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BACKGROUND  OF  THE  INVENTION  AND  PRIOR  ART 

I  .  F i e l d   of  t he   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   f o r   r e f o r m i n g  

w i t h   s u l f u r - s e n s i t i v e ,   p o l y m e t a l l i c   p l a t i n u m - c o n t a i n i n g -  

c a t a l y s t s   w h e r e i n   s u l f u r   i s   a d d e d   to   an  i n t e r m e d i a t e   o r  

f i n a l   r e a c t o r ,   or  r e a c t i o n   z o n e ,   or  z o n e s ,   and  e x c l u d e d   f r o m  

the   i n i t i a l   r e a c t o r ,   or  r e a c t i o n   z o n e ,   of  t he   s e r i e s .  

II   .  B a c k g r o u n d   and  P r o b l e m s  

C a t a l y t i c   r e f o r m i n g ,   or  h y d r o f   o r m i n g   ,  i s   a  w e l l  

e s t a b l i s h e d   i n d u s t r i a l   p r o c e s s   e m p l o y e d   by  t he   p e t r o l e u m  

i n d u s t r y   f o r   i m p r o v i n g   t he   o c t a n e   q u a l i t y   of  n a p h t h a s   o r  

s t r a i g h t   run   g a s o l i n e s .   In  r e f o r m i n g ,   a  m u l t i - f u n c t i o n a l  

c a t a l y s t   is   e m p l o y e d   w h i c h   c o n t a i n s   an  a c i d   c o m p o n e n t   and  a  

m e t a l   h y d r o g e n a t i o n - d e h y d r o g e n a t i o n   ( h y d r o g e n   t r a n s f e r )   c o m -  

p o n e n t ,   or  c o m p o n e n t s ,   s u b s t a n t i a l l y   a t o m i c a l l y   d i s p e r s e d  

upon  t h e   s u r f a c e   of  a  p o r o u s ,   i n o r g a n i c   o x i d e   s u p p o r t ,  

n o t a b l y   a l u m i n a .   N o b l e   m e t a l   c a t a l y s t s ,   n o t a b l y   of  t h e  

p l a t i n u m   t y p e ,   a r e   c u r r e n t l y   e m p l o y e d   as  m e t a l   h y d r o g e n a -  

t i o n - d e h y d r o g e n a t i o n   c o m p o n e n t s ,   r e f o r m i n g   b e i n g   d e f i n e d   a s  

t h e   t o t a l   e f f e c t   of  t he   m o l e c u l a r   c h a n g e s ,   or  h y d r o c a r b o n  

r e a c t i o n s ,   p r o d u c e d   by  d e h y d r o g e n a t i   on  of  c y c l o h e x a n e s   a n d  

d e h y d r o i s o m e r i z a t i o n   of  a l k y l c y c l o p e n t a n e s   to  y i e l d  

a r o m a t i c s ;   d e h y d r   o g e n a t   i  on  of  p a r a f f i n s   to  y i e l d   o l e f i n s ;  

d e h y d r o c y c l i z a t i o n   of  p a r a f f i n s   and  o l e f i n s   to  y i e l d  

a r o m a t i c s ;   i  somer   i  z a t   i  on  of  n - p a r a f f i n s ;   i  somer   i  za  t  i  on  o f  

a l k y l c y c l o p a r a f   f  i  ns  to  y i e l d   c y c l o h e x a n e s ;   i  s o m e r i z a t i o n   o f  

s - u b s t i t u t e d   a r o m a t i c s ;   and  h y d r o c r a c k i n g   of  p a r a f f i n s   w h i c h  

p r o d u c e s   g a s ,   and  i n e v i t a b l y   c o k e ,   t h e   l a t t e r   b e i n g   p r o g r e s -  

s i v e l y   d e p o s i t e d   on  t he   c a t a l y s t   as  r e f o r m i n g   is   c o n t i n u e d .  

In  a  r e f o r m i n g   o p e r a t i o n ,   one   or  a  s e r i e s   of  r e a c -  

t o r s ,   or  a  s e r i e s   of  r e a c t i o n   z o n e s ,   a r e   e m p l o y e d .   T y p i -  

c a l l y ,   a  s e r i e s   of  r e a c t o r s   a r e   e m p l o y e d ,   e . g . ,   t h r e e   o r  

f o u r   r e a c t o r s ,   t h e s e   c o n s t i t u t i n g   t h e   h e a r t   of  the   r e f o r m i n g  

u n i t .   Each  r e f o r m i n g   r e a c t o r   is  g e n e r a l l y   p r o v i d e d   w i t h   a 

f i x e d   bed ,   or  b e d s ,   of  the   c a t a l y s t   w h i c h   r e c e i v e   d o w n f l o w  
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f e e d ,   and  e a c h   i s   p r o v i d e d   w i t h   a  p r e h e a t e r   or  i n t e r s t a g e  

h e a t e r .   A  n a p h t h a   f e e d ,   w i t h   h y d r o g e n ,   or  r e c y c l e   h y d r o g e n  

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

r e a c t o r ,   and  t h e n   in  s e q u e n c e   t h r o u g h   s u b s e q u e n t   i n t e r s t a g e  

h e a t e r s   and  r e a c t o r s   of  .  t he   s e r i e s .   The  p r o d u c t   f rom  t h e  

l a s t   r e a c t o r   i s   s e p a r a t e d   i n t o   a  l i q u i d   f r a c t i o n ,   and  a. 

v a p o r o u s   e f f l u e n t .   The  f o r m e r   i s   r e c o v e r e d   as  a  Cg+  l i q u i d  

p r o d u c t .   The  l a t t e r   is   a  gas   . r i c h   in  h y d r o g e n ,   and  u s u a l l y  

c o n t a i n s   s m a l l   a m o u n t s   of  n o r m a l l y   g a s e o u s   h y d r o c a r b o n s ,  

f r o m   w h i c h   h y d r o g e n   is   s e p a r a t e d   and  r e c y c l e d   as  " r e c y c l e  

g a s "   to  t h e   p r o c e s s   to  m i n i m i z e   c o k e   p r o d u c t i o n .   In  c o n v e n -  

t i o n a l   o p e r a t i o n s ,   t h e   r e c y c l e   g a s ,   w h i c h   g e n e r a l l y   c o n t a i n s  

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

a  r e c y c l e   gas   d r i e r   w h i c h   r e m o v e s   much  of  t h e   m o i s t u r e   a n d  

h y d r o g e n   s u l f i d e   p r i o r   to  t h e   i n t r o d u c t i o n   of  t he   r e c y c l e  

gas   i n t o   t h e   f i r s t   r e a c t o r   of  t h e   s e r i e s .  

The  s u m - t o t a l   of  t h e   r e f o r m i n g   r e a c t i o n s ,   s u p r a ,  

o c c u r s   as  a  c o n t i n u u m   b e t w e e n   t h e   f i r s t   and  l a s t   r e a c t o r   o f  

t h e   s e r i e s ,   i . e . ,   as  t he   f e e d   e n t e r s   and  p a s s e s   o v e r   t h e  

f i r s t   f i x e d   c a t a l y s t   bed  of  t h e   f i r s t   r e a c t o r   and  e x i t s   f r o m  

t h e   l a s t   f i x e d   c a t a l y s t   bed  of  t h e   l a s t   r e a c t o r   of  t h e  

s e r i e s .   The  r e a c t i o n s   w h i c h   p r e d o m i n a t e   b e t w e e n   t h e   s e v e r a l  

r e a c t o r s   d i f f e r   d e p e n d e n t   p r i n c i p a l l y   u p o n   t h e   n a t u r e   of  t h e  

f e e d ,   and  t h e   t e m p e r a t u r e   e m p l o y e d   w i t h i n   t h e   i n d i v i d u a l  

r e a c t o r s .   In  t he   i n i t i a l   r e a c t i o n   z o n e ,   or  f i r s t   r e a c t o r ,  

w h i c h   is   m a i n t a i n e d   at  a  r e l a t i v e l y   low  t e m p e r a t u r e ,   t h e  

p r i m a r y   r e a c t i o n   i n v o l v e s   t he   d e h y d r o g e n a t i o n   of  n a p h t h e n e s  

to  p r o d u c e   a r o m a t i c s .   The  i  s o m e r i   z a t i o n   of  n a p h t h e n e s ,  

n o t a b l y   and  Cg  n a p h t h e n e s ,   a l s o   o c c u r s   to  a  c o n s i d e r a b l e  

e x t e n t .   Most   of  t he   o t h e r   r e f o r m i n g   r e a c t i o n s   a l s o   o c c u r ,  

bu t   o n l y   to  a  l e s s e r ,   or  s m a l l e r   e x t e n t .   T h e r e   i s   r e l a t i v e -  

ly  l i t t l e   h y d r o c r a c k i n g   ,  and  v e r y   l i t t l e   o l e f i n   or  p a r a f f i n  

d e h y d r o c y c l i z a t i o n   o c c u r s   in  t h e   f i r s t   r e a c t o r .   N a p h t h e n e  

d e h y d r o g e n a t i o n   is  an  e n d o t h e r m i c   r e a c t i o n ,   and  c o n s e q u e n t l y  

t h e   r e a c t i o n s   in  t he   f i r s t   r e a c t o r   a r e   e x t r e m e l y   e n d o -  

t h e r m i c ,   g e n e r a l l y   a c c o u n t i n g   f o r   as  much  as  2 /5   to  3 /5   o f  

t he   t o t a l   o b s e r v e d   t e m p e r a t u r e   d i f f e r e n c e   (AT)  a c r o s s   t h e  
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s e v e r a l   c a t a l y s t   b e d s   c o n t a i n e d   in  t he   s e v e r a l   r e a c t o r s   o f  

t he   s e r i e s .   W i t h i n   t h e   i n t e r m e d i a t e   r e a c t o r ( s ) ,   or  r e a c t i o n  

z o n e ( s ) ,   t h e   t e m p e r a t u r e   i s   m a i n t a i n e d   s o m e w h a t   h i g h e r   t h a n  

in  t he   f i r s t ,   or  l e a d   r e a c t o r   of  t he   s e r i e s ,   and  i t   i s  

b e l i e v e d   t h a t   t he   p r i m a r y   r e a c t i o n s   in  t he   i n t e r m e d i a t e  

r e a c t o r ,   or  r e a c t o r s ,   i n v o l v e   t he   i s o m e r i z a t i o n   of  n a p h -  

t h e n e s   and  p a r a f f i n s .   W h e r e ,   e . g . ,   t h e r e   a re   two  r e a c t o r s  

d i s p o s e d   b e t w e e n   t h e   f i r s t   and  l a s t   r e a c t o r   of  t he   s e r i e s ,  

i t   is  b e l i e v e d   t h a t   t he   p r i n c i p a l   r e a c t i o n   i n v o l v e s   t h e  

i s o m e r i z a t i o n   of  n a p h t h e n e s ,   n o r m a l   p a r a f f i n s   and  i s o p a r a f -  

f i n s .   "  Some  d e h y d r o g e n a t i o n   of  n a p h t h e n e s   may,  and  u s u a l l y  

