e  e x p e r i m e n t a l  s e t u p  i s  
s h o w n  i n  F i g .  5 . 2 .

Dynamic Adsorption

T h e  d y n a m i c  a d s o r p t i o n  o f  T C E  f r o m  a i r  s t r e a m  o n  G A C  a t  3 0 ° c  w a s  
p e r f o r m e d  b y  p a c k i n g  t h e  d e s i r e d  a m o u n t  o f  G A C  ( 2 . 7 - 9  g )  i n  a  s o l v e n t - r e s i s t a n t  
j a c k e t e d  c o l u m n  ( 2 . 5  c m  i n  d i a m e t e r )  a t  a  c o r r e s p o n d i n g  b e d  h e i g h t  ( 1 - 3 . 6  c m ) .  T h e  
h e i g h t  o f  t h e  b e d  w a s  f i x e d  b y  a d j u s t a b l e  p l u n g e r  t o  m i n i m i z e  t h e  v o i d  v o l u m e  i n  t h e  
b e d .  T h e  t e m p e r a t u r e  o f  c o l u m n  w a s  k e p t  c o n s t a n t  a t  3 0 ° c  b y  c i r c u l a t i n g  w a t e r  f r o m  
t h e  t e m p e r a t u r e  c o n t r o l l e d  w a t e r  b a t h  t o  t h e  j a c k e t  o f  t h e  c o l u m n .
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=  A d s o r p t i o n  c o l u m n  G C  =  G a s  c h r o m a t o g r a p h
=  G a s  c h r o m a t o g r a p h y  h e a d  s p a c e  M F C  =  M a s s  f l o w  c o n t r o l l e r  
=  T o t a l  o r g a n i c  c a r b o n  ร  =  T C E  s a t u r a t o r

=  W a t e r  b a t h

Figure 5 . 2  S c h e m a t i c  d i a g r a m  o f  t h e  e x p e r i m e n t a l  s e t  u p .

P r i o r  t o  t h e  a d s o r p t i o n  e x p e r i m e n t ,  t h e  f r e s h  G A C  b e d  w a s  d r i e d  b y  f l o w i n g  
d r y  a i r  u n t i l  t h e  m o i s t u r e  c o n t e n t  i n  e f f l u e n t  s t r e a m  w a s  l e s s  t h a n  2 %  t o  e n s u r e  t h a t  
t h e  b e d  i s  c o m p l e t e l y  d r i e d .  T h e  m o i s t u r e  i n  t h e  o u t l e t  a i r  w a s  m e a s u r e d  b y  a  d i g i t a l  
h y g r o m e t e r .  A  s i m u l a t e d  c o n t a m i n a t e d  a i r  s t r e a m  c o n t a i n i n g  5 , 0 0 0  p p m v  T C E  w a s  
t h e n  f e d  t o  t h e  G A C  b e d  a t  t h e  f l o w r a t e  o f  4 5 0  m L / m i n .  A  m a s s  b a l a n c e  w a s  
p e r f o r m e d  t o  d e t e r m i n e  t h e  t o t a l  a m o u n t  o f  T C E  a d s o r b e d  o n  G A C .  T h e  s i m u l a t e d  
T C E - c o n t a m i n a t e d  a i r  s t r e a m  w a s  g e n e r a t e d  b y  m i x i n g  a i r  m a i n  s t r e a m  a n d  T C E  
s a t u r a t e d  a i r  s t r e a m  i n  5 0 0  r a L  m i x i n g  c h a m b e r  b e f o r e  d o w n w a r d  f e e d i n g  t o  t h e  
a d s o r p t i o n  c o l u m n .  T h e  T C E - s a t u r a t e d  a i r  s t r e a m  w a s  g e n e r a t e d  b y  f l o w i n g  a  
f r a c t i o n  o f  a i r  s t r e a m  a t  p r e d e t e r m i n e d  f l o w r a t e  t h r o u g h  a  s a t u r a t o r  f i l l e d  w i t h  l i q u i d  
T C E  a n d  i m m e r g e d  i n  t e m p e r a t u r e  c o n t r o l l e d  c o o l i n g  b a t h  a t  2 0 ° c .  T h e  T C E -  
s a t u r a t e d  a i r  s t r e a m  w a s  f l o w e d  i n t o  a  m i x i n g  c h a m b e r  w h e r e  i t  w a s  m i x e d  w i t h  t h e  
a i r  m a i n  s t r e a m .  T h e  f l o w r a t e  o f  t h e s e  t w o  s t r e a m s  w a s  c o n t r o l l e d  b y  a  m a s s  f l o w  
c o n t r o l l e r  ( M F C )  i n  o r d e r  t o  o b t a i n  d e s i r e d  T C E  c o n c e n t r a t i o n  i n  t h e  i n f l u e n t  s t r e a m  
o f  t h e  a d s o r b e r .  T h e  c o n c e n t r a t i o n  o f  T C E  i n  t h e  i n f l u e n t  a i r  s t r e a m  ( C o )  a n d  t h e
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c o n c e n t r a t i o n  o f  T C E  i n  t h e  e f f l u e n t  a i r  s t r e a m  ( C )  f r o m  t h e  G  A C  c o l u m n  w e r e  
a n a l y z e d  b y  u s i n g  a  g a s  c h r o m a t o g r a p h y  ( P e r k i n  E l m e r  M o d e l  A u t o S y s t e m  X L )  
e q u i p p e d  w i t h  a  1 0  p o r t - v a l v e s  a u t o  s a m p l e r ,  a n d  a  d a t a  a c q u i s i t i o n  u n i t .  T h e  G C  
c o l u m n  u s e d  i n  G C  w a s  C a r b o w a x .  T h e  d e t e c t o r  u s e d  w a s  a  t h e r m a l  c o n d u c t i v i t y  
d e t e c t o r  ( T C D )  a t  2 5 0 ° c .  I n  o r d e r  t o  e n s u r e  t h a t  t h e  T C E - s a t u r a t e d  a i r  s t r e a m  w a s  
s a t u r a t e d  w i t h  T C E ,  a  s e t  o f  2  s a t u r a t o r s  c o n n e c t e d  i n  s e r i e s  w a s  u s e d .  I t  w a s  f o u n d  
t h a t  t h e r e  w a s  n o  d i f f e r e n c e  i n  T C E  c o n c e n t r a t i o n  i n  s i m u l a t e d  T C E - c o n t a m i n a t e d  
a i r  s t r e a m .

