
CHAPTER IV

RESULTS AND DISCUSSIONS

4 .1  P ro c e d u re s

I n  t h i s  s t u d y ,  t h e  e x p e r im e n ts  w e re  c l a s s i f i e d  

i n t o  t h r e e  s e c t io n s .  F i r s t ,  p r e l i m in a r y  e x p e r im e n t  was 

c o n d u c te d  t o  f i n d  s u i t a b le  o p e r a t in g  c o n d i t i o n .  S e c o n d , 

r e f e r e n c e  e x p e r im e n ts  1 th r o u g h  3 w e re  c o n d u c te d  i n  o r d e r  

t o  s tu d y  t h e  r e p e a t i b i l i t y  o f  t h e  e x p e r im e n ts .  And 

t h i r d ,  d e a c t i v a t e d  e x p e r im e n ts ,  4 t h r o u g h  8 w e re  c o n ­

d u c te d  t o  s tu d y  in f l u e n c e  o f  n i t r o g e n  com pounds on  h y d r o ­

d e s u l f u r i z a t i o n  o f  t h io p h e n e .

B e fo r e  s t a r t - u p  o f  e a c h  e x p e r im e n t ,  t h e  r e a c t o r  

w as p a c k e d  i n  t h e  m id d le  p a r t  w i t h  3 g ra m s  o f  c a t a l y s t .  

T he  t o p  p a r t  o f  th e  r e a c t o r  was l e f t  e m p ty  and  was u s e d  

as  v a p o r i z in g  z o n e . The b o t to m  p a r t  was p a c k e d  w i t h  

g la s s  be a d  and  was u s e d  as c o o l in g  z o n e . T he  r e a c t o r  was 

th e n  c o n n e c te d  t o  a g a s  fe e d  l i n e  a n d  a l i q u i d  fe e d  l i n e  

a t  t h e  t o p  o f  t h e  r e a c t o r ,  a nd  was c o n n e c te d  t o  a s a m p le  

bomb a t  t h e  b o t to m .  The s y s te m  was c h e c k e d  f o r  le a k  b y  

g r a d u a l l y  p r e s s u r i z i n g  th e  s y s te m  w i t h  n i t r o g e n  g a s .  The 

le a k  t e s t  was c o n d u c te d  a t  3 . 4 5  MPa ( 500  p s ig )  w h ic h  was 

0 . 6 9  MPa (1 0 0  p s ig )  h ig h e r  t h a n  t h e  r e a c t i o n  o p e r a t in g  

p r e s s u r e .  A p r e s s u r e  d ro p  o f  6 8 . 9 5  kP a (1 0  p s ig )  i n  one  

h o u r  was t h e  maximum a c c e p t i b le  le a k .  E v e ry  e x p e r im e n t  

was s t a r t e d  w i t h  f r e s h  CoMo / A 120 3 a nd  t h e  c a t a l y s t  was 

s u l f i d e d  i n  s i t u  t o  in c r e a s e  c a t a l y s t  a c t i v i t y  f o r  HDS 

r e a c t i o n .  C a t a l y s t  p r e p a r a t io n  i n  e a c h  e x p e r im e n t  was
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c o n d u c te d  b y  u s in g  i d e n t i c a l  s u l f i d i n g  p r o c e d u r e .

T o lu e n e  and  n -h e x a n e ,  n o n - p o la r  s o v e n ts ,  w e re  

u s e d  as l i q u i d  c a r r i e r s .  T h e s e  l i q u i d  c a r r i e r s  w e re  

c h o s e n  b e c a u s e  t h e y  h ad  g o o d  s o l u b i l i t y  f o r  s u l f u r  a nd  

n i t r o g e n  m o d e l com pounds a t  t h e  r e a c t i o n  c o n d i t i o n s  and  

c o n v e r s io n  o f  th e s e  l i q u i d  c a r r i e r s  w e re  n e g l i g i b l e  a t  

o u r  o p e r a t in g  c o n d i t i o n s .  T h io p h e n e  was c h o s e n  a s  s u l f u r  

m o d e l com pound b e c a u s e  i t s  HDS r e a c t i o n  i s  know n t o  be  

s t r o n g l y  p o is o n e d  b y  n i t r o g e n  com pou nds  (L a  V opa and  

S a t t e r f i e l d ,  1 9 8 8 ) .  The h ig h  r e a c t i v i t y  o f  t h io p h e n e  

a l lo w s  t h e  i n h i b i t i o n  t o  be  m e a s u re d  a t  s u f f i c i e n t l y  h ig h  

s p a c e  v e l o c i t i e s  t h a t  l i m i t s  r e a c t i o n  o f  m o s t a d d e d  

n i t r o g e n  com pounds t o  o c c u r  (L a  V opa a nd  S a t t e r f i e l d ,  

1 9 8 8 ) .  N i t r o g e n  com pounds u s e d  t o  d o c t o r  t h e  f e e d s t o c k  

i n  e a c h  d e a c t i v a t e d  e x p e r im e n t  w e re  p y r i d i n e ,  q u i n o l i n e ,

1 , 2 , 3 , 4 - t e t r a h y d r o q u in o l i n e  ( 1 , 2 , 3 , 4 - T H Q ) , 2 , 6 - l u t i d i n e , 

a nd  p y r r o l e .  A l l  s u l f u r  and  n i t r o g e n  m o d e l com pounds 

w e re  a n a ly z e d  g ra d e  f ro m  s u p p l i e r s .  T he  c a t a l y s t  u s e d  i n  

t h i s  s tu d y  was 1 /8  in c h  e x t r u d a t e  CoMo / A 120 3. P r o p e r t ie s  

o f  e a c h  r e a c t a n t s  a r e  show n i n  t h e  a p p e n d ix .  D e t a i l s  o f  

f e e d s t o c k  and  o p e r a t in g  c o n d i t i o n  o f  e a c h  e x p e r im e n t  a r e  

g iv e n  i n  T a b le s  4 .1  th r o u g h  4 . 3 .

D u r in g  e a ch  e x p e r im e n t ,  l i q u i d  s a m p le s  w e re  ta k e n  

e v e r y  6 h o u r s .  The 1 2 - h o u rs  s a m p le s  w e re  a n a ly z e d  f o r  

a m o u n ts  o f  th io p h e n e  b y  u s in g  g a s  c h r o m a to g r a p h .  C o n v e r ­

s io n  o f  t h io p h e n e  was th e n  c a l c u la t e d  b y

% C o n v e rs io n  o f  th io p h e n e  = ( l - c t / c t 0) *  100



TABLE 4 . 1  P r o c e d u r e o f  P r e l i m i n a r y  E x p e r i m e n t

F e e d s t o c k  ะ
F e e d  I  - T o l u e n e  + 5 wt% n - H e x a n e  + 

3 wt% s u l f u r  (a s  T h i o p h e n e )

O p e r a t i n g  C o n d i t i o n s  ะ 
P r e s s u r e  -  
WSHV -  
C a t a l y s t  -  
S a m p l i n g  -

4 0 0  p s i g ,  H f l o w  r a t e  -  400  c c / m i n  
3 . 0  / h r  , H / o i l  r a t i o  -  2 ,  400  in’  H / m 3 o i l  
3 g r a m s  1 / 8 "  e x t r u d a t e  o f  C0 - M 0 / A I 2 O-J 
e v e r y  6 h o u r s

Run  v a r i a b l e  ะ
T e m p e r a t u r e  -  
T e m p e r a t u r e  -  
T e m p e r a t u r e  -  
T e m p e r a t u r e  -

