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A t ir e k la p w a r o d o m , J. ( 2 0 0 9 ) .  D e s u l f u r iz a t io n  o f  d i e s e l  f u e l  b y  a d s o r p t io n  v ia  7t-  

c o m p l e x a t i o n  u s in g  a c t iv a t e d  c a r b o n  a n d  a lu m in a  m o d i f i e d  w i t h  C u ( l )  a n d  

N i ( I I ) .  M.s. T h e s i s ,  T h e  P e t r o le u m  a n d  P e t r o c h e m ic a l  C o l l e g e ,  
C h u la lo n g k o r n  U n iv e r s i t y ,  B a n g k o k  T h a ila n d .

B a b ic h ,  I .V . ,  a n d  M o u l i j n ,  J .A . ( 2 0 0 3 ) .  S c i e n c e  a n d  t e c h n o l o g y  o f  n o v e l  p r o c e s s e d  

f o r  d e e p  d e s u l f u r iz a t io n  o f  o i l  r e f in e r y  s tr e a m s :  a  r e v i e w .  F u e l , 8 2 ,  6 0 7 -  

6 3 1 .
B a i l e y ,  R .A . ,  a n d  P e r s a u d , K . c .  ( 1 9 9 8 ) .  A p p l ic a t i o n  o f  in v e r s e  g a s  c h r o m a t o g r a p h y  

t o  c h a r a c t e r is a t io n  o f  a  p o ly p y r r o le  s u r f a c e .  A n a l y t ic a  C h im ic a  A c t a , 3 6 3 ,  

1 4 7 - 1 5 6 .
B a k r , A . ,  S a l e m ,  S .H . ,  a n d  H a m id ,  H .s. ( 1 9 9 7 ) .  R e m o v a l  o f  s u l fu r  c o m p o u n d s  fr o m  

n a p h th a  s o lu t io n s  u s in g  s o l i d  a d s o r b e n t s .  C h e m ic a l  E n g in e e r in g  

T e c h n o l o g y , 2 0 ,  3 4 2 - 3 4 7 .
B a u m g a r t e n ,  E . ,  W e in s t r a u c h ,  F .,  a n d  H ô f f k e s ,  H . ( 1 9 7 7 ) .  A d s o r p t io n  i s o t h e r m s  o f  

h y d r o c a r b o n s  o n  y - a lu m in a .  C h r o m a t o g r a p h y  A , 1 3 8 , 3 4 7 - 3 5 4 .
B h a n d a r i ,  V .M . ,  K o ,  C .H . ,  P a rk , J ,G ., H a n , ร . ,  C h o ,  ร . ,  a n d  K im , J. ( 2 0 0 6 ) .  

D e s u f u r iz a t io n  o f  d ie s e l  u s in g  i o n - e x c h a n g e d  z e o l i t e s .  C h e m ic a l  

E n g in e e r in g  S c i e n c e , 6 1 , 2 5 9 9 - 2 6 0 8 .
B r e n d lé  E . ,  a n d  P a p ir e r , E . ( 1 9 9 7 a ) .  A  n e w  t o p o l o g ic a l  in d e x  fo r  m o le c u la r  p r o b e s  

u s e d  in  in v e r s e  g a s  c h r o m a t o g r a p h y  fo r  th e  s u r f a c e  n a n o r u g o s i t y  e v a lu a t io n .  
C o l l o i d  a n d  I n te r fa c e  S c i e n c e , 1 9 4 ,  2 0 7 - 2 1 6 .

B r e n d lé  E . ,  a n d  P a p ir e r , E . ( 1 9 9 7 b ) .  A  n e w  t o p o l o g ic a l  in d e x  fo r  m o le c u la r  p r o b e s  

u s e d  in  in v e r s e  g a s  c h r o m a t o g r a p h y . C o l l o i d  a n d  I n t e r f a c e  S c i e n c e , 1 9 4 ,  
2 1 7 - 2 2 4 .

C â r d e n a s -G u e r r a , J .C .,  L ô p e z - A r e n a s ,  T ..  L o b o - O e h m ic h e n ,  R ..  a n d  P é r e z - C is n e r o s ,  
E.s. ( 2 0 1 0 ) .  A  r e a c t iv e  d i s t i l l a t io n  p r o c e s s  fo r  d e e p  h y d r o d e s u lf u r iz a t io n  

o f  d ie s e l :  M u l t ip l i c i t y  a n d  o p e r a t io n  a s p e c t s .  C o m p u t e r s  a n d  C h e m ic a l  

E n g in e e r i n g , 3 4 ,  1 9 6 - 2 0 9 .
D e l o n ,  o. ( 2 0 0 9 ) .  C r u d e  O i l /P e t r o le u m  P r o d u c t  G e n e r a ls  a n d  M a in  P r o p e r t ie s .

F r a n c e :  IF P  S c h o o l .
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“ D e p a r t m e n t  o f  E n e r g y  B u s in e s s ,  M in is t r y  o f  E n e r g y .”  A n no un cem ent o f  Q uality o f  
D iesel. 8  M a y  2 0 1 0
< h t t p : / / w w w .d e d e .g o . t h /d e d e / f i l e a d m i n / u s r / b e r s /b io d ie s e l_ p i c t u r e / q u a l i t y _ d
i e s e l _ 2 _ 5 0 .p d f >

D i a z ,  E . ,  O r d o n e z ,  ร . ,  V e g a ,  A . ,  a n d  C o c a ,  J. ( 2 0 0 4 a ) .  A d s o r p t io n  p r o p e r t ie s  o f  a  

P d / y - A l 2 0 3 c a t a ly s t  u s in g  in v e r s e  g a s  c h r o m a t o g r a p h y .  M ic r o p o r o u s  a n d  

M e s o p o r o u s  M a t e r ia ls , 7 0 ,  1 0 9 - 1 1 8 .
D i a z ,  E . ,  O r d o n e z ,  ร . ,  V e g a ,  A . ,  a n d  C o ç a ,  J. ( 2 0 0 4 b ) .  A d s o r p t io n  c h a r a c te r is a t io n  

o f  d i f f e r e n t  v o l a t i l e  o r g a n ic  c o m p o u n d s  o v e r  a lu m in a ,  z e o l i t e s  a n d  a c t iv a t e d  

c a r b o n  u s i n g  i n v e r s e  g a s  c h r o m a t o g r a p h y .  C h r o m a t o g r a p h y  A , 1 0 4 9 ,  1 3 9 — 

1 4 6 .
D i a z ,  E . ,  O r d o n e z ,  ร . ,  V e g a ,  A . ,  a n d  C o c a ,  J. ( 2 0 0 6 ) .  I n v e r s e  G C  in v e s t i g a t i o n  o f  

th e  a d s o r p t io n  o f  t h io p h e n ic  c o m p o u n d s  o n  z e o l i t e s .  C h r o m a t o g r a p h ia , 6 4 ,  
2 0 7 - 2 1 3 .

“ D i s p e r s i n g  A g e n t .”  IU P A C  C om pendium  o f  C hem ical Term inology. 18  M a y  2 0 0 7 .  
2 0  D e c e m b e r  2 0 1 0 .

< h t t p : / / o l d . iu p a c .o r g / g o l d b o o k / D T 0 7 2 6 6 .p d f >
“ E m i s s io n  S t a n d a r d s .”  Standards. 8  M a y  2 0 1 0  

< h t t p : / /w w w .d ie s e ln e t .c o m /s t a n d a r d s />
E r tl, G . ,  K n o z in g e r ,  H . ,  a n d  W e it k a m p , J. ( 1 9 9 7 ) .  H a n d b o o k  o f  H e t e r o g e n e o u s  

C a t a ly s i s . F r a n c e :  V C H  V e r l a g s g e s e l l s c h a f t  m b H , W e in h e lm  (F e d e r a l  

R e p u b l i c  o f  G e r m a n y ) .
G a r y , J .H .,  a n d  H a n d w e r k  G .E . ( 4 th E d s .) .  ( 2 0 0 1 ) .  P e t r o le u m  R e f i n i n g  T e c h n o lo g y  

a n d  E c o n o m i c s . N e w  Y o r k :  M a r c e l  D e k k e r .
G a t e s ,  B .C . ,  a n d  T o p s o e ,  H . ( 1 9 9 7 ) .  R e a c t i v i t i e s  in  d e e p  c a t a ly t ic  

h y d r o d e s u lf u r iz a t io n :  c h a l l e n g e s ,  o p p o r t u n it ie s ,  a n d  t h e  im p o r t a n c e  o f  4 -  

m e t h y ld ib e n z o t h i o p h e n e  a n d  4 ,6 - d i m e t h y l d i b e n z o t h i o p h e n e .  P o ly h e d r o n , 
1 6 ( 1 8 ) ,  3 2 1 3 - 3 2 1 7 .

G o ld e n ,  T .C . ,  K r a z , W .C . ,  W i lh e lm ,  F .C . ,  P ie r a n t o z z i ,  R . a n d  R o k i c k i ,  A .  ( 1 9 9 2 ) .  
H i g h l y  d i s p e r s e d  c u p r o u s  c o m p o s i t io n s .  U n i t e d  S t a t e s  P a t e n t , 5 ,1 7 5 ,1 3 7 .

G o ld e n ,  T .C . ,  S c h w a r z ,  A . ,  H s iu n g ,  T . ,  H - L ..  T a y lo r .  F .W .,  ( 2 0 0 3 ) .  P u r i f ic a t io n  o f  

G a s e s .  U n i t e d  S t a t e s  P a te n t ,  6 ,5 7 2 ,6 8 1 .

http://www.dede.go.th/dede/fileadmin/usr/bers/biodiesel_picture/quality_d
http://old.iupac.org/goldbook/DT07266.pdf
http://www.dieselnet.com/standards/
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G r a n t, M .H . ( 1 9 9 2 ) .  E n c y c lo p e d ia  o f  c h e m ic a l  t e c h n o l o g y . U n i t e d  S t a t e s  o f  

A m e r ic a :  J o h n  W il l e y  &  S o n s ,  In c .
G u i ,  L .L .,  G u o .L . ,  X i e ,  Y .C . .  a n d  T a n g , Y .Q .  ( 1 9 8 4 ) .  A n  i n v e s t i g a t i o n  o f  th e  

d i s p e r s io n  o f  c u p r o u s  c h lo r id e  o n  Y - a lu m in a  s u r f a c e  th e  a d s o r p t io n  o f  

e t h y le n e  o n  c u p r o u s  c h lo r id e /  Y - a lu m in a  a n d  o t h e r  s u p p o r te d  t r a n s it io n  

m e ta l  s a lt s .  S c ie n t ia  S in ic a ,  S e r ie s  B :  C h e m ic a l .  B i o l o g i c a l ,  A g r ic u l t u r a l ,  
M e d ic a l  a n d  E a r th  S c i e n c e s , 2 7 ( 5 ) ,  4 4 5 ^ 1 5 5 .