Regeneration

Desorption of sorbed TCE: T h e  f i r s t  s t e p  i n  r e g e n e r a t i o n  i s  t h e  d e s o r p t i o n  o f  s o r b e d  
T C E  f r o m  T C E - s a t u r a t e d  G A C  u s i n g  s u r f a c t a n t  s o l u t i o n .  T h i s  w a s  p e r f o r m e d  b y  
i n t r o d u c i n g  t h e  s u r f a c t a n t  s o l u t i o n  i n t o  t h e  a d s o r p t i o n  c o l u m n  a s  s h o w n  i n  F i g .  5 . 2 .  
T h e  t e m p e r a t u r e  o f  G A C  b e d  w a s  k e p t  a t  30°c a s  m e n t i o n e d  a b o v e .  A  s o l u t i o n  o f  
s o d i u m  d o d e c y l  s u l f a t e  a t  d e s i r e d  c o n c e n t r a t i o n  ( 0 . 1 - 0 . 2  M . )  w a s  f e d  u p w a r d  i n t o  t h e  
T C E - s a t u r a t e d  G A C  c o l u m n  a t  d e s i r e d  f l o w r a t e  ( 5 - 1 5  m L / m i n ) .  T h e  f r a c t i o n s  o f  
e f f l u e n t  s o l u t i o n  w e r e  p e r i o d i c a l l y  c o l l e c t e d  a n d  a n a l y z e d  b y  t h e  g a s  c h r o m a t o g r a p h  
o f  P e r k i n  E l m e r  m o d e l  A u t o S y s t e m  G C  e q u i p p e d  w i t h  H e a d s p a c e  S a m p l e r  m o d e l  
H S  o f  P e r k i n  E l m e r ,  a n d  d a t a  a c q u i s i t i o n .

