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©  Pretreatment  of  a  fresh  Iridium-containing  catalyst. 

In  the  pretreatment  of  a  fresh  iridium-containing  reform- 
ing  catalyst,  the  catalyst  is  initially  treated  at  an  elevated 
temperature  with  oxygen  and  a  hydrogen  halide,  preferably 
dry  hydrogen  chloride.  Thereafter  the  catalyst  is  treated  with 
a  reducing  agent  at  an  elevated  temperature. 



The  p resen t   i n v e n t i o n   r e l a t e s   to  a  method  for  t r e a t i n g   f r e s h  

i r i d i u m - c o n t a i n i n g   reforming  c a t a l y s t s .  

Methods  of  p r e p a r a t i o n   of  m e t a l - c o n t a i n i n g   hyd roca rbon  

convers ion   c a t a l y s t s ,   i n c l u d i n g   i r i d i u m - c o n t a i n i n g   reforming  c a t a l y s t s ,  

are  well-known  in  the  a r t .   Much  of  the  patent   l i t e r a t u r e   in  th i s   f i e l d  

r e l a t e s   to  the  r e g e n e r a t i o n   of  spent  c a t a l y s t s   to  impar t -a   pe r fo rmance  

s i m i l a r   to  that   of  a  f resh   or  u n t r e a t e d   c a t a l y s t .   U.S.  Patent   No. 

3,998,755  d i s c l o s e s   a  s e r i e s   of  t r e a tmen t   s teps  which  may  be  pe r fo rmed  

on  e i t h e r   a  d e a c t i v a t e d   c a t a l y s t   which  is  being  r egene ra t ed   or  a  f r e s h  

c a t a l y s t   as  part   of  a  p r e t r e a t m e n t   procedure .   The  t r ea tmen t   c o n s i s t s  

b a s i c a l l y   of  a  drying  step  at  200-600°F  (93-316°C)  for  2  to  24  hours,  a  
c a l c i n a t i o n   step  at  700-1100°F  (371-593°C)  for  5  to  10  hours,  and  a 

w a t e r - f r e e   r educ t ion   step  at  800-1100°F  (427-593°C) .  

U.S.  Pa tent   No.  3 ,941,682  d i s c l o s e s   a  method  of  t r e a t i n g   a 

c a t a l y s t   which  can  be  app l i ed   to  e i t h e r   a  spent  or  a  f resh  c a t a l y s t  

which  comprises  drying  the  c a t a l y s t   at  220-250°F  (104-121°C)  f o l l o w e d  

by  a  c a l c i n a t i o n   step  at  500-700°F  (260-371°C).  This  pa ten t   notes  t h a t  

c a l c i n a t i o n   t e m p e r a t u r e s , i n   excess  of  700°F  (371°C)  should  be  a v o i d e d .  

The  drying  and  c a l c i n a t i o n   s teps   may  be  followed  by  con tac t   w i t h  

hydrogen  ch lo r ide   or  r e d u c t i o n   with  hydrogen .  

The  present   i n v e n t i o n   r e s ides   in  a  process  for  the  t r e a t m e n t  

of  a  fresh  i r i d i u m - c o n t a i n i n g   reforming  c a t a l y s t ,   comprising  s u b j e c t i n g  
said  c a t a l y s t   to  the  fo l lowing  s t e p s :  

(1)  t r ea tmen t   with  oxygen  at  an  e leva ted   t e m p e r a t u r e ,  

(2)  t r ea tment   with  hydrogen  ha l ide   at  an  e l e v a t e d  

t empera tu re ,   and 

(3)  a f t e r   s teps   (1)  and  (2),  t rea tment   with  a  reducing  a g e n t  

at  an  e leva ted   t e m p e r a t u r e .  

The  oxygen  and  hydrogen  ha l ide   t r ea tmen t s   of  the  i n v e n t i o n  

assure  that   the  i r id ium  component  of  the  c a t a l y s t   is  placed  in  t h e  

proper  ox ida t ion   s t a t e   p r io r   to  f ina l   r e d u c t i o n .  



