
Europaisches  Patentamt 

European  Patent  Office  ©  Publication  number:  0  0 3 6   0 4 8  
Office  europeen  des  brevets 

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  80300777.2  ©  Int.  CI.3:  C  10  G  35 /22  

©  Date  of  filing:  13.03.80 

©  Date  of  publication  of  application:  ©  Applicant:  Exxon  Research  and  Engineering  Company 
23.09.81  Bulletin  81/38  P.O.Box  390  200  Park  Avenue 

Florham  Park  New  Jersey  07932(US) 
©  Designated  Contracting  States: 

DE  FR  GB  NL  ©  Inventor:  Carter,  James  Leslie 
933  St.  Marks  Avenue 
Westfield,  New  Jersey(US) 

©  Inventor:  Sinfelt,  John  Henry 
296  Chaucer  Drive 
Berkeley  Heights,  New  Jersey(US) 

©  Representative:  Somers,  Harold  Arnold  et  al, 
5  Hanover  Square 
London  W1ROHQ(GB| 

00 

o  

t o  

o  

@  Startup  method  for  a  hydrocarbon  reforming  process  utilizing  a  bed  containing  an  iridium  component  and  a  platinum 
group  component  reforming  catalyst  having  a  substantially  uniform  sulfur  distribution  throughout  the  bed. 
A  bed  of  hydrocarbon  reforming  catalyst  comprising  an 

iridium  component  and  at  least  one  other  metal  component 
from the  platinum  group  or  Group  1B  of the  Periodic Table  on 
a  refractory  support  is  treated  to  have  a  uniform  sulfur  dis- 
tribution  within  the  range  of  from 0.3 to 2.0  atoms  of sulfur per 
atom  of  metal  components  at  the  start-up  of  a  hydrocarbon 
reforming  process.  The  uniform  sulfur  distribution  within  the 
specified  range  is  achieved  by  contacting  a  bed  of  reduced 
fresh  or  regenerated  catalyst  with  a  sulfiding  agent  (e.g  H2S) 
until  the  sulfur  content  is  0.3  to  2.0  or  more  atoms  of  sulfur  per 
atom  of  metal  components  and  subsequently  contacting  the 
sulfided  catalyst  with  a  hydrogen-containing  gas  at  a  temper- 
ature  of482 to 510°C  until  H2S  evolution  substantially  ceases. 
The  hydrocarbon  feed  is  thereafter  passed  in  contact  with  the 
catalyst. 



This  i n v e n t i o n   r e l a t e s   to  a  s t a r t u p   method  for  a  h y d r o c a r b o n  

r e fo rming   p rocess   u t i l i z i n g   a  bed  c o n t a i n i n g   an  i r i d ium  and  a  p l a t i n u m  

group  component  re forming   c a t a l y s t   having  a  s u b s t a n t i a l l y   uniform  s u l f u r  

d i s t r i b u t i o n   t h roughou t   the  b e d .  

Reforming  c a t a l y s t s   compr is ing   an  i r i d i u m   component  and  a  p l a t i n u m  

group  component  composi ted  with  a  s u i t a b l e   r e f r a c t o r y   support   are  w e l l  

known. 

U.S.  Pa ten t   3 ,578,582  d i s c l o s e s   s u l f i d i n g   a  reduced  p l a t i n u m -  

rhenium  c a t a l y s t   and  s u b s e q u e n t l y   c o n t a c t i n g   the  s u l f i d e d   c a t a l y s t   w i t h  

hydrogen  p r i o r   to  i n t r o d u c i n g   the  naphtha  feed  into  contac t   with  t h e  

c a t a l y s t .  

S u l f i d i n g   a  reduced  t r i - m e t a l l i c   r e fo rming   c a t a l y s t   to  i n c o r p o r a t e  

low  l e v e l s   of  s u l f u r  o n   the  c a t a l y s t   is  also  known.  See,  for  example ,  

U.S.  Pa t en t   3 ,936,369  w h e r e i n  t h e   c a t a l y s t   comprises  i r id ium,   germanium, 

and  p l a t i num  or  pa l l ad ium  and  0.05  to  0.5  weight  percent   s u l f u r ;   U .S .  

P a t e n t   3 ,939,060  wherein  the  c a t a l y s t   comprises   i r id ium,   n i c k e l ,   p l a t i n u m  

or  paladium  and  0.01  to  1  weight  pe rcen t   s u l f u r ;   and  U.S.  Pa ten t   4 , 0 8 2 , 6 5 1  

where in   the  c a t a l y s t   comprises   rhodium,  rhenium  and  plat inum  or  p a l l a d i u m  

and  0.01  to  about  1  weight  pe rcen t   s u l f u r .  

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

c a t a l y s t s ,   compris ing  an  i r i d ium  component  and  a  p la t inum  group  m e t a l  

component  are  also  known.  See  U.S.  Pa ten t   3 , 9 5 3 , 3 6 8 .  

