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CHAPTER I 
INTRODUCTION

A t  p r e s e n t ,  s u l f u r  in  t r a n s p o r ta t io n  fu e ls  h a s  b e e n  a  m a jo r  e n v ir o n m e n ta l  
c o n c e r n  th r o u g h o u t  th e  w o r ld  ( B h a n d a r i  e t a l., 2 0 0 6 ) .  T h is  is  b e c a u s e  s u l fu r  
c o m p o u n d s  in  th e  f u e ls  a r e  c o n v e r te d  to  S O x d u r in g  c o m b u s t io n ,  w h ic h  a r e  n o t  o n ly  
r e s u l t  in  a c id  r a in ,  c o r r o s io n ,  a n d  c a ta ly t ic  p o is o n in g  ( K im  e t a l., 2 0 0 6 )  b u t  a ls o  c a n  
b e  to x ic  to  h u m a n  h e a l th  a n d  th e  e n v ir o n m e n t .  T h e r e fo re ,  th e  s e v e r a l  c o u n t r ie s  h a v e  
m a n d a te d  f u r th e r  d r a s t i c a l ly  lo w e r in g  o f  s u l fu r  c o n c e n t r a t io n  in  t r a n s p o r ta t io n  fu e ls  
( B h a n d a r i  e t a l., 2 0 0 6 ) .  E u r o p e a n  U n io n  f i r s t  m a n d a te d  n e w  s u l f u r  s p e c i f i c a t io n  
s in c e  y e a r  2 0 0 0  ( H e m a n d e z - M a ld o n a d o  e t a l., 2 0 0 5 )  a n d  h a s  a l r e a d y  m a n d a te d  th e  
m a x im u m  s u l f u r  l im i t  o f  1 0  p p m  (“ s u l f u r - f r e e ” ) f o r  d ie s e l  fu e l  fo r  h ig h w a y  a n d  
n o n r o a d  v e h ic l e s  th a t  s ta r te d  in  2 0 0 9  (h t tp : / /w w w .d ie s e ln e t .c o m /s ta n d a r d s /e u / f u e l . 
p h p ) .  A ls o  th e  บ .ร .  E n v i r o n m e n ta l  P ro te c t io n  A g e n c y  ( E P A )  s e t  t h a t  th e  s u l fu r  
c o n te n t  in  g a s o l in e  m u s t  b e  r e d u c e d  f ro m  th e  c u r r e n t  v a lu e  o f  3 0 0  p p m  to  3 0  p p m  
a n d  th a t  o f  d ie s e l  fu e l  f ro m  5 0 0  p p m  to  .15 p p m  b y  2 0 0 6  ( Z h a n g  e t a l., 2 0 0 8 ) .  
M o r e o v e r  th e  d e m a n d  o f  s u l f u r  w h ic h  is  le s s  .th a n  0.1 p p m  h a s  b e e n  g r o w in g  u p  d u e  
to  p r e v e n t io n  o f  c a ta ly s t  d e a c t iv a t io n  in  r e f o r m in g  p r o c e s s  a n d  e le c t r o d e s  in  fu e l  c e ll  
a p p l ic a t io n s  ( P a r k  e t a l., 2 0 0 8 ) .

T h e  s u l f u r  c o m p o u n d s  r e m a in  in  d ie s e l  fu e l a t  s u l f u r  le v e l  le s s  th a n  5 0 0  p p m  
a r e  m o s t ly  D B T s ,  s u c h  a s  4 ,6 - D M D B T , w h ic h  h a v e  lo w e r  r e a c t iv i ty  in  th e  E1DS 
p r o c e s s .  T h e  lo w e r  r e a c t iv i ty  o f  th e s e  r e f r a c to r y  s u l f u r  c o m p o u n d s  a re  la r g e ly  
a t t r ib u te d  to  th e  s te r ic  h in d r a n c e .  It h a s  b e e n  r e p o r te d  th a t  fo r  th e  r e m o v a l  o f  th e s e  
s u l f u r  c o m p o u n d s  b y  th e  H D S  p r o c e s s  to  th e  d e s i r e d  le v e l  w o u ld  d e m a n d  m o r e  th a n  
th r e e - f o ld  in c r e a s e  in  th e  c a ta ly s t  v o lu m e / r e a c to r  s iz e  r e s u l t in g  in  e n o r m o u s ly  h ig h  
c o s t  o f  o p e r a t io n  o f  th is  h ig h  te m p e r a tu r e  a n d  h ig h  p r e s s u r e  p r o c e s s  ( B h a n d a r i  e t a l., 
2 0 0 6 ) .  A s  a  r e s u l t  a d s o r p t io n  h a s  b e c o m e  a  p r o m is in g  a p p r o a c h  in  th e  u l t r a -d e e p  
d e s u l f u r iz a t io n  b e c a u s e  o f  s o m e  s ig n if ic a n t  a d v a n ta g e s  s u c h  a s  a b i l i ty  to  r e d u c e  th e  
s u l f u r  to  le s s  th a n  1 p p m  a n d  c a n  b e  o p e ra te d  a t  a m b ie n t  c o n d i t io n s  w i th o u t  u s in g  H 2. 
A  c r u c ia l  i s s u e  in  a  s u c c e s s f u l  a d s o r p t io n  p r o c e s s  is  to  id e n t i f y  a n d  d e v e lo p  a  n o v e l  
a d s o rb e n t ,  w h ic h  h a s  h ig h  a d s o rp t iv e  c a p a c i ty ,  h ig h  s e le c t iv i ty  a n d  g o o d  
r e g e n e r a b i l i t y  ( Z h o u  et a l ,  2 0 0 9 ) .
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This research aimed to study the sulfur adsorption efficiency o f N i2+ and 
C u + based mesoporous sorbents for the desulfurization o f simulated diesel via 71- 
complexation by using breakthrough experiment. A s  N i2+ and C u + are known for 
their 71-complexation ability, three adsorbents (activated carbon, macroporous 
alumina and mesoporous alumina) were impregnated with N i2+ and C u + via incipient 
wetness method and then was evaluated their efficiency in removal o f model sulfur 
compounds (dibenzothiophene, D B T )  in simulated diesel. In  addition, this research 
studied the effects o f metal loading concentration, adsorption temperature and 
adsorbent granulometry on the sulfur adsorption capacity.
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