The  p resen t   process   is  p r e f e r a b l y   c a r r i e d   out  by  t r e a t i n g   a  

fresh  c a t a l y s t   p repared   from  h e x a c h l o r o i r i d i c   acid  with  an  oxygen-  

con ta in ing   gas  at  e l eva t ed   t e m p e r a t u r e s .   P r e f e r r e d   cond i t ions   r a n g e  
from  t empe ra tu r e s   of  750-1000°F  (399-538°C),   p r e s s u r e s   of  0.1-500  p s i g  

(102-3549  kPa)  and  oxygen  c o n c e n t r a t i o n s   of  0 .1-50  wt.%  for  0.1  to  24 

hours.  More  p r e f e r a b l y ,   the  oxygen  t r ea tmen t   step  is  accomplished  by 

t r e a t i n g   the  f resh   c a t a l y s t   with  0 .1-21  wt.%  of  oxygen  at  t e m p e r a -  

tures   of  850-950°F  (454-510°C)  for  0.25  to  2  hours  at  a t m o s p h e r i c  

p r e s s u r e .  
The  next  s tep  in  the  t r e a t m e n t   sequence  involves   the  a d d i t i o n  

of  a  dry  hydrogen  ha l ide ,   p r e f e r a b l y   hydrogen  c h l o r i d e ,   to  t h e  

c a t a l y s t .   The  exp re s s ion   "dry  hydrogen  ha l ide"   is  intended  to  mean 
that  water  is  c o n t r o l l e d   to  a  l eve l   no  g r e a t e r   than  1/30  t h e  

c o n c e n t r a t i o n   of  hydrogen  ha l ide .   P r e f e r a b l y ,   water  is  p resen t   at  a  

level   no  g r e a t e r   than  10  ppm.  As  an  example,  commercially  a v a i l a b l e  

hydrogen  c h l o r i d e   is  s u i t a b l e   as  i s ,   i . e .   no  drying  step  i s  

necessary.   The  t r ea tmen t   with  dry  hydrogen  ha l ide   is  p r e f e r a b l y  

ca r r ied   out  at  t empe ra tu r e s   ranging  from  700-1000°F  (371-538°C)  and 

pressures   ranging  from  about  0 .1-500  psig  (102-3549  kPa)  for  a  p e r i o d  

of  time  ranging  from  0.5  to  24  hours  u t i l i z i n g   at  l e a s t   0.1  wt.%  o f  

hydrogen  ha l ide   per  weight  of  c a t a l y s t   per  our.  The  amount  o f  

hydrogen  ha l ide   used  is  gene ra l l y   no  g r e a t e r   than  10  wt.%  per  weight  o f  

c a t a l y s t   per  hour  s ince   higher   amounts,  a l though  operable ,   are  n o t  

necessary  to  ob ta in   the  des i red   r e s u l t s .   P r e f e r a b l y ,   hydrogen  c h l o r i d e  

with  a  c o n c e n t r a t i o n   of  about  3  vol.%  in  an  i n e r t   gas  is  added  at  1 . 5  

wt.%  of  hydrogen  c h l o r i d e   per  weight  of  c a t a l y s t   per  hour  at  a 

temperature   of  850  to  950°F  (454  to  510°C)  for  about  2  hours  a t  

atmospheric  p r e s s u r e .  
The  oxygen  and  hydrogen  ha l ide   t r ea tmen t   s teps  may  also  be  

accomplished  s imu l t aneous ly   with  the  same  r e s u l t s .  

The  f i n a l   p r e t r ea tmen t   s tep  c o n s i s t s   of  t r e a t i n g   the  c a t a l y s t  
with  a  reducing  agent ,   e .g.   hydrogen.  Su i t ab le   cond i t ions   i n c l u d e  



t empe ra tu r e s   ranging  from  400-1100°F  (204-593°C)  for  per iods   of  t i m e  

ranging  from  0.1  to  24  hours.  P r e f e r a b l y ,   t h i s   procedure  is  pe r fo rmed  

at  a  t empera ture   of  850-950OF  (454-510°C)  for  0.5  to  2  hours  a t  

a tmospher ic   p re s su re .   It  is  to  be  unders tood   that   th i s   l a s t   s tep ,   i . e .  

r e d u c t i o n   with  hydrogen,  can  be  c a r r i e d   out  e i t h e r   as  a  s epa ra t e   s t e p  

in  the  p r e t r ea tmen t   procedure   or  can  be  c a r r i e d   out  as  part   of  t h e  

reformer   s t a r t - u p   p rocedure .   The  hydrogen  r educ t ion   step  s h o u l d ,  

however,  be  performed  a f t e r   the  oxygen  and  hydrogen  hal ide   t r e a t m e n t s .  