2 0 0 °C, T im e  -  24 h o u r s  
2 1 0  ° c ,  T im e  -  24 h o u r s  
2 2 0  °C, T im e  -  24 h o u r s  
2 3 0  °c ,  T im e  -  24 h o u r s

00



TABLE 4 .2 P r o ce d u re  o f  R e fe r e n c e  E x p er im en t ไ*โ

F e e d s t o c k
F e e d  I  - T o l u e n e  + 5 wt% n - H e x a n e  + 

3 wt% s u l f u r  (a s  T h i o p h e n e )

O p e r a t i n g C o n d i t i o n s  ะ
T e m p e r a t u r e  - 2 1 0 ° c
P r e s s u r e  - 400  p s i g ,  H f l o w  r a t e  -  400  c c / m i n
WSHV - 3 . 0  / h r  , H / o i l  r a t i o  -  2 , 4 0 0  m3 H /m 3 o i l
C a t a l y s t  - 3 g r a m s  1 / 8 "  e x t r u d a t e  o f  C o - M o / A l g O - j
S a m p l i n g  - e v e r y  6 h o u r s
D u r a t i o n  o f  Run  - 120  h o u r s

* R u n s  f o r  t h r e e  t i m e s  c a l l e d  1 - R e f .  E x p . ,  2 - R e f .  E x p . ,  
a n d  3 - R e f .  E x p .

CD



TABLE 4 .3 P r o ce d u re  o f  D e a c t iv a t e d  E x p er im e n ts
F e e d s t o c k  ะ

F e e d  I  - T o l u e n e  + 5 wt% n - H e x a n e  +

F e e d  I I  -
3 wt% s u l f u r  (a s  T h i o p h e n e )  
T o l u e n e  + 5 wt% n - H e x a n e  +
3 wt% s u l f u r  ( a s  T h i o p h e n e )  + 
0 . 5  wt% n i t r o g e n  (a s  N * )

O p e r a t i n g  C o n d i t i o n  ะ
T e m p e r a t u r e  -  
P r e s s u r e  -  
WSHV -  
C a t a l y s t  -  
S a m p l i n g  -

2 1 0  °c
4 00  p s i g ,  H f l o w  r a t e  -  400  c c / m i n  
3 . 0  / h r  , H / o i l  r a t i o  -  2 ,  4 00  m3 H / m 3 o i l  
3 g r a m s  1 / 8 "  e x t r u d a t e  o f  C o - M o / A ^ O - j  
e v e r y  6 h o u r s

S w i t c h i n g  F e e d s t o c k  ะ 
F e e d  I  -  
F e e d  I I  -  
F e e d  I  -

D u r a t i o n  o f  r u n  48 h o u r s  
D u r a t i o n  o f  r u n  48 h o u r s  
D u r a t i o n  o f  r u n  24 h o u r s
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w h e re

Cto = w e ig h t  % o f  t h io p h e n e  i n  fe e d .

Ct = w e ig h t  % o f  t h io p h e n e  i n  p r o d u c t  s a m p le .

A f t e r  e a ch  e x p e r im e n t ,  S p e n t c a t a l y s t  s a m p le  was 

e x t r a c t e d  w i t h  t e t r a h y d r o f u r a n  t o  re m o v e  o r g a n ic  com ­

p o u n d s  on th e  c a t a l y s t  s u r f a c e  a n d  w as d r ie d  i n  t h e  a i r  

a t  room  te m p e r a tu r e  f o r  2 w e e k s . C a t a l y s t  s a m p le s  w e re  

d i v id e d  i n  tw o  g r o u p s .  One g ro u p  w as b u r n t  t o  f i n d  c o k e  

c o n t e n t  i n  h ig h  te m p e r a tu r e  f u r n a c e  and  was c a l l e d  b u rn e d  

c a t a l y s t s ,  w h i le  t h e  o t h e r  g ro u p  w as n o t  b u rn e d  i n  h ig h  

te m p e r a tu r e  f u r n a c e  and  was c a l l e d  u n b u rn e d  c a t a l t y s t .  

B o th  b u rn e d  and  u n b u rn e d  c a t a l y s t s  w e re  a n a ly z e d  f o r  p o re  

c h a r a c t e r i s t i c  and  t o t a l  s u r f a c e  a re a  b y  u s in g  M ic r o -  

m e r i t i c s  p o r e s iz e r  9300 a n d  M ic r o m e r i t i c s  AZAP 2 0 0 0 ,  r e s ­

p e c t i v e l y .

The r e s u l t s  f ro m  l i q u i d  s a m p le s  and  c a t a l y s t  sam­

p le s  a r e  show ed i n  T a b le s  4 .4  t h r o u g h  4 . 1 1 .  The r e s u l t s  

a r e  in t e r p r e t e d  t o  f i n d  s u i t a b l e  o p e r a t in g  c o n d i t i o n ,  

r e p e a t i b i l i t y  and  in f l u e n c e  o f  n i t r o g e n  co m p o u n d s .

4 .2  R e s u l t s  and  D is c u s s io n s

4 . 2 . 1  S u i t a b le  O p e r a t in g  C o n d i t io n

P r e l im in a r y  e x p e r im e n t  was c o n d u c te d  t o  f i n d  a 

s u i t a b l e  o p e r a t in g  te m p e r a tu r e  f o r  h y d r o d e s u l f u r i z a t i o n  

o f  th io p h e n e  i n  t o lu e n e  a nd  n -h e x a n e  s o l u t i o n .  I n  t h i s  

e x p e r im e n t ,  te m p e r a tu r e  was v a r ie d  i n  t h e  ra n g e  o f  2 0 0 -  

2 3 0°c ( 3 92 -4 46 ° F )  a t  a s te p  in c r e m e n t  o f  10°c. I n  o r d e r  

t o  o b s e rv e  t h e  in f l u e n c e  o f  n i t r o g e n  com pounds on HDS o f



TABLE 4 .4  T h iop h en e  C o n v e r s io n  w ith  Time o f
P r e l im in a r y  E x p er im en t

T im e T e m p e r a t u r e T h i o p h e n e  C o n v e r s i o n
( h r .  ) (๐ C) ( % )

12 2 00 31
24 35
12 2 1 0  * 54
24 56
12 2 2 0 87
24 90
12 2 3 0 100
24 100

* S u i t a b l e  O p e r a t i n g  C o n d i t i o n



TABLE 4 .5  T h iop h en e  C o n v e r s io n  w ith  Time o f  R e fe r e n c e  E x p er im e n ts
T im e T h i o p h e n e C o n v e r s i o n ( % ) D e v i a t i o n  (%)
( h r .  ) 1 - R e f  E x p . 2 - R e f  E x p . 3 - R e f  E x p . A V G . E x p . M a x . M i n .