H a j i ,  ร . ,  a n d  E r k e y , c .  ( 2 0 0 3 ) .  R e m o v a l  o f  d ib e n z o t h io p h e n e  f r o m  m o d e l  d ie s e l  b y  

a d s o r p t io n  o n  c a r b o n  a e r o g e l s  f o r  f u e l  c e l l  a p p l i c a t io n s .  . I n d u s tr ia l  a n d  

E n g in e e r in g  C h e m is t r y  R e s e a r c h , 4 2 ,  6 9 3 3 - 6 9 3 7 .
H e n n in g ,  K .D . a n d  D e g a l ,  J. “ A c t iv a t e d  C a r b o n  fo r  S o l v e n t  R e c o v e r y .” 

P U R IF IC A T IO N  O F  AIR, W ATER A N D  O F F  G A S  -  SO L V E N T  
REC O VERY. 2 0  M a r c h  1 9 9 0 .  9  M a y  2 0 0 9  <  h t t p : / /w w w .a c t iv a t e d -  

c a r b o n .c o m /s o lr e c 3 .h t m l>
H e r n â n d e z - M a ld o n a d o ,  A .J . ,  a n d  Y a n g ,  R .T . ( 2 0 0 3 ) .  D e s u l f u r iz a t io n  o f  c o m m e r c ia l  

l iq u id  f u e l s  b y  s e l e c t i v e  a d s o r p t io n  v ia  7i - c o m p l e x a t i o n  w i t h  C u ( I ) - Y  

z e o l i t e s .  In d u s tr ia l  a n d  E n g in e e r in g  C h e m is t r y  R e s e a r c h , 4 2 ,  3 1 0 3 - 3 1 1 0 .
H e r n â n d e z - M a ld o n a d o ,  A .J . ,  S t a m a t is ,  S .D . ,  Y a n g ,  R .T . ,  H e ,  A .Z . ,  a n d  C a n n e l la ,  พ .  

( 2 0 0 4 a ) .  N e w  s o r b e n t  fo r  d e s u l f u r iz a t io n  o f  d ie s e l  f u e l s  v ia  n - c o m p le x a t io n :  

la y e r e d  b e d  a n d  r e g e n e r a t io n .  I n d u s tr ia l  a n d  E n g in e e r in g  C h e m is t r y  

R e s e a r c h , 4 3 ,  7 6 9 - 7 7 6 .
H e r n â n d e z - M a ld o n a d o ,  A .J . ,  a n d  Y a n g ,  R .T .  ( 2 0 0 4 b ) .  D e s u l f u r iz a t io n  o f

c o m m e r c ia l  j e t  f u e ls  b y  a d s o r p t io n  v ia  7 1 -c o m p le x a t io n  w i t h  v a p o r  p h a s e  io n  

e x c h a n g e d  C u ( I ) - Y  z e o l i t e s .  I n d u s tr ia l  a n d  E n g in e e r in g  C h e m is t r y  

R e s e a r c h , 4 3 ,  6 1 4 2 - 6 1 4 9 .
H e r n â n d e z - M a ld o n a d o ,  A .J . ,  a n d  Y a n g ,  R .T . ( 2 0 0 4 c ) .  D e s u l f u r i z a t io n  o f  d ie s e l  

f u e l s  v ia  7 1 -c o m p le x a t io n  w i t h  n i c k e l ( I I ) - e x c h a n g e d  X -  a n d  Y -  z e o l i t e s .  
I n d u s tr ia l  a n d  E n g in e e r in g  C h e m is t r y  R e s e a r c h , 4 3 ,  1 0 8 1 - 1 0 8 9 .

H e r n â n d e z - M a ld o n a d o ,  A .J . ,  a n d  Y a n g .  R .T . ( 2 0 0 4 d ) .  D e s u l f u r iz a t io n  o f
tr a n s p o r ta t io n  f u e l s  b y  a d s o r p t io n . C a t a ly s t  R e v i e w s , 4 6 ( 2 ) ,  1 1 1 - 1 5 0 .

http://www.activated-carbon.com/solrec3.html
http://www.activated-carbon.com/solrec3.html
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H e m â n d e z - M a ld o n a d o ,  A .J . ,  Y a n g , F .H . ,  Q i ,  G . ,  a n d  Y a n g ,  R .T .  ( 2 0 0 5 a ) .
D e s u l f u r iz a t io n  o f  tr a n s p o r ta t io n  f u e l s  b y  □ - c o m p le x a t i o n  s o r b e n ts :  C u ( I ) - ,  
N i ( I I ) - ,  a n d  Z n ( I I ) - z e o l i t e s .  A p p l ie d  C a t a ly s i s  B :  E n v ir o n m e n t a l , 5 6 ,  1 1 1 -  

1 2 6 .
H e m â n d e z - M a ld o n a d o ,  A .J . ,  Y a n g , F .H . ,  Q i ,  G . ,  a n d  Y a n g ,  R .T .  ( 2 0 0 5 b ) .

D e s u l f u r iz a t io n  o f  c o m m e r c ia l  f u e l s  b y  7T - c o m p le x a t io n :  M o n o la y e r  C u C l/y -  

A I 2 O 3 . A p p l ie d  C a t a ly s i s  B : E n v ir o n m e n t a l , 6 1 ,  2 1 2 - 2 1 8 .
H e r r y , c., B a u d u , M .,  a n d  R a v e a u ,  D . ( 2 0 0 1 ) .  E s t im a t io n  o f  th e  i n f lu e n c e  o f  

s tr u c tu r a l e l e m e n t s  o f  a c t iv a t e d  c a r b o n s  o n  th e  e n e r g e t i c  c o m p o n e n t s  o f  

a d s o r p t io n .  C a r b o n , 3 9 ,  1 8 7 9 - 1 8 8 9 .
H o  N g o c ,  L . ( 2 0 0 7 ) .  A d s o r p t iv e  r e m o v a l  o f  s u l fu r  c o m p o u n d s  f r o m  tr a n s p o r ta t io n  

f u e l s  b y  u s in g  z e o l i t i c  a d s o r b e n ts .  M . s .  T h e s i s ,  T h e  P e t r o le u m  a n d  

P e t r o c h e m ic a l  C o l l e g e ,  C h u la lo n g k o r n  U n iv e r s i t y ,  B a n g k o k  T h a ila n d .
F Isu , C .S . ,  a n d  R o b in s o n ,  P .R . ( 2 0 0 6 ) .  P r a c t ic a l  A d v a n c e s  in  P e t r o le u m  P r o c e s s in g . 

N e w  Y o r k :  S p r in g e r  S c ie n c e  +  B u s in e s s  M e d ia ,  I n c .
“ I n c ip ie n t  W e t n e s s  I m p r e g n a t io n .”  W IKIPED IA. 2 6  J a n u a r y  2 0 1 1 .  2 2  F e b r u a r y  2 0 1 1  

< h t t p : / / e n .w ik ip e d ia .o r g /w ik i / I n c ip ie n t _ w e t n e s s Q m p r e g n a t io n >
J ia n g , M .,  N g ,  F .T .T ,  R a h m a n , A . ,  a n d  P a te l ,  V .  ( 2 0 0 5 ) .  F l o w  c a lo r im e t r ic  a n d  

th e r m a l  g r a v im e t r ic  s tu d y  o f  a d s o r p t io n  o f  t h io p h e n ic  s u l f u r  c o m p o u n d s  o n  

N a Y  z e o l i t e .  T h e r m o c h im  A c t a , 4 3 4 ,  2 7 - 3 6 .
K a b e ,  T .,  I s h ih a r a , A . ,  a n d  T a j im a , H . ( 1 9 9 2 ) .  H y d r o d e s u l f u r iz a t io n  o f  s u lfu r -  

c o n t a in in g  p o ly a r o m a t ic  c o m p o u n d s  in  l ig h t  o i l .  I n d u s tr ia l  a n d  E n g in e e r in g  

C h e m is t r y  R e s e a r c h . 3 1 ( 6 ) ,  1 5 7 7 - 1 5 8 0 .
K a e w b o r a n ,  J. ( 2 0 0 5 ) .  C o n t in u o u s  r e m o v a l  o f  t h io p h e n ic  s u l f u r  c o m p o u n d s  fr o m  

tr a n s p o r ta t io n  f u e l s  b y  u s in g  X z e o l i t e .  M.s. T h e s i s ,  T h e  P e t r o le u m  a n d  

P e t r o c h e m ic a l  C o l l e g e ,  B a n g k o k ,  T h a ila n d .
K im , J .H ., M a , X . ,  Z h o u .  A . ,  a n d  S o n g ,  c . ( 2 0 0 6 ) .  U l t r a - d e e p  d e s u l f u r iz a t io n  a n d  

d e n i t r o g e n a t io n  o f  d i e s e l  fu e l  b y  s e l e c t i v e  a d s o r p t io n  o v e r  th r e e  d i f f e r e n t  

a d s o r b e n ts :  A  s tu d y  o n  a d s o r p t iv e  s e l e c t i v i t y  a n d  m e c h a n i s m .  C a t a ly s i s  

T o d a y , 1 1 1 , 7 4 - 8 3 .

http://en.wikipedia.org/wiki/Incipient_wetnessQmpregnation
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K u lp r a th ip a n ja , ร .  ( 2 0 1 0 ) .  P e t r o c h e m ic a l  In d u str y : T e c h n o l o g y  a n d  E c o n o m i c s . 
D e s  P la in e s :  U O P , A  H o n e y w e l l  C o m p a n y .