It  is  impor tant   to  note  that   the  presence   of  water  during  any 
of  the  three   p r e t r e a t m e n t   s teps   is  d e t r i m e n t a l   to  the  formation  and 

performance  of  the  c a t a l y s t .  

In  a  p a r t i c u l a r l y   p r e f e r r e d   embodiment,  the  t r ea tment   in  s t e p  

1  (oxygen)  and  step  2  (hydrogen  ha l ide )   is  c a r r i e d   out  by  mixture  o f  

the  same  with  an  i n e r t   d i l u e n t   such  as  n i t r o g e n ,   neon,  helium  o r  

argon.  The  amount  of  i n e r t   gas  is  not  c r i t i c a l   and  can  range  from  50 

to  99.9  vol.%  based  on  oxygen  and  can  range  from  90  to  99.9  vol.%  b a s e d  

on  the  dry  hydrogen  h a l i d e .  

The  i r i d i u m - c o n t a i n i n g   c a t a l y s t s   used  herein  comprise  a  p o r o u s  
c a r r i e r   or  support  m a t e r i a l   in  combinat ion  with  i r idium  and  o t h e r  

metals   such  as  plat inum  and  rhenium.  The  suppor t   component  of  t h e  

c a t a l y s t   is  p r e f e r ab ly   a  porous,  a d s o r p t i v e   ma te r i a l   having  a  s u r f a c e  

area ,   as  determined  by  the  Brunauer -Emmi t -Te l l e r   (BET)  method,  o f  

20-800,  p re fe rab ly   100-300  square  meters  per  gram.  This  s u p p o r t  

m a t e r i a l   should  be  r e f r a c t o r y   at  the  t empera tu re   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  any  given  hydrocarbon  convers ion  p r o c e s s .  
Useful   support  m a t e r i a l s   inc lude :   (a)  s i l i c o n - b a s e d   m a t e r i a l s   such  a s  

s i l i c a   or  s i l i c a   gel,   s i l i c o n   ca rb ide ,   c l ays ,   na tu ra l   or  s y n t h e t i c  
s i l i c a t e s   such  as  k i e s e l g u h r ,   kao l in ,   china  clay  or  At tapulgus   c l a y ;  
(b)  a l u m i n o s i l i c a t e   z e o l i t e   m a t e r i a l s   such  as  n a t u r a l l y   occur r ing   o r  

s y n t h e t i c   e r i o n i t e ,   mordenite  or  f a u j a s i t e ,   tha t   may or  may  not  have 

been  previous ly   conver ted  to  a  hydrogen  or  ammonium  form  and  reduced  i n  

sodium  content   by  v i r t u e   of  an  exchange  r e a c t i o n   with  var ious  me ta l  

c a t i o n s ,   inc luding  rare  ear th   metal  c a t i o n s ;   (c)  r e f r a c t o r y   i n o r g a n i c  

oxides ,   including  alumina,  t i t an ium  d iox ide ,   zinc  oxide,  magnes ia ,  



t h o r i a ,   chromia,  s i l i c a - a l u m i n a , ' a l u m i n a - t i t a n i a ,   s i l i c a - z i r c o n i a   and 

a lumina-chromia ;   and  (d)  mixtures   of  one  or  more  of  the  m a t e r i a l s  

r e f e r r e d   to  above.  

