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L i, J ., Z h a n , X . ,  Z h a n g , Y . ,  J a c o b s ,  G . ,  D a s ,  T .,  a n d  D a v is ,  B .F I. ' ( 2 0 0 2 )  F i s c h e r -  

T r o p s c h  s y n t h e s is :  e f f e c t  o f  w a te r  o n  th e  d e a c t iv a t io n  o f  P t p r o m o t e d  

C 0 / A L 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 , 2 2 8 ( 1 - 2 ) ,  2 0 3 - 2 1 2 .
L ia n d e r , FI. ( 1 9 2 9 )  T h e  u t i l i s a t io n  o f  n a tu ra l g a s e s  fo r  th e  a m m o n ia  p r o c e s s .

[ 1 0 .1 0 3 9 / T F 9 2 9 2 5 0 0 4 6 2 ] .  T r a n s a c t io n s  o f  th e  F a r a d a y  S o c ie t y ,  2 5 ,  4 6 2 -  

4 7 2 .
L iu , z . ,  L i, พ . ,  a n d  Z h o u ,  X . ( 2 0 1 0 )  P r o d u c t  o r ie n te d  o x id a t iv e  b r o m in a t io n  o f  

m e t h a n e  o v e r  R h / S i 0 2 c a t a ly s t s .  J o u r n a l o f  N a tu r a l G a s  C h e m is t r y . 1 9 ,  
5 2 2 - 5 2 9 .
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L u k y a n o v ,  D .B .  a n d  V a z h n o v a ,  T . ( 2 0 0 9 )  S e le c t iv e  a n d  s ta b le  b e n z e n e  a lk y la t io n  

w ith  m e th a n e  in to  t o lu e n e  o v e r  P tH - M F I  b i f u n c t io n a l  c a t a ly s t .  J o u r n a l o f  

M o le c u la r  C a t a ly s i s  A :  C h e m ic a l . 3 0 5 ,  9 5 - 9 9 .
L u n s fo r d , J .H . ( 2 0 0 0 )  C a t a ly t ic  c o n v e r s io n  o f  m e th a n e  to  m o r e  u s e f u l  c h e m ic a l s  

a n d  fu e ls :  a  c h a l l e n g e  fo r  th e  2 1 s' c e n tu r y . C a t a ly s i s  T o d a y , 6 3 ,  1 6 5 - 1 7 4 .
L u z g in ,  M .V . ,  G a b r ie n k o , A .A . ,  R o g o v ,  V .A . ,  T o k ta r e v , A .V . ,  P a r m o n , V .N . ,  a n d  

S t e p a n o v ,  A .G . ( 2 0 1 0 )  T h e  “ A l k y l ”  a n d  “ C a r b é n iu m ”* P a th w a y s  o f  

M e t h a n e  A c t iv a t io n  o n  G a - M o d if ie d  Z e o l i t e  B E A :  l3C  S o l id - S t a t e  N M R  

a n d  G C - M S  S t u d y  o f  M e th a n e  A r o m a t iz a t io n  in  th e  P r e s e n c e  o f  H ig h e r  

A lk a n e .  J o u rn a l o f  P h y s ic a l  C h e m is t r y , 1 1 4 ( 4 9 ) ,  2 1 5 5 5 - 2 1 5 6 1 .
M a , พ . ,  J a c o b s ,  G . ,  J i, Y . ,  B h a t e l ia ,  T .,  B u k u r , D . ,  K h a l id ,  ร . ,  a n d  D a v i s ,  B . ( 2 0 1 1 )  

F is c h e r - T r o p s c h  s y n t h e s is :  I n f lu e n c e  o f  C O  c o n v e r s io n  o n  s e l e c t i v i t i e s ,  
H 2/C O  u s a g e  r a t io s ,  a n d  c a ta ly s t  s ta b i l i ty  fo r  a  R u  p r o m o t e d  C 0 / A L O 3 

c a t a ly s t  u s in g  a  s lu r r y  p h a s e  r e a c to r . T o p ic s  in  C a t a ly s i s . 5 4 ( 1 3 - 1 5 ) ,  7 5 7 -  