L e e ,  S .H .D . ,  K u m a r . R ., a n d  K r u m p e lt ,  M . ( 2 0 0 2 ) .  S u l f u r  r e m o v a l  f r o m  d i e s e l  f u e l-  

c o n t a m in a t e d  m e t h a n o l .  S e p a r a t io n  a n d  P u r i f ic a t io n  T e c h n o l o g y , 2 6 ,  2 4 7 -  

2 5 8 .
M a , X . ,  S a k a n i s h i ,  K .,  a n d  M o c h id a ,  1. ( 1 9 9 4 ) .  H y d r o d e s u lf u r iz a t io n  r e a c t iv i t i e s  o f  

v a r io u s  s u lfu r  c o m p o u n d s  in  d ie s e l  f u e l .  In d u s tr ia l  a n d  E n g in e e r in g  

C h e m is t r y  R e s e a r c h . 3 3 .  2 1 8 - 2 2 2 .
M a , X . ,  S a k a n i s h i .  K .,  a n d  M o c h id a ,  I. ( 1 9 9 6 b ) .  H y d r o d e s u lf u r iz a t io n  r e a c t iv i t i e s  o f  

v a r io u s  s u lfu r  c o m p o u n d s  in  v a c u u m  g a s  o i l .  I n d u s tr ia l  a n d  E n g in e e r in g  

C h e m is t r y  R e s e a r c h . 3 5 ,  2 4 8 7 - 2 4 9 4 .
M a , X - ,  S a k a n i s h i ,  K .,  I s o d a , T .,  a n d  M o c h id a ,  I. ( 1 9 9 7 ) .  D e t e r m in a t io n  o f  s u lfu r  

c o m p o u n d s  in  n o n - p o la r  f r a c t io n  o f  v a c u u m  g a s  o i l .  F u e l , 7 6 ,  3 2 9 - 3 3 9 .
M a , X . ,  รน ท , L . a n d  S o n g ,  c. ( 2 0 0 2 ) .  A  n e w  a p p r o a c h  t o  d e e p  d e s u l f u r iz a t io n  o f  

g a s o l i n e ,  d i e s e l  fu e l  a n d  j e t  fu e l  b y  s e l e c t i v e  a d s o r p t io n  fo r  u l t r a - c le a n  f u e ls  

a n d  fo r  fu e l  c e l l  a p p l ic a t io n s .  C a t a ly s is  T o d a y . 7 7 ,  1 0 7 - 1 1 6 .
M i lo n j ic ,  S .K . ( 1 9 9 9 ) .  S u r f a c e  p r o p e r t ie s  o f  m e ta l  i o n s  m o d i f i e d  s i l i c a s .  C o l l o i d s  

a n d  S u r f a c e s  A :  P h y s i c o c h e m i c a l  a n d  E n g in e e r in g  A s p e c t s , 1 4 9 ,  4 6 1 - 4 6 6 .
M o n t e s - M o r â n ,  M .A . ,  M a r t in e z - A lo n s o ,  A . ,  a n d  T a s c ô n ,  J .M .D .  ( 2 0 0 2 ) .  A d s o r p t io n  

o f  p o la r  p r o b e  m o l e c u l e s  o n  p l a s m a - o x id i s e d  h ig h - s t r e n g t h  c a r b o n  f ib r e s .  
F u e l  P r o c e s s in g  T e c h n o l o g y , 7 7 - 7 8 ,  3 5 9 - 3 6 4 .

M u k h o p a d h y a y ,  p . .  a n d  S c h r e ib e r ,  F I.P . ( 1 9 9 5 ) .  A s p e c t s  o f  a c i d - b a s e  in t e r a c t io n s  

a n d  u s e  o f  in v e r s e  g a s  c h r o m a t o g r a p h y . C o l l o i d s  a n d  S u r f a c e s  A :  

P h y s i c o c h e m i c a l  a n d  E n g in e e r in g  A s p e c t s , 1 0 0 ,  4 7 - 7 1
M u z ic ,  M . ,  S e r t i c - B io n d a .  K .,  G o m z i ,  z . ,  P o d o l s k i .  ร . ,  a n d  T e le n ,  ร .  ( 2 0 1 0 ) .  S t u d y  

o f  d i e s e l  fu e l  d e s u l f u r iz a t io n  b y  a d s o r p t io n .  C h e m ic a l  E n g in e e r in g  

R e s e a r c h  a n d  D e s i g n , 8 8 , 4 8 7 ^ 1 9 5 .
“ O r g a n o s u lf u r  C o m p o u n d s .”  W IKIPEDIA. 11 M a y  2 0 0 9 .  13  M a y  2 0 1 0

< h t t p : / / e n .w ik ip e d ia .o r g /w ik i /O r g a n o s u l f u r _  c o m p o u n d s >

K in g , D .L .,  and  F a z , c. (2 0 0 6 ) .  D e su lfu r iz a tio n  o f  T ier  2 g a s o l in e  b y  d iv a le n t
c o p p e r -e x c h a n g e d  z e o l ite  Y . A p p lie d  C a ta ly s is  B: E n v ir o n m e n ta l, 3 1 1 , 5 8 -
6 5 .

http://en.wikipedia.org/wiki/Organosulfur__compounds
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P e r r u c h o t ,  c., C h e h im i ,  M .M .,  V a u la y .  M - J . ,  a n d  B e n z a r t i ,  K . ( 2 0 0 6 ) .  
C h a r a c t e r is a t io n  o f  th e  s u r f a c e  t h e r m o d y n a m ic  p r o p e r t ie s  o f  c e m e n t  

c o m p o n e n t s  b y  in v e r s e  g a s  c h r o m a t o g r a p h y  a t i n f in i t e  d i lu t io n .  C e m e n t  a n d  

C o n c r e t e  R e s e a r c h . 3 6 ,  3 0 5 - 3 1 9 .
P r a te e p a m o r n k u l ,  ร .  ( 2 0 0 8 ) .  A d s o r p t iv e  R e m o v a l  o f  S u lf u r  C o m p o u n d s  fr o m  

D i e s e l  U s i n g  A c t iv a t e d  C a r b o n  a n d  A lu m in a  M o d i f i e d  w i t h  C u ( I )  a n d  

N i ( I I ) .  M.s. T h e s i s .  T h e  P e t r o le u m  a n d  P e t r o c h e m ic a l  C o l l e g e ,  
C h u la lo n g k o r n  U n iv e r s i t y ,  B a n g k o k  T h a ila n d .

R ia z i ,  M .R . ( 1 st E d s . ) .  ( 2 0 0 5 ) .  C h a r a c te r iz a t io n  a n d  P r o p e r t ie s  o f  P e tr o le u m  

F r a c t i o n s . U n i t e d  S t a t e s  o f  A m e r ic a :  A S T M  I n te r n a t io n a l .
R in a ld i ,  N . ,  K u b o t a ,  T . ,  a n d  O k a m o t o ,  Y . ( 2 0 1 0 ) .  E f f e c t  o f  c i t r ic  a c id  a d d it io n  o n  

t h e  h y d r o d e s u lf u r iz a t io n  a c t iv i t y  o f  M 0 O 3/A I 2 O 3 c a t a ly s t s .  A p p l ie d  

C a t a ly s i s  A :  G e n e r a l . 3 7 4 ,  2 2 8 - 2 3 6 .
R in a ld i ,  N . ,  U s m a n ,  A l - D a la m a ,  K .. K u b o ta , T . .  a n d  O k a m o t o ,  Y .  ( 2 0 0 9 ) .  

P r e p a r a t io n  o f  C 0 - M 0 / B 2 O 3 /A I 2O 3 c a t a ly s t s  fo r  h y d r o d e s u lf u r iz a t io n :  E f f e c t  

o f  c i t r ic  a c id  a d d it io n . A p p l ie d  C a t a ly s i s  A : G e n e r a l , 3 6 0 ,  1 3 0 - 1 3 6 .
R o u s s e a u ,  R . w .  ( 1 9 8 7 ) .  H a n d b o o k  o f  s e p a r a t io n  p r o c e s s  t e c h n o l o g y . U n i t e d  S ta te s  

o f  A m e r ic a :  J o h n  W i l l e y  &  S o n s ,  In c .
R u t h v e n ,  D .M .  ( 1 9 8 4 ) .  P r in c ip le s  o f  a d s o r p t io n  a n d  a d s o r p t io n  p r o c e s s e s . U n it e d  

S t a t e s  o f  A m e r ic a :  J o h n  W il l e y  &  S o n s ,  In c .
S a n o ,  Y . ,  C h o i ,  K .H . ,  K o r a i ,  Y . ,  a n d  M o c h id a ,  I. ( 2 0 0 4 a ) .  A d s o r p t iv e  r e m o v a l  o f  

s u l f u r  a n d  n i t r o g e n  s p e c i e s  fr o m  a s tr a ig h t  ru n  g a s  o i l  o v e r  a c t iv a t e d  c a r b o n s  

fo r  i t s  d e e p  h y d r o d e s u lf u r iz a t io n .  A p p l ie d  C a t a ly s i s  B :  E n v ir o n m e n t a l , 4 9 ,  
2 1 9 - 2 2 5 .