12 3 6 . 8 0 5 3 . 5 7 4 8 . 8 3 4 6 . 4 0 1 5 . 4 5 2 0 . 6 8
24 5 2 . 8 4 5 6 . 9 5 5 2 . 0 0 5 3 . 9 3 5 . 6 0 2 . 0 2
36 5 2 . 3 0 5 8 . 0 2 5 3 . 1 0 5 4 . 4 7 6 . 5 2 2 . 1 7
48 5 1 . 0 0 5 8 . 1 4 5 4 . 2 4 5 4 . 4 6 6 . 7 6 6 . 3 5
60 5 6 . 3 4 5 8 . 2 3 5 5 . 0 0 5 6 . 5 2 3 . 0 2 2 . 6 9
72 5 5 . 3 0 5 9 . 1 9 5 5 . 6 0 5 6 . 7 0 4 . 3 9 2 . 4 7
84 5 3 . 2 5 5 8 . 0 2 5 4 . 1 2 5 5 . 1 3 5 . 2 4 3 . 4 1
96 5 5 . 6 5 5 4 . 9 5 5 3 . 0 0 5 4 . 5 3 2 . 0 5 2 . 8 0

108 5 1 . 3 0 5 7 . 8 6 5 5 . 5 0 5 4 . 8 6 5 . 4 3 6 . 5 2
120 5 2 . 5 0 5 5 . 3 7 5 5 . 0 0 5 4 . 2 9 1 . 9 9 3 . 0 9

A v e r a g e D e v i a t i o n 4 . 4 1 3 . 7 1



TABLE 4 .6  T h iop h en e c o n v e r s io n  w ith  Time o f  D e a c t iv a t e d  E x p er im e n ts
and o f  A v e ra g e  R e fe r e n c e  E x p er im en t

T im e  
( h r .  )

T h i o p h e n e  C o n v e r s i o n  ( % ) 
D e a c t i v a t e d  E x p e r i m e n t A v e r a g e  

R e f .  E x p .P y r i d i n e Q u i n o l i n e 1 , 2 , 3 , 4 - THQ 2 , 6 - L u t i d i n e P y r r o l e
U n d o c t o r e d 12 5 3 . 9 4 5 5 . 3 1 6 0 . 4 0 5 5 . 7 5 4 8 . 7 6 4 6 . 4 0
F e e d s t o c k 24 5 7 . 7 0 5 8 . 0 5 6 0 . 6 6 5 7 . 2 1 5 3 . 5 5 5 3 . 9 3

36 5 8 . 3 1 6 2 . 0 4 6 4 . 6 6 5 9 . 4 1 5 6 . 1 9 5 4 . 4 7
48 5 9 . 3 7 6 2 . 3 4 6 4 . 7 8 6 0 . 1 2 5 6 . 0 0 5 4 . 4 6

D o c t o r e d 60 2 0 . 4 8 2 8 . 4 7 2 9 . 6 1 5 1 . 1 6 3 7 . 1 8 5 6 . 5 2
F e e d s t o c k 72 1 8 . 9 4 1 7 . 8 0 2 3 . 7 5 5 1 . 5 1 1 8 . 6 1 5 6 . 7 0

84 1 9 . 8 3 1 7 . 8 5 2 3 . 6 0 4 9 . 7 3 3 3 . 5 5 5 5 . 1 3
96 1 7 . 4 6 1 8 . 7 3 1 8 . 7 3 5 2 . 5 2 3 3 . 6 0 5 4 . 5 3

U n d o c t o r e d 108 6 1 . 5 5 2 1 . 8 3 3 0 . 5 2 6 7 . 3 3 5 7 . 4 8 5 4 . 8 8
F e e d s t o c k 120 7 2 . 5 7 2 5 . 0 4 3 6 . 5 4 6 7 . 0A 6 1 . 3 3 5 4 . 2 9

นา
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t h io p h e n e ,  t h e  ra n g e  o f  th io p h e n e  c o n v e r s io n  r e q u i r e d  was 

5 0 - 6 0  %. T a b le  4 .4  show ed  c o n v e r s io n  o f  t h io p h e n e  f o r  

p r e l im in a r y  e x p e r im e n t .  The  d a ta  show ed t h a t  t h e  te m p e r ­

a t u r e  o f  2 1 0 ° c  was a s u i t a b l e  o p e r a t in g  te m p e r a tu r e  and  

was u s e d  i n  o t h e r  e x p e r im e n ts .

4 . 2 . 2  R e p e a t i b i l i t y

R e fe re n c e  e x p e r im e n t  was c o n d u c te d  t o  f i n d  s u i t ­

a b le  t im e  t o  r e a c h  s te a d y  s t a t e  o f  t h io p h e n e  HDS r e a c t io n  

and  t o  f i n d  t o t a l  t im e  t o  c o v e r  t h e  w h o le  r a n g e  o f  t h e  

e x p e r im e n t .  Two a d d i t i o n a l  e x p e r im e n ts  w e re  a ls o  c o n ­

d u c te d  t o  v e r i f y  t h e i r  r e p e a t i b i l i t y  and  t o  f i n d  t h e i r  

a v e ra g e  r e s u l t s .  A v e ra g e  r e s u l t s  o f  r e fe r e n c e  e x p e r ­

im e n ts  w e re  u s e d  as b a s is  r e s u l t s .  T h e se  b a s is  r e s u l t s  

c o n s is t e d  o f  r e s u l t s  f r o m  b o th  l i q u i d  p r o d u c ts  a nd  c a t a ­

l y s t s  s a m p le s ,  w h ic h  d e p e n d  o n ly  on  th e  r e a c t io n  o f  t h i o ­

p h e n e  and  l i q u i d  c a r r i e r s  a t  t h e  same o p e r a t in g  c o n d i t i o n  

and  a t  t h e  same d u r a t io n  o f  t im e  a s  o f  e a c h  d e a c t i v a t e d  

e x p e r im e n t .  So, i n f l u e n c e  o f  e a c h  n i t r o g e n  com pound on 

c o n v e r s io n  o f  t h io p h e n e  and  on c a t a l y s t  c h a r a c t e r i s t i c  

was c a r r i e d  o u t  b y  c o m p a r is io n  o f  t h e  a v e ra g e  r e s u l t s  o f  

r e fe r e n c e  e x p e r im e n t  w i t h  r e s u l t s  o f  e a c h  d e a c t i v a t e d  

e x p e r im e n t .

T h io p h e n e  c o n v e r s io n  a t  a n y  t im e  o f  r e fe r e n c e  

e x p e r im e n ts  w e re  show n i n  T a b le  4 . 5 .  From  th e  d a t a ,  t h e  

s t e a d y - s t a t e  o p e r a t io n  was re a c h e d  a f t e r  24 h o u rs  f ro m  

s t a r t - u p .  T o t a l  t im e  t o  c o v e r  t h e  w h o le  ra n g e  o f  e x p e r ­

im e n t  was 120 h o u rs  and  t h e  a v e ra g e  c o n v e r s io n  o f  t h i o ­

p h e n e  a t  a n y  t im e  was i n  t h e  ra n g e  o f  54 - 5 7 %.  The 

r e s u l t s  o f  t h r e e  e x p e r im e n ta l  r u n s  (1  th r o u g h  3) w e re
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r e p r o d u c ib le  w i t h i n  an a c c u r a c y  o f  5%. C oke c o n t e n t  o f  

r e f e r e n c e  e x p e r im e n ts  w e re  show n i n  T a b le  4 . 7 .  A v e ra g e  

c o k e  c o n t e n t  o f  r e fe r e n c e  e x p e r im e n ts  was 1 2 . 6 5  wt% 

w i t h i n  an a c c u r a c y  o f  3%. A v e ra g e  r e d u c t io n  o f  p o re  

v o lu m e  and  r e d u c t io n  t o t a l  s u r f a c e  a re a  o f  r e fe r e n c e  

e x p e r im e n t  w i t h  r e s p e c t  t o  t h e  f r e s h  c a t a l y s t  w e re  show n 

i n  T a b le  4 .8  and  4 . 9 .  T h io p h e n e  HDS i n  l i q u i d  c a r r i e r s  

c a u s e d  r e d u c t io n  o f  p o re  v o lu m e  a n d  s u r f a c e  a re a  as  

64 .43% and  77 .77% w i t h i n  a nd  a c c u r a c y  o f  7 a n d  2%, r e s ­

p e c t i v e l y .  T h is  r e s u l t  i n d i c a t e d  t h a t  HDS o f  th io p h e n e  

i n  l i q u i d  c a r r i e r s  c a u s e d  c o k e  f o r m a t io n  on  CoMo /A 1 20 3.