7 6 7 .
M c k e t ta ,  J .J . ( 1 9 9 3 ) .  C h e m ic a l  P r o c e s s in g  H a n d b o o k . N e w  Y o r k : M a r c e l  D e k k e r .
M ia o ,  ร . ,  M a , Y .W .D . ,  Z h u , Q .,  Z h o u , ร . ,  ร น , L .,  T a n , D . .  a n d  B a o ,  X .  ( 2 0 0 4 )  E f f e c t  

o f  A g + C a t io n s  o n  n o n o x id a t iv e  a c t iv a t io n  o f  m e th a n e  to  C 2 -H y d r o c a r b o n s .  
J o u r n a l o f  P h y s ic a l  C h e m is tr y . 1 0 8 . 1 7 8 6 6 - 1 7 8 7 1 .

M in n ie ,  R . ( 2 0 0 5 )  W h e r e  it a ll  b e g a n . In: F u n d a m e n ta ls  o f  G a s  to  L iq u id s . 2 nd e d . ,  
L o n d o n :  P e tr o le a m  E c o n o m is t  L im it e d ,  p p . 2 7 - 2 9 .

M o o d le y ,  D .J . ,  S a ib ,  A .M . ,  v a n  d e  L o o s d r e c h t ,  J ., W e lk e r - N ie u w o u d t ,  C .A . ,  
S i g w e b e la ,  B .H .,  a n d  N ie m a n t s v e r d r ie t ,  J . w .  ( 2 0 1 1 )  T h e  im p a c t  o f  c o b a l t  

a lu m in a t e  fo r m a t io n  o n  th e  .d e a c t iv a t io n  o f  c o b a l t - b a s e d  F is c h e r - T r o p s c h  

s y n t h e s i s  c a ta ly s t s .  C a t a ly s is  T o d a y . 1 7 1 ( 1 ) ,  1 9 2 - 2 0 0 .
N a c c a c h e ,  C .M .,  M e r ia u d e a u , P .,  S a p a ly , G . ,  T ie p ,  L .V . ,  a n d  T a a r it ,  Y .B .  ( 2 0 0 2 )  

A s s e s s m e n t  o f  th e  lo w - te m p e r a t u r e  n o n o x id a t iv e  a c t iv a t io n  o f  m e th a n e  

o v e r  H - g a l lo a lu m in o s i l i c a t e  (M F I )  z e o l i t e :  A  C - 1 3  la b e l l in g  in v e s t ig a t io n .  
J o u r n a l o f  C a t a ly s i s , 2 0 5 , 2 1 7 - 2 2 0 .
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N e w v i l l e ,  ML, R a v e l ,  B . ,  H a s k e l .  D .,  R e h r , J .J ., S te r n , E .A . ,  Y a c o b y ,  Y . ( 1 9 9 5 )  

A n a l y s i s  o f  m u l t ip le - s c a t t e r in g  X A F S  d a ta  u s in g  th e o r e t ic a l  s ta n d a r d s .  
P h y s ic a  B : C o n d e n s e d  M a tte r , 2 0 8 - 2 0 9 ,  1 5 4 - 1 5 6 .

O la h ,  G .A . ( 1 9 8 7 )  E le c t r o p h i l i c  m e th a n e  c o n v e r s io n .  A c c o u n t s  o f  C h e m ic a l  

R e s e a r c h . 2 0 .  4 2 2 - 4 2 8 .
O la h ,  G .A . a n d  M o ln a r , A .  ( 2 0 0 3 ) .  H y d r o c a r b o n  C h e m is tr y , N e w  J e r s e y :  J o h n  

W ile y .
P e r e g o ,  c., a n d  P o l l e s e l ,  p . ( 2 0 0 9 )  A d v a n c e s  in  A r o m a t ic s  P r o c e s s in g  U s i n g  Z e o l i t e  

C a ta ly s t s .  A d v a n c e s  i n N a n o p o r o u s  M a te r ia ls  1 , 9 7 - 1 4 6 .
P h a ta k , A .A . ,  K o r y a b k in a , N . ,  R a i,  ร . ,  R a t t s .  J .L ., R u e t t in g e r ,  พ . ,  F a r r a u to , R .J .,  

B la u ,  G .E . ,  D e l g a s s ,  W .N . ,  a n d  R ib e ir o ,  F .H . ( 2 0 0 7 )  K i n e t i c s  o f  th e  

w a t e r - g a s  s h if t  r e a c t io n  o n  P t c a t a ly s t s  s u p p o r te d  o n  a lu m in a  a n d  c e r ia .  
C a t a ly s i s  T o d a y , 1 2 3 ( 1 - 4 ) ,  2 2 4 - 2 3 4 .