S a n o ,  Y . ,  C h o i ,  K .H . ,  K o r a i , Y . .  a n d  M o c h id a ,  I. ( 2 0 0 4 b ) .  S e l e c t i o n  a n d  fu r th e r  

a c t iv a t io n  o f  a c t iv a t e d  c a r b o n s  fo r  r e m o v a l  o f  n i t r o g e n  s p e c i e s  in  g a s  o i l  a s  a  

p r e tr e a tm e n t  fo r  i t s  d e e p  h y d r o d e s u lf u r iz a t io n .  E n e r g y  a n d  F u e l s , 1 8 , 6 4 4 -  

6 5 1 .
S a n o ,  Y . ,  S u g a h a r a , K .,  C h o i .  K .,  K o r a i , Y . ,  a n d  M o c h id a ,  I. ( 2 0 0 5 ) .  T w o -S te p  

a d s o r p t io n  p r o c e s s  fo r  d e e p  d e s u l f u r iz a t io n  o f  d i e s e l  o i l .  F u e l , 8 4 ,  9 0 3 - 9 1 0 .
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S o n g ,  c .  ( 2 0 0 2 ) .  F u e l  p r o c e s s i n g  fo r  lo w - t e m p e r a t u r e  a n d  h ig h - t e m p e r a t u r e  fu e l  

c e l l s .  C h a l l e n g e s ,  a n d  o p p o r t u n it ie s  fo r  s u s t a in a b le  d e v e lo p m e n t  in  th e  2 1 st 
c e n tu r y . C a t a ly s i s  T o d a y , 7 7 ,  1 7 - 4 9 .

S o n g ,  c .  ( 2 0 0 3 ) .  A n  o v e r v i e w  o f  n e w  a p p r o a c h e s  to  d e e p  d e s u l f u r iz a t io n  fo r  u ltr a 
c l e a n  g a s o l i n e ,  d i e s e l  f u e l  a n d  j e t  f u e l .  C a t a ly s i s  T o d a y , 8 6 , 2 2 1 - 2 6 3 .

S o n g ,  c . ,  a n d  M a , X .  ( 2 0 0 3 ) .  N e w  d e s ig n  a p p r o a c h e s  t o  u l t r a - c le a n  d i e s e l  f u e l s  b y  

d e e p  d e s u l f u r i z a t io n  a n d  d e e p  d e a r o m a t iz a t io n .  A p p l i e d  C a t a ly s i s  B :  

E n v ir o n m e n t a l , 4 1 , 2 0 7 - 2 3 8 .
S r iv a s t a v ,  A . ,  a n d  S r iv a s t a v a ,  v . c .  ( 2 0 0 9 ) .  A d s o r p t iv e  d e s u l f u r iz a t io n  b y  a c t iv a t e d  

a lu m in a .  H a z a r d o u s  M a t e r ia ls , 1 7 0 ,  1 1 3 3 - 1 1 4 0 .
T a k a h a s h i ,  A .  Y a n g ,  F .H .,  a n d  Y a n g .  R .T . ( 2 0 0 0 ) .  A r o m a t ic s / a l ip h a t i c s  s e p a r a t io n  

b y  a d s o r p t io n :  N e w  s o r b e n ts  fo r  s e l e c t i v e  a r o m a t ic s  a d s o r p t io n  b y  7t-  

c o m p l e x a t i o n .  I n d u s tr ia l  a n d  E n g in e e r in g  C h e m is t r y  R e s e a r c h , 3 9 ,  3 8 5 6 -  

3 8 6 7 .
“ T h a i  r e f in e r s  r e a d y  fo r  3 5 0  p p m  d ie s e l  s u l fu r  l im it  fo r  2 0 0 4 . ”  D iesel F uel News. 21  

J u ly  2 0 0 3 .  B N E T .  2 6  M a y  2 0 1 0
< h t t p : / / f i n d a r t i c l e s . e o m / p / a r t i c l e s / m i _ m 0 C Y H / i s _ 1 3 _ 7 / a i _ 1 0 6 0 2 6 6 2 9 / >  

T h ie lm a n n ,  F . ( 2 0 0 4 ) .  I n tr o d u c t io n  in to  th e  c h a r a c t e r is a t io n  o f  p o r o u s  m a t e r ia ls  b y  

in v e r s e  g a s  c h r o m a t o g r a p h y .  C h r o m a t o g r a p h y  A . 1 0 3 7 ,  1 1 5 - 1 2 3 .
T h ie lm a n n ,  F . ,  a n d  B a u m g a r t e n ,  E . ( 2 0 0 0 ) .  C h a r a c t e r iz a t io n  o f  m ic r o p o r o u s  

a lu m in a s  b y  in v e r s e  g a s  c h r o m a t o g r a p h y .  C o l l o i d  a n d  I n t e r f a c e  S c i e n c e , 2 2 9 ,  
4 1 8 - 4 2 2 .

W a n g  , Y . ,  a n d  Y a n g ,  R .T . ( 2 0 0 7 ) .  D e s u l f u r iz a t io n  o f  l iq u id  f u e l s  b y  a d s o r p t io n  o n  

c a r b o n - b a s e d  s o r b e n t s  a n d  u l t r a s o u n d - a s s is t e d  s o r b e n t  r e g e n e r a t io n .  
L a n g m u ir . 2 3 ,  3 8 2 5 - 3 8 3 1 .

“ W o r ld  T r a v e l:  T h e  F u e l  C h a l l e n g e .” E X P E D IT IO N  P O R TA L. 31  M a r c h  2 0 0 9 .  2 6  

M a y  2 0 1 0
< h t t p : / / w w w .e x p e d i t i o n p o r t a l .c o m / f o r u m / s h o w 1 h r e a d .p h p ? t =  2 5 5 1 6 >

X u e .  M .,  C h itr a k a r , R . ,  S a k a n e ,  K . H ir o t s u , T ..  O o i ,  K . Y o s h im u r a ,  Y . .  F e n g ,  Q .,  a n d  

S u m id a ,  N .  ( 2 0 0 5 ) .  S e l e c t i v e  a d s o r p t io n  o f  t h io p h e n e  a n d  l -  

b e n z o t h io p h e n e  o n  m e t a l - i o n - e x c h a n g e d  z e o l i t e s  in  o r g a n ic  m e d iu m .  
C o l l o i d  a n d  I n te r fa c e  S c i e n c e . 2 8 5 .  4 8 7 - 4 9 2 .

http://findarticles.eom/p/articles/mi_m0CYH/is_13_7/ai_106026629/
http://www.expeditionportal.com/forum/show1hread.php?t=_25516
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Y a n g ,  R .T .  ( 2 0 0 3 ) .  A d s o r b e n t s  F u n d a m e n t a ls  a n d  A p p l i c a t i o n s . U n i t e d  S t a t e s  o f  

A m e r ic a :  J o h n  W i l l e y  &  S o n s ,  In c .
Y a n g ,  R .T . ,  a n d  F o ld e s ,  R . ( 1 9 9 6 ) .  N e w  a d s o r b e n t s  b a s e d  o n  p r in c ip le s  o f  c h e m ic a l  

c o m p le x a t io n :  m o n o la y e r - d i s p e r s e d  n i c k e l ( I l )  f o r  a c e t y l e n e  s e p a r a t io n  b y  71- 
c o m p l e x a t i o n .  In d u s tr ia l  a n d  E n g in e e r in g  C h e m is t r y  R e s e a r c h , 3 5 ,  1 0 0 6 -  

1 0 1 1 .
Y a n g ,  R .T . ,  T a k a h a s h i ,  A . ,  a n d  Y a n g ,  F . H . ( 2 0 0 1 ) .  N e w  s o r b e n t s  fo r  

d e s u l f u r iz a t io n  o f  l iq u id  f u e l s  b y  J i - c o m p le x a t io n .  I n d u s tr ia l  a n d  

E n g in e e r in g  C h e m is t r y  R e s e a r c h . 4 0 ,  6 2 3 6 - 6 2 3 9 .
Z h a n g ,  Z .Y . ,  S h i ,  T .B . ,  J ia , C .Z .,  J i, W .J .,  C h e n ,  Y . ,  a n d  H e ,  M .Y .  ( 2 0 0 8 ) .  

A d s o r p t iv e  r e m o v a l  o f  a r o m a t ic  o r g a n o s u l f u r  c o m p o u n d s  o v e r  th e  m o d i f i e d  

N a - Y  z e o l i t e s .  A p p l ie d  C a t a ly s i s  B : E n v ir o n m e n t a l , 8 2 ,  1 - 1 0 .



A P P E N D I C E S

A ppendix  A Sam ple P repara tio n  C alculations

In  t h i s  w o r k ,  s e v e r a l  d i f f e r e n t  a d s o r b e n t s  w e r e  u s e d  in  t h is  s t u d y ,  p r e p a r e d  

b y  in c ip ie n t  w e t n e s s  im p r e g n a t io n  m e t h o d  w i t h  t w o  d i f f e r e n t  p o r e  s i z e  a lu m in a s  

in c lu d in g  m e s o p o r o u s  a n d  m a c r o p o r o u s  a lu m in a s .  T h e  m e t a l  p r e c u r s o r s  d e p o s i t e d  o n  

th e  a d s o r b e n t s  w e r e  C u C l 2 a n d  N i C l 2 - T o  m o d i f y  th e  d i s p e r s io n  p r o p e r ty ,  c i t r ic  a c id  

( C A )  w a s  u s e d  a s  a  d i s p e r s in g  a g e n t ,  w it h  m o la r  r a t io s  o f  C u C T /C A  b y  5 a n d  1 0 , 
r e s p e c t i v e ly .  T h e  p h y s ic a l  p r o p e r t ie s  o f  t h o s e  c o m p o n e n t s  a re  l i s t e d  in  T a b le  A T  

T h e y  w e r e  ta b u la t e d  in  o r d e r  t o  b e  u s e d  in  fu r th e r  c a lc u la t io n s .

T able A 1  P h y s ic a l  p r o p e r t ie s  o f  c h e m ic a l  u s e d  in  s a m p le  p r e p a r a t io n  s t e p

C hem ical
P rop erty

A I 2Ô 3 A I 2O 3 C uC l2 CuCl N iC l2 N iCl2.6H 2Q CA
B E T  s u r f a c e  a r e a  ( m 2 / g ) '2 7 8 1 9 4 - - - - -

P o r e  v o lu m e  ( c m 3 / g ) 0 .7 6 1 0 .6 7 4 - - - - -

M o le c u la r  w e i g h t  ( g / m o l ) - - 1 3 4 .4 5 9 9 .0 0 1 2 9 .6 2 2 3 7 .6 2 1 9 2 .1 2

D e n s i t y  ( g / c m 3) 0 .9 1 4 1 .0 0 8 3 .3 8 6 4 .1 4 5 3 .5 5 0 1 .9 2 0 1 .6 6 5

A 1  A m o u n t  o f  M e t a l  P r e c u r s o r  ( in  g r a m )  C a lc u la t io n  

Exam ple:  A m o u n t  o f  C u C b  ( in  g r a m )  t o  b e  im p r e g n a t e d  o n  m - A l 2 0 3  v a r y  

b y  t h e  p e r c e n t a g e  o f  C u C l 2 m o n o la y e r  c o v e r a g e  o n  th e  a d s o r b e n t .
R e m a r k :  C oncentra tion  o f  m eta l-conta ining  so lu tion  corresponds to C 11CI2 

m onolayer coverage on alum ina.