It  has  now  been  found   that   a  s t a r t u p   method  for  an  i r id ium  and 

p l a t i n u m   group  m e t a l - c o n t a i n i n g   re forming  c a t a l y s t   at  s p e c i f i e d   c o n -  

d i t i o n s   wi l l   p rovide   advantages   that   wi l l   become  apparent   in  the  e n s u i n g  

d e s c r i p t i o n .  



In  a cco rdance   with  the  i n v e n t i o n   t h e r e  i s   p r o v i d e d ,  i n  a   s t a r t u p  

method  for  a  r e fo rming   p r o c e s s   w h e r e i n  a   s u b s t a n t i a l l y   s u l f u r - f r e e  

h y d r o c a r b o n a c e o u s   feed  is  c o n t a c t e d   under  r e fo rming   c o n d i t i o n s   in  t h e  

p r e sence   of  hydrogen  wi th   a  bed  of  a  f r e s h  o r   r e g e n e r a t e d   c a t a l y s t  

compr i s ing   meta l   components  and  a  r e f r a c t o r y   suppor t ,   said  metal   com- 

ponents   compr i s ing   an  i r i d i u m  c o m p o n e n t   and  at  l e a s t  o n e   a d d i t i o n a l  

metal   component  s e l e c t e d  f r o m   ru then ium,   rhodium,  p a l l a d i u m ,   osmium, 

p l a t i num,   copper ,   s i l v e r   and  gold,   s a i d  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  

having  been  reduced  by  c o n t a c t   with  a  r educ ing   agent ,   the  method  com- 

p r i s i n g   the  s t eps   of:  (a)  c o n t a c t i n g   the  reduced  c a t a l y s t   with  a  

s u l f i d i n g   agent   i n  a   s u l f i d i n g   zone  to  p rov ide   from  0.3  to  2.0  atoms  o r  

more  of  s u l f u r   per  atom  of  said  metal   c o m p o n e n t s ,  a n d  s u b s e q u e n t l y   (b)  

c o n t a c t i n g   the  r e s u l t i n g   s u l f i d e d   c a t a l y s t   with  a  h y d r o g e n - c o n t a i n i n g  

gas  at  a  t e m p e r a t u r e   i n  t h e   range  of  from  900  to  950oF.  (482  to  510°C) 

u n t i l   gas  wh ich  has   been  passed   in  c o n t a c t   with  t h e  c a t a l y s t   is  s u b -  

s t a n t i a l l y   f r ee   o fH2S  w h e r e b y  t o   p r o d u c e  a   c a t a l y s t   whose  c o m p o s i t i o n  

at  a l l   r e g i o n s   of  the  zone  is  not  o u t s i d e   the  range  of  from  0.3  to  2 . 0  

atoms  of  s u l f u r   per  a tom of   said  m e t a l  c o m p o n e n t s ,   excess   s u l f u r   t h e r e b y  

h a v i n g  b e e n   removed  from  c a t a l y s t   in  said  s u l f i d i n g   zone  and  s a i d  

remain ing   s u l f u r   being  s u b s t a n t i a l l y   u n i f o r m l y   d i s t r i b u t e d   t h r o u g h o u t  

said  bed  p r i o r   to  c o n t a c t i n g   sa id   s u l f i d e d   c a t a l y s t   with  said  h y d r o -  

ca rbonaceous   f e e d .  

The  s t a r t u p   method  of  the  p r e s e n t   i n v e n t i o n   is  s u i t a b l e   for  u s e  a t  

the  b e g i n n i n g   of  a  r e fo rming   p r o c e s s  u t i l i z i n g   a  f r e sh   or  a  r e g e n e r a t e d  

r e fo rming   c a t a l y s t   compr i s ing   an  i r i d i u m   component  and  at  l e a s t   one 

a d d i t i o n a l   metal   componen t .  
The  s t a r t u p   method  of  the  p r e s e n t   i n v e n t i o n   is  p a r t i c u l a r l y   s u i t e d  

to  s t a r t   up  a  naphtha  hydroforming   ( r e f o r m i n g )  p r o c e s s   u t i l i z i n g   a  

s u b s t a n t i a l l y   s u l f u r - f r e e   naphtha   feed  tha t   t y p i c a l l y   c o n t a i n s   about  20 

t o  a b o u t   80  vo lume 



p e r c e n t   p a r a f f i n s ,   20  to   80  v o l u m e   p e r c e n t   n a p h t h e n e s ,  

and  a b o u t   5  to   a b o u t   20  p e r c e n t   a r o m a t i c s ,   and  b o i l i n g   a t  

a t m o s p h e r i c   p r e s s u r e   s u b s t a n t i a l l y   b e t w e e n   a b o u t   80  a n d  

4 5 0 ° F . ,   p r e f e r a b l y   b e t w e e n   150  and  3 7 5 ° F .   By  " s u b s t a n t i a l l y  

s u l f u r - f r e e "   i s   i n t e n d e d   h e r e i n   t h a t   t h e   f e e d   c o n t a i n s  

l e s s   t h a n   a b o u t   25  wppm  s u l f u r ,   p r e f e r a b l y   l e s s   t h a n   1 0  

wppm  s u l f u r .   A  s u i t a b l e   f e e d ,   as  g i v e n   a b o v e ,   i s   b r o u g h t  