T he  d e p o s i t io n  o f  c o k e  on  t h e  c a t a l y s t  c o v e r e d  t h e  o u t e r  

s u r f a c e  o f  t h e  c a t a l y s t  and  b lo c k e d  t h e  p o r e s  o f  t h e  

c a t a l y s t ,  w h ic h  w e re  o b s e rv e d  b y  t h e  r e d u c t io n  o f  b o th  

t o t a l  s u r fa c e  a re a  and  p o re  v o lu m e . A f t e r  r e g e n e r a t io n ,  

t h e  c a t a l y s t s  r e c o v e r e d  t h e i r  p h y s i c a l  p r o p e r t i e s  w h ic h  

w as o b s e rv e d  b y  r e g e n e r a t io n  c h a r a c t e r i s t i c s  w i t h  r e s p e c t  

t o  f r e s h  c a t a l y s t ,  as  show n i n  T a b le  4 . 8 ,  4 . 9 ,  w e re  

n e a r l y  1 . T h e se  r e s u l t s  i n d ic a t e d  t h a t  c o k e  w as p h y s i c a l  

a d s o r p t io n  on  t h e  c a t a l y s t .  s i m i l a r  r e s u l t s  w as o b ta in e d  

b y  Thom as ( 19 7 9 )  who r e p o r t e d  t h a t  a r o m a t ic  ร - ,  N - ,  and  

o -  c o n t a in in g  h e t e r o c y c l i c  com pounds c a u s e d  c o k e  d e p o s i t ­

io n  on c a t a l y s t .

4 . 2 . 3  I n f l u e n c e  o f  N i t r o g e n  Com pounds

D e a c t iv a te d  e x p e r im e n ts ,  w e re  d e s ig n e d  t o  v a r i f y  

i n f l u e n c e  o f  e a c h  n i t r o g e n  com pound on  th io p h e n e  c o n v e r ­

s io n  and  on c a t a l y s t  b y  c o m p a r is o n  w i t h  a v e ra g e  r e s u l t s  

o f  r e fe r e n c e  e x p e r im e n t .



57

D u r in g  t h e  f i r s t  48 h o u rs  o f  t h e  e x p e r im e n t ;  a 

m ix t u r e  o f  t h io p h e n e  and l i q u i d  c a r r i e r s  was u s e d  as 

f e e d s t o c k .  T he n  t h e  f e e d s to c k  was s w i t c h e d  t o  a m ix t u r e  

c o n t a in in g  n i t r o g e n  com pound . T he  f e e d s t o c k  w as a l t e r e d  

b a c k  t o  n o n - n i t r o g e n  com pound a g a in  a t  96 h o u r s .

N i t r o g e n  com pound ( a p r r o x im a t e ly  0 .5  wt% n i t r o ­

g e n ) was a d d e d  t o  p u re  fe e d s to c k  i n  e a c h  d e a c t i v a t e d  

e x p e r im e n t .  A m oun t o f  n i t r o g e n  com pound  a d d e d  was 

c a l c u la t e d  b y  a s s u m in g  t h a t  n i t r o g e n  a to m  p o is o n e d  Co and  

Mo a to m  a s  1 :1  m o n o la y e r  a d s o r p t io n .  F rom  o u r  c a l c u l a ­

t i o n ,  a p p r o x im a te ly  0 . 0 0 0 6  wt% o f  n i t r o g e n  w as o b t a in e d .  

I n  p r a c t i c e ,  t h i s  a m o u n t was n o t  e n o u g h  t o  o b s e rv e  t h e  

in f l u e n c e  o f  e a c h  n i t r o g e n  com pound on  HDS o f  t h io p h e n e ,  

c l e a r l y .

F ig u r e  4 .1  show ed t h e  c o m p a r is io n  o f  t h io p h e n e  

c o n v e r s io n  w i t h  t im e  o f  e a ch  e x p e r im e n t .  D u r in g  t h e  

f i r s t  48 h o u r s ,  t h e  f e e d s to c k  c o n t a in e d  no  n i t r o g e n  com ­

p o u n d . T h io p h e n e  c o n v e r s io n  o f  e a c h  e x p e r im e n t  was 

s te a d y  and  was i n  t h e  ra n g e  o f  5 5 - 65 % .  A t  48 h o u r ,  a f t e r  

t h e  f e e d s t o c k  was s w i tc h e d  f ro m  p u r e  f e e d s t o c k  t o  a m ix e d  

f e e d s t o c k  c o n t a in in g  n i t r o g e n  c o m p o u n d , t h io p h e n e  c o n v e r ­

s io n  d e c re a s e d .  I t  was c a u s e d  b y  c o m p e t i t v e  a d s o r p t io n  

o f  n i t r o g e n  com pounds on th e  a c t i v e  s i t e s .  s i m i l a r  

r e s u l t s  was o b ta in e d  b y  K r is h  e t  a l . ( 1 9 5 9 ) .  T he  d e g re e  

o f  d e c r e a s in g  i n  c o n v e r s io n  d e p e n d e d  u p o n  t h e  t y p e  and  

s t r u c t u r e  o f  n i t r o g e n  co m p o u n d s . A f t e r  96 h o u r s ,  t h e  

f e e d s t o c k  was c h a n g e d  b a c k  t o  p u r e  f e e d s t o c k .  R e m o va l o f  

p y r i d i n e ,  2 , 6 - l u t i d i n e  and p y r r o l e  f ro m  t h e  f e e d s t o c k  

c a u s e d  th io p h e n e  c o n v e r s io n  t o  in c r e a s e  t o  5 5 - 6 5 % .  T h e se  

r e s u l t s  i n d ic a t e d  t h a t  p y r i d i n e ,  2 , 6 - l u t i d i n e  and  p y r r o l e
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d e s o rb e d  f ro m  t h e  c a t a l y s t  s u r f a c e  and  t h e  c a t a l y s t  

r e c o v e r e d  i t s  a c t i v e  s u r f a c e  a r e a .  A l th o u g h  th io p h e n e  

c o n v e r s io n  d id  n o t  in c r e a s e  t o  55-65% a f t e r  r e m o v a l o f  

q u i n o l i n e  and  1 , 2 , 3 , 4 - T H Q ,  b u t  i t  in c r e a s e d  s l i g h t l y .  