d o e s   o c c u r ,   at  l e a s t   w i t h i n   t h e   f i r s t   of  t he   i n t e r m e d i a t e  

r e a c t o r s .   T h e r e   i s   u s u a l l y   some  h y d r o c r a c k i n g   ,  at   l e a s t  

more  t h a n   in  t h e   l e a d   r e a c t o r   of  t he   s e r i e s ,   and  t h e r e   i s  

more  o l e f i n   and  p a r a f f i n   d e h y d r   o c y c l   i  z a t   i  on  .  The  n e t   e f f e c t  

of  the   r e a c t i o n s   w h i c h   o c c u r   in  t h i s   r e a c t o r   a r e   e n d o t h e r -  

m i c ,   and  t h o u g h   t h e   t e m p e r a t u r e   d r o p   b e t w e e n   the   f e e d   i n l e t  

and  f e e d   o u t l e t   i s   no t   as  l a r g e   as  in  t h a t   of  t h e   i n i t i a l  

r e a c t o r   ( e v e n   t h o u g h   the   s e c o n d   r e a c t o r   g e n e r a l l y   c o n t a i n s   a 

l a r g e r   c a t a l y s t   c h a r g e   t h a n   t h e   i n i t i a l   r e a c t o r ) ,   i t   i s  

n o n e t h e l e s s   c o n s i d e r a b l e .   The  t h i r d   r e a c t o r   of  t he   s e r i e s ,  

or  s e c o n d   i n t e r m e d i a t e   r e a c t o r ,   is  g e n e r a l l y   o p e r a t e d   at  a 

s o m e w h a t   h i g h e r   t e m p e r a t u r e   t h a n   the   s e c o n d   r e a c t o r   of  t h e  

s e r i e s .   I t   is   b e l i e v e d   t h a t   t h e   n a p h t h e n e   and  p a r a f f i n  

i s o m e r i z a t i o n   r e a c t i o n s   c o n t i n u e   as  t he   p r i m a r y   r e a c t i o n   i n  

t h i s   r e a c t o r ,   bu t   t h e r e   is   v e r y   l i t t l e   n a p h t h e n e   d e h y d r o -  

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

c y c l i z a t i o n ,   and  more  h y d r o c r a c k i n g .   The  ne t   e f f e c t   of  t h e  

r e a c t i o n s   w h i c h   o c c u r   in  t h i s   r e a c t o r   i s   a l s o   e n d o t h e r m i c ,  

t h o u g h   t h e   t e m p e r a t u r e   d r o p   b e t w e e n   t h e   f e e d   i n l e t   and  f e e d  

o u t l e t   is   s m a l l e r   t h a n   in  t he   f i r s t   two  r e a c t o r s .   In  t h e  

f i n a l   r e a c t i o n   z o n e ,   or  f i n a l   r e a c t o r ,   w h i c h   is  t y p i c a l l y  

o p e r a t e d   at   the   h i g h e s t   t e m p e r a t u r e   of  t he   s e r i e s ,   i t   i s  

b e l i e v e d   t h a t   p a r a f f i n   d e h y d r   o c y c l   i  za  t i   on  ,  p a r t i c u l a r l y   t h e  

d e h y d r o c y c l i z a t i o n   of  the   s h o r t   c h a i n ,   n o t a b l y   Cg  and  Cy 

p a r a f f i n s ,   is  the   p r i m a r y   r e a c t i o n .   The  i s o m e r i z a t i o n   r e a c -  

t i o n s   c o n t i n u e ,   and  t h e r e   is   more  h y d r o c r a c k i n g   and  c o k e  
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f o r m a t i o n   in  t h i a   r e a c t o r   t h a n   in  any  of  t he   o t h e r   r e a c t o r s  

of  t h e   s e r i e s .   The  n e t   e f f e c t   of  t he   r e a c t i o n s   w h i c h   o c c u r  

in  t h i s   r e a c t o r   i s   a l s o   g e n e r a l l y   e n d o t h e r m i   c  . 

P l a t i n u m   is   w i d e l y   c o m m e r c i a l l y   u s e d   in   t h e ^ p r o -  

d u c t i o n   of  r e f o r m i n g   c a t a l y s t s ,   and  p l a t i n u m - o n - a l u m i n a  

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

t h e   l a s t   few  d e c a d e s .   In  more   r e c e n t   y e a r s   p o l y m e t a l l i c  

c a t a l y s t s   h a v e   b e e n   u s e d .   T h e s e   a r e   c a t a l y s t s   w h e r e i n   a d d i -  

t i o n a l   m e t a l l i c   c o m p o n e n t s   have   been   a d d e d   to   p l a t i n u m   a s  

p r o m o t e r s   to  f u r t h e r   i m p r o v e   t h e   a c t i v i t y   or  s e l e c t i v i t y ,   o r  

b o t h ,   of  t he   b a s i c   p l a t i n u m   c a t a l y s t ,   e . g . ,   i r i d i u m ,  

r h e n i u m ,   t i n ,   and  t h e   l i k e .   Such  c a t a l y s t s   p o s s e s s   s u p e r i o r  

a c t i v i t y ,   or  s e l e c t i v i t y ,   or  b o t h ,   as  c o n t r a s t e d   w i t h   t h e  

b a s i c   p l a t i n u m   c a t a l y s t .   P l a t i n u m - r h e n i u m   c a t a l y s t s   by  way  

of  e x a m p l e   p o s s e s s   a d m i r a b l e   s e l e c t i v i t y   as  c o n t r a s t e d   w i t h  

p l a t i n u m   c a t a l y s t s ,   s e l e c t i v i t y   b e i n g   d e f i n e d   as  t h e   a b i l i t y  

' o f   t he   c a t a l y s t   to  p r o d u c e   h i g h   y i e l d s   of  l i q u i d   p r o -  

d u c t s   w i t h   c o n c u r r e n t   low  p r o d u c t i o n   of  n o r m a l l y   g a s e o u s  

h y d r o c a r b o n s ,   i . e . ,   m e t h a n e   and  o t h e r   g a s e o u s   h y d r o c a r b o n s ,  

and  c o k e .  

The  a c t i v i t y   of  t he   c a t a l y s t   g r a d u a l l y   d e c l i n e s  

due  to  the   b u i l d - u p   of  c o k e .   Coke  f o r m a t i o n   is   b e l i e v e d   t o  

r e s u l t   f rom  t h e   d e p o s i t i o n   of  coke   p r e c u r s o r s   s u c h   a s  

a n t h r a c e n e ,   c o r o n e n e ,   o v a l e n e ,   and  o t h e r   c o n d e n s e d   r i n g  

a r o m a t i c   m o l e c u l e s   on  t h e   c a t a l y s t ,   t h e s e   p o l y m e r i z i n g   t o  

f o r m   c o k e .   D u r i n g   o p e r a t i o n ,   t h e   t e m p e r a t u r e   of  t h e   p r o c e s s  

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

c a u s e d   by  t h e   coke   d e p o s i t i o n .   E v e n t u a l l y ,   h o w e v e r ,   t e m p e r -  

a t u r e   i n c r e a s e s   c a n n o t   c o m p e n s a t e   f o r   t he   l o s s   in  c a t a l y t i c  

a c t i v i t y   and  h e n c e   i t   b e c o m e s   n e c e s s a r y   to  r e a c t i v a t e   t h e  

c a t a l y s t .   C o n s e q u e n t l y ,   in  a l l   p r o c e s s e s   of  t h i s   t y p e   t h e  

c a t a l y s t   mus t   n e c e s s a r i l y   be  p e r i o d i c a l l y   r e g e n e r a t e d   b y  

b u r n i n g   o f f   t h e   coke   at   c o n t r o l l e d   c o n d i t i o n s .  

Two  m a j o r   t y p e s   of  r e f o r m i n g   a r e   g e n e r a l l y   p r a c -  

t i c e d   in  t he   m u l t i   r e a c t o r   u n i t s ,   b o t h   of  w h i c h   n e c e s s i t a t e  

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

of  wh ich   r e q u i r e s   r e g e n e r a t i o n ,   i . e . ,   b u r n i n g   t h e   coke   f r o m  
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t he   c a t a l y s t .   R e a c t i v a t i o n   of  the   c a t a l y s t   is   t h e n   c o m -  

p l e t e d   in  a  s e q u e n c e   of  s t e p s   w h e r e i n   t h e   a g g l o m e r a t e d   m e t a l  

h y d r o g e n a t i o n - d e h y d r o g e n a t i o n   c o m p o n e n t s   a r e   a t o m i c a l l y  

r e d i s p e r s e d .   In  t he   s e m i - r e g e n e r a t i v e   p r o c e s s ,   a  p r o c e s s   o f  

t h e   f i r s t   t y p e . ,   t h e   e n t i r e   u n i t   i s   o p e r a t e d   by  g r a d u a l l y   a n d  

p r o g r e s s i v e l y   i n c r e a s i n g   t h e   t e m p e r a t u r e   to   m a i n t a i n   t h e  

a c t i v i t y   of  t h e   c a t a l y s t   c a u s e d   by  t h e   coke   d e p o s i t i o n ,  

u n t i l   f i n a l l y   t h e   e n t i r e   u n i t   is   s h u t   down  f o r   r e g e n e r a t i o n ,  

and  r e a c t i v a t i o n ,   of  t he   c a t a l y s t .   In  t h e   s e c o n d ,   or  c y c l i c  

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

in  e f f e c t   s w u n g   o u t   of  l i n e   by  v a r i o u s   m a n i f o l d i n g   a r r a n g e -  

m e n t s ,   m o t o r   o p e r a t e d   v a l v i n g   and  t h e   l i k e .   The  c a t a l y s t   i s  

r e g e n e r a t e d   to  r e m o v e   t h e   coke   d e p o s i t s ,   and  t h e n   r e a c t i -  

v a t e d   w h i l e   t h e   o t h e r   r e a c t o r s   of  t h e   s e r i e s   r e m a i n   o n  

s t r e a m .   A  " s w i n g   r e a c t o r "   t e m p o r a r i l y   r e p l a c e s   a  r e a c t o r  

w h i c h   i s   r e m o v e d   f rom  t h e   s e r i e s   f o r   r e g e n e r a t i o n   a n d  

r e a c t i v a t i o n   of  t he   c a t a l y s t ,   u n t i l   i t   i s   pu t   back   i n  

s e r i   es  . 

C h a n g e   in  t h e   t o t a l ,   or  o v e r a l l ,   AT  is   a  g o o d  

i n d i c a t i o n   of  c h a n g i n g   p e r f o r m a n c e   in   t h e   r e a c t o r s   d u r i n g   a n  

o p e r a t i n g   r u n ,   and  c o r r e l a t e s   w e l l   w i t h   t h e   a b i l i t y   of  t h e  

r e a c t i o n   s y s t e m   to  p r o d u c e   r e f o r m a t e   o c t a n e   v a l u e ;   w h i c h  

n o r m a l l y   d e c r e a s e s   t h r o u g h o u t   t he   r u n .   In  c y c l i c   o p e r a -  

t i o n s ,   in  p a r t i c u l a r ,   t he   d e c l i n e   in  t h e   t e m p e r a t u r e   d r o p  

a c r o s s   a.  c a t a l y s t   bed  i s   s o m e t i m e s   u s e d   as  a  c r i t e r i o n   f o r  

s e l e c t i n g   t he   n e x t   r e a c t o r   c a n d i d a t e   f o r   r e g e n e r a t i o n   of  i t s  

c a t a l y s t   c h a r g e .  