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

p r e s e n t   i n v e n t i o n   in  t h e   p r e s e n c e   of  h y d r o g e n   u n d e r   c o n v e n -  

t i o n a l   r e f o r m i n g   c o n d i t i o n s .   The  r e a c t i o n s   t y p i c a l l y   t a k e  

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

a b o u t   650  to   a b o u t   1 0 0 0 ° F . ,   p r e f e r a b l y   f rom  a b o u t   750  t o  

a b o u t   9 8 0 ° F .   R e a c t i o n   zone  p r e s s u r e s   may  v a r y   f rom  a b o u t   1 

to  a b o u t   50  a t m o s p h e r e s ,   p r e f e r a b l y   f rom  a b o u t   5  to   a b o u t  

25  a t m o s p h e r e s .  

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

c a t a l y s t   a t   s p a c e   v e l o c i t i e s   r a n g i n g   f rom  0 .5   to  20  p a r t s  

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

(W/Hr /W) ,   p r e f e r a b l y   f rom  a b o u t   1  to  10  W/Hr/W.  The  h y d r o -  

gen  to   h y d r o c a r b o n   mole   r a t i o   w i t h i n   t h e   r e a c t i o n   zone   i s  

m a i n t a i n e d   b e t w e e n   a b o u t   0 .5   and  20,  p r e f e r a b l y   b e t w e e n   1 

and  10.  D u r i n g   t h e   r e f o r m i n g   p r o c e s s ,   t h e   h y d r o g e n   e m p l o y e d  

can  be  in   a d m i x t u r e   w i t h   l i g h t   g a s e o u s   h y d r o c a r b o n s .   S i n c e  

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

s t r e a m   is   e m p l o y e d   f o r   a d m i s s i o n   of  h y d r o g e n   w i t h   t h e   f e e d .  

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

f i x e d   bed  w i t h i n   a  s e r i e s   of  a d i a b a t i c a l l y   o p e r a t e d   r e a c t o r s .  

S p e c i f i c a l l y ,   t h e   p r o d u c t   s t r e a m   f rom  e a c h   r e a c t o r ,   e x c e p t  
t h e   l a s t ,   in  t h e   r e a c t o r   s e r i e s   i s   r e h e a t e d   p r i o r   to  p a s s a g e  
to  t h e   f o l l o w i n g   r e a c t o r .   As  an  a l t e r n a t e   to  t h e   a b o v e -  

d e s c r i b e d   p r o c e s s   s e q u e n c e ,   t he   c a t a l y s t   may  be  e m p l o y e d   i n  

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

a r e   p a s s e d   in  p a r a l l e l   to   the   r e a c t o r ,   or  in   a  f l u i d i z e d  

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

t u r b u l e n t   bed  of  f i n e l y   d i v i d e d   c a t a l y s t .   The  c a t a l y s t s  
w h i c h   f i n d   u s e   in  t h e   m e t h o d   of  t he   p r e s e n t   i n v e n t i o n   c o m -  



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

and  a t   l e a s t   one   a d d i t i o n a l   m e t a l   c o m p o n e n t   s e l e c t e d   f r o m  

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

v e r   and   g o l d .   M o s t  p r e f e r a b l y ,   t h e   c a t a l y t i c  m e t a l   c o m -  

p o n e n t s   c o n s i s t   of   i r i d i u m   and  one  a d d i t i o n a l   m e t a l   c o m -  

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

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

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

r a n g i n g   f r o m   a b o u t   0 . 0 1   to   3  w e i g h t   p e r c e n t   and  t h e   a d d i -  

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

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

c a l c u l a t e d   as  i f   t h e   i r i d i u m   c o m p o n e n t   and  t h e   a d d i t i o n a l  

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

s t a t e ,   b a s e d   on  t h e   t o t a l   w e i g h t   of  t h e   d r y   c a t a l y s t .   T h e  

t e r m   " p l a t i n u m   g r o u p "   i s   u s e d   h e r e i n   to   r e f e r   to   a l l   t h e  
n o b l e   m e t a l s   of   G r o u p   V I I I   of   t h e   P e r i o d i c   T a b l e   of  E l e m e n t s  

as  w e l l   as  c o m p o u n d s   and   m i x t u r e s   t h e r e o f .   P l a t i n u m   i s   p r e -  
f e r r e d   as  t h e   p l a t i n u m   g r o u p   c o m p o n e n t .  