Water flushing: T h e  T C E - d e s o r b e d  G A C  w a s  d r a i n e d  a n d  s w i t c h e d  t o  w a t e r  f l u s h  
l i n e  a s  s h o w n  i n  F i g .  5 . 2 .  T h e  G A C  b e d  w a s  k e p t  c o n s t a n t  a t  a n y  d e s i r e d  t e m p e r a t u r e  
( 3 0 - 5 0 ° C )  a s  p r e v i o u s l y  d e s c r i b e d .  D e i o n i z e d  w a t e r  a t  d e s i r e d  t e m p e r a t u r e  ( 3 0  a n d  
7 0 ° C )  w a s  f e d  u p w a r d  a t  a  d e s i r e d  f l o w  r a t e  ( 5 - 1 5  m L / m i n ) .  T h e  f r a c t i o n s  o f  e f f l u e n t  
w a t e r  w e r e  c o l l e c t e d  a n d  a n a l y z e d  b y  t o t a l  o r g a n i c  c a r b o n  a n a l y z e r  o f  S h i m a d z u  
M o d e l  5 0 0 0 A .

Drying: A f t e r  t h e  G A C  b e d  w a t e r  f l u s h i n g  ( o r  a f t e r  d e s o r p t i o n  s t e p )  w a s  d r a i n e d  a n d  
s u b j e c t e d  t o  d r y i n g .  T h e  G A C  b e d  w a s  h e a t e d  u p  t o  5 0 ° c  a s  m e n t i o n e d  a b o v e .  
P r e h e a t e d  a i r  a t  5 0 ° c  w a s  t h e n  f e d  t o  t h e  a d s o r p t i o n  c o l u m n  u n t i l  t h e  m o i s t u r e  i n  t h e
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e f f l u e n t  a i r  w a s  l e s s  t h a n  2 % .  T h e  p r e h e a t e d  a i r  w a s  o b t a i n e d  b y  f l o w i n g  a i r  t h r o u g h  
c o i l  s u b m e r g i n g  i n  t h e  5 0 ° c  w a t e r  b a t h .

5.4 ADSORPTION/DESORPTION EXPERIMENTS

I n  o r d e r  t o  g a i n  m o r e  u n d e r s t a n d i n g  o n  t h e  m e c h a n i s t i c  g o v e r n i n g  t h e  
d e s o r p t i o n  o f  S D S ,  t h e  a d s o r p t i o n - d e s o r p t i o n  i s o t h e r m s  w e r e  g e n e r a t e d  a t  3 0 ,  5 0  a n d  
7 0 ° c .  I n  t h i s  p a r t ,  9 9 %  S D S  f r o m  S i g m a  C h e m i c a l  C o .  w a s  u s e d .  A  s e r i e s  o f  S D S  
s o l u t i o n  a t  v a r i o u s  c o n c e n t r a t i o n s  r a n g i n g  f r o m  1 0 0  t o  5 0 , 0 0 0  m i c r o m o l a r  w a s  
p r e p a r e d  u s i n g  d e i o n i z e d  w a t e r .  A b o u t  0 . 1  g  p r e t r e a t e d  G A C  w a s  p l a c e d  i n  a  2 5  m L  
s c r e w - c a p  v i a l s  a n d  1 0  m L  S D S  s o l u t i o n  w a s  a d d e d  t o  t h e  v i a l s .  T h e  v i a l s  w e r e  
c o v e r e d  w i t h  p a r a f i l m  a n d  c a p e d  a n d  p l a c e d  i n  s h a k i n g  b a t h  a t  d e s i r e d  t e m p e r a t u r e  
( 3 0 - 7 0 ° C ) .  T h e  v i a l s  w e r e  s h a k e n  a t  s p e e d  o f  1 0 0  r p m  f o r  9 6  h .  A f t e r  e q u i l i b r i u m ,  
t h e  c a r b o n  a n d  S D S  s o l u t i o n  w e r e  s e p a r a t e d  b y  c e n t r i f u g a t i o n  a t  3 , 5 0 0  r p m  f o r  5  
m i n .  T h e  S D S  c o n t a i n i n g  i n  t h e  s o l u t i o n  w a s  a n a l y z e d  b o t h  b e f o r e  a n d  a f t e r  
a d s o r p t i o n .  A f t e r  t a k i n g  a  c e r t a i n  v o l u m e  o f  c l e a r  s o l u t i o n  f r o m  t h e  c e n t r i f u g e d  
m i x t u r e ,  t h e  m i x t u r e  w a s  d i l u t e d  w i t h  t h e  f a c t o r  o f  5 .  T h e  c a p p e d  v i a l s  w e r e  p l a c e d  
i n  s h a k i n g  b a t h  a n d  p r o c e d u r e  p r e v i o u s l y  d e s c r i b e d  w a s  c o n d u c t e d  f o r  d e s o r p t i o n  
e x p e r i m e n t .