E s s e n t i a l l y   a l l   p e t r o l e u m   n a p h t h a   or  s y n t h e t i c a l l y  

d e r i v e d   n a p h t h a   f e e d s   c o n t a i n   s u l f u r ,   a  w e l l   known  c a t a l y s t  

p o i s o n   w h i c h   can  g r a d u a l l y   a c c u m u l a t e   upon  and  p o i s o n  

r e f o r m i n g   c a t a l y s t s .   Most   of  t h e   s u l f u r ,   b e c a u s e   of  t h i s  

a d v e r s e   e f f e c t ,   i s   r e m o v e d   f rom  f e e d   n a p h t h a s ,   e . g . ,   by  

h y d r o f i n i n g   and  s u b s e q u e n t   c o n t a c t   w i t h   g u a r d   b e d s   p a c k e d   o r  

f i l l e d   w i t h   s u l f u r   a d s o r b e n t s . '   The  p o l y m e t a l l i c   r e f o r m i n g  

c a t a l y s t s   a re   p a r t i c u l a r l y   s u l f u r - s e n s i t i v e ,   and  p a r t i c u l a r -  

ly  s u s c e p t i b l e   to  s u l f u r   p o i s o n i n g .   The  p r e s e n c e   of  e v e n  

s m a l l   and  v i r t u a l l y   i n f i n i t e s i m a l   a m o u n t s   of  s u l f u r   i n  
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e i t h e r   t h e   n a p h t h a   f e e d   or  h y d r o g e n   r e c y c l e   g a s ,   or  b o t h ,   i t  

has   b e e n   o b s e r v e d ,   a d v e r s e l y   a f f e c t s   t h e   p r o c e s s ,   and  p e r -  

f o r m a n c e   of   t h e   c a t a l y s t s .   W h e r e a s   v a r i o u s   i m p r o v e m e n t s  

h a v e   b e e n   made  in  a d s o r b e n t s ,   and  in   t h e   o p e r a t i o n   of  g u a r d  

b e d s   to  e l i m i n a t e   s u l f u r   f rom  t h e   n a p h t h a   f e e d   and   h y d r o g e n  

r e c y c l e   g a s ,   t h e   c o m p l e t e   e l i m i n a t i o n   of  s u l f u r   f r o m   t h e  

n a p h t h a   d o e s   no t   a p p e a r   p r a c t i c a l ,   i f   i n d e e d   p o s s i b l e ,   a n d  

s u l f u r   i n e v i t a b l y   a p p e a r s   in  t he   p r o c e s s .   The  e f f e c t   o f  

s u l f u r   in   t h e   n a p h t h a ,   even   in  c o n c e n t r a t i o n   r a n g i n g   o n l y   a  

few  p a r t s   p e r   m i l l i o n   is  t h a t ,   in  t h e   o v e r a l l   r e f o r m i n g  

o p e r a t i o n ,   t h e   y i e l d   of  h y d r o g e n ,   a r o m a t i c s ,   and  l i q u i d  

y i e l d   d e c r e a s e s   as  s u l f u r   b u i l d s   up  and  i n c r e a s e s   in   t h e  

s y s t e m ,   t h e r e   i s   an  i n c r e a s e   in  t h e   r a t e   of  c a t a l y s t   d e a c t i -  

v a t i o n ,   and   in  t h e   t o t a l   p r o d u c t i o n   of  C j -C j ,   l i g h t   g a s e s .  

I I I .   O b j e c t s  

I t   i s ,   a c c o r d i n g l y ,   the   p r i m a r y   o b j e c t i v e   of  t h i s  

i n v e n t i o n   to   p r o v i d e   a  new  and  i m p r o v e d   p r o c e s s   u s e f u l   i n  

the   o p e r a t i o n   of  r e f o r m i n g   u n i t s   w h i c h   e m p l o y   h i g h l y   a c t i v e   . 
s u l f u r - s e n s i t i v e   p o l y m e t a l l i c   p l a t i n u m - c o n t a i n i n g   c a t a l y s t  

to  p r o d u c e   h i g h   o c t a n e   g a s o l i n e s .  

A  s p e c i f i c   o b j e c t   Is  to  p r o v i d e   a  n o v e l   p r o c e s s   a s  

c h a r a c t e r i z e d ,   bu t   p a r t i c u l a r l y   a  s t a r t - u p   p r o c e d u r e   w h i c h  

w i l l   p r o v i d e   i m p r o v e d   h y d r o g e n   p u r i t y   and  a r o m a t i c s   p r o d u c -  

t i o n ,   i n c r e a s e d   Cg+  l i q u i d   y i e l d ,   and  d e c r e a s e d   Cii~  l i g h t  

gas  p r o d u c t i o n   in  t h e   o p e r a t i o n   of  a  r e f o r m i n g   u n i t .  

IV.  The  I n v e n t i o n  

T h e s e   o b j e c t s   and  o t h e r s   a r e   a c h i e v e d   in  a c c o r d -  

a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   e m b o d y i n g   a  p r o c e s s  

w h e r e i n ,   in   a  s e r i e s   of  r e f o r m i n g   z o n e s ,   or  r e a c t o r s ,   e a c h  

of  w h i c h   c o n t a i n s   a  bed ,   or  beds   of  c a t a l y s t ,   t he   c a t a l y s t  

in  e a c h   of  w h i c h   i s   c o n s t i t u t e d   of  a  s u l f u r - s e n s i t i v e ,  

p o l y m e t a l l i c   p l a t i n u m - c o n t a i n i n g   c a t a l y s t   w h i c h   c o n t a i n s  

l i t t l e   or  no  c o k e ,   and  n a p h t h a ,   and  h y d r o g e n ,   a r e   i n t r o d u c e d  

i n t o   t h e   l e a d   r e a c t o r ,   p a s s e d   in  s e r i e s   f rom  one  r e a c t o r   t o  

a n o t h e r ,   and  r e a c t e d   at  r e f o r m i n g   c o n d i t i o n s ,   s u l f u r   i s  

i n t r o d u c e d   i n t o   t h e   f i n a l   or  t a i l   r e a c t o r   of  t h e   s e r i e s   t o  

p r o v i d e   and  m a i n t a i n   s u l f u r   in  c o n c e n t r a t i o n   w i t h i n   t h e  
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n a p h t h a   to  s a i d   f i n a l   r e a c t o r   r a n g i n g   f rom  a b o u t   0 .5   p a r t s  

per   m i l l i o n ,   b a s e d   on  t h e   w e i g h t   of  t he   n a p h t h a   f e e d   ( w p p m ) ,  

to  a b o u t   20  wppm,  p r e f e r a b l y   f rom  a b o u t   0 . 5   wppm  to  a b o u t   8 

wppm,  w h i l e   e x c l u d i n g   s u l f u r   f rom  t h e   l e a d   r e a c t o r   of  t h e  

s e r i e s .   The  s u l f u r   can  be  a d d e d   to  an  i n t e r m e d i a t e   r e a c t o r  

of  t h e   s e r i e s ,   or  a d d e d   d i r e c t l y   to  t he   f i n a l   r e a c t o r ,   p r e f -  

e r a b l y   t h e   l a t t e r .   I t   has   been   f o u n d   t h a t   t h e   i n t r o d u c t i o n ,  

or  a d d i t i o n   of  s u l f u r   to  t h e   f i n a l   r e a c t o r ,   or  r e a c t i o n   z o n e  

of  t he   s e r i e s ,   d u r i n g   s t a r t - u p ,   or  t h a t   e a r l y   p o r t i o n   of  t h e  

o p e r a t i n g   c y c l e   when  t he   c a t a l y s t   c o n t a i n s   l i t t l e   or  n o  

c o k e ,   r e l a t i v e   to  t h e   t o t a l   o p e r a t i n g   c y c l e   t h r o u g h o u t   w h i c h  

coke  g r a d u a l l y ,   and  p r o g r e s s i v e l y   b u i l d s   up  and  a c c u m u l a t e s  

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

l i q u i d   y i e l d s ,   and  r e d u c e d   C   ̂ -C   ̂ l i g h t   gas   m a k e .  

In  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ,   s u l f u r   i s  

e x c l u d e d ,   or  i t s   p r e s e n c e   m i n i m i z e d ,   d u r i n g   s t a r t - u p   w i t h   a 

f r e s h   or  r e g e n e r a t e d   c a t a l y s t   f rom  the   l e a d   r e a c t o r   of  t h e  

s e r i e s   w h e r e i n   n a p h t h e n e   d e h y d r o g e n a t i o n   i s   t h e   p r e d o m i n a n t  

r e a c t i o n .   A  h i g h e r   l e v e l   of  s u l f u r   i s   m a i n t a i n e d   d u r i n g  

t h i s   p e r i o d   in  t h e   f i n a l   r e a c t o r   of  t h e   s e r i e s   w h e r e i n  

p a r a f f i n   and  o l e f i n   d e h y d r   o c y c l   i  z a t   i  on  a r e   t h e   p r e d o m i n a n t  

r e a c t i o n s .   In  c a r r y i n g   o u t   s u c h   o p e r a t i o n ,   s u l f u r   i s  

i n j e c t e d   d u r i n g   t h i s   p e r i o d   I n t o   an  i n t e r m e d i a t e   or  t h e   t a i l  

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

c o m p o u n d   d e c o m p o s a b l e   in  s i t u   to  fo rm  h y d r o g e n   s u l f i d e ,   i n  

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

f rom  a b o u t   0 . 5   wppm  to  a b o u t   20  wppm,  p r e f e r a b l y   0 .5   wppm  t o  

a b o u t   8  wppm,  b a s e d   on  n a p h t h a   f e e d .   S u l f u r   i s   t h e n   r e m o v e d  

f rom  t he   p r o d u c t   h y d r o g e n   gas  f rom  the   l a s t   r e a c t o r   of  t h e  

s e r i e s ,   s u i t a b l y   by  p a s s a g e   of  the   gas  t h r o u g h   a  s u l f u r  

a d s o r b e n t ,   and  t h e   gas  is   r e c y c l e d .   The  gas  is   r e c y c l e d   t o  

t he   l e a d   r e a c t o r   w h e r e   i t   is   a d d e d   w i t h   f r e s h   e s s e n t i a l l y  

s u l f u r - f r e e   n a p h t h a .   The  e s s e n t i a l l y   s u l f u r - f r e e   n a p h t h a  

f e e d ,   and  h y d r o g e n ,   e n t e r i n g   the   l e a d   r e a c t o r   w i l l   p r o v i d e   a 

c o n c e n t r a t i o n   of  l e s s   t h a n   0 .5   wppm  w i t h i n   t h e   n a p h t h a   f e e d  

to  t he   f i r s t   r e a c t o r ,   and  p r e f e r a b l y   no  more   t h a n   a b o u t   0 . 1  

wppm  s u l f u r .   I t   is  f o u n d   t h a t   h y d r o g e n ,   a r o m a t i c s   and  C r +  
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l i q u i d   y i e l d s   a r e   i m p r o v e d ,   and  r e d u c e d   C , -C j j   l i g h t   gas   m a k e  

up  to   s u c h   p o i n t   in  t i m e   t h a t   t h e   c a t a l y s t   in   t h e   f i n a l  

r e a c t o r ,   or  r e a c t i o n   z o n e ,   c o n t a i n s   no  more   t h a n   a b o u t   10  

p e r c e n t   c o k e ,   b a s e d   on  t he   t o t a l   w e i g h t   of  t h e   c a t a l y s t ,  

d e p o s i t e d   t h e r e o n ;   and  p r e f e r a b l y   no  more   t h a n   a b o u t   5  p e r -  

c e n t   c o k e   d e p o s i t e d   upon  t he   c a t a l y s t .   T h i s   p e r i o d   c o r r e -  

s p o n d s   g e n e r a l l y   f rom  a b o u t   5  to   a b o u t   60  p e r c e n t   of  t h e  

o p e r a t i n g   c y c l e ,   and  p r e f e r a b l y   f rom  a b o u t   5  p e r c e n t   t o  

a b o u t   30  p e r c e n t   of  the   t o t a l   o p e r a t i n g   c y c l e   w h i c h   b e g i n s  

a t   s t a r t - u p ,   or  when  the   c a t a l y s t   i s   f i r s t   p l a c e d   o n - o i l .  