T h e s e  r e s u l t s  a ls o  in d ic a t e d  t h a t  q u i n o l i n e  and  

1 , 2 , 3 , 4 - T H Q  d e s o rb e d  f ro m  t h e  c a t a l y s t  s u r f a c e ,  b u t  a t  a 

s lo w e r  r a t e .  D e g re e  o f  d e s o r p t io n  f ro m  c a t a l y s t  s u r f a c e  

d e p e n d e d  on th e  t y p e ,  s t r u c t u r e  a nd  p h a s e  o f  e a ch  

n i t r o g e n  com pound i n  t h e  r e a c t o r .  s i m i l a r  r e s u l t s  was 

o b s e rv e d  b y  M a s s o th  and  M ic iu k ie w ic z  ( 1 9 8 6 )  who o b s e rv e d  

t h a t  t h e  e f f e c t  o f  n i t r o g e n  com pounds p o is o n  on  c a t a l y t i c  

a c t i v i t y  i s  g e n e r a l l y  s i t e  s p e c i f i c  a n d  may be  r e v e r s i b l e  

o r  i r r e v e r s i b l e .  R e m ova l o f  t h e  p o is o n  f ro m  th e  fe e d  

r e g e n e r a te d  t h e  c a t a l y t i c  a c t i v i t y  i n  t h e  fo r m e r  c a s e ,  

w h e re a s  a p e rm a n e n t lo s s  i n  a c t i v i t y  re m a in e d  i n  t h e  

l a t t e r  c a s e .  F o r  a t r u l y  r e v e r s i b l e  p o is o n ,  t h e  am o u n t 

a d s o rb e d  and  t h e  ( lo w e r )  c a t a l y t i c  a c t i v i t y  re a c h e d  

s te a d y  s t a t e  v a lu e s  d e p e n d e d  u p o n  t h e  c o n c e n t r a t io n  o f  

p o is o n  i n  t h e  fe e d .  C hanges i n  t h e  fe e d  c o n c e n t r a t io n  

r e v e r s i b l y  a l t e r e d  t h e  a m o u n t a d s o rb e d  and  t h e  c a t a l y t i c  

a c t i v i t y .

I n  t h e  d e a c t i v a t e d  e x p e r im e n ts ,  t h e  e f f e c t s  o f  

n i t r o g e n  com pounds on HDS o f  t h io p h e n e  w e re  c a t e g o r iz e d  

t o  s tu d y  th e  in f l u e n c e  o f  t h e i r  t y p e s  a nd  s t r u c t u r e s  as  

f o l l o w s  ;

-T h e  e f f e c t s  o f  b a s i c i t y .

-T h e  e f f e c t s  o f  num be r o f  r i n g .

-T h e  e f f e c t s  o f  s a t u r a t e d  r i n g  n i t r o g e n  

c o m p o u n d s .

-T h e  s t e a r i c  h in d r a n c e  e f f e c t s .
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B a s i c i t y  E f f e c t

The in f l u e n c e  o f  b a s i c i t y  e f f e c t  o f  n i t r o g e n  com­

p o u n d s  was o b s e rv e d  b y  c o m p a r in g  e x p e r im e n ts  u s in g  a 

f e e d s to c k  c o n t a in in g  p y r i d i n e  and  a f e e d s t o c k  c o n t a in in g  

p y r r o l e .  P y r id in e  i s  a b a s ic  n i t r o g e n  com pou nd , w h i le  

p y r r o l e  i s  a n o n b a s ic  n i t r o g e n  co m p o u n d . F ig u r e  4 .2  

show ed th e  c o m p a r is o n  o f  t h io p h e n e  c o n v e r s io n  f o r  t h e  

f e e d s to c k s  c o n t a in in g  p y r i d i n e  and  p y r r o l e .  I t  show ed 

t h a t  p y r i d i n e  d e c re a s e d  th io p h e n e  c o n v e r s io n  f ro m  55% t o  

19% w h i le  p y r r o l e  d e c re a s e d  t h io p h e n e  c o n v e r s io n  f ro m  55% 

t o  33%. T h e se  r e s u l t s  i n d i c a t e d  t h a t  b a s ic  n i t r o g e n  

com pound in c r e a s e d  th e  i n h i b i t i o n  o f  h y d r o d e s u l f u r i z a ­

t i o n .  T h is  r e s u l t  c a n  a ls o  be  e x p la in e d  b y  t h e  a c i d i t y  

o f  t h e  c a t a l y s t .  C a t a l y s t  u s e d  i n  t h i s  s t u d y  h a s  tw o  

t y p e s  o f  a c i d i c  s i t e s ,  B r o n s te d  a c id  s i t e  i s  a b le  t o  

d o n a te  a p r o t o n  t o  a b a s e , a n d  L e w is  a c id  s i t e  i s  a b le  t o  

a c c e p t  u n p a ir e d  e le c t r o n s  f ro m  a b a s e  (Fu  a nd  S c h a f f e r ,  

1 9 8 5 ) .  B o th  a c id  s i t e s  w e re  b e l ie v e d  t o  be  p o is o n e d  by  

b a s ic  com pou nd . I n c r e a s in g  b a s i c i t y  a ls o  in c r e a s e d  t h e  

i n h i b i t i o n  o f  t h io p h e n e  c o n v e r s io n .  s i m i l a r  r e s u l t s  was 

o b ta in e d  b y  many r e s e a r c h e r s  (N a g a i and  K a b e , 1 9 8 3 ;  N a g a i 

and  A ib a ,  1 98 6 ,  e t c . ) .  A l th o u g h  o b s e r v a t io n s  w e re  made 

on d i f f e r e n t  k in d s  o f  c a t a l y s t s  a nd  c o n d i t i o n s  b u t  t h e  

same t r e n d  was o b t a in e d .  The  c o m p a r is o n  i n  t h io p h e n e  

c o n v e rs o n  o f  e a ch  e x p e r im e n t ,  show n i n  F ig u r e  4 . 1 ,  show ed 

t h a t  in c r e a s in g  b a s i c i t y  o f  t h e  n i t r o g e n  com pou nd , 

e s p e c ia l l y  g a s -p h a s e  b a s i c i t y  ( P r o to n  A f f i n i t y )  as  show n 

i n  T a b le  2 . 4 ,  re d u c e d  th io p h e n e  c o n v e r s io n .  I n  t h e  

a b s e n c e  o f  s t e a r i c  e f f e c t ,  i n h i b i t i o n  s t r e n g t h  i s  i n  t h e  

o r d e r  o f  q u i n o l i n e  > p y r i d i n e  > 1 , 2 , 3 , 4 - T H Q  > p y r r o l e .



F ig u r e  4 . 2  C o n v e r s i o n  o f  T h iop h en e  w i t h  Time
B a s i c i t y  E f f e c t
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T h e se  r e s u l t s  a ls o  c o r re s p o n d e d  t o  t h o s e  o f  La  V o p a , and  

S a t t e r f i e l d ,  (1 9 8 8 ) who s t u d ie d  p o is o n in g  e f f e c t  o f  

v a r io u s  n i t r o g e n  com pounds on  HDS o f  t h io p h e n e  o v e r  

N iM o /A l20 3 a t  h ig h e r  p r e s s u r e  (7  MPa) a nd  r e p o r t e d  t h a t  

t h e  p o is o n in g  e f f e c t  o f  n o n s t e a r i c a l l y  h in d e r e d  n i t r o g e n  

com pounds c o r r e la t e d  w e l l  w i t h  t h e  p r o t o n  a f f i n i t i e s .

The  I n f l u e n c e  o f  Num ber o f  R in g

The in f l u e n c e  o f  n u m b e r o f  r i n g  i n  n i t r o g e n  com­

p o u n d s  was o b s e rv e d  b y  c o m p a r in g  e x p e r im e n ts  u s in g  f e e d ­

s t o c k  c o n t a in in g  q u in o l i n e  a nd  f e e d s t o c k  c o n t a in in g  

p y r i d i n e .  Q u in o l in e  i s  t h e  n i t r o g e n  com pound w i t h  s t r u c ­

t u r e  c o n s is t s  one  a r o m a t ic  r i n g  a t ta c h e d  t o  a p y r i d i n e  

p a r e n t  com pou nd . F ig u r e  4 .3  show ed  t h e  c o m p a r is o n  o f  

t h io p h e n e  c o n v e r s io n  f o r  f e e d s t o c k  c o n t a in in g  q u in o l i n e  

and  p y r i d i n e ,  r e s p e c t i v e l y .  I t  show ed  t h a t  q u i n o l i n e  

d e c re a s e d  th io p h e n e  c o n v e r s io n  f ro m  55% t o  17%, w h i le  

p y r i d i n e  d e c re a s e d  th io p h e n e  c o n v e r s io n  f ro m  55% t o  19%. 