5.5 RESULTS AND DISCUSSION 

Effect of bed height

T h e  a i m  o f  t h i s  p a r t  w a s  t o  d e t e r m i n e  t h e  m i n i m u m  b e d  h e i g h t ,  w h i c h  
p r o v i d e s  a  f u l l  l e n g t h  o f  b r e a k t h r o u g h  c u r v e s  o f  b o t h  f r e s h  a n d  r e g e n e r a t e d  G A C .  
T h i s  w i l l  n o t  o n l y  m i n i m i z e  t h e  t i m e  o f  e x p e r i m e n t  b u t  a l l  c h e m i c a l s  u s e d .  T h e  
h e i g h t  o f  t h e  G A C  b e d  w a s  v a r i e d  f r o m  1 . 3 ,  1 . 7 ,  2 . 4 ,  a n d  3 . 6  c m  o r  a b o u t  2 . 8 ,  4 ,  6 ,  
a n d  9  g  o f  G A C ,  r e s p e c t i v e l y .  T h e  f l o w r a t e  o f  r e g e n e r a n t  s o l u t i o n  w a s  5  m L / m i n .  
F r o m  t h e  e x p e r i m e n t s ,  t h e  a l l  b r e a k t h r o u g h  c u r v e s  o f  t h e  f r e s h  G A C  w e r e  c o m p l e t e .  
B u t  f o r  r e g e n e r a t e d  G A C  w i t h o u t  w a t e r  f l u s h i n g ,  o n l y  t h e  b r e a k t h r o u g h  c u r v e  o f
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r e g e n e r a t e d  G A C  a t  t h e  h e i g h t  o f  3 . 6  c m  s h o w e d  a  f u l l  l e n g t h .  T h e r e f o r e ,  t h o s e  
b r e a k t h r o u g h  c u r v e s  o f  t h e  b e d  h e i g h t  o f  3 . 6  c m  c a n  b e  c o m p a r e d .  H e n c e ,  a c t i v a t e d  
c a r b o n  a t  b e d  h e i g h t  o f  3 . 6  c m  w a s  u s e d  a s  t h e  b a s e  l e n g t h  f o r  f u r t h e r  i n v e s t i g a t i o n :  
t h e  e f f e c t  o f  r i n s i n g ,  r e g e n e r a n t  f l o w  r a t e ,  r e g e n e r a n t  c o n c e n t r a t i o n ,  f l o w  r a t e  o f  
f l u s h i n g  w a t e r  a n d  t e m p e r a t u r e  o f  f l u s h i n g  w a t e r .  F u r t h e r m o r e ,  f o r  b o t h  f r e s h  a n d  
r e g e n e r a t e d  a c t i v a t e d  c a r b o n ,  i t  c a n  b e  o b v i o u s l y  s e e n  t h a t  t h e  h i g h e r  o f  t h e  b e d  
h e i g h t  t h e  h i g h e r  T C E  a d s o r b e d  o n  G A C .  T h e  c o r r e s p o n d e d  b r e a k t h r o u g h  c u r v e s  
s h o w e d  r e d u c t i o n  i n  t h e  a d s o r p t i o n  c a p a c i t y  o f  a c t i v a t e d  c a r b o n  f o r  a l l  c a s e s .  F o r  a l l  
c a s e s ,  t h e  d e s o r p t i o n  o f  T C E  w e r e  h i g h e r  t h a n  9 5 %  a s  i l l u s t r a t e d  b y  t h e  c a s e  o f  t h e  
b e d  h e i g h t  o f  3 . 6  c m  ( 9  g  o f  C )  s h o w n  i n  F i g .  5 . 3 .  T h e  c o r r e s p o n d i n g  b r e a k t h r o u g h  
c u r v e s  o f  e a c h  b e d  h e i g h t  w e r e  s h o w n  i n  F i g .  5 . 4 .