R a h m im , 1.1. ( 2 0 0 3 ,  J u n e )  G a s - to -L iq u id  T e c h n o lo g ie s :  R e c e n t  A d v a n c e s ,
E c o n o m ic s ,  P r o s p e c t s .  P a p er  p r e s e n t e d  at 2 6 lh I A E E  A n n u a l In te r n a tio n a l  
C o n f e r e n c e . P r a g u e , C z e c h  R e p u b l ic .

R a v e l ,  B . ( 2 0 0 1 )  A T O M S :  C r y s ta llo g r a p h y  fo r  th e  X -r a y  a b s o r p t io n  s p e c t r o s c o p is t .  
J o u r n a l o f  S y n c h r o t r o n  R a d ia t io n . 8 ( 2 ) ,  3 1 4 - 3 1 6 .

R e d j a la ,  T .,  R e m it a ,  FL, A p o s t o l e s c u ,  G ., M o s t a f a v i ,  M .,  T h o m a z e a u ,  c., a n d  U z i o ,  
D . ( 2 0 0 6 )  B i m e t a l l i c  A u -P d  a n d  A g - P d  c lu s t e r s  s y n t h e s i s e d  b y  y  o r  

e le c t r o n  b e a m  r a d io ly s i s  an d  s tu d y  o f  th e  r e a c t iv ity /s tr u c tu r e  r e la t io n s h ip s  

in  th e  s e l e c t i v e  h y d r o g e n a t io n  o f  b u t a - 1 ,3 - d ie n e .  O il  a n d  G a s  S c ie n c e  a n d  

T e c h n o lo g y , 6 1 ( 6 ) ,  7 8 9 - 7 9 7 .
R e h r , J .J .. A lb e r s .  R .C .,  a n d  Z a b in s k y , ร . I. ( 1 9 9 2 )  H ig h - o r d e r  m u l t ip le - s c a t t e r in g  

c a lc u la t io n s  o f  x -r a y -a b s o r p t io n  f in e  s tr u c tu r e . P h y s ic a l  R e v i e w  L e tte r s .  
6 9 ( 2 3 ) .  3 3 9 7 - 3 4 0 0 .

R e s s le r .  T . ( 1 9 9 7 )  W in X A S 9 7 .  V e r s io n  1 .0 .
R ib e ir o ,  M .C .,  J a c o b s ,  G ., P e n d y a la ,  R ., D a v is .  B .H .,  C r o n a u e r , D .C . .  K r o p f . A .J ..

a n d  M a r s h a l l ,  C .L . ( 2 0 1 1 )  F is c h e r - T r o p s c h  s y n th e s is :  I n f lu e n c e  o f  M n  o n  

th e  c a r b u r iz a t io n  r a te s  a n d  a c t i v i t i e s  o f  F e - b a s e d  c a t a ly s t s  b y  T P R -  

E X A F S /X A N E S  a n d  c a ta ly s t  t e s t in g .  J o u r n a l o f  P h y s ic a l  C h e m is tr y  c. 
1 1 5 ( 1 1 ) ,  4 7 8 3 - 4 7 9 2 .
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R ie k e r t ,  L . ( 1 9 6 9 )  R e d o x  e q u i l ib r ia  in  z e o l i t e s .  B e r ic h te  d e r  B u n s e n g e s e l l s c h a f t  fu r  

P h y s ik a l i s c h e  C h e m i e , 7 3 ( 4 ) ,  3 3 1 - 3 3 8 .
R o n n in g ,  M .,  N i c h o l s o n ,  D . ,  a n d  H o lm e n ,  A .  ( 2 0 0 1 )  In s itu  E X A F S  s t u d y  o f  th e  

b im e t a l l ic  in te r a c t io n  in  a  r h e n iu m -p r o m o te d  a lu m in a - s u p p o r t e d  c o b a lt  