Refrac tory   inorgan ic   oxide  m a t e r i a l s   are  p r e f e r r e d   c a t a l y s t  

suppor t   m a t e r i a l s .   In  genera l ,   s u p e r i o r   r e s u l t s   are  obtained  when 

alumina,  in  p a r t i c u l a r   the  gamma  or  eta  form,  is  employed.  Alumina  i s  

the  p r e f e r r e d   c a t a l y s t   support   m a t e r i a l   when  the  c a t a l y s t   is  employed 

in  naphtha  reforming  o p e r a t i o n s .   The  suppor t   m a t e r i a l s   descr ibed   above 

are  known  a r t i c l e s   of  commerce  and  can  be  prepared   for  use  as  c a t a l y s t  

c o n s t i t u e n t s   by  many  var ied   t echn iques .   T y p i c a l l y ,   the  s u p p o r t  

m a t e r i a l s   are  prepared  in  the  form  of  spheres ,   g r anu le s ,   powders ,  

e x t r u d a t e s   or  p e l l e t s .   It  is  p o s s i b l e   to  have  a l l   the  metals  of  t h e  

i r i d i u m - c o n t a i n i n g   c a t a l y s t   on  the  same  suppor t   in  one  p a r t i c l e ,   e . g .  

p la t inum  and  i r id ium  on  alumina,  or  as  a  mixture  of  s epa ra t e   p a r t i c l e s ,  

e .g.   p lat inum  on  alumina  mixed  with  i r id ium  on  alumina.  When  m i x t u r e s  

of  s e p a r a t e   p a r t i c l e s   are  used,  the  suppor t s   can  be  the  same  o r  
d i f f e r e n t .  

Where  the  i r i d i u m - c o n t a i n i n g   c a t a l y s t   is  employed  in  a  n a p h t h a  

re fo rming ,   the  c a t a l y s t   p r e f e r ab ly   con ta in s   g r e a t e r   than  0.1  wt.% 

i r id ium,   based  upon  the  dry  weight  of  the  t o t a l   c a t a l y s t .   For  o t h e r  

types  of  ope ra t ion ,   l e s s e r   q u a n t i t i e s   of  i r id ium  may  be  employed. 

S p e c i f i c a l l y ,   i r id ium  and  platinum  may  each  be  p resen t   on  the  c a t a l y s t  

in  amounts  varying  from  0.01  to  5.0  wt.%,  p r e f e r a b l y   in  amounts  v a r y i n g  

from  0.1  to  1.0  wt.%,  based  upon  the  t o t a l   weight  of  the  dry  c a t a l y s t .  

I r i d i u m / p l a t i n u m   naphtha  reforming  c a t a l y s t s   having  maximum 

e f f e c t i v e n e s s   normally  conta in   0.2  to  0.5  wt.%  each,  of  i r id ium  and 

p la t inum,   based  on  t o t a l   c a t a l y s t .  

The  i r i d i u m - c o n t a i n i n g   c a t a l y s t s   may  be  prepared  employing 

simple  impregnat ion   t echn iques   well  known  in  the  a r t .   Such  a  c a t a l y s t  

may  be  prepared  by  impregnat ing  a  suppor t   m a t e r i a l   with  a  s o l u t i o n   of  a 
so lub le   i r id ium  compound  and  so luble   compounds  of  any  a d d i t i o n a l   m e t a l s  

to  be  i n c o r p o r a t e d   in  the  c a t a l y s t .   Gene ra l ly ,   an  aqueous  s o l u t i o n   o f  

the  metal  compounds  is  used.  The  suppor t   m a t e r i a l   may  be  impregna ted  

with  the  var ious  m e t a l - c o n t a i n i n g   compounds  e i t h e r   s e q u e n t i a l l y   o r  



s i m u l t a n e o u s l y .   The  c a r r i e r   m a t e r i a l   is  impregnated  with  s o l u t i o n s   o f  

a p p r o p r i a t e   c o n c e n t r a t i o n   to  provide  the  des i r ed   quan t i ty   of  metals  i n  

the  f i n i s h e d   c a t a l y s t .   In  the  case  of  i r id ium,   compounds  s u i t a b l e   f o r  

the  impregnat ion   onto  the  c a r r i e r   inc lude  h e x a c h l o r o i r i d i c   a c i d ,  

i r idium  t r i b r o m i d e ,   i r id ium  t r i c h l o r i d e ,   and  ammonium  c h l o r o i r i d a t e ,  

with  h e x a c h l o r o i r i d i c   acid  being  p r e f e r r e d .   The  p r e f e r r e d   c a t a l y s t  

manufactur ing  t echnique   invo lves   con t ac t i ng   a  p rev ious ly   p r e p a r e d  

suppor t ,   such  as  alumina,  with  an  aqueous  s o l u t i o n   of  h e x a c h l o r o i r i d i c  

acid  of  a p p r o p r i a t e   c o n c e n t r a t i o n   to  provide  the  des i red   quan t i t y   o f  

metal  in  the  f i n i s h e d   c a t a l y s t .  