F rom  o u r  r e p e a t i b i l i t y  e x p e r im e n ts ,  t h e  a c c u r a c y  o f  e a ch  

e x p e r im e n t  i s  w i t h i n  5%. T he  d i f f e r e n c e  i n  th io p h e n e  i n  

t h i s  s e c t io n  i s  2% w h ic h  f a l l s  i n  t h e  a c c u r a c y  ra n g e .

So, i t  i s  d i f f i c u l t  t o  c o n c lu d e  t h a t  t h e  a d d i t i o n  o f  

a r o m a t ic  r i n g  t o  p y r i d i n e  h a s  a n y  e f f e c t  on HDS o f  

t h io p h e n e .  I n  c o n t r a s t ,  Fu a n d  S c h a f f e r  ( 1 9 8 5 ) ,  r e p o r t e d  

t h a t  t h e  a d d i t i o n  o f  one  o r  tw o  fu s e d  r i n g s  t o  p y r i d i n e  

p a r e n t  com pound s u b s t a n t i a l l y  in c r e a s e d  t h e  p o is o n in g  

e f f e c t  on c r a c k in g  c a t a l y s t s .
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The I n f l u e n c e  o f  t h e  S a tu r a te d  R in g .

The in f l u e n c e  o f  t h e  s a t u r a t e d  r i n g  i n  n i t r o g e n  

com pounds was o b s e rv e d  b y  c o m p a r in g  e x p e r im e n ts  u s in g  

f e e d s to c k  c o n t a in in g  q u i n o l i n e  and  1 , 2 , 3 , 4 - t e t r a h y d r o -  

q u i n o l i n e  ( 1 , 2 , 3 , 4 -T H Q ), r e s p e c t i v e l y .  F ig u r e  4 .4  show ed 

t h e  c o m p a r is o n  o f  t h io p h e n e  c o n v e r s io n  when fe e d s to c k  

c o n t a in in g  q u in o l i n e  a n d  1 , 2 , 3 , 4 -TH Q . I t  show ed t h a t  

q u i n o l i n e  d e c re a s e d  th io p h e n e  c o n v e r s io n  f ro m  55% t o  17%, 

w h i le  1 , 2 , 3 , 4-THQ d e c re a s e d  t h io p h e n e  c o n v e r s io n  f ro m  55% 

t o  23%. T h e se  r e s u l t s  i n d ic a t e d  t h a t  t h e  s a t u r a t e d  

n i t r o g e n  com pound i n h i b i t e d  HDS o f  th io p h e n e  le s s  th a n  

t h e  u n s a tu r a t e d  n i t r o g e n  co m p o u n d . I t  was o b s e rv e d  t h a t  

t h e  d e c r e a s in g  o f  t h io p h e n e  c o n v e r s io n  b y  1 , 2 , 3 , 4-THQ  was 

le s s  th a n  t h a t  o f  q u i n o l i n e .  T h is  r e s u l t s  c a n  be  d e s ­

c r ib e d  b y  lo w e r  a d s o r p t io n  a c t i v i t y  o f  s a t u r a t e d  r i n g  

w h ic h  c a u s e d  le s s  i n h i b i t i o n  t o  a c t i v e  s i t e s  o f  c a t a l y s t .  

I n  c o n t r a s t ,  S iv a s u b ra m a n .ia n  (1 9 8 0 ) who s t u d ie d  t h e  

e f f e c t  o f  s a t u r a t e d  r i n g  b y  c o m p a r is o n  o f  p y r r o l e  and  

p y r r o l i d i n e  and  r e p o r t e d  t h a t  s a t u r a t e d  r i n g  n i t r o g e n  

com pound i n h i b i t e d  HDS r e a c t i o n  th a n  u n s a tu r a t e d  n i t r o g e n  

com pound b e c a u s e  i t  h a s  h ig h e r  b a s i c i t y  w h ic h  c a u s e d  

h ig h e r  p o is o n e d  t o  a c id  c a t a l y s t .

S t e a r ic  E f f e c t s

The in f l u e n c e  o f  s t e a r i c  e f f e c t  i n  n i t r o g e n  com ­

p o u n d s  was o b s e rv e d  b y  c o m p a r in g  e x p e r im e n ts  u s in g  

f e e d s to c k  c o n t a in in g  p y r i d i n e  a nd  2 , 6 - l u t i d i n e , r e s p e c ­

t i v e l y .  P y r id in e  i s  n o n s t e a r i c  h in d r a n c e  i n  s t r u c t u r e  

w h i le  2 , 6 - l u t i d i n e  i s  s t e a r i c  h in d r a n c e  i n  s t r u c t u r e .  

F ig u r e  4 .5  show ed t h e  c o m p a r is o n  o f  th io p h e n e  c o n v e r s io n
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f o r  f e e d s to c k  c o n t a in in g  p y r i d i n e  and  2 , 6 - l u t i d i n e . I t  

show ed t h a t  p y r i d i n e  d e c re a s e d  th io p h e n e  c o n v e r s io n  f ro m  

55% t o  19% w h i le  2 , 6 - l u t i d i n e  d e c re a s e  th io p h e n e  c o n v e r ­

s io n  f ro m  55% t o  49%. A l th o u g h ,  t h e  b a s i c i t y  (b a s e d  u p o n  

pKa and  p r o t o n  a f f i n i t y  as  show n i n  T a b le  2 .4 )  o f  2 , 6 -  

l u t i d i n e  was h ig h e r  th a n  t h a t  o f  p y r i d i n e ,  b u t  2 , 6 - l u t i -  

d in e  d e c re a s e d  th io p h e n e  c o n v e r s io n  le s s  th a n  t h a t  o f  

p y r i d i n e .  T h e s e  r e s u l t s  c a n  be  e x p la in e d  b y  t h e  a d s o rp ­

t i o n  o f  n i t r o g e n  com pound on  t h e  c a t a l y s t  w h ic h  o c c u re d  

th r o u g h  n i t r o g e n  a to m  r a t h e r  th a n  ใโ- b o n d in g  o f  t h e  r i n g .  

I n  a d d i t i o n ,  n i t r o g e n  a to m  o f  p y r i d i n e  was n o t  h in d e r e d  

b y  t h e  m e th y l  g ro u p s  as  t h a t  o f  2 , 6 - l u t i d i n e , a d s o r p t io n  

on c a t a l y s t  t h r o u g h  n i t r o g e n  a to m  o f  p y r i d i n e  was e a s ie r  

t h a n  t h a t  o f  2 , 6 - l u t i d i n e . So , i t  i n d ic a t e d  t h a t  

in c r e a s in g  s t e a r i c  h in d r a n c e  t o  s t r u c t u r e  c a u s e d  

d e c r e a s in g  i n h i b i t i o n  e f f e c t .  s i m i l a r  r e s u l t s  w e re  

o b ta in e d  b y  K n o s in g e r  (1 9 7 6 ) and  G u t b e r le t  and  

B e r t o l a c i n i  (1 9 8 3 ) who s t u d ie d  many n i t r o g e n  com pounds on 

HDS o f  n a p th a  a n d  r e p o r t e d  t h a t  t h e  la c k  o f  i n h i b i t i o n  

when m e th y l g ro u p s  w e re  a t ta c h e d  t o  r i n g  c a rb o n s  a d ja c e n t  

t o  t h e  n i t r o g e n  a to m  and  s u g g e s te d  t h a t  a d s o r p t io n  o f  

p y r i d i n e  m o le c u le  on  t h e  a c t i v e  d e s u l f u r i z a t i o n  s i t e s  

th r o u g h  t h e  n i t r o g e n  a to m .