The  c a t a l y s t   e m p l o y e d   in  a c c o r d a n c e   w i t h   t h i s  

i n v e n t i o n   i s   n e c e s s a r i l y   c o n s t i t u t e d   of  c o m p o s i t e   p a r t i c l e s  

w h i c h   c o n t a i n ,   b e s i d e s   a  c a r r i e r   or  s u p p o r t   m a t e r i a l ,   a 

h y d r o g e n a t i o n - d e h y d r o g e n a t i o n   c o m p o n e n t ,   or  c o m p o n e n t s ,   a  

h a l i d e   c o m p o n e n t   a n d ,   p r e f e r a b l y ,   t h e   c a t a l y s t   i s   s u l f i d -  

ed .   The  s u p p o r t   m a t e r i a l   is   c o n s t i t u t e d   of  a  p o r o u s ,  

r e f r a c t o r y   i n o r g a n i c   o x i d e ,   p a r t i c u l a r l y   a l u m i n a .   The  s u p -  

p o r t   can  c o n t a i n ,   e . g . ,   one  or  more   of  a l u m i n a ,   b e n t o n i t e ,  

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

m a g n e s i a ,   z i r c o n i a ,   t h o r i a ,   and  t h e   l i k e ;   t h o u g h   t h e   m o s t  

p r e f e r r e d   s u p p o r t   is   a l u m i n a   to  w h i c h ,   i f   d e s i r e d ,   can  b e  

a d d e d   a  s u i t a b l e   a m o u n t   of  o t h e r   r e f r a c t o r y   c a r r i e r   m a t e -  

r i a l s   s u c h   as  s i l i c a ,   z i r c o n i a ,   m a g n e s i a ,   t i t a n i a ,   e t c . ,  

u s u a l l y   in  a  r a n g e   of  a b o u t   1  to  20  p e r c e n t ,   b a s e d   on  t h e  

w e i g h t   of  t he   s u p p o r t .   A  p r e f e r r e d   s u p p o r t   f o r   t h e   p r a c t i c e  

of  t h e   p r e s e n t   i n v e n t i o n   is   one  h a v i n g   a  s u r f a c e   a r e a   o f  

more   t h a n   50  m  / g ,   p r e f e r a b l y   f rom  a b o u t   100  to   a b o u t   3 0 0  

m  / g ,   a  b u l k   d e n s i t y   of  a b o u t   0 . 3   to  1 .0   g / m l ,   p r e f e r a b l y  

a b o u t   O.k  to   0 . 8   g / m l ,   an  a v e r a g e   p o r e   v o l u m e   of  a b o u t   0 . 2  

to  1.1  m l / g ,   p r e f e r a b l y   a b o u t   0 . 3   to  0 . 8   m l / g ,   and  a n  

a v e r a g e   p o r e   d i a m e t e r   of  a b o u t   30  to  3 0 0 A .  

The  m e t a l   h y d r o g e n a t i o n - d e h y d r o g e n a t i o n   c o m p o n e n t ,  

or  c o m p o n e n t s ,   i n c l u d e s   p l a t i n u m ,   and  one  or  more   o f  

i r i d i u m ,   r h e n i u m ,   p a l l a d i u m ,   r h o d i u m ,   t i n ,   and  t u n g s t e n .  

P r e f e r a b l y ,   t h e   h y d r o g e n a t i o n - d e h y d r o g e n a t i o n   c o m p o n e n t ,   o r  

c o m p o n e n t s ,   a r e   p l a t i n u m   and  i r i d i u m   or  r h e n i u m ,   or  p l a t i n u m  

and  b o t h   i r i d i u m   and  r h e n i u m .   The  h y d r o g e n a t   i  o n - d e h y d r   o g e -  
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n a t i o n   c o m p o n e n t ,   or  c o m p o n e n t s ,   can  be  c o m p o s i t e d   w i t h   o r  

o t h e r w i s e   i n t i m a t e l y   a s s o c i a t e d   w i t h   t h e   p o r o u s   i n o r g a n i c  

o x i d e   s u p p o r t   or  c a r r i e r   by  v a r i o u s   t e c h n i q u e s   known  to  t h e  

a r t   s u c h   as  i o n - e x c h a n g e ,   c o p r e c i p i t a t i o n   w i t h   t h e   a l u m i n a  

in  t he   s o l   or  ge l   f o r m ,   and  t he   l i k e .   For  e x a m p l e ,   t h e  

c a t a l y s t   c o m p o s i t e   can  be  f o r m e d   by  a d d i n g   t o g e t h e r   s u i t a b l e  

r e a g e n t s   s u c h   as  a  s a l t   of  p l a t i n u m   and  a  s a l t   of  r h e n i u m  

and  ammonium  h y d r o x i d e   or  c a r b o n a t e ,   and  a  s a l t   of  a l u m i n u m  

s u c h   as  a l u m i n u m   c h l o r i d e   or  a l u m i n u m   s u l f a t e   to  f o r m  

a l u m i n u m   h y d r o x i d e .   The  a l u m i n u m   h y d r o x i d e   c o n t a i n i n g   t h e  

s a l t s   of  p l a t i n u m   and  r h e n i u m   can  t h e n   be  h e a t e d ,   d r i e d ,  

f o r m e d   i n t o   p e l l e t s   or  e x t r u d e d ,   and  t h e n   c a l c i n e d   i n  

n i t r o g e n   or  o t h e r   n o n a g g l o m e r a t i n g   a t m o s p h e r e .   The  m e t a l  

h y d r o g e n a t i o n   c o m p o n e n t s   can  a l s o   be  a d d e d   to  t h e   c a t a l y s t  

by  i m p r e g n a t i o n ,   t y p i c a l l y   v i a   an  " i n c i p i e n t   w e t n e s s "   t e c h -  

n i q u e   w h i c h   r e q u i r e s   a  min imum  of  s o l u t i o n   so  t h a t   t h e   t o t a l  

s o l u t i o n   i s   a b s o r b e d ,   i n i t i a l l y   or  a f t e r   some  e v a p o r a t i o n .  

I t   is  p r e f e r r e d   to  d e p o s i t   t h e   p l a t i n u m   a n d  

i r i d i u m   or  r h e n i u m   m e t a l s ,   or  b o t h ,   and  a d d i t i o n a l   m e t a l s  

u s e d   as  p r o m o t e r s ,   i f   a n y ,   on  a  p r e v i o u s l y   p i l l e d ,   p e l l e t e d ,  

b e a d e d ,   e x t r u d e d ,   or  s i e v e d   p a r t i c u l a t e   s u p p o r t   m a t e r i a l   by  

t h e   i m p r e g n a t i o n   m e t h o d .   P u r s u a n t   to  t he   i m p r e g n a t i o n  

m e t h o d ,   p o r o u s   r e f r a c t o r y   i n o r g a n i c   o x i d e s   In  d ry   o r  

s o l v a t e d   s t a t e   a re   c o n t a c t e d ,   e i t h e r   a l o n e   or  a d m i x e d ,   o r  

o t h e r w i s e   i n c o r p o r a t e d   w i t h   a  m e t a l   or  m e t a l s - c o n t a i n i n g  

s o l u t i o n ,   or  s o l u t i o n s ,   and  t h e r e b y   i m p r e g n a t e d   by  e i t h e r  

the   " i n c i p i e n t   w e t n e s s "   t e c h n i q u e ,   or  a  t e c h n i q u e   e m b o d y i n g  

a b s o r p t i o n   f rom  a  d i l u t e   or  c o n c e n t r a t e d   s o l u t i o n ,   or  s o l u -  

t i o n s ,   w i t h   s u b s e q u e n t   f i l t r a t i o n   or  e v a p o r a t i o n   to  e f f e c t  

t o t a l   u p t a k e   of  t he   m e t a l l i c   c o m p o n e n t s .  

P l a t i n u m   in  a b s o l u t e   a m o u n t   i s   u s u a l l y   s u p p o r t e d  

on  the   c a r r i e r   w i t h i n   t he   r a n g e   of  f rom  a b o u t   0 . 0 5   to  3 

p e r c e n t ,   p r e f e r a b l y   f rom  a b o u t   0.2  to  1  p e r c e n t ,   b a s e d   o n  

t h e   w e i g h t   of  t he   c a t a l y s t   ( d r y   b a s i s ) .   R h e n i u m ,   in  a b s o -  

l u t e   a m o u n t ,   is   a l s o   u s u a l l y   s u p p o r t e d   on  t he   c a r r i e r   i n  

c o n c e n t r a t i o n   r a n g i n g   f rom  a b o u t   0 . 0 5   to  a b o u t   3  p e r c e n t ,  

p r e f e r a b l y   f rom  a b o u t   0 .3   to   a b o u t   1  p e r c e n t ,   b a s e d   on  t h e  
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w e i g h t   of  t h e   c a t a l y s t   ( d r y   b a s i s ) .   I r i d i u m ,   or  m e t a l   o t h e r  

t h a n   p l a t i n u m   and  r h e n i u m ,   when  e m p l o y e d ,   is   a l s o   a d d e d   i n  

c o n c e n t r a t i o n   r a n g i n g   f rom  a b o u t   0 . 0 5   to   a b o u t   3  p e r c e n t ,  

p r e f e r a b l y   f rom  a b o u t   0 . 2   to  a b o u t   1  p e r c e n t ,   b a s e d   on  4 t h e  

w e i g h t   of  t h e   c a t a l y s t   ( d r y   b a s i s ) .   The  a b s o l u t e   c o n c e n t r a -  

t i o n   of  e a c h ,   of  c o u r s e ,   is  p r e s e l e c t e d   to  p r o v i d e   t he   . 