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

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

m a t e r i a l   h a v i n g   a  s u r f a c e   a r e a ,   as  d e t e r m i n e d   by  t h e  

B r u n a u e r - E m m e t t - T e l l e r   (BET)  m e t h o d ,   of  f r o m   a b o u t   20  t o  

a b o u t   800 ,   p r e f e r a b l y   f r o m   a b o u t   100  to   a b o u t   300  s q u a r e  
m e t e r s   p e r   g r a m .   The  s u p p o r t   m a t e r i a l   s h o u l d   be  s u b s t a n -  

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

u t i l i z e d   in   t h e   r e f o r m i n g   p r o c e s s .   T y p i c a l   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 s   a r e   t h e   n a t u r a l l y   o c c u r r i n g   a l u m i n o s i l i c a t e s ,  

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

z i r c o n i a ,   s i l i c a - a l u m i n a - m a q n e s i a   and  c r y s t a l l i n e   a l u m i n o s i l i -  

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

and  s i l i c a - a l u m i n a .   The  p a r t i c u l a r l y   p r e f e r r e d   c a t a l y t i c  

s u p p o r t   i s   a l u m i n a .   Any  of   t h e   f o r m s   of   a l u m i n a   s u i t a b l e   a s  

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

may  be  p r o m o t e d   f o r   r e f o r m i n g   by  t h e   a d d i t i o n   of  h a l i d e s ,  

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



c a t a l y s t   may  be  p r e s e n t   in   an  a m o u n t   r a n g i n g   f rom  a b o u t  

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

of  t he   c a t a l y s t .   The  h a l o g e n   may  be  i n c o r p o r a t e d   i n t o   t h e  

c a t a l y s t   a t   any  s u i t a b l e   s t a q e   in   t h e   c a t a l y s t   m a n u f a c t u r e ,  

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

m e t a l s   o n t o   t h e   s u p p o r t   m a t e r i a l .   H a l o g e n   may  a l s o   be  i n -  

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

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

A  p r e f e r r e d   c a t a l y s t   f o r   u se   in  t h e   p r e s e n t   i n v e n -  

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

a v e r a g e   s i z e   of  l e s s   t h a n   a b o u t   50  A n g s t r o m s ,   s u c h   as  t h e  

c a t a l y s t s   d e s c r i b e d   in   U . S .   P a t e n t   3 , 9 5 3 , 3 6 8 .   The  p r e f e r r e d  

c a t a l y s t   c o m p r i s e s   m e t a l   c o m p o n e n t s   and  a  r e f r a c t o r y   s u p p o r t .  

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

p o n e n t   and  a t   l e a s t   an  a d d i t i o n a l   m e t a l   c o m p o n e n t   s e l e c t e d  

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

o smium,   p l a t i n u m ,   c o p p e r ,   s i l v e r   and  g o l d .   More  p r e f e r a b l y ,  

t h e   c a t a l y s t   c o m p r i s e s   a  r e f r a c t o r y   s u p p o r t   and  an  i r i d i u m  

c o m p o n e n t   and  a  p l a t i n u m   c o m p o n e n t .   The  i r i d i u m   c o m p o n e n t  

may  s u i t a b l y   be  p r e s e n t   in   an  a m o u n t   of  a b o u t   0 . 0 1   to  3 

w e i g h t   p e r c e n t ,   p r e f e r a b l y   f r o m   0 .1   to  1  w e i g h t   p e r c e n t ,   c a l -  

c u l a t e d   as  t he   m e t a l ,   b a s e d   on  t h e   t o t a l   d ry   c a t a l y s t .   T h e  

p l a t i n u m   c o m p o n e n t   may  s u i t a b l y   be  p r e s e n t   in  an  a m o u n t  

r a n g i n g   f rom  a b o u t   0 . 0 1   to   3  w e i g h t   p e r c e n t ,   p r e f e r a b l y   0 . 1  

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

c u l a t e d   as  t h e   m e t a l ,   b a s e d   on  t h e   t o t a l   d ry   c a t a l y s t .   A d d i -  

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

s u i t a b l y   in   a m o u n t s   of  a b o u t   0 .1   to   3  w e i g h t   p e r c e n t ,   b a s e d  

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

c l u s t e r   c a t a l y s t ,   as  t a u g h t   in   U .S .   P a t e n t   3 , 9 5 3 , 3 6 8 ,   f o l -  

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

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

220  to  2 5 0 ° F .   The  c a t a l y s t   may  s i m p l y   be  d r i e d   in   a i r   a t  

t he   a b o v e - s t a t e d   t e m p e r a t u r e   or  may  be  d r i e d   by  t r e a t i n g   t h e  

c a t a l y s t   in  a  f l o w i n g   s t r e a m   of  i n e r t   gas  or  h y d r o g e n .   T h e  

d r y i n g   s t e p   may  be  f o l l o w e d   by  an  a d d i t i o n a l   c a l c i n a t i o n   s t e p  



a t   a  t e m p e r a t u r e   of  a b o u t   500  t o   7 0 0 ° F .   Care   m u s t   be  t a k e n  

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

of  700  to   8 5 0 ° F .   w i t h   a i r   o r   o t h e r   gas   of  h i g h   o x y g e n   c o n -  

c e n t r a t i o n .   O t h e r w i s e ,   l a r g e   i r i d i u m   o x i d e   c r y s t a l l i t e s  

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

be  o b t a i n e d   on  r e d u c t i o n .   The  c a t a l y s t   i s   t y p i c a l l y   r e d u c e d  

a t   a  t e m p e r a t u r e   of  500  to   1 0 0 0 ° F .   or  h i g h e r   w i t h   a  h y d r o g e n -  

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

a t   l e a s t   0 . 1   h o u r s .   / 
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 ,   t h e   r e -  

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

s u f f i c i e n t   to   p r o v i d e   f rom  a b o u t   0 .3   to   a b o u t   2 .0   a t o m s   o f  

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

a b o u t   0 . 1   to   a b o u t   0 .5   a t o m s   of   s u l f u r   p e r  a t o m   of   s a i d   m e t a l  

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

s a i d   m e t a l   c o m p o n e n t s .  