1 2 0  

1 0 0  

I  80I 60

! •
2 0

0
0 5 0 0  1 0 0 0  1 5 0 0  2 0 0 0  2 5 0 0  3 0 0 0

Void volumes of regenerant

Figure 5 . 3  T C E  r e m o v a l  b y  u s i n g  0 . 1  M  S D S  r e g e n e r a n t  a n d  r e g e n e r a n t  f l o w r a t e  o f  
5  m L / m i n  a n d  3 0 ° c .
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Figure 5.4 B r e a k t h r o u g h  c u r v e s  o f  f r e s h  a n d  r e g e n e r a t e d  a c t i v a t e d  c a r b o n s  a t  3 0 ° c  
a n d  d i f f e r e n t  b e d  h e i g h t s ,  ( a )  1 . 3  c m  ( b )  1 . 7  c m  ( c )  2 . 4  c m  ( d )  3 . 6  c m .

Effect of water flushing

A f t e r  d e s o r p t i o n  o f  T C E ,  t h e  a c t i v a t e d  c a r b o n  b e d  w a s  f l u s h e d  w i t h  w a t e r  a t  
3 0 ° c  w i t h  a  f l o w r a t e  o f  5  m L / m i n .  T h i s  p r o c e s s  w a s  c o n d u c t e d  u n t i l  t h e  d i f f e r e n c e  i n  
t h e  S D S  c o n c e n t r a t i o n  i n  e f f l u e n t  w a t e r  w a s  l e s s  t h a n  0.1% t o  e n s u r e  t h a t  S D S  w a s  
r e m o v e d  a s  m u c h  a s  p o s s i b l e .  T h e  b r e a k t h r o u g h  c u r v e  o f  t h e  r e g e n e r a t e d  a c t i v a t e d  
c a r b o n  w i t h  w a t e r  f l u s h i n g  s h o w e d  a  h i g h e r  a d s o r p t i v e  c a p a c i t y  t h a n  t h e  r e g e n e r a t e d  
a c t i v a t e d  c a r b o n  w i t h o u t  w a t e r  f l u s h i n g  b y  t h e  f a c t o r  o f  2 ,  a s  s h o w n  i n  F i g .  5 . 5 .  T h e  
i m p r o v e m e n t  o f  i t s  a d s o r p t i v e  c a p a c i t y  c o u l d  b e  d u e  t o  t h e  r e m o v a l  o f  S D S  a d s o r b e d  
o n  t h e  G A C  s u r f a c e  b y  w a t e r  f l u s h i n g ,  t h u s ,  p r o v i d i n g  m o r e  a d s o r p t i o n  s i t e  o n  G A C  
f o r  T C E  t o  a d s o r b .  H o w e v e r ,  t h e  a d s o r p t i o n  c a p a c i t y  o f  t h e  r e g e n e r a t e d  c a r b o n  w i t h  
w a t e r  f l u s h i n g  w a s  r e l a t i v e l y  l o w  ( a b o u t  1 5 %  o f  i t s  o r i g i n a l  c a p a c i t y ) .  I t  w a s  
p o s t u l a t e d  t h a t  t h i s  m i g h t  b e  d u e  t o  t h e  s t r o n g  a d s o r p t i o n  o f  S D S  o n  t h e  G A C ,  
c o n c u r r e n t l y  t h e  a d s o r p t i o n - d e s o r p t i o n  i s o t h e r m  o f  S D S  o n / f r o m  G A C  s u r f a c e  a t  
30°c w a s  c o n d u c t e d  i n  o r d e r  t o  p r o v e  t h e  h y p o t h e s i s .  I n  a d d i t i o n ,  t h e  a d s o r p t i o n -
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d e s o r p t i o n  i s o t h e r m s  a t  h i g h e r  t e m p e r a t u r e ,  5 0  a n d  7 0 ° c ,  w e r e  s t u d i e d  t o  a s s e s s  
c o n d i t i o n s  a t  w h i c h  r e s i d u a l  S D S  c a n  b e  e f f i c i e n t l y  r e m o v e d .