R e s u l t s  f ro m  C a t a l y s t  C h a r a c t e r i s i t c

T a b le  4 .7  and  F ig u r e  4 .6  show ed c o k e  c o n t e n t  i n  

s p e n t  c a t a l y s t s  o f  e a c h  e x p e r im e n t .  D i f f e r e n c e  i n  c o k e  

c o n t e n t  o f  e a c h  d e a c t i v a t e d  e x p e r im e n t  w i t h  r e s p e c t  t o  

t h a t  o f  r e f e r e n c e  e x p e r im e n t  m eans t h a t  c o k e  f o r m a t io n  i s  

c a u s e d  b y  e a c h  n i t r o g e n  com pou nd . The d a ta  show ed t h a t



TABLE 4 . 7  Coke C o n t e n t  o f  F r e s h  and S p en t  C a t a l y s t s  i n  Each E x p er im e n t
E x p e r im e n t C o ke  C o n te n t  w t  (%) C o ke  C o n te n t  

A v e r a g e  w t  (%)1 2 3
R e f e r e n c e  E x p e r im e n t a v e r a g e

1 - R e f .  E x p . 1 3 . 3 9 1 1 . 5 4 1 2 . 1 9 1 2 . 3 7 1 2 . 6 5
2 - R e f .  E x p . 1 2 . 5 6 1 2 . 9 3 1 3 . 2 7 1 2 . 9 2 a c c u r a c y
3 - R e f .  E x p . 1 2 . 6 6 1 2 . 6 6 1 2 . 7 0 1 2 . 6 7 2 . 1 3 %

D e a c t i v a t e d  E x p e r im e n t
P y r i d i n e  E x p . 1 1 . 4 3 3 1 1 . 4 3 1 2 . 1 5 1 1 . 6 7
Q u i n o l i n e  E x p . 1 0 . 3 9 1 0 . 3 9 1 0 . 2 7 1 0 . 3 5
1 , 2 , 3 , 4 - THQ E x p . 1 1 . 0 9 1 1 . 0 9 1 1 . 1 0 1 1 . 0 9
2 , 6 - L u t i d i n e  E x p . 1 4 . 2 6 1 4 . 2 6 1 4 . 1 6 1 4 . 2 3
P y r r o l e  E x p . 1 1 . 7 6 1 1 . 7 6 1 1 . 1 0 1 1 . 5 4

CT>
0๐



Ref. Quinoline 2,6-Lutidine
Pyridine 1,2,3,4-THQ Pyrrole

E x p e r im e n t

F ig u r e  4 . G C o k e  C o n te n t  o f  S p e n t  C a t a l y s t s  i n  E a c h  E x p e r im e n t
CT>CO
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n o n s t e a r i c  n i t r o g e n  com pounds ( p y r i d i n e ,  q u i n o l i n e ,

1 , 2 , 3 , 4 - t e t r a h y d r o q u in o l i n e  and  p y r r o l e )  d e c re a s e d  c o k e  

f o r m a t io n  w h i le  s t e a r i c  n i t r o g e n  com pou nds  c a u s e d  c o k e  

f o r m a t io n .  C oke f o r m a t io n  was b e l ie v e d  t o  o c c u r  b y  

p o l y m e r i z a t io n  and  d e h y d r o g e n a t io n  on  h y d ro g e n  e l im in a ­

t i o n  r e a c t io n s  o f  t h e  a d s o rb e d  h y d r o c a r b o n  m o le c u le s  on  

t h e  c a t a l y s t .  HDS c a t a l y s t  was o b s e rv e d  b y  m any i n v e s t i ­

g a t o r s  t h a t  t h e r e  w e re  tw o  t y p e s  o f  a c t i v e  s i t e s ,  o ne  i s  

a c t i v e  f o r  h y d r o d e s u l f u r i z a t i o n  a n d  i s  c a l l e d  HDS s i t e s  

w h i l e  t h e  o t h e r  i s  a c t i v e  f o r  h y d r o g e n a t io n  a n d  i s  c a l l e d  

HYD s i t e s .  T he  fo r m e r  was s t e a r i c  h in d e r e d  e f f e c t  w h i le  

t h e  l a t t e r  was n o t  s t e a r i c  h in d e r e d  e f f e c t  ( M ic iu k ie w ic z  

e t  a l . ,  1 9 8 6 ) .  N o n s te a r ic  h in d e r e d  n i t r o g e n  com pounds 

p o is o n e d  HDS s i t e s ,  as  r e v e r s i b l e  p o is o n in g ,  r a t h e r  th a n  

HYD s i t e s .  When HDS s i t e  was b lo c k e d  b y  n o n s t e a r i c  

n i t r o g e n  co m p o u n d s , i t  a p p e a re d  t h a t  t h e r e  was an 

in c r e a s in g  i n  a m o u n t o f  u n r e a c te d - t h io p h e n e  a nd  a 

d e c r e a s in g  i n  c o k e  f o r m a t io n  due  t o  le s s  r e a c t a n t  a t  

a c t i v e  s i t e s .  I n  c o n t r a s t ,  2 , 6 - l u t i d i n e  c a u s e d  c o k e  

f o r m a t io n  d u e  t o  i t s  p o is o n in g  e f f e c t  a t  HYD s i t e s .  HDS 

s i t e s  w e re  le s s  i n h i b i t e d  b y  2 , 6 - l u t i d i n e  so  r e a c t i o n  o f  

th io p h e n e  HDS was in c r e a s e .  So s e l e c t i v e  p o is o n in g  o f  

2 , 6 - l u t i d i n e  c a u s e d  c o k e  f o r m a t io n .  s i m i l a r  r e s u l t s  w e re  

o b t a in e d  b y  Thom as (1 9 7 9 ) who r e p o r t e d  t h a t  N - c o n t a in in g  

h e t e r o c y c l i c  com pounds c a u s e d  c o k e  f o r m a t io n .

T a b le  4 .8  and  F ig u r e  4 .7  show ed  p o r e  v o lu m e  o f  

f r e s h  a n d  s p e n t  c a t a l y s t s  i n  e a c h  e x p e r im e n t .  T a b le  4 .9  

and  F ig u r e  4 .9  show ed t o t a l  s u r f a c e  a re a  o f  s p e n t  c a t a ­

l y s t s  i n  e a c h  e x p e r im e n t .  C o m p a r is o n  o f  p o r e  v o lu m e  and  

t o t a l  s u r f a c e  a re a  o f  d e a c t i v a t e d  e x p e r im e n ts  w i t h



TABLE 4 . 8  P ore  Volume o f  F r e s h  and S p e n t  C a t a l y s t s  i n  Each E x p e r im e n t
E x p e r im e n t U n b u rn e d B u r n e d R e g e n e r a t io n R e d u c t io n  o f

C h a r a c t e r i s t i c P o re  V o lu m e
( m l / g ) ( m l / g ) w . r . t  F r e s h  C a t . (%)