F is c h e r - T r o p s c h  c a t a ly s t .  C a t a ly s is  L e tte r s . 7 2 ( 3 - 4 ) ,  1 4 1 - 1 4 6 .
R o n n in g ,  M .,  T s a k o u m is ,  N .E . ,  V o r o n o v ,  A . ,  J o h n s e n ,  R .E . ,  N o r b y ,  p . ,  v a n  B e e k ,  

พ . ,  B o r g ,  0 . ,  R y tte r , E . ,  a n d  F lo lm e n , A . ( 2 0 1 0 )  C o m b in e d  X R D  a n d  

X A N E S  s t u d ie s  o f  a  R e - p r o m o t e d  C o /y -A L C b  c a ta ly s t  at F is c h e r - T r o p s c h  

s y n t h e s is  c o n d i t io n s .  C a t a ly s is  T o d a y . 1 5 5 ( 3 ^ 4 ) ,  2 8 9 - 2 9 5 .
R y g h ,  L .E .S . a n d  N i e l s e n ,  C .J . ( 2 0 0 0 )  In fr a r ed  s tu d y  o f  C O  a d s o r b e d  o n  a 

C o /R e /y A E O j - b a s e d  F is c h e r - T r o p s c h  c a ta ly s t .  J o u rn a l o f  C a t a ly s i s , 

1 9 4 ( 2 ) ,  4 0 1 - 4 0 9 .
S a d e q z a d e h ,  M .,  K a r a c a , FF , S a f o n o v a ,  O .V . ,  F o n g a r la n d , p . ,  C h a m b r e y , ร . ,  R o u s s e l ,  

p . ,  G r ib o v a l- C o n s t a n t ,  A . ,  L a c r o ix ,  M . ,  C u r u lla -F e r r é . D . ,  L u c k , F .,  a n d  

K h o d a k o v .  A .Y .  ( 2 0 1 1 )  I d e n t i f ic a t io n  o f  th e  a c t iv e  s p e c ie s  in  th e  w o r k in g  

a lu m in a -s u p p o r te d  c o b a l t  c a ta ly s t  u n d e r  v a r io u s  c o n d i t io n s  o f  F i s c h e r -  

T r o p s c h  s y n t h e s is .  C a t a ly s i s  T o d a y , 1 6 4 (1  ), 6 2 - 6 7 .
S a ib ,  A .M . ,  B o r g n a , A . ,  v a n  d e  L o o s d r e c h t ,  J ., v a n  B e r g e . P .J .,  a n d  N ie m a n t s v e r d r ie t ,  

J.w. ( 2 0 0 6 )  X A N E S  s tu d y  o f  th e  s u s c e p t ib i l i t y  o f  n a n o - s i z e d  c o b a lt  

c r y s t a l l i t e s  to  o x id a t io n  d u r in g  r e a l i s t ic  F is c h e r - T r o p s c h  s y n t h e s is .  
A p p l ie d  C a t a ly s is  A : G e n e r a l . 3 1 2 ,  F 2 -1 9 .

S a ib , A .M . ,  M o o d le y ,  D .J . ,  C io b îc â ,  I .M .,  H a u m a n , M .M .,  S i g w e b e la .  B .H .,  
W e s ts tr a te ,  C .J ., N ie m a n t s v e r d r ie t ,  J . w . ,  a n d  v a n  d e  L o o s d r e c h t ,  J. ( 2 0 1 0 )  

F u n d a m e n ta l  u n d e r s ta n d in g  o f  d e a c t iv a t io n  a n d  r e g e n e r a t io n  o f  c o b a lt  

F is c h e r - T r o p s c h  s y n t h e s i s  c a ta ly s t s .  C a t a ly s i s  T o d a y , 1 5 4 ( 3 - 4 ) ,  2 7 1 - 2 8 2 .
S c h a n k e ,  D . ,  H i lm e n ,  A .M .,  B e r g e n e ,  E .,  K in n a r i ,  K .,  R y tte r , E .,  Â d n a n e s ,  E . ,  a n d  

H o lm e n , A . ( 1 9 9 5 )  S tu d y  o f  th e  d e a c t iv a t io n  m e c h a n is m  o f  AI2O3- 
s u p p o r te d  c o b a l t  F is c h e r - T r o p s c h  c a t a ly s t s .  C a t a ly s is  L e tte r s , 3 4 ( 3 - 4 ) ,  

2 6 9 - 2 8 4 .
S c h a n k e ,  D . ,  V a d a ,  ร . ,  B le k k a n .  E .A . ,  H i lm e n ,  A .M . ,  H o f f ,  A . ,  a n d  H o lm e n ,  A .