C o n t a c t   of   t h e   c a t a l y s t   w i t h   t h e   s u l f i d i n g   a g e n t   i s  

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

s u i t a b l y   a t   a  t e m p e r a t u r e   r a n g i n g   f rom  a b o u t   7 5 - t o   a b o u t  

1 0 0 0 ° F .   and  a t   a  p r e s s u r e   r a n g i n g   f rom  a b o u t   20  to   a b o u t   5 0 0  

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

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

m e r c a p t a n s ,   as  i s   w e l l   known  in   t h e   a r t .   The  s u l f i d i n g   s t e p  

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

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

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

gas  a t   a  t e m p e r a t u r e   r a n g i n g   f r o m   a b o u t   900  to   a b o u t   9 5 0 ° F . ,  

p r e f e r a b l y   a t   a  t e m p e r a t u r e   o f   a t   l e a s t   9 2 5 ° F .   and  a  p r e s -  

s u r e   o f   a b o u t   20  to   a b o u t   500  p s i g   f o r   a  t i m e   s u f f i c i e n t   t o  

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

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

t h e   s u l f i d i n g   z o n e ,   f o r   e x a m p l e ,   f o r   a  p e r i o d   of   a t  l e a s t  
a b o u t   0 . 5   h o u r ,   s u i t a b l y   f o r   a  t i m e   r a n g i n g   f r o m   a b o u t   0 . 5  

to  a b o u t   24  h o u r s .   The  h y d r o g e n   u t i l i z e d   may  be  p u r e   h y d r o -  

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



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

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

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

EXAMPLE  1  ( U s i n g  P r i o r   A r t   S t a r t u p )  

An  e x p e r i m e n t a l   r e f o r m i n g   r u n   was  p e r f o r m e d   u t i l i z -  

ing   a  p l a t i n u m - i r i d i u m - a l u m i n a   c a t a l y s t   c o m p r i s i n g   0 . 3  

w e i g h t   p e r c e n t   p l a t i n u m   and  0 .3   w e i g h t   p e r c e n t   i r i d i u m .   T h e  

h y d r o c a r b o n a c e o u s   f e e d   u s e d   was  a  m i x e d   n a p h t h a   w h i c h   had  a n  
API  g r a v i t y   of  5 4 . 5   a t   6 0 ° F . ,   a b o u t   46  v o l u m e   p e r c e n t   p a r a f -  

f i n s ,   a b o u t   43  v o l u m e   p e r c e n t   n a p h t h e n e s   and  t h e   b a l a n c e  

b e i n g   a r o m a t i c s .  

The  s t a r t u p   p r o c e d u r e   u s e d   was  a  p r i o r  a r t   p r o c e d u r e .  

The  c a t a l y s t   was  s u l f i d e d   a t   7 0 0 ° F .   in  a  g a s e o u s   m i x t u r e   c o m -  

p r i s i n g   h y d r o g e n   and  h y d r o g e n   s u l f i d e .   The  r e s u l t i n g   c a t a -  

l y s t   c o m p r i s e d   0 .1   w e i g h t   p e r c e n t   s u l f u r ,   or  e x p r e s s e d   i n  

t e r m s   of   a t o m i c   r a t i o ,   0 . 93   a tom  s u l f u r   p e r   a tom  of   m e t a l ,  

a f t e r   t h e   t r e a t .   The  c o n d i t i o n s   u t i l i z e d   d u r i n g   t h e   e x p e r i -  

m e n t a l   r u n   w e r e   200  p s i g .   9 0 0 ° F .   a v e r a g e   c a t a l y s t   t e m p e r a -  

t u r e ,   a  h y d r o g e n - r i c h   gas  r e c y c l e   r a t e   of  6000  SCF/B.   T h e  

h y d r o c a r b o n a c e o u s   f e e d   r a t e   was  a d j u s t e d   to  o b t a i n   a  p r o d u c t  

w i t h   a  R e s e a r c h   O c t a n e   n u m b e r   of   1 0 0 .  

EXAMPLE  2  ( U s i n g   S t a r t u p   of  P r e s e n t   I n v e n t i o n )  

A n o t h e r   e x p e r i m e n t a l   r u n   was  p e r f o r m e d   u t i l i z i n g   a  

p l a t i n u m - i r i d i u m - a l u m i n a   c a t a l y s t   c o m p r i s i n g   a b o u t   0 .3   w e i g h t  

p e r c e n t   p l a t i n u m   and  0 .3   w e i g h t   p e r c e n t   i r i d i u m .  