After   impregnat ing   the  c a r r i e r ,   the  composite  c a t a l y s t   i s  

dried  at  a  t empera tu re   varying  from  220-250°F  (104-121°C).  The 

c a t a l y s t   may  be  dr ied   in  a i r   at  the  above  s t a t ed   t empera tu res   or  may  be  

dried  by  t r e a t i n g   the  c a t a l y s t   in  a  flowing  stream  of  i ne r t   gas,  e . g .  

n i t rogen .   The  f resh   c a t a l y s t   is  then  sub jec t ed   to  the  p r e t r e a t m e n t  

s teps  desc r ibed   above.  P r e f e r a b l y ,   the  c a t a l y s t   is  dried  in  an  

oxygen-conta in ing   gas  at  a  t empera tu re   of  from  850°-950°F  (454°-510°C)  

for  0.25  to  2  hours.  The  drying  step  is  followed  by  t rea tment   w i t h  

hydrogen  ch lo r ide   for  2  hours  again  at  a  t empera ture   of  from  850-950°F 

(424-510°C).  If  p r e f e r r e d ,   the  foregoing  s teps  may  be  a ccompl i shed  

s imul t aneous ly .   The  c a t a l y s t   is  next  t r e a t e d   with  reducing  agent  such  

as  hydrogen  for  0.5  to  2  hours  also  at  a  t empera ture   of  850-950°F 

(454-510°C) .  

I r i d i u m - c o n t a i n i n g   reforming  c a t a l y s t s   are  used  to  improve  t h e  

octane  q u a l i t y   of  naphthas  and  s t r a i g h t   run  g a s o l i n e s .   In  a d d i t i o n  

they  may  be  used  to  promote  a  wide  v a r i e t y   of  hydrocarbon  c o n v e r s i o n  

r e a c t i o n s   such  as  hydrocrack ing ,   i s o m e r i z a t i o n ,   dehydrogenat ion   and 

c r a c k i n g .  

In  a  naphtha  hydroforming  process   ( reforming)   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  stream  tha t   t y p i c a l l y   conta ins   15  to  80  volume 

percent  p a r a f f i n s ,   15  to  80  volume  percent   naphthenes  and  2  to  20 

percent   aromatics   and  bo i l i ng   at  a tmospheric   p ressure   s u b s t a n t i a l l y  

between  80°F  and  450°F  (27°C  and  232°C),  p r e f e r a b l y   between  150°F  and 

375°F  (66°C  and  1910C),  is  con tac ted   with  the  i r i d i u m - c o n t a i n i n g  



c a t a l y s t   composite  in  the  presence  of  hydrogen.   The  r e a c t i o n s  

t y p i c a l l y   occur  in  the  vapor  phase  at  a  t e m p e r a t u r e   varying  from  a b o u t  

650-1000°F  (343-538°C),  p r e f e r a b l y   about  750-980°F  (399-527°C).  Reac-  

t i on   zone  p ressures   may  vary  from  1  to  50  a tmospheres   (101  to  5065 

kPa),   p r e f e r ab ly   from  5  to  30  atmospheres  (507-3039  kPa).  The  naph tha  

feed  stream  is  conven ien t ly   passed  over  the  c a t a l y s t   composite  at  s p a c e  
v e l o c i t i e s   varying  from  0.5  to  20  p a r t s   by  weight  of  naphtha  per  hour  

per  pa r t   by  weight  of  c a t a l y s t   (W/hr/W),  p r e f e r a b l y   from  1  to  10 

W/hr/W.  The  hydrogen  to  hydrocarbon  mole  r a t i o   within  the  r e a c t i o n  

zone  is  convenien t ly   mainta ined  between  0.5  and  20,  p r e f e r ab ly   be tween 