( 1 9 9 5 )  S t u d y  o f  P t -p r o m o te d  c o b a lt  C O  h y d r o g e n a t io n  c a t a ly s t s .  J o u rn a l  
o f  C a t a ly s i s , 1 5 6 ( 1 ) .  8 5 - 9 5 .
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S e x t o n ,  B .A . ,  H u g h e s ,  A .E . ,  a n d  T u r n e y , T . w .  ( 1 9 8 6 )  A n  X P S  a n d  T P R  s t u d y  o f  

th e  r e d u c t io n  o f  p r o m o te d  c o b a l t - k ie s e lg u h r  F is c h e r - T r o p s c h  c a t a ly s t s .  
J o u r n a l o f  C a t a ly s i s , 9 7 ( 2 ) ,  3 9 0 - 4 0 6 .

S ir ija r u p h a n , A . ,  H o r v a th , A . ,  G o o d w in  Jr, J .G .,  a n d  O u k a c i ,  R . ( 2 0 0 3 )  C o b a lt  

a lu m in a te  fo r m a t io n  in  a lu m in a -s u p p o r te d  c o b a lt  c a ta ly s t s :  F T fe c ts  o f  

c o b a l t  r e d u c t io n  s ta te  a n d  w a te r  v a p o r . C a t a ly s i s  L e tte r s , 9 1 ( 1 - 2 ) ,  8 9 - 9 4 .
S m e t ,  C .R .H .d .  ( 2 0 0 0 )  P a rtia l o x id a t io n  o f  m e th a n e  to  s y n t h e s is  g a s :  r e a c t io n  

k in e t ic s  a n d  r e a c to r  m o d e l l in g .  P h .D . D is s e r t a t io n ,  T e c h n is c h e  บ ท iv e r s it e i t  

E in d h o v e n ,  N e th e r la n d s .
S o l y m o s i ,  F .,  C s e r é n y i ,  J ., S z ô k e ,  A . ,  B â n s â g i ,  T .,  a n d  O s z k ô ,  A .  ( 1 9 9 7 )  

A r o m a t iz a t io n  o f  m e t h a n e  o v e r  s u p p o r te d  a n d  u n s u p p o r te d  M o - b a s e d  

c a t a ly s t s .  J o u r n a l o f  C a ta ly s is ,  1 6 5 ( 2 ) ,  1 5 0 - 1 6 1 .
S to r sa te r , ร . ,  B o r g , O . ,  B le k k a n , E .,  a n d  H o lm e n , A .  ( 2 0 0 5 )  S tu d y  o f  th e  e f f e c t  o f  

w a te r  o n  F is c h e r - T r o p s c h  s y n t h e s is  o v e r  s u p p o r te d  c o b a lt  c a t a ly s t s .  
J o u r n a l o f  C a t a ly s i s , 2 3 1 ( 2 ) ,  4 0 5 - 4 1 9 .

T a n g , H .Q .  a n d  L i, J .L . ( 2 0 1 1 )  P e r fo r m a n c e  o f  s i l ic a - n a n o t u b e - s u p p o r t e d  r u th e n iu m  

c a t a ly s t s  fo r  F is c h e r - T r o p s c h  s y n t h e s is .  J o u rn a l o f  F u e l  C h e m is t r y  a n d  

T e c h n o lo g y . 3 9 ( 8 ) ,  6 1 5 - 6 2 0 .
T s a k o u m is ,  N .E . ,  R o n n in g ,  M ., B o r g ,  0 . ,  R y tte r , E .,  a n d  H o lm e n , A .  ( 2 0 1 0 )  

D e a c t iv a t io n  o f  c o b a lt  b a s e d  F is c h e r - T r o p s c h  c a ta ly s t s :  A  r e v ie w .  
C a t a ly s i s  T o d a y , 1 5 4 ( 3 - 4 ) ,  1 6 2 - 1 8 2 .