B  f r e s h  a c t i v a t e d  c a r b o n
o  r e g e n e r a t e d  a c t i v a t e d  c a r b o n  w i t h  w a t e r  f l u s h i n g  
♦  r e g e n e r a t e d  a c t i v a t e d  c a r b o n  w i t h o u t  w a t e r  f l u s h i n g

Figure 5.5 B r e a k t h r o u g h  c u r v e s  o f  r e g e n e r a t e d  a c t i v a t e d  c a r b o n  w i t h  a n d  w i t h o u t  
w a t e r  f l u s h i n g  a t  3 0 ° c  a n d  a  w a t e r  f l o w r a t e  o f  5  m L / m i n  a s  c o m p a r e d  t o  f r e s h  
a c t i v a t e d  c a r b o n .

Effect of regenerant flowrate

T h r e e  s e t s  o f  e x p e r i m e n t s  u s i n g  T C E  s a t u r a t e d  a c t i v a t e d  c a r b o n  w e r e  c a r r i e d  
o u t  w i t h  0 . 1  M  S D S  a t  f l o w r a t e s  o f  5 ,  1 0 ,  a n d  1 5  m L / m i n  ( c o r r e s p o n d i n g  t o  
s u p e r f i c i a l  v e l o c i t i e s  o f  1 ,  2 ,  3  c m / m i n ,  r e s p e c t i v e l y )  t o  d e s o r b  T C E  f r o m  t h e  c a r b o n  
s u r f a c e .  T h e  c o n c e n t r a t i o n  p r o f i l e s  o f  T C E  i n  S D S  s o l u t i o n  a r e  s h o w n  i n  F i g .  5 . 6 .  A l l  
c o n c e n t r a t i o n  p r o f i l e s  o f  T C E  s h o w e d  t h e  s a m e  t r e n d  t h a t ,  i n i t i a l l y ,  c o n c e n t r a t i o n  o f  
T C E  i n  e f f l u e n t  s o l u t i o n  i n c r e a s e d  w i t h  t h e  i n c r e a s e  o f  S D S  s o l u t i o n  p a s s i n g  t h r o u g h
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t h e  b e d  a n d  r e a c h e d  m a x i m u m  b e f o r e  g r a d u a l l y  d e c r e a s e d  a n d  f i n a l l y  a l m o s t  
c o n s t a n t .  T h i s  i n d i c a t e s  t h a t  a t  t h e  b e g i n n i n g ,  T C E  w a s  e a s i l y  d e s o r b e d  f r o m  t h e  
c a r b o n  t o  t h e  b u l k  s o l u t i o n  o f  S D S  a n d  g r a d u a l l y  b e c o m e  m o r e  d i f f i c u l t  t o  d e s o r b .  
C o n s i d e r i n g  F i g .  5 . 6 ,  o n e  c a n  s e e  t h a t  t h e  m a x i m u m  T C E  c o n c e n t r a t i o n  o f  T C E  w a s  
o b t a i n e d  a t  t h e  s a m e  t i m e .  M o r e o v e r ,  t h e  a m o u n t s  o f  T C E  d e s o r b e d  w e r e  a l m o s t  t h e  
s a m e  w i t h  t h e  i n c r e a s e  o f  t h e  t i m e  o f  d e s o r p t i o n  a s  s e e n  i n  F i g .  5 . 7 .  T h i s  i n d i c a t e s  
t h a t  a t  0 . 1  M  S D S  c o n c e n t r a t i o n ,  t h e  r a t e  o f  T C E  r e m o v a l  d o e s  n o t  d e p e n d  o n  f l o w  
r a t e  o f  S D S  s o l u t i o n  b u t  d e p e n d s  o n  t h e  t i m e  c o n t a c t i n g  w i t h  S D S  s o l u t i o n .  I t  c a n  b e  
c o n c l u d e d  t h a t  t h e  r a t e  o f  t h e  T C E  r e m o v a l  i s  c o n t r o l l e d  b y  t h e  i n t e r n a l  m a s s  t r a n s f e r  
o f  T C E  f r o m  m i c r o p o r e  t o  b u l k  s o l u t i o n .

น .

Figure 5 . 6  T C E  c o n c e n t r a t i o n  i n  r e g e n e r a n t  s o l u t i o n  a s  a  f u n c t i o n  o f  r e g e n e r a n t  
f l o w r a t e
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Figure 5.7 TCE removal at different regenerant flowrates and 30°c.