The  h y d r o c a r b o n a c e o u s   f e e d   u s e d   was  a  n a p h t h a   h a v i n g  

t h e   same  p r o p o r t i o n s   of  c o n s t i t u e n t s   and  g r a v i t y   as  t h e   f e e d  

u s e d   in  E x a m p l e   1 .  

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

s t a r t u p   p r o c e d u r e   of  t h e   p r e s e n t   i n v e n t i o n   as  f o l l o w s :   T h e  

c a t a l y s t   was  s u l f i d e d   a t   7 0 0 ° F .   in   a  g a s e o u s   m i x t u r e   c o m p r i s -  

ing   h y d r o g e n   and  h y d r o g e n   s u l f i d e .   S u b s e q u e n t l y ,   t h e   c a t a -  

l y s t   was  h e a t e d   in  a  h y d r o g e n   s t r e a m   at   9 5 0 ° F .   u n t i l   t h e r e  
we re   l e s s   t h a n   2  v o l u m e   ppm  of  t h e   H2S  in  t h e   r e a c t o r   e f f l u -  

e n t   g a s .   T h i s   t r e a t m e n t   l e f t   0 . 0 2 9   w t .  %   s u l f u r ,   or   e x -  



p r e s s e d   a n o t h e r   way,  0 . 2 7   s u l f u r  a t o m   p e r   m e t a l   a t o m ,   o n  

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

The  t e s t   c o n d i t i o n s   w e r e   200  p s i g ,   9 0 0 ° F .   a v e r a g e  

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

6000  S C F / B .   The  h y d r o c a r b o n a c e o u s   f e e d   r a t e   was  a d j u s t e d  

to   o b t a i n  a   p r o d u c t   w i t h   a  R e s e a r c h   O c t a n e   Number   of  1 0 0 .  

R e s u l t s   o f   t h e   c o m p a r a t i v e   e x p e r i m e n t s   of  E x a m p l e  1  a n d  

E x a m p l e   2  a r e   s u m m a r i z e d   in   T a b l e   I .  

As  can   be  s e e n   f r o m   T a b l e   I ,   E x a m p l e   2,  w h i c h   u s e d  

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

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

EXAMPLE  3  ( C o m p a r a t i v e   E x a m p l e )  

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

c o m p r i s i n g   a b o u t   0 .3   w t .   %  p l a t i n u m   and  0 .3   w t .  %   i r i d i u m  

was  s u l f i d e d   a c c o r d i n g   to  a  p r i o r   a r t   m e t h o d ,  i n   a  g a s e o u s  
m i x t u r e   c o m p r i s i n g   h y d r o g e n   and  h y d r o g e n   s u l f i d e  a t   7 0 0 ° F .  

S u b s e q u e n t l y ,   t h e   c a t a l y s t   was  r e m o v e d   f r o m   t h e   r e a c t o r   a n d  

t h e   s u l f u r   l e v e l   on  t h e  c a t a l y s t - w a s   m e a s u r e d  a t   v a r i o u s  

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

t h e   s u l f u r   d i s t r i b u t i o n .   The  bed   was  d i v i d e d   i n t o   t h r e e  

e q u a l   p a r t s   and  i t   was  f o u n d  t h a t   t h e   i n l e t   t h i r d   o f  t h e  

c a t a l y s t   c o m p r i s e d   0 . 0 9 2   w t .   %  s u l f u r ,   t h e   m i d d l e   t h i r d   c o m -  

p r i s e d   0 . 0 5 4   w t .  %   s u l f u r ,   and   t h e   o u t l e t   t h i r d   c o m p r i s e d  

0 . 0 4 8   w t .  %   s u l f u r .   T h u s ,   t h e   s u l f u r   was  n o t  u n i f o r m l y   d i s -  

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

bed  was  0 . 0 6 5   w t .   %,  or   e x p r e s s e d   a n o t h e r   way,   i t   was  0 . 6  

a tom  s u l f u r   p e r   a tom  of  m e t a l .  

EXAMPLE  4 

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

c o m p r i s i n g   a b o u t   0 .3   w t .  %   p l a t i n u m   and  0 .3   wt .   %  i r i d i u m  



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

i n v e n t i o n ,   in  a  g a s e o u s   m i x t u r e   c o m p r i s i n g   h y d r o g e n   a n d  

h y d r o g e n   s u l f i d e   a t   a b o u t   9 5 0 ° F . ,   t h e n   h e a t e d   in   a  h y d r o -  

gen  s t r e a m   u n t i l   t h e r e   w e r e   l e s s   t h a n   2  v o l .   ppm  of  H 2S  i n  

t h e   r e a c t o r   e f f l u e n t   g a s .   S u b s e q u e n t l y ,   t h e   c a t a l y s t   w a s  

r e m o v e d   f rom  t h e   r e a c t o r   and  t h e   s u l f u r   l e v e l   on  t h e   c a t a -  

l y s t   was  m e a s u r e d   a t   v a r i o u s   p o i n t s   in   t h e   c a t a l y s t   bed  t o  