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

of  t h e   u n i t ,   as  h e r e t o f o r e   e x p r e s s e d .  

In  c o m p o s i t i n g   t he   m e t a l s   w i t h   t h e   c a r r i e r ,   e s s e n -  

t i a l l y   any  s o l u b l e   c o m p o u n d   can  be  u s e d ,   bu t   a  s o l u b l e   c o m -  

p o u n d   w h i c h   can  be  e a s i l y   s u b j e c t e d   to   t h e r m a l   d e c o m p o s i t i o n  

and  r e d u c t i o n   i s   p r e f e r r e d ,   f o r   e x a m p l e ,   i n o r g a n i c   s a l t s  

s u c h   as  h a l i d e ,   n i t r a t e ,   i n o r g a n i c   c o m p l e x   c o m p o u n d s ,   o r  

o r g a n i c   s a l t s   s u c h   as  t h e   c o m p l e x   s a l t   of  a c e t y l a c e t o n e   , 
a m i n e   s a l t ,   and  t h e   l i k e .   When,   e . g . ,   p l a t i n u m   is   d e p o s i t e d  

on  t h e   c a r r i e r ,   p l a t i n u m   c h l o r i d e ,   p l a t i n u m   n i t r a t e ,   c h l o r o -  

p l a t i n i c   a c i d ,   ammonium  c h l o r o p l a t i n a t e   ,  p o t a s s i u m  

c h l o r o p l a t i n a t e   ,  p l a t i n u m   p o l y a m i n e ,   p l a t i n u m  

a c e t y l a c e t o n a t e   ,  and  t he   l i k e ,   a r e   p r e f e r a b l y   u s e d .  

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

o p e r a t i o n s ,   i t   is   a l s o   r e q u i r e d   to   add  a  h a l o g e n   c o m p o n e n t  

to   t h e   c a t a l y s t s ,   f l u o r i n e   and  c h l o r i n e   b e i n g   p r e f e r r e d  

h a l o g e n   c o m p o n e n t s .   The  h a l o g e n   i s   c o n t a i n e d   on  t h e   c a t a -  

l y s t   w i t h i n   t h e   r a n g e   of  0.1  to  3  p e r c e n t ,   p r e f e r a b l y   w i t h i n  

t h e   r a n g e   of  a b o u t   0 . 3   to  a b o u t   1 ,5   p e r c e n t ,   b a s e d   on  t h e  

w e i g h t   of  t h e   c a t a l y s t .   When  u s i n g   c h l o r i n e   as  h a l o g e n   c o m -  

p o n e n t ,   i t   i s   a d d e d   to  t he   c a t a l y s t   w i t h i n   t he   r a n g e   o f  

a b o u t   0 . 2   to   2  p e r c e n t ,   p r e f e r a b l y   w i t h i n   t he   r a n g e   of  a b o u t  

0 . 5   to  1 .5   p e r c e n t ,   b a s e d   on  t he   w e i g h t   of  the   c a t a l y s t .  

The  i n t r o d u c t i o n   of  h a l o g e n   i n t o   c a t a l y s t   can  be  c a r r i e d   o u t  

by  any  m e t h o d   at   any  t i m e .   I t   can  be  a d d e d   to  t h e   c a t a l y s t  

d u r i n g   c a t a l y s t   p r e p a r a t i o n ,   f o r   e x a m p l e ,   p r i o r   t o ,   f o l l o w -  

i n g   or  s i m u l t a n e o u s l y   w i t h   t h e   i n c o r p o r a t i o n   of  t he   m e t a l  

h y d r o g e n a t i o n - d e h y d r o g e n a t i o n   c o m p o n e n t ,   or  c o m p o n e n t s .   I t  

can  a l s o   be  i n t r o d u c e d   by  c o n t a c t i n g   a  c a r r i e r   m a t e r i a l   in  a 

v a p o r   p h a s e   or  l i q u i d   p h a s e   w i t h   a  h a l o g e n   c o m p o u n d   s u c h   a s  

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

or  t h e   l i k e .  
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The  c a t a l y s t   i s   d r i e d   by  h e a t i n g   a t   a  t e m p e r a t u r e  

a b o v e   a b o u t   8 0 ° F ,   p r e f e r a b l y   b e t w e e n   a b o u t   150°F   and  3 0 0 e F ,  

in   t h e   p r e s e n c e   of  n i t r o g e n   or  o x y g e n ,   or  b o t h ,   in  an  a i r  

s t r e a m   or  u n d e r   v a c u u m .   The  c a t a l y s t   is  c a l c i n e d   at  a  t e m -  

p e r a t u r e   b e t w e e n   a b o u t   5 0 0 ° F   to  1 2 0 0 ° F ,   p r e f e r a b l y   a b o u t  

5 0 0 ° F   to  1  0 0 0 ° F ,   e i t h e r   in   t he   p r e s e n c e   of  o x y g e n   in  aji  a i r  

s t r e a m   or  in  t h e   p r e s e n c e   of  an  i n e r t   gas  s u c h   as  n i t r o g e n .  

S u l f u r   is   a  h i g h l y   p r e f e r r e d   c o m p o n e n t   of  t h e  

c a t a l y s t s ,   t he   s u l f u r   c o n t e n t   of  t he   c a t a l y s t   g e n e r a l l y  

r a n g i n g   to  a b o u t   0 . 2   p e r c e n t ,   p r e f e r a b l y   f r o m   a b o u t   0 . 0 3  

p e r c e n t   to  a b o u t   0 . 1 5   p e r c e n t ,   b a s e d   on  t h e   w e i g h t   of  t h e  

c a t a l y s t   ( d r y   b a s i s ) .   A  f r e s h   r e f o r m i n g   c a t a l y s t   i s  

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

s i n c e   s u l f u r   i s   l o s t   d u r i n g   r e f o r m i n g ,   t he   c a t a l y s t   i s   a g a i n  

s u l f i d e d   d u r i n g   c a t a l y s t   r e g e n e r a t i o n .   The  s u l f u r   can  b e  

a d d e d   to  t he   c a t a l y s t   by  c o n v e n t i o n a l   m e t h o d s ,   s u i t a b l y   b y  

b r e a k t h r o u g h   s u l f i d i n g   of  a  bed  of  the   c a t a l y s t   w i t h   a 

s u l f u r - c o n t a i n i n g   g a s e o u s   s t r e a m ,   e . g . ,   h y d r o g e n   s u l f i d e   I n  

h y d r o g e n ,   p e r f o r m e d   a t   t e m p e r a t u r e s   r a n g i n g   f rom  a b o u t   3 5 0 ° F  

to  a b o u t   1 0 5 0 ° F   and  a t   p r e s s u r e s   r a n g i n g   f rom  a b o u t   1  t o  

a b o u t   iJO  a t m o s p h e r e s   f o r   t h e   t i m e   n e c e s s a r y   to   a c h i e v e  

b r e a k t h r o u g h ,   or  t h e   d e s i r e d   s u l f u r   l e v e l .  

The  f e e d   or  c h a r g e   s t o c k   can  be  a  v i r g i n   n a p h t h a  

c r a c k e d   n a p h t h a ,   a  n a p h t h a   f rom  a  c o a l   l i q u e f a c t i o n   p r o c e s s ,  

a  F  i  s c h e r - T r o p s c h   n a p h t h a ,   or  t he   l i k e .   T y p i c a l   f e e d s   a r e  

t h o s e   h y d r o c a r b o n s   c o n t a i n i n g   f rom  a b o u t   5  to  1  2  c a r b o n  

a t o m s ,   or  more  p r e f e r a b l y   f rom  a b o u t   6  to  a b o u t   9  c a r b o n  

a t o m s .   N a p h t h a s ,   or  p e t r o l e u m   f r a c t i o n s   b o i l i n g   w i t h i n   t h e  

r -ange  of  f rom  a b o u t   80°F   to  a b o u t   H50°F ,   and  p r e f e r a b l y   f r o m  

a b o u t   125°F   to  a b o u t   3 7 5 ° F ,   c o n t a i n   h y d r o c a r b o n s   of  c a r b o n  

n u m b e r s   w i t h i n   t h e s e   r a n g e s .   T y p i c a l   f r a c t i o n s   t h u s   u s u a l l y  

c o n t a i n   f rom  a b o u t   15  to  a b o u t   80  v o l .   %  p a r a f f i n s ,   b o t h  

n o r m a l   and  b r a n c h e d ,   w h i c h   f a l l   in  t he   r a n g e   of  a b o u t   t o  

Cq2,   f rom  a b o u t   10  to  80  v o l .   %  of  n a p h t h e n e s   f a l l i n g   w i t h i n  

t h e   r a n g e   of  f rom  a b o u t   Cg  to  C12»  and  f rom  5  t h r o u g h   20  

v o l .   %  of  the   d e s i r a b l e   a r o m a t i c s   f a l l i n g   w i t h i n   t he   r a n g e  

of  f rom  a b o u t   Cg  to   C12«  
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The  r e f o r m i n g   r u n s   a r e   i n i t i a t e d   by  a d j u s t i n g   t h e  

h y d r o g e n   and  f e e d   r a t e s ,   and  t he   t e m p e r a t u r e   and  p r e s s u r e   t o  

o p e r a t i n g   c o n d i t i o n s .   The  run   is   c o n t i n u e d   a t   o p t i m u m  

r e f o r m i n g   c o n d i t i o n s   by  a d j u s t m e n t   of  t h e   m a j o r   p r o c e s s  

v a r i a b l e s ,   w i t h i n   t h e   r a n g e s   d e s c r i b e d   b e l o w :  

M a j o r   O p e r a t i n g  
V a r i   ab l   e s  

T y p i c a l   P r o c e s s  
•  C o n d i t i o n s  

P r e f e r r e d   P r o c e s s  
Cond i   t i   o n s  

P r e s s u r e ,   p s i g  
R e a c t o r   T e m p . ,   ° F  
R e c y c l e   Gas  R a t e ,   S C F / B  
F e e d   R a t e ,   W / H r / W  

5 0 - 7 5 0  
8 0 0 - 1   2 0 0  
1  000-1   0 , 0 0 0  
0 . 5 - 1 0  

1  0 0 - 5 0 0  
8 5 0 - 1   0 0 0  
1  5 0 0 - 5 0 0 0  
1 - 5  

The  i n v e n t i o n   w i l l   be  more   f u l l y   u n d e r s t o o d   by  

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

more   s a l i e n t   f e a t u r e s .   A l l   p a r t s   a r e   g i v e n   in  t e r m s   o f  

w e i g h t   e x c e p t   as  o t h e r w i s e   s p e c i f i e d .  

A  r h e n i u m   p r o m o t e d   p l a t i n u m   c a t a l y s t   ( 0 . 3   wt  .  % 

P t / 0 . 3   wt  .  %  Re)  o b t a i n e d   f rom  a  c a t a l y s t   m a n u f a c t u r e r   w a s  

e m p l o y e d   in  t h e   s e v e r a l   r e a c t o r s   of  t h e   r e f o r m i n g   u n i t s   u s e d  

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

and  p r e s u l f i d e d   by  c o n t a c t   w i t h   an  a d m i x t u r e   of  3 0 0 - 5 0 0   vppm 

(ppm  by  v o l u m e )   H2S  in  h y d r o g e n   at   7 0 0 - 8 5 0 ° F   u n t i l   H2S 

b r e a k t h r o u g h   at   t h e   r e a c t o r   o u t l e t ,   a  t r e a t m e n t   s u f f i c i e n t  

to  d e p o s i t   0 . 0 8 - 0 . 1 0   wt  .  %  s u l f u r   on  t h e   c a t a l y s t   i n i t i a l l y  

c h a r g e d   to  t h e   u n i t .  