F r o m  C u C l  m o n o la y e r

C u C l  m o n o l a y e r  o n  m - A l 2 C>3 =

0 - 0 9 5  g CuC,
V 1 0 0  m  Al;0 , ,

, (G u i  et a l. , 1 9 8 4 )

0 .0 9 5  8 0 1 0  '  "
1 0 0  m Al,O, y

2 7 8 - m. 2  "N

ë adsorbent /
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C u C l m o n o la y e r  

F r o m  m olc .110

C u C l2 m o n o la y e r

C u C l2 m o n o la y e r

0 .2 6 4 1 - ะ’CuCl

0 .2 6 4 1

2 . 6 6 8

gadsorbent

gcuCl m o l
gadsorbent 9 9 .0 0  g  

m m o l
CuCl

ะ, adsorbent

m ol{

2 . 6 6 8

CuCl

m m o l CuCl,

2 .6 6 8 .

gadsorbent
m m o l

c ”๐ ’- X 1 3 4 .4 5  g c ”๐ ’

0 .3 5 9

gadsorbent

. gcuCl2
g  adsorbent

m o l CuCl,

F o r  1 0  g  o f  m - A I 2 0 3 ;

T h u s ,  a m o u n t  o f  C u C l 2

T h e n ,  1 0 %  m o n o la y e r

2 0 %  m o n o la y e r

a n d  3 0 %  m o n o la y e r

3 .5 9  ' g CuC,2 

0 - 3 5 9  g c 102

° - 7 1 8  g  CuCl 2

1 0 7 7  g c u c 2

A 2  A m o u n t  o f  D i s p e r s i n g  A g e n t  ( C it r ic  A c i d ) ,  in  g r a m . C a lc u la t io n  

E xam ple: A m o u n t  o f  C A  ( in  g r a m )  w i t h  th e  m o la r  r a t io  ( C u C 12/ C A )  o f  1 0  

a n d  3 0 %  m o n o l a y e r  c o v e r a g e  o f  C u C l2, im p r e g n a t e d  o n  m A l 2 0 3 - 

m olCaC1
F r o m  ๐ ๐ : =  10m olCA

m olCA molcuc\2
1 0

mCA mo ĉuc\2
10



132

M ca X  m olCaC 12
mCA = Ï Ô

1 9 2 . 1 2 - ^ - x -------- I ' 0 ! !  ëCuClz- ;--------T
m o l  1 0 x ^ 1 3 4 .4 5  g CuC 12 /  m o l  J

0 .1 5 4  g CA

A 3  V o lu m e  o f  M e t a l - C o n t a in in g  S o lu t io n  ( D I  w a t e r )  C a lc u la t io n  

E xam ple: T h e  v o lu m e  o f  s o lv e n t  (D I  w a te r ,  c m 3) fo r  3 0 %  C u / m - A l 2 0 3  

m o d i f i e d  w i t h  d i s p e r s in g  a g e n t  ( C A ) .  T h e  r a tio  o f  C u /C A  i s  1 0  a n d  th e  a m o u n t  o f  

a d s o r b e n t  u s e d  i s  1 0  g .

F r o m II V - Vpore solute ’ ( 1 )

w h e r e Vsolute V  +  Vmetal dispersing agent ? . ; ( 2 )

F r o m V  =metal
m metal

/^metal

=
1 .0 7 7  g CuC12 

3 -3 8 6  g c u d 2 / c m 3

= 0 .3 2  c m 3

a n d Vdispersing agent
mCA
Pc.A

= 0 .1 5 4  g CA 
1 .6 6 5  g CA/ c m 3

= 0 .0 9  c m 3

s u b s t i tu te  a ll  o f  th e  v a lu e  in  E q u a t io n  (2 ) :

Vsolute 0 .3 2  +  0 .0 9  c m 3

= 0 .4 1  c m 3

F o r  1 0  g  o f  111- A I 2O 3 ;

Vpore 7 .6 1  c m 3

s u b s t i tu te  a ll  o f  th e  v a lu e  in  E q u a t io n  (1 ) :

v a 7 . 6 1 - 0 . 3 2  c m 3

= 7 .2 9  c m 3
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A s  m e n t io n e d  a b o v e ,  th e  a d s o r b e n ts  u s e d  in  t h is  w o r k  w e r e  p r e p a r e d  b y  

i n c ip ie n t  w e t n e s s  im p r e g n a t io n  m e th o d .  T h e  w a y  o f  c a l c u l a t i o n  t o  m a k e  a n  

a p p r o p r ia te  m e t a l - c o n t a in in g  s o lu t io n  to  b e  im p r e g n a t e d  o n  v a r io u s  t y p e s  o f  

a d s o r b e n t s ,  n a m e ly  m e s o p o r o u s  a n d  m a c r o p o r o u s  a lu m in a ,  in  d e s ir e d  p e r c e n t a g e  o f  

m o n o la y e r  c o v e r a g e  i s  s h o w n  in  A p p e n d ix  A .  T h e  c a lc u la t io n  o f  a ll  t h e  p r e p a r e d  

a d s o r b e n ts  is  s u m m a r iz e d  in  T a b le  A 2 .



T able A2 S u m m a ry  o f  A d so r b e n t P rep ara tio n  C a lc u la tio n s

No. IFP 
Cata 
Sepa

No. Label
Adsorbent (Alumina) Metal Impregnation Dispersing Agent Solution (cm3) Time

(h)A fO ,
M-

a i2o ,
Amt
(g)

VT pore CuCl2 NiCl2 Loading
(%) êmetal g Cu/Ni ^metal CA Cu/CA VCA Solute DI

94795 01 mCul024 V 10 7.61 V 10 0.359 0.170 0.11 0.11 7.50 24
94796 02 mCu2024 V 10 7.61 V 20 0.718 0.339 0.21 0.21 7.40 24
94797 03 mCu3024 V 10 7.61 V 30 1.077 0.509 0.32 0.32 7 29 24
94798 04 MCul024 V 10 6.74 V 10 0.250 0.118 0.07 0.07 6.67 24
94799 05 MCu2024 V 10 6.74 V 20 0.500 0.236 0.15 0.15 6.59 24
94800 06 MCu3024 V 10 6.74 V 30 0.750 0.354 0.22 0.22 6.52 24
94801 07 mN i 1024 V 10 7.61 V 10 0.161 0.073 0.05 0.05 7.56 24
94802 08 mNi2024 V 10 7.61 V 20 0.322 0.146 0.09 0.09 7.52 24
94803 09 mNi3024 V 10 7.61 V 30 0.483 0.219 0.14 0.14 7.47 24
94804 10 MNi 1024 V 10 6.74 V 10 0.112 0.051 0.03 0.03 6.71 24
94805 1 1 MNi2024 V 10 6.74 V 20 0.224 0.101 0.06 0.06 6.68 24
94806 12 MNi3024 V 10 6.74 V 30 0.336 0.152 0.09 0.09 6.65 24
94807 13 mCul012 V 10 7.61 V 10 0.359 0.170 0.11 0.11 7.50 12
94808 14 mCu2012 V 10 7.61 V 20 0.718 0.339 0.21 0.21 7.40 12
94809 15 mCu3012 V 10 7.61 V 30 1.077 0.509 0.32 0.32 7 29 12
94810 16 MCul012 V 10 6.74 V 10 0.250 0.118 0.07 0.07 6.67 12
94811 17 MCu2012 V 10 6.74 V 20 0.500 0.236 0.15 0.15 6.59 12
94812 18 MCu3012 V 10 6.74 V 30 0.750 0.354 0.22 0.22 6.52 12
94813 19 mN i 1012 V 10 7.61 V 10 0.161 0.073 0.05 0.05 7.56 12
94814 20 mNi2012 V 10 7.61 V 20 0.322 0.146 0 09 0.09 7.52 12
94815 21 mNi3012 V 10 7.61 V 30 0.483 0.219 0.14 0.14 7.47 12
94816 22 MNÜ012 V 10 6.74 V 10 0.112 0.051 0.03 0.03 6.71 12
94817 23 MNi2012 V 10 6.74 V 20 0.224 0.101 0.06 0.06 6 .6 8 12
94818 24 MNi3012 V 10 6.74 V 30 0.336 0.152 0.09 0.09 6.65 12



Table A2 (Cont.) S u m m a ry  o f  A d so r b e n t  P rep ara tio n  C a lc u la tio n s

No. IFP 
Cata 
Sepa

No. Label
Adsorbent (Alumina) M etal Impregnation Dispersing Agent Solution (cm3) Time