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

was  d i v i d e d   i n t o   t h r e e   e q u a l   p a r t s   and  i t   was  f o u n d   t h a t  

t h e   i n l e t   t h i r d   of  t h e   c a t a l y s t   c o m p r i s e s   0 . 0 3 3   w t .  %   s u l f u r ,  

t h e   m i d d l e   t h i r d   c o m p r i s e d   0 . 0 4   w t .  %   s u l f u r   and  t h e   o u t l e t  

t h i r d   c o m p r i s e d   0 . 0 3 7   wt .   %  s u l f u r .   T h u s ,   t h e   s u l f u r   o n  

t h e   c a t a l y s t   bed  was  f o u n d   to   be  e v e n l y   d i s t r i b u t e d   w i t h  

t h e   t e s t   run   of  E x a m p l e   4  w h i c h   was  p e r f o r m e d   u s i n g   t h e  

s t a r t u p   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n .   F u r t h e r m o r e ,   t h e  

a v e r a g e   s u l f u r   f o r   t h e   e n t i r e   bed  was  0 . 0 3 7   w t .  %   o r ,   e x -  

p r e s s e d   a n o t h e r   way,   i t  w a s   0 . 3 4   a tom  of  s u l f u r   p e r   m e t a l  

a tom  of  t h e   c a t a l y s t .   M o r e o v e r ,   t h e   s u l f u r   c o n t e n t   of  t h e  

c a t a l y s t   of  E x a m p l e   4  was  l o w e r   t h a n   t h e   s u l f u r   c o n t e n t   o f .  

t h e   c a t a l y s t   of  E x a m p l e   3,  w h i c h   was  t h e   c o m p a r a t i v e   p r i o r  

a r t   r u n .  

EXAMPLE  5 

A  p l a t i n u m - i r i d i u m - a l u m i n a   c a t a l y s t   c o m p r i s i n g   0 . 3  

w t .  %   p l a t i n u m   and  0 .3   wt .   %  i r i d i u m   was  s u l f i d e d   in   a  

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

7 0 0 ° F .   f o r   a  t i m e   s u f f i c i e n t   to   d e p o s i t   0 .07   w t .  %   s u l f u r   o n  

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

s t r e a m   and  t h e   h y d r o g e n   s u l f i d e   c o n c e n t r a t i o n   in   t h e   r e a c t o r  
e f f l u e n t   gas   was  m o n i t o r e d   c o n t i n u o u s l y .   T h e r e   was  no  d e -  

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

p e r a t u r e   e x c e e d e d   t h e   t e m p e r a t u r e   of  8 5 0 ° F .   and  t h e r e   was  n o  

s i g n i f i c a n t   d e t e c t a b l e   h y d r o g e n   s u l f i d e   in  t h e   e f f l u e n t   g a s  
u n t i l   t h e   t e m p e r a t u r e   r e a c h e d   9 0 0 ° F .   The  r e s u l t s   of  t h i s  

t e s t   a r e   s u m m a r i z e d   in  T a b l e   I I .  



The  d a t a  o f   T a b l e  I I   show  t h a t   a  c r i t i c a l  

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

f r o m   t h e   c a t a l y s t ,   s a i d   r a n g e   b e i n g   f r o m   a b o u t   9 0 0 ° F .   t o  

a b o u t   9 5 0 ° F .  

Convers ion   of  U n i t s  

(1)  T e m p e r a t u r e s  g i v e n   in  °F  are  c o n v e r t e d   to  °C  b y  s u b s t r a c t i n g   32 

and  then  d i v i d i n g   b y  1 . 8 .  

(2)  P r e s s u r e s   given  in  ps ig   (pounds / in2   gauge)  are  conver ted   t o  
kg/cm2  gauge  by  m u l t i p l y i n g   by  0 . 0 7 0 3 1 .  

(3)  Volumes  (gas)  in  S tandard   C u b i c  F e e t   (SCF)  are  conver ted   t o  

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

(4)  Volumes  ( l i q u i d )   in  b a r r e l s   (B)  are  c o n v e r t e d  t o   l i t r e s  b y  

m u l t i p l y i n g   by  1 5 9 . 0 .  



1.  A  s t a r t u p   method  for  a  re forming  p rocess   wherein  a  s u b s t a n t i a l l y  

s u l f u r - f r e e   hyd roca rbonaceous   feed  is  c o n t a c t e d   under  re forming   c o n -  

d i t i o n s   in  the  p re sence   of  hydrogen  with  a  bed  of  a  f r e sh   or  r e g e n e r a t e d  

c a t a l y s t   compr i s ing   metal  components  and  a  r e f r a c t o r y   suppor t ,   s a i d  

metal  components  compr i s i ng -an   i r i d i u m   component  and  at  l e a s t   one 

a d d i t i o n a l   metal   component  s e l e c t e d   from  ru then ium,   rhodium,  p a l l a d i u m ,  

osmium,  p l a t i n u m ,   copper ,   s i l v e r   and  gold,   said  f r e sh   or  r e g e n e r a t e d  

c a t a l y s t   having  been  reduced  by  con tac t   with  a  r educ ing   agent ,   c h a r a c -  

t e r i z e d   in  tha t   i t   comprises   the  s teps   o f :  