I n s p e c t i o n s   on  t h e   p e t r o l e u m   v i r g i n   n a p h t h a  

f e e d s t o c k   u s e d   in  t h e   t e s t   f o r   c o n d u c t i n g   t h e   run   d e s c r i b e d  

u n d e r   E x a m p l e   1,  and  t h e   n a p h t h a   f e e d s t o c k   e m p l o y e d   f o r  

c o n d u c t i n g   t h e   r u n s   d e s c r i b e d   u n d e r   E x a m p l e s   2 ,3   and  H  a r e  

g i v e n   in  t he   t a b l e   i m m e d i a t e l y   b e l o w .  
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T a b l e  

0 2 5 6 1   8 4  

E x a m p l e   1  E x a m p l e s   2 ,3   4  4 
F e e d s t o c k   F e e d s t o c k '  

API  G r a v i t y   5 6 . 2   5 9 . 7  

A v e r a g e   Mol.   Wt.  108  1 0 8  

N i t r o g e n ,   wppm  <1  <1 

ASTM  D i s t i l l a t i o n  

IBP°F   180±2  181  ±2 
5  207  1 9 6  
10  211  2 0 4  
50  243  241 

-  90  297  3 1 0  
95  309±5   3 2 8  
FBP  3 2 3 ± 1 0   3 4 0 1 1 0  

The  f o l l o w i n g   d e m o n s t r a t i o n   r u n ,   E x a m p l e   1,  i l l u -  

s t r a t e s   t he   d e t r i m e n t a l   e f f e c t s   of  f e e d - b o r n e   s u l f u r   o n  

c a t a l y s t   in  t he   l e a d   r e a c t o r   p o s i t i o n   and  ne t   o v e r a l l   r e -  

f o r m i n g   u n i t   p e r f o r m a n c e .  

EXAMPLE  1 

A  c o m m e r c i a l   r e f o r m i n g   u n i t   w i t h   t h r e e   o n s t r e a m  

r e a c t o r s   in  s e r i e s ,   e a c h   c o n t a i n i n g   a  p l a t i n u m - r h e n i u m  

c a t a l y s t   ( 0 . 3   wt  .  %  P t / 0 . 3   wt  .  >  Re)  in  w h i c h   l e s s   t h a n  

e l e v e n   p e r c e n t   of  t he   t o t a l   o n s t r e a m   c a t a l y s t   c h a r g e   w a s  

c o n t a i n e d   in  t he   f i r s t   of  t he   t h r e e   r e a c t o r s ,   was  e m p l o y e d  

to  p r o c e s s   e i g h t e e n   t h o u s a n d   b a r r e l s   per   day  of  n a p h t h a   o f  

a v e r a g e   m o l e c u l a r   w e i g h t   -  108  and  s p e c i f i c   g r a v i t y  

( 6 0 / 6 0 ° F )   -  0 . 7 5 4 .   D u r i n g   t he   r u n ,   a f t e r   c o n t i n u o u s   o p e r a -  

t i o n   to  a  p o i n t   at  w h i c h   t h e   c a t a l y s t   in  the   t a i l   r e a c t o r  

was  e s t i m a t e d   to  have   a c c u m u l a t e d   f rom  7  to  8  w e i g h t   p e r c e n t  

c o k e ,   the   f e e d   s u l f u r   l e v e l   was  i n c r e a s e d   f rom  an  i n i t i a l  

l e v e l   of  l e s s   t h a n   0 .3   wppm  s u l f u r   in  f e e d   to  1 .0   wppm 

s u l f u r   in  f e e d .   A l t h o u g h   o p e r a t i n g   at  the   l o w e s t   a v e r a g e  

t e m p e r a t u r e   of  t he   t h r e e   r e a c t o r s ,   and  c o n t a i n i n g   t h e  

s m a l l e s t   a m o u n t   of  c a t a l y s t ,   p e r f o r m a n c e   of  the   i n i t i a l  

r e a c t o r ,   or  r e a c t o r   in  w h i c h   t h e   i n c o m i n g   h y d r o c a r b o n   f e e d -  

s t o c k   is  f i r s t   c o n t a c t e d   w i t h   c a t a l y s t ,   was  o b s e r v e d   t o  

u n d e r g o   a  d e c r e a s e   in  t h e   t e m p e r a t u r e   d rop   b e t w e e n   t h e  
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r e a c t o r   i n l e t   and  o u t l e t ,   i n d i c a t i n g   a  c h a n g e   in   t h e   n a t u r e  

or  e x t e n t   of  r e a c t i o n s   t a k i n g   p l a c e   w i t h i n   t h e   c a t a l y s t  

b e d .   W i t h i n   t h r e e   d a y s   of  t he   i n c r e a s e   in   s u l f u r   l e v e l ,  

t e m p e r a t u r e   d r o p   of  t h e   l e a d   r e a c t o r   was  o b s e r v e d   to   * 

d e c r e a s e   f rom  97°F  to  7 7 ° F   w h i l e   a v e r a g e   t e m p e r a t u r e   in  t h e  

c a t a l y s t   bed  i n c r e a s e d   1 0 ° F .   T h i s ,   as  w o u l d   be  e x p e c t e d ,  

r e s u l t e d   in  an  i n c r e a s e d   r a t e   of  c a t a l y s t   d e a c t i v a t i o n ,  

w h i c h   i s   h i g h l y   t e m p e r a t u r e   d e p e n d e n t .   T e m p e r a t u r e   d i f f e r -  

e n c e s   b e t w e e n   t he   i n l e t   and  o u t l e t   of  t he   s e c o n d   and  t h i r d  

r e a c t o r s   d u r i n g   t h i s   t i m e   r e m a i n e d   e s s e n t i a l l y   u n c h a n g e d   a t  

84  ±  1°F  and  16  ±  1°F,   r e s p e c t i v e l y .   O v e r a l l   u n i t   p e r f o r -  

m a n c e ,   as  i n d i c a t e d   by  t h e   t o t a l   t e m p e r a t u r e   d r o p   a c r o s s   a l l  

r e a c t o r s ,   d e t e r i o r a t e d   f rom  1 9 7 ° F   t e m p e r a t u r e   d r o p   to  1 7 7 ° F  

t e m p e r a t u r e   d r o p .   T h i s   a p p a r e n t   d e c r e a s e   in  u n i t   p e r f o r -  

mance   was  c o r r o b o r a t e d   by  an  o b s e r v e d   d r o p   in  r e f o r m i n g   u n i t  

h y d r o g e n   y i e l d   f rom  1 . 7 0   w e i g h t   p e r c e n t   of  f e e d   b e f o r e   t h e  

s u l f u r   i n c r e a s e   to  1 . 6 0   w e i g h t   p e r c e n t   h y d r o g e n   y i e l d   a f t e r -  

w a r d ,   and  an  a p p r o x i m a t e   10  p e r c e n t   d e c r e a s e   in  u n i t   a c t i v -  

i t y ,   or  a  d r o p   in  r e f o r m a t e   o c t a n e   of  0 .8   R0NC  at  t he   c o n -  

d i t i o n s   at  w h i c h   the   u n i t   was  o p e r a t i n g .  

The  f o l l o w i n g   E x a m p l e   2  s u b s t a n t i a t e s   t he   l a r g e  

s e n s i t i v i t y   of  o v e r a l l   u n i t   p e r f o r m a n c e   to  d e t e r i o r a t i o n s   i n  

t he   l e a d   r e a c t o r   c a t a l y s t ,   s h o w i n g   t h a t   t he   h a r m f u l   e f f e c t s  

of  f e e d - b o r n e   s u l f u r   can  be  p r e v e n t e d   i f   d a m a g e   to  t h e   c a t a -  

l y s t   in  t he   l e a d   r e a c t o r   p o s i t i o n   i s   a v o i d e d .  

EXAMPLE  2 

A  f i r s t   p i l o t   p l a n t   run   was  c o n d u c t e d   in  w h i c h   a  

c o k e - f r e e   c a t a l y s t   of  t h e   same  c o m p o s i t i o n   e m p l o y e d   in  t h e  

p r e c e d i n g   d e m o n s t r a t i o n   was  c o n t a i n e d   in  a  r e f o r m i n g   u n i t  

e m p l o y i n g   t h r e e   o n s t r e a m   r e a c t o r s   in  s e r i e s   in  t he   s a m e  

p r o p o r t i o n s   as  d e s c r i b e d   in  t h e   p r e c e d i n g   d e m o n s t r a t i o n .  

P r o c e s s   c o n d i t i o n s   of  t h e   p i l o t   p l a n t   o p e r a t i o n   w e r e   t h e  

same  as  t h o s e   of  t he   p r e c e d i n g   r u n ,   360  ±  10  p s i g   o p e r a t i n g  

p r e s s u r e   and  3200  ±  200  SCF/B  r e c y c l e   gas  r a t e .   T h e  

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

a d i a b a t i c   o p e r a t i o n   in  e a c h   of  t h e   i n d i v i d u a l   r e a c t o r s ,   o r  

t h e   use  of  an  a d j u s t a b l e   e x t e r n a l   h e a t   c o n t r o l   means   s u c h  
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t h a t   a  t e m p e r a t u r e   p r o f i l e   c o u l d   be  I m p o s e d .   A f t e r   s t a r t u p  

the   a d i a b a t i c   t e m p e r a t u r e   p r o f i l e s   w e r e   p e r m i t t e d   to  d e v e l o p  

in  a l l   r e a c t o r s   w h i l e   t he   s u l f u r   l e v e l   of  t he   i n c o m i n g  

n a p h t h a   f e e d s t o c k   was  m a i n t a i n e d   at  a  c o n s t a n t   l e v e l   of  0 . 3  

wppm.  A f t e r   e i g h t   d a y s ,   a t   w h i c h   t i m e   t he   c a t a l y s t   in  a l l  

r e a c t o r s   had  a c c u m u l a t e d   l e s s   t h a n   4  w e i g h t   p e r c e n t   c o k e ,   a s  

d e t e r m i n e d   f rom  p r e v i o u s   t e s t s   c o n d u c t e d   a t   t he   same  c o n d i -  

t i o n s ,   f e e d s t o c k   s u l f u r   l e v e l   -was  i n c r e a s e d   to  1 .5   wppm.  To  

e x a m i n e   t h e   e f f e c t s   of  t h i s   c h a n g e   w i t h o u t   t he   p e r t u r b a -  

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

r e a c t o r   c a t a l y s t   b e d ,   t h e   a d i a b a t i c   t e m p e r a t u r e   d r o p   w h i c h  

e x i s t e d   in  t he   f i r s t   r e a c t o r   c a t a l y s t   bed  b e f o r e   t h e   s u l f u r  

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

an  a d j u s t a b l e   e x t e r n a l   h e a t   c o n t r o l .   T h i s   p r e v e n t e d   a n  

i n c r e a s e d   a v e r a g e   bed  t e m p e r a t u r e   and  a c c e l e r a t e d   r a t e   o f  

d e a c t i v a t i o n   in  t h e   l e a d   r e a c t o r ,   w h i l e   p e r m i t t i n g   t h e  

c h a n g e d   s u l f u r   l e v e l   to  m a n i f e s t   i t s   e f f e c t s   on  t h e   c a t a l y s t  

c h a r g e   c o n t a i n e d   in   t h e   s e c o n d   and  t h i r d   o n s t r e a m   r e a c t o r s .  