(h)A fO ,
NI

AI7๐ 1
Amt
(ร) Vpore CuClj NiCI2 Loading

(% ) ê metal gCu/Ni Vmetal CA Cu/CA ^™* VCA Solute DI
94819 25 mCul006 V 10 7.61 V 10 0.359 0.170 0.11 0.11 7.50 6
94820 26 mCu2006 V 10 7.61 V 20 0.718 0.339 0.21 0.21 7.40 6
94821 27 mCu3006 10 7.61 V 30 1.077 0.509 0.32 0.32 7.29 6
94822 28 MCul006 V 10 6.74 V 10 0.250 0.118 0.07 0.07 6.67 6
94823 29 MCu2006 V 10 6.74 V 20 0.500 0.236 . 0.15 0.15 6.59 6
94824 30 MCu3006 V 10 6.74 V 30 0.750 0.354 0.22 0.22 6.52 6
94825 31 ทาNi 1006 V 10 7.61 V 10 0.161 0.073 0.05 0.05 7.56 6
94826 32 mNi2006 V 10 7.61 V 20 0.322 0.146 0.09 0.09 7.52 6
94827 '1 'ร วิวิ mNi3006 V 10 7.61 V 30 0.483 0.219 0 14 0.14 7.47 6
94828 34 MNÜ006 V 10 6.74 V 10 0.112 0.051 0 .0 j 0.03 6.71 6
94829 35 MNi2006 V 10 6.74 V 20 0.224 0.101 0.06 0.06 6.68 6
94830 36 MNi3006 V 10 6.74 V 30 0.336 0.152 0.09 0.09 6.65 6
94831 37 mCul003 V 10 7.61 V 10 0.359 0.170 0.11 0.11 7.50 'รุวิ
94832 38 mCu2003 V 10 7.61 V 20 0.718 0.339 0.21 0.21 7.40 'รุวิ
94833 39 mCu3003 V 10 7.61 V 30 1.077 0.509 0.32 0.32 7.29 3
94834 40 MCul003 V 10 6.74 V 10 0.250 0.118 0.07 0.07 6.67 'รุวิ
94835 41 MCU2003 V 10 6.74 V 20 0.500 0.236 0.15 0.15 6.59 3
94836 42 MCu3003 V 10 6.74 V 30 0.750 0.354 0.22 0.22 6.52 •รุวิ
94837 43 mNil003 V 10 7.61 V 10 0.161 0.073 0.05 0.05 7.56 3
94838 44 mNi2003 V 10 7.61 V 20 0.322 0.146 0.09 0.09 7.52 3
94839 45 mNi3003 V 10 7.61 V 30 0.483 0.219 0.14 0.14 7.47 3
94840 46 MNÜ003 V 10 6.74 V 10 0.112 0.051 0.03 0.03 6.71 3
94841 47 MNi2003 V 10 6.74 V 20 0.224 0.101 0.06 0.06 6.68 3
94842 48 MNi3003 V 10 6.74 V 30 0.336 0.152 0.09 0.09 6.65 3
94843 49 m-Al20 3 V 10 7.61
94844 50 M -AfOj V 10 6.74



Table A2 (Cont.) S u m m a ry  o f  A d so r b e n t  P rep ara tio n  C a lc u la tio n s

No. IFP
Cata
Sepa

No.
Adsorbent (Alum ina) Metal Im pregnation Dispersing Agent Solution (cm3) Time

(h)Label
A f 0 3

M-
a i2o ,

Amt
(g)

VT pore CuCl2 Loading NiCl3 “ -0- êmetal g Cu/Ni ^ 'metal CA Cu/CA Amt
(g) VCA Solute DI

94845 51 mCA1024 V 10 7.61 V 10 0.051 0.03 0.031 7.58 24
94846 52 MCA 1024 V 10 6.74 V 10 0.036 0.02 0.021 6.72 24
94847 53 mCA10Cul024 V 10 7.61 V 10 0.359 0.170 0.11 V 10 0.051 0.03 0.137 7.58 24
94848 54 MCA 10Cul024 V 10 6.74 V 10 0.250 0.118 0.07 V 10 0.036 0.02 0.095 6.72 24
94849 55 mCA10Cu3024 V 10 7.61 V 30 1.077 0.509 0.32 V 10 0.154 0.09 0.411 7.52 24
94850 56 MCA 10Cu3024 V 10 6.74 V 30 0.750 0.354 0.22 V 10 0.107 0.06 0.286 6.68 24
94851 57 mCAlOCu 10024 V 10 7.61 V 100 3.590 1.697 1.06 V 10 0.513 0.31 1.368 7.30 24
94852 58 MCA 10CU10024 V 10 6.74 V 100 2.500 1.182 0.74 V 10 0.357 0.21 0.953 6.53 24
94853 59 mCA05Cul024 V 10 7.61 V . 10 0.359 0.170 0.11 V 5 0.103 0.06 0.168 7.55 24
94854 60 MCA05Cul024 V 10 6.74 V 10 0.250 0.1 18 0.07 V 5 0.071 0.04 0.117 6.70 24
94855 61 mCA05Cu3024 V 10 7.61 V 30 1.077 0.509 0.32 V 5 0.308 0.18 0.503 7.43 24
94856 62 MCA05Cu3024 V 10 6.74 V 30 0.750 0.354 0.22 V 5 0.214 0.13 0.350 6.61 24
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B r e n d lé  a n d  P a p ir e r  ( 1 9 9 7 )  h a v e  p r o p o s e d  th e  m e t h o d  t o  d e t e r m in e  th e  

t o p o l o g ic a l  i n d e x  b y  u s in g  W e in e r ’s  in d e x .  T h e  id e a  o f  t h e ir  w o r k  i s  t o  u s e  r e la t iv e  

s c a le s ,  c e n t e r e d  a r o u n d  c , w h i c h  is  b a s e d  o n  th e  w e i g h i n g  o f  th e  e l e m e n t s  o f  th e  

d is t a n c e  m a tr ix  D  s ta r t in g  w i t h  a t o m ic  n u m b e r s  o f  th e  e l e m e n t s  th a t  b u i lt  th e  

m o l e c u l e s ,  to  a d a p t  W ie n e r ’ s  ( พ )  in d e x  to  m o l e c u l e s  o th e r  th a n  h y d r o c a r b o n s .

B 1  C o m p u t a t io n  o f  th e  E le m e n t s  o f  th e  D ia g o n a l  o f  M a tr ix  D
I n i t ia l ly  a ll  th e  e l e m e n t s  o f  th e  d ia g o n a l  a re  e q u a l  s in c e  t h e y  c o r r e s p o n d  

s o l e l y  t o  c a r b o n  a t o m s  a n d  th e ir  v a lu e  is  f i x e d  e q u a l  to  z e r o  (  d  11 =  0 ) .  T h e  n e w  

p r o c e d u r e  s u g g e s t s  o n e  t o  d e t e r m in e  th e  d ia g o n a l  c o e f f i c i e n t s  o f  th e  m a tr ix  b y  ta k in g  

in to  a c c o u n t  t h e  to ta l  n u m b e r  o f  e le c t r o n s  ( Z  1) o f  a to m  i a c c o r d in g  t o  t h e  f o l lo w i n g  

r e la t io n s h ip :

A ppendix  B Topological Index (x T) C alculations

B 2  C o m p u t a t io n  o f  th e  E le m e n t s  th a t  d o  n o t  B e l o n g  t o  t h e  D ia g o n a l  o f  

M a tr ix  D
F o r  a lk a n e s ,  th e  s o le  b o n d s  a re  C - C  b o n d s  w h o s e  le n g t h  i s  a r b itr a r ily  ta k e n  

a s  e q u a l  to  1. H e n c e  f o r  c a lc u la t in g  d  , o n e  s im p l y  h a s  t o  c o u n t  th e  n u m b e r  o f  b o n d s

j o i n i n g  i a n d  j .  N o w ,  w h e n  th e  m o le c u l e  c o n t a in s  h e t e r o a t o m s ,  a l l  b o n d s  w i l l  n o t  

h a v e  th e  s a m e  le n g t h s .  T h e  d  11 t e r m s  th a t d o  n o t  b e lo n g  t o  th e  d ia g o n a l  a re  th e n  

c o m p u t e d  a s  th e  s u m  o f  th e  le n g t h s  r  o f  th e  b o n d s  b e t w e e n  i a n d  j ,  u s in g

( t h is  s u m  i s  m a d e  o n  a ll  r  b o n d s  e x i s t in g  b e t w e e n  i a n d  j  w i t h  / ' =  1 , 2 , . . . ,  n u m b e r  o f  

b o n d s  b e t w e e n  i a n d 7 ) . kr i s  th e  le n g th  o f  th e  r th  b o n d  a n d  i s  d e t e r m in e d  f o r  e a c h  o f  

th e m  th r o u g h

r  6  ไ
( 1 )

( 2 )

1 3 6
( 3 )
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w h e r e  Zf a n d  z, a re  th e  ( to t a l )  n u m b e r s  o f  e l e c t r o n s  o f  a t o m s  /' a n d  f  e n te r in g  in  

th e  r th  b o n d ;  br t a k e s  v a l u e s  e q u a l  t o  1 , 2 ,  o r  3 a c c o r d in g  to  t h e  t y p e  o f  b o n d  ( s im p le  

b o n d  br = 1 , d o u b le  br =  2 ,  o r  tr ip le  br = 3 ) .  T a b le  B 2  g i v e s  s o m e  v a lu e s  o f  

p a r a m e te r  k r .

T a b l e  B 1  kr v a lu e s  f o r  d i f f e r e n t  t y p e s  o f  b o n d s

T y p e  o f  b o n d K
c - c 1

บÏ0 0 .5
c = c 0 .3 3 3
C — c  a r o m a t ic 0 .6 7
C - N 0 .8 5 7
C = N 0 .4 2 9
C —N  a r o m a t ic 0 .5 7 1

๐Tบ่ 0 . 7 5
c = o 0 .3 7 5
N - N 0 .7 3 5
N = N 0 .3 6 8
C - F 0 .6 6 7
C - C l 0 .3 5 3

B 3  E x t e n s io n  o f  P a r a m e te r  y  7  to  P o la r  M o l e c u l e s

T h e r e  a re  th r e e  s t e p s  to  c a lc u la t e  fo r  XT : d e t e r m in a t io n  o f  th e  g r a p h  a n d  th e  

m a tr ix  d i s t a n c e  o f  t h e  m o le c u l e ,  c a l c u la t io n  o f  th e  c o r r e s p o n d in g  W ie n e r  in d e x ,  a n d  

f i n a l ly  e v a lu a t io n  o f  XT - T h is  p r o c e d u r e  i s  b e s t  i l lu s t r a t e d  o n  t h e  h a n d  o f  a n  e x a m p l e  

( C H C f i ) .  F ig u r e  B 1  i l lu s t r a t e s  th e  g r a p h  o f  c h lo r o f o r m  f r o m  w h i c h  m a tr ix  D  i s  

c o m p u t e d .
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0 0.353 0.353 0.353
0.353 0.647 0.706 0.706
0.353 0.706 0.647 0.706
0.353 0.706 0.706 0.647

Figure B1 Graph and matrix D  o f chloroform.