1  and  10.  During  the  reforming  p rocess ,   the  hydrogen  used  may  be  i n  

admixture   with  l i gh t   gaseous  hydrocarbons .   In  a  t y p i c a l   ope ra t ion ,   t h e  

c a t a l y s t   is  maintained  as  a  f ixed  bed  wi th in   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 .   The  product  stream  from  each  r e a c t o r   (except  t h e  

l a s t )   in  the  r eac to r   t r a i n   is  reheated   p r i o r   to  passage  to  the  f o l l o w -  

ing  r e a c t o r .   As  an  a l t e r n a t e   to  the  a b o v e - d e s c r i b e d   process ,   t h e  

c a t a l y s t   may  be  used  in  a  moving  bed  in  which  the  naphtha  charge  s t o c k ,  

hydrogen  and  c a t a l y s t   are  passed  in  p a r a l l e l   through  the  r eac to r   or  i n  

a  f l u i d i z e d   system  wherein  the  naphtha  feed  s tock  is  passed  upwardly 

through  a  t u rbu l en t   bed  of  f ine ly   d iv ided   c a t a l y s t   p a r t i c l e s .   F i n a l l y ,  

i f   d e s i r e d ,   the  c a t a l y s t   may  be  simply  s l u r r i e d   with  the  charge  s t o c k  

and  the  r e s u l t i n g   mixture  conveyed  to  the  r e a c t i o n   zone  for  f u r t h e r  

r e a c t i o n .  

The  inven t ion   wil l   now  be  more  p a r t i c u l a r l y   descr ibed  w i t h  

r e f e r e n c e   to  the  examples  and  comparat ive   examples  and  with  r e f e r e n c e  

to  the  accompanying  drawings  in  w h i c h : -  

Figure  1  is  a  graph  of  i n l e t   t e m p e r a t u r e   versus  days  on  s t r e a m  

for  a  naphtha  reforming  opera t ion   using  a  c o n v e n t i o n a l   b i - m e t a l l i c  

c a t a l y s t   and  a  t r i - m e t a l l i c   c a t a l y s t   p r e t r e a t e d   according  to  one 

example  of  the  inven t ion ,   and 

Figure  2  is  a  graph  s imi l a r   to  F igure   1  but  comparing  t h e  

p r e t r e a t e d   c a t a l y s t   of  said  one  example  with  a  p r e t r e a t e d   P t -Re  

c a t a l y s t   mixed  with  a  f resh  i r idium  component .  



COMPARATIVE  EXAMPLE  1 

A  d e a c t i v a t e d   reforming  c a t a l y s t   c o m p r i s i n a :  

was  r egene ra t ed   in  the  fo l lowing  manner.  

1.  The  spent   c a t a l y s t   was  heated  to  850°F  (454°C)  in  t h e  

presence  of  5%  oxygen  and  3%  hydrogen  c h l o r i d e   in  a  n i t r o g e n  

atmosphere  for  8  hours  to  remove  the  coke  d e p o s i t s   from  t h e  

c a t a l y s t .  

2.  The  product   of  s tep  1  was  t r e a t e d   with  hydrogen  for  0 . 5  

hours  at  a  t empera tu re   of  850°F  (454°C) .  

All  of  the  c a t a l y s t s   in  th i s   and  the  fo l lowing  examples  were 
examined  by  Temperature  Programmed  Desorpt ion  (TPD)  of  hydrogen.  TPD 

of  hydrogen  is  a  t echn ique   used  for  e s t i m a t i n g   metal  d i s p e r s i o n s   on 

reforming  c a t a l y s t s .   The  procedure  c o n s i s t s   of  chemisorbing  hydrogen 

on  the  metals  at  room  tempera ture   and  f u r t h e r   desorbing  i t   by  a p p l y i n g  

heat  at  a  programmed  r a t e .   By  c o l l e c t i n g   the  hydrogen  desorbed  and 

knowing  the  hydrogen  to  metal  r a t i o ,   the  metal  d i s p e r s i o n   can  be  

c a l c u l a t e d .   Thus,  a  d i s p e r s i o n   of  0.5  is  equ iva l en t   to  50%  of  t h e  

t o t a l   metal  being  exposed  as  sur face   metal.   It  has  been  found  tha t   a  

d i s p e r s i o n   of  at  l e a s t   0.5  is  necessary   to  e f f e c t   reforming  r e a c t i o n s .  