The  r e s u l t s   of  the   run   a r e   g r a p h i c a l l y   d e p i c t e d   a s  

c i r c u l a r   p o i n t s   by  r e f e r e n c e   to   F i g u r e   1.  As  in  t he   p r e c e d -  

ing   d e m o n s t r a t i o n ,   t h e r e   was  no  o b s e r v e d   c h a n g e   in  t h e  

t e m p e r a t u r e   d r o p   b e t w e e n   t h e   i n l e t   and  o u t l e t   of  t he   s e c o n d  

and  t h i r d   r e a c t o r s .   U n l i k e   t h e   p r e c e d i n g   d e m o n s t r a t i o n ,  

h o w e v e r ,   t h e r e   was  a  s u b s t a n t i a l   i m p r o v e m e n t   in  t h e   p u r i t y  

of  the   h y d r o g e n - c o n t a i n i n g   r e c y c l e   g a s .   In  l e s s   t h a n  

t w e n t y - f o u r   h o u r s   a f t e r   t h e   s u l f u r   l e v e l   i n c r e a s e ,   t h e  

h y d r o g e n   c o n t e n t   of  gas  f rom  the   r e a c t o r   e f f l u e n t   p r o d u c t  

s e p a r a t o r   v e s s e l ,   m a i n t a i n e d   at  c o n s t a n t   t e m p e r a t u r e   a n d  

p r e s s u r e ,   was  o b s e r v e d   to  i n c r e a s e   by  2  v o l u m e   p e r c e n t .   T h e  

y i e l d   of  m e t h a n e ,   t he   p r i n c i p a l   i m p u r i t y   w h i c h   r e m a i n s   i n  

the   e x c e s s   s e p a r a t o r   drum  gas  a f t e r   d o w n s t r e a m   p u r i f i c a t i o n  

f o r   use   in  o t h e r   h y d r o c a r b o n   p r o c e s s e s   in  an  i n t e g r a t e d  

r e f i n e r y ,   d e c r e a s e d   by  r o u g h l y   o n e - s i x t h ,   as  a l s o   shown  i n  

F i g u r e   1.  T h e r e   was  no  l o s s   in  h y d r o g e n   y i e l d   a f t e r   t h e  

s u l f u r   l e v e l   i n c r e a s e .   T h i s   i s   i l l u s t r a t e d   by  t h e   d a t a  

shown  in  F i g u r e   2.  T h a t   t he   a d d i t i o n a l   s u l f u r   a d d e d   to  t h e  

s y s t e m   was  p r e s e n t   t h r o u g h o u t   b o t h   t h e   s e c o n d   and  t h i r d  
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r e a c t o r s ,   and  n o t ,   in  v i ew  of  t h e   s m a l l   t o t a l   mass   i n v o l v e d ,  

m e r e l y   a d s o r b e d   on  a  p o r t i o n   of  t h e   c a t a l y s t   b e d ,   was  c o n -  

f i r m e d   by  c a r e f u l   m e a s u r e m e n t s   of  t h e   h y d r o g e n   s u l f i d e   c o n -  

t e n t   of  t h e   s e p a r a t o r   drum  o v e r h e a d   g a s .  

The  f o l l o w i n g   E x a m p l e   3i  when  c o m p a r e d   w i t h   t h e  

p r e c e d i n g   e x a m p l e s ,   s h o w s   t h a t   t h e   p r e s e n c e   of  f e e d - b o r n e  

s u l f u r   e a r l y   In  t he   u n i t   o p e r a t i n g   c y c l e ,   when  t he   c a t a l y s t  

c o n t a i n s   no  more   t h a n   a b o u t   10  w e i g h t   p e r c e n t   c a r b o n ,   can  i n  

f a c t   be  a d v a n t a g e o u s   when  d a m a g e   to   t he   l e a d   p o s i t i o n   c a t a -  

l y s t   i s   a v o i d e d .  

EXAMPLE  3 

A  s e c o n d   p i l o t   p l a n t   run   i d e n t i c a l   to  t h a t   d e -  

s c r i b e d   in  E x a m p l e   2  was  c a r r i e d   o u t   as  in   t h e   f i r s t   p i l o t   • 

p l a n t   r u n ,   t h e   o n l y   d i f f e r e n c e   b e t w e e n   t h e   two  r u n s   b e i n g  

t h a t   t h e   l e v e l   of  s u l f u r   in  t h i s   s e c o n d ,   s i m u l t a n e o u s  

c o n t r o l   t e s t   was  m a i n t a i n e d   at   0 . 3   wppm  t h r o u g h o u t .   T h e  

r e s u l t s   o b t a i n e d   in  t h i s   s e c o n d   p i l o t   p l a n t   r u n   a r e  

s u p e r i m p o s e d   on  t h e   g r a p h s   d e p i c t e d   in   F i g u r e s   1  and  2  a s  

d a s h e d   l i n e s ,   and  r e f e r e n c e   i s   made  to  t h e s e   f i g u r e s .   A 

c o m p a r i s o n   of  r e s u l t s   f rom  t h e s e   two  e v a l u a t i o n s   r e v e a l s  

t h a t   t h e   i n c r e m e n t a l   s u l f u r   a d d e d   to   t h e   s e c o n d   and  t h i r d  

r e a c t o r s   of  E x a m p l e   2  w h i l e   p r e v e n t i n g   d a m a g e   to   c a t a l y s t   i n  

t h e   l e a d   r e a c t o r   i s ,   in  f a c t ,   a d v a n t a g e o u s .   F i g u r e   1 

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

y i e l d   of  t h e   p e r f o r m a n c e   o b t a i n e d   in   t h e   f i r s t   p i l o t   p l a n t  

r u n .   T h e s e   b e n e f i t s ,   as  shown  by  r e f e r e n c e   to  F i g u r e   2 ,  

h a v e   b e e n   r e a l i z e d   w i t h o u t   any  d i s a d v a n t a g e o u s   l o s s   o f  

h y d r o g e n   y i e l d .   The  o v e r a l l   u n i t   a c t i v i t i e s ,   or  a b i l i t y   t o  

p r o d u c e   h i g h - o c t a n e   r e f o r m a t e   a t   a  g i v e n   s e t   of  c o n d i t i o n s ,  

of  E x a m p l e s   2  and  3  w e r e   e q u a l   b o t h   at  t he   t i m e   o f  

i n c r e m e n t a l   s u l f u r   a d d i t i o n   in  E x a m p l e   2  and  f o r   at   l e a s t  

t e n   d a y s   a f t e r w a r d .  

The  f o l l o w i n g   E x a m p l e   H  c o n f i r m s   t h a t   t h e s e  

b e n e f i t s   a r e   e n j o y e d   d u r i n g   t h e   e a r l y   p o r t i o n s   of  t h e  

o p e r a t i n g   c y c l e   b e t w e e n   r e g e n e r a t i o n s ,   up  to  t he   t i m e   t h a t  

t h e   c a t a l y s t   c o n t a i n s   a b o u t   10  w e i g h t   p e r c e n t   c a r b o n .  
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EXAMPLE  4 

The  f i r s t   and  s e c o n d   p i l o t   p l a n t   r u n s   ( E x a m p l e s   2 

and  3)  w e r e   c o n t i n u e d   p a s t   t h e   t i m e s   g r a p h i c a l l y   d e p i c t e d   i n  

t h e   f i g u r e s .   The  i n l e t   t e m p e r a t u r e s   of  t h e   r e a c t o r s   in  e a c h  

e v a l u a t i o n   w e r e   i n c r e a s e d ,   as  n e c e s s a r y ,   to  c o m p e n s a t e   f o r  

c a t a l y s t   d e a c t i v a t i o n   and  m a i n t a i n   c o n s t a n t   r e f o r m a t e   p r o -  

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

r e a c t o r   c a t a l y s t   beds   was  k e p t   e q u a l   to  e n s u r e   t h a t   a n y  

o b s e r v e d   d i f f e r e n c e s   b e t w e e n   t h e   two  r u n s   w o u l d   be  m a n i f e s -  

t a t i o n s   of  the   e f f e c t s   of  s u l f u r   a d d i t i o n   on  the   s e c o n d   a n d  

t h i r d   o n s t r e a m   r e a c t o r s .   I t   was  f o u n d   t h a t   t he   p e r f o r m a n c e  

a d v a n t a g e s   o b t a i n e d   in   t he   f i r s t   p i l o t   p l a n t   run  d id   n o t  

e x t e n d   much  b e y o n d   t h e   t i m e s   shown  in  t h e   i l l u s t r a t i n g  

f i g u r e s .   A f t e r   a b o u t   t w e n t y   d a y s   on  o i l ,   a  s l i g h t   a c t i v i t y  

d i f f e r e n c e   b e t w e e n   t h e   two  p i l o t   p l a n t   r u n s   b e g a n   to  b e  

o b s e r v e d .   T h i s   d i f f e r e n c e   g r e w ,   of  c o u r s e ,   as  t e m p e r a t u r e s  

were   i n c r e a s e d   and  t h e   r a t e s   of  d e a c t i v a t i o n   a c c e l e r a t e d .  

A f t e r   a b o u t   f o r t y   d a y s   on  o i l ,   t h e   h y d r o g e n   p u r i t i e s   o f  

s e p a r a t o r   drum  o v e r h e a d   gas  w e r e   t h e   s a m e .   A f t e r   a b o u t  

f i f t y - f i v e   d a y s   on  o i l ,   a  d i f f e r e n c e   in  t h e   w e i g h t   p e r c e n t  

h y d r o g e n   y i e l d s   of  t h e   two  r u n s   b e g a n   to  d e v e l o p .   To 

p r o v i d e   a s s u r a n c e s   of  d a t a   i n t e g r i t y   and  u s e f u l   e x t e n d e d  

p e r f o r m a n c e   r e s u l t s ,   t h e   r u n s   we re   c o n t i n u e d   u n t i l   c a t a l y s t  

a c t i v i t y   had  in  each  c a s e   d e c l i n e d   to  o n e - f o u r t h   of  i t s  

i n i t i a l ,   s t a r t - o f - r u n   v a l u e .   The  r u n s   b e g u n   as  d e s c r i b e d   i n  

E x a m p l e s   2  and  3  were   t e r m i n a t e d   a f t e r   a b o u t   t h r e e   a n d  

s l i g h t l y   g r e a t e r   t h a n   f i v e   m o n t h s ,   r e s p e c t i v e l y .   From  t h e  

m u l t i t u d e   of  m e a s u r e m e n t s   made  o v e r   t he   c o u r s e   of  t h e s e  

e v a l u a t i o n s ,   i t   was  f o u n d   t h a t   t he   b e n e f i t s   o b t a i n e d   in  t h e  

f i r s t   p i l o t   p l a n t   run  a r e   e n j o y e d   d u r i n g   t h e   e a r l y   p o r t i o n s  

of  t he   o p e r a t i n g   c y c l e ,   when  t h e   r e f o r m i n g   c a t a l y s t   c o n t a i n s  

up  to  a b o u t   10  w e i g h t   p e r c e n t   c a r b o n ,   or  c o k e .  
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In  t h i s   pa t en t   s p e c i f i c a t i o n ,   the  f o l l o w i n g   a p p l y :  

Tempera tu r e s   in  °F  are  c o n v e r t e d   to  °C  by  s u b t r a c t i n g   32  and  t h e n  

d i v i d i n g   by  1 . 8 .  