(a)  c o n t a c t i n g   the  reduced  c a t a l y s t   with  a  s u l f i d i n g   agent  in  a 

s u l f i d i n g   zone  to  provide   more  than  0.3  to  2.0  atoms  of  su l fu r   per  atom 

of  said  metal   components  and,  s u b s e q u e n t l y ,  

(b)  c o n t a c t i n g   the  r e s u l t i n g   s u l f i d e d   c a t a l y s t ' w i t h   a  h y d r o g e n -  

c o n t a i n i n g   gas  at  a  t empera tu re   in  the  range  of  from  900  to  950 F.  (482 

to  510°C)  u n t i l   gas  which  has  been  passed   in  con t ac t   with  the  c a t a l y s t  

is  s u b s t a n t i a l l y   f ree   of  H2S  whereby  to  produce  a  c a t a l y s t   whose  compo- 

s i t i o n   at  a l l   r e g i o n s  o f   the  zone  is  not  o u t s i d e   the  range  of  from  0 . 3  

to  2.0  atoms  of  s u l f u r   per  atom  of  said  metal   components,   and  the  r a t i o  

of  atoms  of  s u l f u r  t o   atoms  of  metal  components  is  s u b s t a n t i a l l y   u n i f o r m  

in  the  zone  p r i o r   to  c o n t a c t i n g   said  s u l f i d e d   c a t a l y s t   with  said  h y d r o -  

ca rbonaceous   f e e d .  

2.  The  method  of  claim  1  c h a r a c t e r i z e d   in  tha t   said  reduced  c a t a l y s t  

is  c o n t a c t e d   with  said  s u l f i d i n g   agent  such  as  to  p rovide   from  0.1  t o  

0 .5  a toms   or  more  of  su l fu r   per  atom  of  said  metal   components .  



3.  The  method  of  c la im  1  or  claim  2  c h a r a c t e r i z e d   i n   tha t   said  r e d u c e d  

c a t a l y s t   is  c o n t a c t e d   with  said  s u l f i d i n g   agent  in  said  s u l f i d i n g   zone  

of  s tep  (a)  in  the  p r e s e n c e   of  h y d r o g e n .  

4.  The  method  of  any  one  o f   claims  1  to  3  c h a r a c t e r i z e d   in  tha t   s a i d  

c a t a l y s t   is  c o n t a c t e d  w i t h   an  o x i d i z i n g   gas  at  a  t e m p e r a t u r e   not  g r e a t e r  

than  about  7000F  p r i o r   to  said  r e d u c t i o n   s t e p .  

5.  The  method  of  any  one  of  claims  1  to  4   c h a r a c t e r i z e d   in  t h a t  

c a t a l y s t   is  c o n t a c t e d   w i t h  s a i d   h y d r o g e n - c o n t a i n i n g   gas  for  a  p e r i o d   o f  

time  of  at  l e a s t   about  0.5  h o u r .  

6:  The  method  of  any  one  of  claims  1  to  5  c h a r a c t e r i z e d   in  tha t   s a i d  

c a t a l y s t   is  c o n t a c t e d   with  said  r educ ing   agent  at  a  t e m p e r a t u r e   r a n g i n g  

from  about  500  to  about   700°F  for  a  time  s u f f i c i e n t   to  reduce  said  m e t a l  

components  s u b s t a n t i a l l y   to  the  co r r e spond ing   e l emen ta l   m e t a l s .  

7.  The  method  of  any  one  of  claims  1  to  6  c h a r a c t e r i z e d   in  tha t   s a i d  

c a t a l y s t   compr ises   a  ha logen   component .  

8.  The  method  of  any  one  of  claims  1  to  7  c h a r a c t e r i z e d   in  t ha t   s a i d  

r e f r a c t o r y   suppor t   is  an  i n o r g a n i c   o x i d e .  

9.  The  method  of  any  one  of  claims  1 to  8  c h a r a c t e r i z e d   in  tha t   s a i d  

metal  components  are  p r e s e n t   as  c l u s t e r s  h a v i n g   an  average   s ize   n o t  

g r e a t e r   than  about  50  A n g s t r o m s .  

10.  The  method  of  any  one  of  claims  1  to  9  c h a r a c t e r i z e d   in  tha t   s a i d  

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

and  p l a t i num  d i s p e r s e d   on  an  i n o r g a n i c   oxide  suppor t ,   said  c l u s t e r s  

having  an  average   s i z e   not  g r e a t e r   than  about  50  Angstroms,   said  i r i d i u m  

being  p r e s e n t   in  the  t o t a l   c a t a l y s t   in  an  a m o u n t  g r e a t e r   than  about  0 . 1  

weight  p e r c e n t   and  sa id   p l a t i n u m  b e i n g   p r e s e n t   in  the  t o t a l   c a t a l y s t   i n  

an  amount  r ang ing   from  about  0.1  to  about  1  weight  p e r c e n t .  
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