Typ ica l l y ,   p r e t r e a t e d   i r i d i u m - c o n t a i n i n g   c a t a l y s t s   have  d i s p e r s i o n s   i n  

the  range  of  0.6  to  1.0.  The  nature   of  the  d e s o r p t i o n   spectrum,  which 

is  a  plot   of  the  r a t e   of  hydrogen  r e l ea se   with  r e spec t   to  t e m p e r a t u r e  

as  a  func t ion   of  t e m p e r a t u r e ,   provides   a d d i t i o n a l   i n f o r m a t i o n   on  t h e  

s t a t e   of  the  metals  on  the  s u p p o r t .  
The  r e s u l t i n g   c a t a l y s t   of  Example  1  had  a  d i s p e r s i o n   of  l e s s  

than  0.5.  The  p r e t r e a t m e n t   procedure  t h e r e f o r e   does  not  work  well  w i th  

a  d e a c t i v a t e d   or  spent   c a t a l y s t .  



COMPARATIVE  EXAMPLE  2 

A  fresh  reforming  c a t a l y s t   c o m p r i s i n g :  

was  p r e t r e a t e d   in  the  fo l lowing  manner .  

1.  The  f resh   c a t a l y s t   was  heated  to  a  t empera ture   of  850°F 

(454°C)  in  the  presence  of  5%  oxygen  and  3%  hydrogen  c h l o r i d e  

in  n i t rogen   and  water  for  2  h o u r s .  A   water :hydrogen  c h l o r i d e  

molar  r a t i o   of  5 .6:1  was  mainta ined   during  th i s   p e r i o d .  

2.  The  product   of  s tep  1  was  t r e a t e d   in  hydrogen  under  d ry  

c o n d i t i o n s   for  0.5  hours  at  a  t empera ture   of  850°F  (454°C) .  

The  r e s u l t i n g   c a t a l y s t   had  a  d i s p e r s i o n   of  less   than  0 . 5 .  

Therefore  the  presence  of  water  is  d e t r i m e n t a l   to  the  p r e t r e a t m e n t  

p r o c e d u r e .  

EXAMPLE  1 

A  f resh  reforming  c a t a l y s t   c o m p r i s i n g :  

was  p r e t r e a t e d   in  the  fo l lowing  manner .  

1.  The  f resh   c a t a l y s t   was  heated  at  a  t empera ture   of  950°F 

(510°C)  in  5%  oxygen  in  a  n i t rogen   atmosphere  for  0.5  h o u r s .  

2.  The  product   of  s tep  1  was  f u r t h e r   t r e a t e d   in  3.09% 

hydrogen  c h l o r i d e   in  n i t rogen   at  1.5  wt.%  hydrogen  c h l o r i d e  

per  weight  of  c a t a l y s t   per  hour  for  2  hours  at  950°F  (510°C) .  

3.  The  product   of  step  2  was  t r e a t e d   with  hydrogen  for  1  h o u r  

at  a  t empera ture   of  950°F  (510°C) .  

The  r e s u l t i n g   c a t a l y s t   had  a  d i s p e r s i o n   of  g r e a t e r   than  0 . 5  

which  i n d i c a t e s   tha t   the  p r e t r e a t m e n t   was  s u c c e s s f u l .  



COMPARATIVE  EXAMPLE  3 

A  fresh  reforming  c a t a l y s t   c o m p r i s i n g :  

was  p r e t r e a t e d   in  the  fo l lowing   manner .  

1.  The  f resh   c a t a l y s t   was  heated  at  a  t empera tu re   of  850°F 

(454°C)  in  n i t r o g e n   for  0.5  h o u r s .  

2.  The  product   of  s tep  1  was  t r e a t e d   with  3.09%  hydrogen  

ch lo r ide   in  n i t r o g e n   at  1.5  wt.%  hydrogen  c h l o r i d e   per  we igh t  

of  c a t a l y s t   per  hour  for  2  hours  at  a  t empera tu re   of  850°F 

(4540C).  