The following step is the determination o f the W einer index according to

» = m

Finally, parameter Xt is obtained by application o f the relation
XT(W ) = 1.8789 xJV0327'.  "- (5)

Example: The Xt o f thiophene.

1

Figure B2 Thiophene structure.

Calculating d  11 value by performing Equation (1) gives
du : du = 0.625

d 22 = 0

d33 = 0

d»  = 0

d55 = 0

0.625
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Calculating kr value by performing Equation (3) gives
kr : c - c  = 1

c = c  = 0.5
c - s  = 0.375

Calculating clij by performing Equation (2) (the shortest path calculations) gives

■- i p i t [ T K
1 = 1 7 = 1 V r y
0.625 0.375 0.875 0.875 0.375
0.375 0 0.5 1.5 0.75
0.875 0.5 0 1 1.5
0.875 1.5 1 0 0.5
0.375 0.75 1.5 0.5 0

17.125
From Equation (4), it becomes

พ \ T d '1 บ

^(0 .6 25  + 17.125)

8.875
Then, Xt value is obtained by performing Equation (5)

XT = 1.8789 X IF03271

1.8789x(8.875)03271
3.84

.'. The topological index ( XT ) o f thiophene is 3.84.
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Appendix c  IGC Characterization Calculations

The IGC experiments were carried out at different temperatures ranging 
between 200-250 °c . Injection of normal alkanes (Hexane-Decane, namely Cé-Cio) 
as probe molecules (reference) and toluene (x T= 6.26) and thiophene ( x T~ 3.84) as
polar probe molecules to the stationary phases (different adsorbents to be studied) 
were performed and the retention time (/r) measured. The experimental data were 
averaged as shown in Table C l .

For further calculations, the reduced 30% CU/1T1-AI2O3 adsorbent was 
selected as an example. The conditions used in the experiments with 30% Cu/m- 
AI2O3 adsorbent as stationary phase are summarized in Table C2.



Table Cl Summary o f IGC data (an average o f retention time, min)

Average Retention Time (min)
Temperature r  I UÜC

Molecules m AA M A A m CulO
24H2

mCu20
24H2

mCu30
24H2

m CA05
Cu3024

H2

m NilO
24H2

mNi20
24H2

mNi30
24H2

M C u lO
24H2

M Cu20
24H2

M Cu30
24H2

Hexane 0.72 0.65 0.77 0.74 0.74 0.72 0.57 0.78 0.76 0 . 6 0.51 0.56

Heptane 1.42 1.23 1.51 1.45 1 . 2 1 1.38 1.09 1.58 1.55 1.15 0.90 1 . 1 1

Octane 2.87 2.50 3.00 2.84 2.24 2.79 2.07 3.19 3.10 2.29 1.78 2.27

2 0 0 Nonane 5.82 5.16 6.24 5.82 4.41 5.71 3.96 6.61 6.34 4.67 3.60 4.5

Decane 1 1 . 8 6 10.34 1 2 . 6 8 1 1.84 8.50 1 1.44 7.52 13.23 12.74 9.45 7.24 9.01

Toluene 4.80 4.31 5.72 5.91 3.97 5.42 4.02 6 . 2 0 7.12 4.78 4.03 4.99

Thiophene 2.04 1.87 2.28 4.25 2.14 4.14 1.72 2.49 2.82 1.91 2 . 0 0 3.42

Hexane 0.47 0.41 X X 0.49 0.44 X X X X X X
Heptane 0.82 0.69 X X 0.75 0.77 X X X X X X
Octane 1.52 1.33 X X 1.27 1.44 X X X X X X

225 Nonane 2.90 2.50 X X 2.35 2.78 X X X X X X
Decane 5.51 4.58 X X 3.97 5.04 X X X X X
Toluene 2.38 2 . 1 0 X X 2 . 0 1 2.52 X X X X X

Thiophene 1.08 0.99 X X 1 . 2 2 2 . 0 1 X X X X X X



Table C l (Cont.) The summary o f IGC data (an average o f retention time, min)

Average Retention Time (min)
Temperature r r u u c

Molecules in A A M A A m CulO
24H2

mCu20
24H2

mCu30
24H2

m CA05
Cu3024

H2

m NilO
24H2

mNi20
24H2

mNi30
24H2

M C u lO
24H2

M Cu20
24H2

M Cu30
24H2

Hexane 0.30 0.28 X X 0.34 0.28 X X X X X X
Heptane 0.50 0.45 X X 0.49 0.42 X X X X X X
Octane 0.87 0.75 X X 0.74 0.70 X X X X X X

250 Nonane 1.49 1.35 X X 1.30 1.27 X X X X X X
Decane 2.70 2.44 X X 2 . 1 0 2.19 X X X X X X
Toluene 1.27 1 . 1 1 X X 1.16 1.19 X X X X X X

Thiophene 0.62 0.54 X X 0.74 0.92 X X X X X X
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Table C2 Parameters used in calculations (exclusively for reduced 30% Cu/m-Al2C>3

adsorbent)

Parameters Value
He flowrate, F  (cnrVmin) 33.33
Ambient temperature, 7a,nb (K) 298.15
Solid mass, msoiid (g) 4.10
Density o f mesoporous alumnina. p,,1. M101 (g/cm3) 0.914
Solid density, Psolid (g/cm3) 0.9863
Ideal Gas constant, R (J/mol K) 8.314
Column diameter, D (cm) 1
Column length, L (cm) 10

The calculation was shown in Appendix C2.

C l Retention Volume (Vo) Calculation
Example: The retention volume (Eg) o f thiophene injected on reduced 30% 

Cu/m-Al203 adsorbent at 225 ๐c .

From V = F j^ R ' ‘^ -m
where ?R is the retention time (min), /m the retention time o f  non-adsorbing 

marker (hold up time), Po the outlet column pressure, p\ the inlet pressure, T  the 
column temperature, Tamb the ambient temperature (K). and j  the James-M artin 
compressibility factor defined as:

3 น / A ))2 - !
2 _{p, P o )3 - 1

(2 )

As there was no pressure drop along the column within the experiment, so 
the term j  (Jam es-M artin compressibility factor) can be neglected. So Equation (1) 
becomes;

Ft 0 -  F l
m

TVg
\ âtrib /
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Vg

From V]
and Vc

substitute in Equation (5): Vç

and —

P]L
V Pg y

substitute (7) in (6): B̂ =

substitute (8) in (4): K =

r,

n * - K (  T  1

m V T/mb y
(3)

x ’ (4)
S x L  , (5)
ttD 2L

4
ท (\ cm )2 (10 cm)

4
7.85 cm3.

1 - ^ ,
Pc

(6)

๓รolid/ — ŝolid (7)
Wsolid/Fsolid ^  ’

V1 solid V - V_ solid (8)V v c
yc ~  ŝoil'd ’ (9)

7.85 m$ohA
p  solid

7.85 cm 3 4-10 g 111 Cu3024H2
1.047 gmCll3024H2/ crn

3.93 cm3.
The experiment was carried out at 225 ๐c ,  the retention volume of

thiophene was 1.10 min, substitute all the parameters and Equation (9) in (3) then
[3 3 .3 3  cm 3/m in) ( 1 .1 0  m in )-3 .9 3  cm 3 f  225 + 273.15 K ไ

4.10 g t  298.15 K J
13.34 cm3/g.

The retention volume of thiophene injected on reduced 30% Cu/m- 
AI2O3 adsorbent at 225 ° c  is 13.34 cm3/g.
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C2 Particle Density Calculation
Example: Particle density ( p'mAA ) o f reduced 30% Cu/m-Al203 adsorbent.

From PmAA
เท

and Px เท.

mAA
/mAA

ImAAmAA K

( 1 )

(2 )mAA
where p mAA is the density o f mesoporous alumina, p'mAA is the density o f impregnated 
mesoporous alumina, then divide Equation (2) b y  Equation (1):

PmAA — mlxA -  ml  AA + m '
PmAA mrnKA mmAA 

1 + £ ?
from Table A2 : m mAA= 10 g ,  and ๓Cน๑2= 1 -077 g 5

from molCuC] molCu0

mCuC\ — mCnC\2
M,CnCl M,

เท,

CuCI 7
mcua, x A^caCuCI M,CuCI,

substitute the data from Table A1 and Table A2 in Equation (4);
! - 0 77  gcuci, X 99.00 gCuC] / molเท,CuCI 134.45 g CuC12 /m ol

0.793 g
/

from Equation (3): PxmAA PmAA 1 + mJ \
\ m .mAA J 

(
0.914 cm 1 +

V
0.793 g

1 0 g

(3)

(4)

= 0.986 g/cm 3

The particle density o f reduced 30% Cu/m-Al20 3  is 0.986 g/cm3.
The particle density o f the adsorbents that were used for IGC

characterization was summarized as shown in Table C3.
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Table C3 Summary of particle density o f the adsorbents

Adsorbents
Particle
density3

Support: Mesoporous Alumina
m-Al2C>3 0.914
Reduced 10% Cu/m-Al20 3 0.938
Reduced 20% Cu/m-Al203 0.962
Reduced 30% Cu/m-AfCf, 0.986
Reduced 30% Cu/m-Al2C>3 modified with CA (Cu/CA=5) 0.986b
10% N i/m -Al2O 3 0.943
20% Ni/m-Al20 3 0.973
30% Ni/m-Al20 3 1:0 0 2

Support: Macroporous Alumina
M-AI2O3 1.008
Reduced 10% Cu/M -Al20 3 1.027
Reduced 20% C 11/M-AI2O3 1.045
Reduced 30% C11/M-AI2O3 1.064

Corresponding to the parameter value stated in Table A2.

b C A  mixed with metal-containing solution in impregnation step was decomposed by the reduction 

temperature at which 300 ๐c  before using as an stationary phase in 1GC. Thus, the amount o f C A  

does not take into account for the particle density calculation.
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Example: Heat o f adsorption ( A //ads ) o f thiophene injected as polar probe
C 3  E n t h a l p y  o f  A d s o r p t i o n  C a l c u l a t i o n

molecule on reduced 30% Cu/m-Al203 adsorbent at different temperature ranging 
between 200-250 °c .