P r e s s u r e s   in  pounds  per  square   inch  gauge  (ps ig )   are  conver t ed   t o  

e q u i v a l e n t   gauge  kPa  by  m u l t i p l y i n g   by  6 . 8 9 5 .  

Gas  vo lumes   in  s t a n d a r d i z e d   c u b i c   f e e t   (SCF)  are  conver t ed   t o  

l i t e r s   by  m u l t i p l y i n g   by  2 8 . 3 1 7 .  

L i q u i d   vo lumes   in  b a r r e l s   (B)  a re   c o n v e r t e d   to  l i t e r s   by 

m u l t i p l y i n g   by  159.0.   "IBP"  and  "FBP"  d e s i g n a t e   " i n i t i a l   b o i l i n g   p o i n t "  

and  " f i n a l   b o i l i n g   point"   r e s p e c t i v e l y .  



-  18  -  0 2 5 6 1   8 4  

CLAIMS:  

1.  A  p r o c e s s   f o r   i m p r o v i n g   t h e   o c t a n e  

q u a l i t y   of  a  n a p h t h a   in  a  r e f o r m i n g   u n i t   c o m p r i s e d   of  a  

p l u r a l i t y   of  s e r i a l l y   c o n n e c t e d   r e a c t o r s ,   i n c l u s i v e   o f  

a  l e a d   r e a c t o r   and   o n e   o r .   m o r e   s u b s e q u e n t   r e a c t o r s ,  

e a c h   of   w h i c h   c o n t a i n s   a  s u l f u r - s e n s i t i v e   p o l y m e t a l l i c  

p l a t i n u m - c o n t a i n i n g   c a t a l y s t   w h i c h   c o n t a i n s   s u l f u r   i n  

c o n c e n t r a t i o n   r a n g i n g   f r o m   0 . 0 3   to   a b o u t   0 .2   p e r c e n t ,  

b a s e d   on  t h e   w e i g h t   of  t h e   c a t a l y s t ,   and  c o k e   i n  

c o n c e n t r a t i o n   r a n g i n g   up  to  a b o u t   10  p e r c e n t ,   b a s e d   o n  

t h e   w e i g h t   of  t h e   c a t a l y s t ,   n a p h t h a   and  h y d r o g e n   b e i n g  

i n t r o d u c e d   i n t o   t h e   l e a d   r e a c t o r   and   f l o w i n g   i n  

s e q u e n c e   f r o m   one   r e a c t o r   to   t h e   n e x t   s u b s e q u e n t  

r e a c t o r   of  t h e   s e r i e s   c o n t a c t i n g   t h e   c a t a l y s t   a t  

r e f o r m i n g   c o n d i t i o n s   c h a r a c t e r i z e d   by  i n t r o d u c i n g  

s u l f u r   to   t h e   t a i l   r e a c t o r   of   t h e   s e r i e s   a n d  

m a i n t a i n i n g   t h e r e i n ,   as   a  c o m p o n e n t   of   t h e   n a p h t h a ,  

s u l f u r   in  c o n c e n t r a t i o n   r a n g i n g   f r o m   a b o u t   0 .5   wppm  t o  

20  wppm,  b a s e d   on  t h e   w e i g h t   of  t h e   n a p h t h a   f e e d ,   w h i l e  

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

n a p h t h a   e n t e r i n g   t h e   l e a d   r e a c t o r   b e l o w   0 .5   wppm.  

2.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   t h e   c o n c e n t r a t i o n   of  s u l f u r   i n  

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

more   t h a n   a b o u t   0 .1   wppm  s u l f u r   and  t h e   n a p h t h a   f e e d   t o  

t h e   t a i l   r e a c t o r   c o n t a i n s   f rom  a b o u t   0 .5   wppm  to  a b o u t  

8  wppm  s u l f u r .  

3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  or  c l a i m  

2  f u r t h e r   c h a r a c t e r i z e d   in   t h a t   t h e   c a t a l y s t   of  t h e  

t a i l   r e a c t o r   c o n t a i n s   f r o m   a b o u t   0 . 0 5   to  a b o u t   3  w e i g h t  

p e r c e n t   p l a t i n u m   and   a b o u t   0 . 0 5   to   a b o u t   3  w e i g h t  

p e r c e n t   r h e n i u m .  



-  19  -  
0 2 5 6 1   8 4  

4.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1  or  c l a i m  

2  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   t h e   c a t a l y s t   o f , * t h e  

t a i l   r e a c t o r   c o n t a i n s   f r o m   a b o u t   0 . 0 5   to   a b o u t   3  w e i g h t  

p e r c e n t   p l a t i n u m   and  f r o m   a b o u t   0 . 0 5   to   a b o u t   3  w e i g h t  

p e r c e n t   i r i d i u m .  

5.  A  p r o c e s s   a c c o r d i n g   to  any  one   of  c l a i m s  

1-4   f u r t h e r   c h a r a c t e r i z e d   in  t h a t   t h e   c a t a l y s t   of  t h e  

t a i l   r e a c t o r   c o n t a i n s   p l a t i n u m ,   r h e n i u m ,   and  i r i d i u m ,  

6.  A  p r o c e s s   a c c o r d i n g   to   any   one   of  c l a i m s  

1 - 5   f u r t h e r   c h a r a c t e r i z e d   in  t h a t   t h e   c a t a l y s t   of  t h e  

t a i l   r e a c t o r   c o n t a i n s   f r o m   a b o u t   0 . 1   t o   a b o u t   3  w e i g h t  

p e r c e n t   h a l o g e n .  

7.  A  p r o c e s s   a c c o r d i n g   to   any   one   of  c l a i m s  

1 - 6   f u r t h e r   c h a r a c t e r i z e d   in  t h a t   t h e   c a t a l y s t   of   t h e  

t a i l   r e a c t o r   i s   s u l f i d e d ,   and  c o n t a i n s   f r o m   a b o u t   0 . 0 3  

to   a b o u t   0 . 1 5   w e i g h t   p e r c e n t   s u l f u r .  

8.  A  p r o c e s s   a c c o r d i n g   to  any   one   of  c l a i m s  

1-7   f u r t h e r   c h a r a c t e r i z e d   in   t h a t   t h e   s u l f u r   c o m p o n e n t  

on  t h e   c a t a l y s t   w i t h i n   t h e   s e v e r a l   r e a c t o r s   of   t h e  

s e r i e s   r a n g e s   f r o m   a b o u t   0 . 0 3   p e r c e n t   t o   a b o u t   0 . 1 5  

p e r c e n t .  



i  
~  

" 
I 
i 
! 
L 

y  

\ 

\  

"dr— 
o  

o  
—  .  , o  

CO 

I  S  o  

*  3  10  •  
g  9  K  I  -  O 

'  S  \   '  •  O  J- 
 ̂ e  N   •  «  °  

i   /  
.   o  r  

*:  i  •  -  o  o  

;   /  • •   
o  

s  
°  /  •  -  o  «  

/ £ \   /   • •   - §   
H  

—   ̂   —   \  8  

A .   —   ̂   g  
/   o  UJ 



t   1  - §  

a   I  • !  

i   «  •   1  -  g   a  
w  £  P   X  
..  O  1  w  

Z  2   1  •   2   °  
id  i   -s  " 2 c  

E  ^   .§ 

•   1  
8  

1°  
o  \  

1  !  1  1  1  1  1 
q  o>  c o N u j i o ^ t o   «m 

Z  

>  - s  

1  1  

1   °  

*• 
*  

• I   -  8  
P  CM 
1°  

o  \  

I  I  I  '  '  ' 
i  CD  N  10  IO  ^  to  «M 

•  •  %  •  »  •  • 

Z  

I   £  

I   *  

£   *  

H  °  



J )  European  Patent 
Office 

EUROPEAN  SEARCH  REPORT 
0 2 5 6 1   8 4  
Application  number 

EP  86  30  6 3 2 7  

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category 
Citation  ol  document  with  indication,  where  appropriate, 

of  relevant  passages 
Relevant 
to  claim 

CLASSIFICATION  OF  THE 
APPLICATION  (Int  CM) 

US-A-3   669  875  (PLANK  e t   a l . )  
*  C l a i m s   1 - 3 ;   c o l u m n   6,  l i n e s  
1 2 - 3 2   * 

U S - A - 4   124  491  (ANTOS  e t   al   .  ) 
*  C l a i m s   1 , 1 3 ;   c o l u m n   14,  l i n e s  
5 2 - 5 6 ;   c o l u m n   6,  l i n e s   3 0 - 3 7   * 

FR-A-1   553  186  ( E S S O )  
*  A b s t r a c t ;   p a g e   4,  l e f t - h a n d  
c o l u m n ,   p a r a g r a p h   2  * 

US-A-3   487  009  (JACOBSON  e t  
a l . )  
*  C l a i m s   1 ,2   * 

U S - A - 4   166  024  (  SWAN) 
*  C l a i m s   1 - 3 , 1 5 , 1 8 , 2 0   * 

US-A-3   650  944  (McCOY) 
*  C l a i m s   1-7  * 

The  preeem  search  report  has  been  drawn  up  for  all  claims 

1 - 8  

1 - 8  

1 - 8  

1 - 8  

1 - 8  

C  10  G  5 9 / 0 2  
C  10  G  3 5 / 0 9 5  

TECHNICAL  FIELDS 
SEARCHED  (Int  CMj 

C  10  G 

Place  ol  search 
THE  HAGUE 

Oat*  of  completion  of  the  search 
2 7 - 0 2 - 1 9 8 7  

Examiner 
MICHIELS  P .  

S 
8 
§ 

CATEGORY  OF  CITED  DOCUMENTS 

X  :  particularly  relevant  if  taken  alone 
Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category 
A  :  technological  background 
0  :  non-written  disclosure 
P  intermediate  document 

T  :  theory  or  principle  underlying  the  invention 
E  :  earlier  patent  document,  but  published  on,  or 

after  the  filing  date 
D  :  document  cited  in  the  application 
L  :  document  cited  for  other  masons 
&  :  member  of  the  same  patent  family,  corresponding 

document 


	bibliography
	description
	claims
	drawings
	search report