F r e s h  C a t a l y s t 0 . 2 8 2 3 0 . 3 7 3 4 — —

R e f e r e n c e  E x p e r im e n t a v e r a g e
1 - R e f .  E x p . 0 . 2 0 8 1 0 . 4 1 5 2 1 . 1 1 2 6 . 2 8  2 6 . 1 6
2 - R e f .  E x p . 0 . 2 1 6 6 0 . 3 8 4 9 1 . 0 3 2 3 . 2 7  a c c u r a c y
3 - R e f .  E x p . 0 . 2 0 0 6 0 . 3 2 3 9 0 . 8 6 2 8 . 9 4  2 . 7 8

A v e r a g e 0 . 2 0 8 4 0 . 3 7 4 7 1 . 0 0
D e a c t i v a t e d  E x p e r im e n t

P y r i d i n e  E x p . 0 . 2 3 4 7 0 . 3 7 9 1 1 . 0 1 1 6 . 8 6
Q u in o l in e  E x p . 0 . 1 9 5 1 0 . 4 2 4 9 1 . 1 4 3 0 . 8 9
1 , 2 , 3 , 4 - THQ E x p . 0 . 2 3 7 6 0 . 3 7 7 8 1 . 0 1 1 5 . 8 3
2 , 6 - L u t i d i n e  E x p . 0 . 2 2 1 4 0 . 3 8 9 9 1 . 0 4 2 1 . 5 7
P y r r o le  E x p . 0 . 2 5 8 7 0 . 3 6 7 3 0 . 9 8 8 . 3 6
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TABLE 4 . 9 T o t a l  S u r f a c e  Area  o f  F r e s h  and S p en t  C a t a l y s t s  i n  Each E x p er im e n t
E x p e r im e n t U n b u rn e d B u r n e d R e g e n e r a t io n R e d u c t io n  o f

C h a r a c t e r i s t i c S u r f a c e  A r e a
( s q . m / g ) ( s q . m / g ) w . r . t  F r e s h  C a t . (%)

F r e s h  C a t a l y s t 1 7 9 . 2 9 3 8 2 2 0 . 6 1 9 5 — —

R e f e r e n c e  E x p e r im e n t a v e r a g e
1 - R e f .  E x p . 1 4 8 . 4 9 7 5 1 6 9 . 8 8 6 3 0 . 7 7 1 7 . 1 7  1 8 . 1 6
2 - R e f .  E x p . 1 4 8 . 4 6 4 4 1 7 2 . 3 9 1 6 0 . 7 8 1 7 . 1 9  a c c u r a c y
3 - R e f .  E x p . 1 4 3 . 2 4 0 9 1 7 2 . 3 3 7 0 0 . 7 8 2 0 . 1 1  1 . 9 5
A v e r a g e 1 4 6 . 7 3 4 3 1 7 1 . 5 3 8 3 0 . 7 7 7

D e a c t i v a t e d  E x p e r im e n t
P y r i d i n e  E x p . 1 4 8 . 0 1 4 2 1 8 0 . 0 2 9 7 0 . 8 2 1 7 . 4 5
Q u in o l i n e  E x p . 1 3 8 . 2 4 8 4 1 8 6 . 9 1 7 6 0 . 8 5 2 2 . 8 9
1 , 2 , 3 , 4 - THQ E x p . 1 4 7 . 0 5 4 1 1 7 7 . 8 1 7 6 0 . 8 0 1 7 . 9 8
2 , 6 - L u t i d i n e  E x p . 1 4 4 . 0 9 9 0 1 7 7 . 2 2 3 6 0 . 8 0 1 9 . 6 3
P y r r o l e  E x p . 1 5 8 . 3 0 4 1 1 7 4 . 5 3 1 3 0 . 7 9 1 1 . 7 1
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r e s p e c t  t o  r e fe r e n c e  e x p e r im e n t  show ed  p o r e  v o lu m e  and  

t o t a l  s u r fa c e  a re a  c h a n g e  due  t o  e a c h  n i t r o g e n  com pou nd . 

F ig u r e  4 .8  and  4 .1 0  show ed  p o r e  v o lu m e  a n d  t o t a l  s u r fa c e  

a re a  o f  s p e n t  c a t a l y s t s  a f t e r  r e g e n e r a t io n .

T h e se  d a ta  show ed  t h a t  o n ly  q u i n o l i n e  c a u s e d  

d e c r e a s in g  i n  p o re  v o lu m e  a n d  s u r f a c e  a re a  w h i l e  o t h e r  

n i t r o g e n  com pounds in c r e a s e  p o r e  v o lu m e  a n d  t o t a l  s u r f a c e  

a re a  when c o m p a re d  t h e  r e s u l t s  w i t h  r e f e r e n c e  e x p e r im e n t .  

I t  c a n  b e  c o n c lu d e d  t h a t  p o r e  v o lu m e  a n d  t a t a l  s u r f a c e  

a re a  c h a n g e d  due  t o  c o k e  d e p o s i t i o n .  N i t r o g e n  com pounds 

a s  p y r i d i n e ,  1 , 2 , 3 , 4 - t e t r a h y d r o q u in o l i n e ,  2 , 6 - l u t i d i n e ,  

a n d  p y r r o l e  w h ic h  d e c re a s e d  c o k e  f o r m a t io n  c a u s e d  p o re  

v o lu m e  and  t o t a l  s u r f a c e  a re a  t o  in c r e a s e  w i t h  r e s p e c t  t o  

r e fe r e n c e  e x p e r im e n t .  I n  c o n t r a s t ,  a l t h o u g h  q u in o l i n e  

c a u s e d  d e c r e a s in g  c o k e  f o r m a t io n  b u t  i t  s t i l l  c a u s e d  p o re  

v o lu m e  and  t o t a l  s u r f a c e  a re a  t o  d e c re a s e  a l s o .  T h e s e  

r e s u l t s  in d ic a t e d  t h a t  t h e  c o k e  fo rm e d  d u e  t o  q u i n o l i n e  

c a u s e d  b lo c k in g  t h e  p o r e  m o u th s  o f  t h e  c a t a l y s t .  T h is  

r e s u l t  was e x p la in e d  b y  q u ic k  a d s o r p t io n  o f  q u i n o l i n e  on 

HYD s i t e s  c a u s e d  th e  p r o m o t io n  o f  c o k e  f o r m a t io n  on  HDS 

s i t e .  Q u ic k  a g g r e g a t io n  o f  c o k e  on  t h e  p o r e  m o u th s  o f  

t h e  c a t a l y s t  c a u s e d  p o r e  m o u th s  b lo c k in g ,  r e s u l t i n g  i n  

t h e  r e d u c t io n  o f  p o re  v o lu m e  a nd  t o t a l  s u r f a c e  a r e a .  The 

r e d u c t io n  o f  p o re  v o lu m e  and  t o t a l  s u r f a c e  a re a  c a u s e d  

d e c r e a s in g  o f  a c t i v e  s i t e s  w h ic h  c a u s e d  d e c r e a s in g  o f  

r e a c t i o n .  The r e a c t io n  on  c a t a l y s t  s u r f a c e  i s  r e d u c e d ,  

so  c o k e  f o r m a t io n  on t h e  c a t a l y s t  a ls o  r e d u c e d .  A f t e r  

r e g e n e r a t io n  b o th  p o re  v o lu m e  and  t o t a l  s u r f a c e  a re a  o f  

s p e n t  c a t a l y s t s  r e t u r n e d  t o  n e a r l y  t h e i r  o r i g i n a l  v a lu e s ,  

as  show n i n  F ig u r e  4 .8  and  4 .1 0 .  T h is  r e s u l t e d  in d ic a t e d
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t h a t  a l l  n i t r o g e n  com pounds c a n  be re m o v e d  a t  r e g e n e r a ­

t i o n  c o n d i t io n s  u s e d .
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