At low surface coverage, the heat o f adsorption is obtained by plotting In Eg 
against 1/T, according to Equation (1):

M l ads , £ K ]
0(1 I T )  ■ ( 1 )

The experimental data plotted in the graph was shown in Figure C l.
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1/7’

F ig u re  C l  InEg against MT graph o f thiophene injected on reduced 30% Cu/m- 
A I 2 O 3 adsorbent at different temperature ranging between 200-250 °c .

According to the Figure C l, the equation o f linear line was obtained by 
using the Microsoft Office Excel software, as shown in Equation (2):

y  = 5298 .4132*- 7.9302 . ( 2 )
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From Equation (1) is consistent with Figure C l and Equation (2), the slope
a  (in v \of the graph, V5(1/7’) is 5298.41 K.

Substitute the value in Equation (1) gives

AH ads -(8 .3 1 4  J/mol K)(5298.41 K)
V

lk J  " 
1000 J y

-  44.1 kJ/mol.
.'. The heat o f adsorption ( AH 3ds ) o f thiophene injected as polar probe 

molecule on reduced 30% Cu/m-AFCC adsorbent is -  44.1 kJ/mol.
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C4 Free energy o f Adsorption o f a Methylene Group Calculation 
Example: The free energy o f adsorption o f a methylene group ( AGCH2 ) as ท-

alkanes (Cé-Cio) were injected as probe molecules on reduced 30% Cu/m-Al203 

adsorbent at 225 ๐c .
The term, AGCH . corresponds to the free energy o f adsorption o f a

methylene group and is defined as the energy difference for the adsorption o f two 
successive alkanes, and may be calculated from:

AG, H2 = - R T \ ท ^ - ,  (1)

where Fg(n) and Fg(n+1) are the specific retention volumes o f two consecutive ท- 
alkanes having ท and (ท +1) carbon atoms, respectively. AGCI) is independent o f the
reference state o f the adsorbed molecule. The slope o f the linear functions given in 
Figure D2 represent the increment in AGCH .

The value o f AGn) is obtained by plotting -RT\nVo  against Xt (shown in 
Figure C2) according to Equation (1). The slope o f this curve is AGCH2 .

25000 .................. ....................................... .........—........ ............... .............................
20000 

15000
»

a 1 0 0 0 0  

esIl 5000
rO 'ฯ

1 0
0

-5000 
-10000

Zr

Figure C2 Free energy o f adsorption of a methylene group based on «-alkanes, 30%
Cu/m-AECfi adsorbent at 225 °c .
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According to the Figure C2, the equation o f linear line was obtained by 
using the Microsoft Office Excel software, as shown in Equation (2):

y = -  2453.3x + 8600 . (2)
From Equation (1) is consistent with Figure Cl and Equation (2), the slope

o f the graph, - R T \n  ■ is -  2453.3 J/mol.

Substitute the value in Equation ( 1 ) gives
A GCH; = -2 .4 5 k J/m o I.

The free energy o f adsorption o f /7-alkanes on reduced 30% Cu/m-Al203 

adsorbent at 225 °c is -  2.45 kJ/mol.
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C5 Surface Free Energy: Specific and Dispersive Component Calculations 
As in the case o f the free energy o f adsorption, the surface free energy o f the 

adsorbent, Ys(J/m2), may be split into dispersion, Ys, and specific, Ys, contributions, 
corresponding to the dispersion and specific interactions, respectively :

Ys = Ys+Ys-  (1)

The dispersive component, intrinsic and unspecific for all molecules, is due 
to London forces and is given by:

AGch,
4Y ch, ^ 2 4ch,

(2 )

where N  is the Avogadro number, aCH is the area occupied by a -C H 2 group (0.06 
nm2), and Ych2 (m j/m 2) is the surface tension o f a surface consisting o f CH2 groups, 
which is a function o f temperature:

yCH = 35.6 + 0 .0 5 8 ( 2 0 -7 ) ,  (3)
where T  is the column temperature in °c.

The specific component (Ys) o f the surface free energy is closely related
with the parameter o f specific interaction o f polar solutes ( 7sp ). This parameter 
involves the surface properties in terms o f potential and acid-base interactions and 
may be determined from the difference o f free energy o f adsorption, A(AG) ,
between a polar solute and the real or hypothetical /7-alkanes with the same surface 
area:

pp = |A(AG)|

Na (4)

where ap is the polar solute surface area. In this work. ap , is calculated from the 
liquid density, p  , and the molar weight o f the solute, M, assuming spherical 
molecular shape in a hexagonal close-packed configuration:

.09x10'
/ \  2/3f  M  v

p N (5)

where 1 0 14 is the conversion factor (convert cm2 to nm2).
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Example: The dispersive component ( Yj ) o f «-alkanes injected as 
probe molecules on reduced 30% Cu/m-Al203 adsorbent at 225 °c.

C 5 .1 D is p e r s iv e  C o m p o n e n t C a lc u la t io n

From Eq. (2) yAs 1 AGch;
4 Ych2-^ °CHj

calculate for yCH2, as the experiment was carried out at T = 225 °c, by substituting 
the value o f T  in Equation (3) gives

yCH2 ’ = 35.6 + 0 .0 5 8 (2 0 -2 2 5 )
• . = 23.71 m J/m 2.

From AGCH2 calculation in Appendix C4,
AGCH2 = -  2453.3 J/mol

Substitute all o f the value in Equation (2):

d _
4

(-2 4 5 3 .3): f - Al mol
(2 3 .7 l) i4 ( 6 .0 2 x l 0 23 )2 ( m o r l )2(0 .0 6 x l0 " l8)2(m 2)2

I
4

(-2 4 5 3 .3)2 J Y
mol

mJ
T y

(2 3 .7 l)™ (6 .0 2 2 x l0 46) ( m o r 1)/ (0.062x l0 _36)(m 2 )z

]_
4

(-2 4 5 3 .3)2 mol •10
-41 mJ

(2 3 .7 1 ) -^  - 6.022 (mol 1 )z -0.062 (m 2)z

= 48.6 mJ/m2

.’. The dispersive component ( yf ) o f /7-alkanes injected as probe molecules 
on reduced 30% Cu/m-AECb adsorbent at 225 °c is 48.6 mJ/m2.
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Example: The specific component (Ys) o f thiophene injected as polar 
probe molecules on reduced 30% Cu/m-AfCb adsorbent at 225 °c .

C 5 .2  S p e c i f ic  C o m p o n e n t C a lc u la t io n

From Eq. (4) Ys = / sp = Nap
calculate for ap , by using the parameters those are shown in Table C4.

Table C4 Physical properties o f polar probe molecules (toluene and thiophene) for 
IGC calculations

Chem icals C hem ical
F orm ula S tru c tu re

M olecular
W eight
(g/mol)

Boiling
Point
(°C) ■ '

M elting
Point
(°C)

Density
(g/cm3)

c h 3

XToluene C7H 8 N ฯ 92.14 110 .6 -93 0.865

Thiophene C4H4S
Q

84.14 84 -38 1.051

Substitute the value in Equation (5) gives

1.09x10'

y/3
84.14 mol
. 3

1.09 X

1.051V cm
2 V

•6 .0 2 x l 023 m o f

1 0 ' nm
cm

84.14 \ 2/3

1.09 X 10 14 nm
cm

2 \
1.051 ■ 6.02  X10 2

cm

84.14 X2/3
1.051 -6 .0 2 x l0 23 J cm"

0.2839 nm2
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Figure C3 Specific interaction parameter, reduced 30% Cu/m-Al203 at 225 °C: ท- 
alkanes (continuous line), thiophene ( • ).

According to the Figure C3, the equation o f reference line was obtained by 
using the Microsoft Office Excel software, as shown in Equation (6):

y  = -  2453.3.x + 8600
or AGRef = -  2453.3 XT+ 8600. (6)

For thiophene: Xt = 3.84
Note: the calculation o f equivalent carbon number was shown in Appendix B. 

Substitute the value o f Xx in Equation (6) gives
AGRef = -2 4 5 3 .3  (3 .84 )+  8600

— 821 J/mol.
From the experiment, the retention time for the thiophene on reduced 30% 

Cu/m-ABCF adsorbent at 225 ° c  is 1.10 min. Calculation o f Vo was shown in 
Appendix C l . The value o f Fg is 13.34 cnr/g .

Calculate for the AGPolar according to Equation (6):
AGp0 1 ar = -RT\nVo + c  , (6)
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AG,Polar = -8 .314 J
mol - K 

= -10759 J/mol
|a (AG)| = |AGm„-AG,

(225 + 373 .1 5 )K -๒(13.34)

Ref I
= |- 1 0 7 5 9 - ( -8 2 l) |
= 9939 J/mol

Substitute all o f the value in Equation (4):

9939 mol © น» 3 'ะ—< (  10 18nm 2 ไ
6.02 x io 23 mol'1 0.2839 nm 2 1 J J 1 ๓ 2  J7s =

= 58.1 mJ/m2.
The specific component ( Ys ) o f thiophene injected as polar probe 

molecules on reduced 30% Cu/m-AECh adsorbent at 225 ๐c  is 58.1 mJ/m2.
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C5.3 Surface Free Energy Calculation
Example: The surface free energy (y s ) o f thiophene injected as polar

probe molecules on reduced 30% Cu/m-AhCb adsorbent at 225 °c .
The surface free energy o f thiophene on reduced 30% Cu/m-AhCb 

was obtained according to Equation (7):
7s = 7 s + 7 :,

from Appendix c 5.1 : ŷ 48.6 mJ/m2

and from Appendix C5.2: y* = 58.1 mJ/m2

substitute all o f the value in Equation (7) gives
7s 48.6 + 58.1

106.7 mJ/m2

The surface free energy (y s) o f reduced 30% Cu/m-Al203 adsorbent at 
225 ° c  is 106.7 mJ/m2.
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