Effect of regenerant concentration

Two sets of experiments using TCE saturated GAC were conducted with 0.1 
M and 0.2 M SDS at a flowrate of 5 mL/min to desorb TCE from the carbon surface. 
The concentration profiles of TCE in SDS solution are shown in Fig. 5.8. At the 
beginning, TCE concentration in regenerant solution with 0.2 M SDS was higher 
than that with the 0.1 M. This might be caused by TCE, which adsorbed in 
mesopores. The adsorbed TCE in the macropores is more easily desorbed than that 
in the micropore. However, in general, the amount of TCE desorbed was almost the 
same as the increase of the void volume (or time of desorption) as seen in Fig. 5.9. 
This indicates that the rate of TCE removal does not depend on concentration of SDS 
in the regenerant solution and implies that the TCE removal rate is controlled by the 
internal mass transfer of TCE from micropore to bulk solution.

Effect of water flowrate

Three sets of TCE desorbed GAC beds were flushed with deionized water to 
remove excess SDS in the bed void and the SDS adsorbed on carbon surface. The 
flowrates of flushing water were 5, 10, and 15 mL/min (corresponding to superficial

■
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„ 0" ■ ■  5 mL/min
o  10 mL/min

เ4*

/ ________________

^  15 mL/min
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velocities of 1, 2, 3 cm/min, respectively). The results showed that there was no 
difference in the removal of SDS as shown in Fig. 5.10. This implies that the 
removal of SDS does not depend on flow rate of flushing water.

Figure 5.8 TCE concentration in regenerant solution as a function of regenerant 
concentration at 30°c.

Figure 5.9 TCE concentration in regenerant solution as a function of regenerant 
concentration at 30°c.
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Figure 5.10 SDS removal at different flushing water flowrates at 30°c.

Effect of flushing water temperature

Two sets of TCE desorbed GAC beds were flushed with deionized water at 
30°c and 50°c at a flow rate of 5 mL/min. The results shown in Fig. 5.11 indicate 
that he SDS removal was increased about 2 times when flushing water temperature 
was increased from 30°c to 50°c. This is consistent with the results obtained from 
the adsorption-desorption isotherms at 30°c and 50°c (shown in the next section).
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Figure 5.11 SDS removal at different flushing water temperature. 

Adsorption-desorption isotherms

The adsorption-desorption isotherms of SDS on/from GAC surface at 
temperatures of 30, 50, and 70°c were studied to verify the difficulty of SDS 
removal at 30°c. The isotherms are shown in Fig. 5.12. As expected, there was 
hysteresis observed in the adsorption-desorption isotherm at 30°c. This means that 
the desorption of SDS at 30°c is very difficult and more efficient SDS removal can 
be achieved with higher temperature.
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Figure 5.12 Adsorption-desorption isotherms of SDS on/from activated carbon 
(a) 30°c (b) 50°c (c) 70°c.
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In this work, the regeneration of TCE saturated GAC in packed-bed 
adsorbers by using SDS was studied in order to investigate the parameters affecting 
the regeneration. The results showed that more than 95% of TCE can be removed by 
using a 0.1 M SDS concentration in the regenerant. The water flushing step improved 
the adsorption capacity of the regenerated carbon by the factor of 2 compared with 
the regenerated carbon without the water flushing (12-13% and 5-6%, respectively). 
The adsorption capacity of the regenerated carbon was reduced to about 13% of its 
original capacity, which is similar to previous work using cationic surfactants and 
liquid phase application. TCE desorption by this method is internal mass transfer 
limited as the regenerant flow rate and SDS concentration in regenerant do not 
significantly affect the removal rate. The irreversibly adsorbed surfactant left as a 
heel following regeneration is very difficult to desorb. However, when flushing 
temperature increased from 30°C to 50°C the SDS removal increased twice 
comparing with SDS removal at flushing water temperature of 30°C. The adsorption- 
desorption isotherms indicate that residual SDS is difficult to remove by water at 
30°C but the removal can be improved with flushing water at higher temperature.

5.6 CONCLUSIONS

NOMENCLATURE
c  Concentration of solute in effluent stream 
Co Concentration of solute in influent stream
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