T s u t s u m i ,  K . a n d  T a k a h a s h i .  H . ( 1 9 7 2 )  T h e  fo r m a t io n  o f  s i l v e r  in  s i l v e r  fo r m  

z e o l i t e s .  B u l le t in  o f  th e  C h e m ic a l  S o c i e t y  o f  J a p a n , 4 5 ,  2 3 3 2 - 2 3 3 7 .
บ .ร .  E n e r g y  I n fo r m a t io n  A d m is n is t r a t io n .  ( 2 0 1 3 )  " N atu ra l G a s ."  In te r n a t io n a l  

E n e r g y  O u t lo o k  2 0 1 3 .  2 5  J u ly  2 0 1 3 .  21  F e b u a r y  2 0 1 4 .  
< h t t p : / /w A v w .e ia .g o v / f o r e c a s t s / ie o /n a t  g a s .c f m > .

V a d a , ร . ,  H o f f ,  A . ,  Â d n a n e S ,  E . ,  S c h a n k e ,  D . ,  a n d  H o lm e n , A . ( 1 9 9 5 )  F is c h e r -  

T r o p s c h  s y n t h e s is  o n  s u p p o r te d  c o b a lt  c a t a ly s t s  p r o m o te d  b y  p la t in u m  a n d  

r h e n iu m . T o p ic s  in  C a t a ly s i s , 2 ( 1 - 4 ) ,  1 5 5 - 1 6 2 .
V a n  B e r g e ,  P .J ., B a r r a d a s , ร . ,  V a n  D e  L o o d s r e c h t ,  J ., a n d  V i s a g i e ,  J .L . ( 2 0 0 1 )

A d v a n c e s  in  th e  c o b a lt  c a t a ly z e d  F is c h e r - T r o p s c h  s y n t h e s is .  E r d o e l  E r d g a s  
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APPENDIX

Calibration Data

T h e  c a l ib r a t io n  c u r v e  a n d  r e g r e s s io n  e q u a t io n  o f  r a w  m a t e r ia ls  a n d  s o m e  

p r o d u c t s  is  s h o w n  b e lo w .  T h e  r e s p o n s e  fa c to r s  u s e d  fo r  c a lc u la t e  th e  p r o d u c t s  

a m o u n t  th at d e r iv e d  fr o m  t h e  s lo p e  o f  c a l ib r a t io n  c u r v e  i s  a ls o  s h o w n .

Figure A 1  R e s p o n s e  a r e a  fr o m  G C  F I D  a s  a  fu n c t io n  o f  in j e c t io n  v o lu m e  o f  

m e th a n e .
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F ig u re  A2 Response area from GC FID as a function of injection volume of 
benzene.
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I n je c t io n  v o lu m e  ( ) iL )

F ig u re  A3 Response area from GC FID as a function of injection volume of toluene.
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F ig u re  A4 Response area from GC FID as a function of injection volume of 
/?-xylene.
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F ig u re  A5 Response area from GC FID as a function of injection volume of 
m-xylene.
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F ig u re  A6  Response area from GC FID as a function of injection volume of 
o-xylene.

T a b le  A1 The response factor calculated from calibration curve of each substances

Chemicals Slope(Area/ml) Density(g/ml) (Area/g) MW(g/mol) Response factor 
(Area/mol)

Methane 150669 - - - 3685027598
Benzene 354754464 0 . 8 8 403130073 78 31444145673
Toluene 339434893 0.87 390155049 92 35894264547

/7-Xylene 326341167 0 . 8 6 379466473 106 40223446165
7»-Xylene 331883881 0 . 8 6 385911490 106 40906617891
o-Xylene 336617430 0 . 8 8 382519807 106 40547099523

The value of response factors calculated from the calibration curve that 
shown in Table A1 is further used in the products quantification for each chemical. 
For the non-calibrated chemicals found during the analysis, the response factor of p -  
xylene was applied.
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