3.  The  product   of  s tep  2  was  t r e a t e d   with  hydrogen  for  1  hou r  

at  a  t empera tu re   of  850°F  (454°C) .  

The  r e s u l t i n g   c a t a l y s t   had  a  d i s p e r s i o n   of  less   than  0.5.  The 

low  d i s p e r s i o n   c l e a r l y   i n d i c a t e s   the  necess i ty   of  oxygen  to  e f f e c t   t h e  

p r e t r e a t m e n t .  

COMPARATIVE  EXAMPLE  4 

The  c a t a l y s t   of  Comparative  Example  3  was  t r e a t e d   in  the  same 

manner  as  Comparative  Example  3  with  the  except ions   of  s u b s t i t u t i n g  

t empera tu res   of  900°F  (488°C)  and  950°C  (510°C)  in  s teps   1 - 3 .  

The  r e s u l t i n g   c a t a l y s t s   a lso  had  a  d i s p e r s i o n   of  less   than  0 . 5  

which  i n d i c a t e s   the  n e c e s s i t y   of  oxygen  to  e f f ec t   the  p r e t r e a t m e n t .  

COMPARATIVE  EXAMPLE  5 

A  fresh  reforming  c a t a l y s t   c o m p r i s i n g :  



was  p r e t r e a t e d   in  the  fo l lowing   manner .  

1.  The  c a t a l y s t   was  heated  to  a  t empera tu re   of  950°F  (510°C) 

in  the  presence  of  3.09%  hydrogen  ch lo r ide   in  n i t rogen   at  1 . 5  

wt.%  hydrogen  c h l o r i d e   per  weight  of  c a t a l y s t   per  hou r .  

2.  The  product  of  s tep  1  was  t r e a t e d   with  hydrogen  for  one 

hour  at  a  t empera tu re   of  950°F  (5100C).  

The  r e s u l t i n g   c a t a l y s t   again  had  a  d i s p e r s i o n   of  less   than  0 . 5 .  

EXAMPLE  2 

A  f resh  reforming  c a t a l y s t   compr i s i ng :  

was  p r e t r e a t e d   in  the  fo l lowing   manner .  

1.  The  fresh  c a t a l y s t   was  heated  to  a  t empera tu re   of  850°F 

(454°C)  in  the  presence   of  5%  oxygen  in  a  n i t r ogen   a tmosphere  

and  1.5  wt.%  of  3.09%  hydrogen  ch lo r ide   per  weight  of  c a t a l y s t  

per  hour  for  2  h o u r s .  

2.  The  product  of  s tep  1  was  t r e a t ed   with  hydrogen  for  1  hour  

at  a  t empera ture   of  850°F  (454°C).  

The  r e s u l t i n g   c a t a l y s t   had  a  disperation  of  g r e a t e r   than  0 . 5 .  

Therefore  s teps   1 and  2  of  the  p r e t r ea tmen t   procedure  can  be  

accomplished  s e q u e n t i a l l y   (Example  1)  or  s i m u l t a n e o u s l y .  

EXAMPLE  3 

A  f resh  reforming  c a t a l y s t   compr i s ing :  



was  p r e t r e a t e d   as  in  Example  2  r e s u l t i n g   in  a  d i s p e r s i o n   of  g r e a t e r  

than  0.5  as  determined  by  hydrogen  c h e m i s o r p t i o n .  

A  commercial  p la t inum-rhenium  reforming  c a t a l y s t   (E603)  hav ing  

a  compos i t ion   of  0.35%  pla t inum,   and  0.35%  rhenium  was  p r e t r e a t e d   in  a 

c o n v e n t i o n a l   manner  using  5%  oxygen  in  a  n i t rogen   atmosphere  for  2 

hours  at  a  t empera tu re   of  950°F  (510°C)  and  subsequen t ly   t r e a t e d   w i t h  

hydrogen  for  1  hour  at  a  t empera tu re   of  950°F  (510°C).  The  p r e t r e a t e d  

b i - m e t a l l i c   and  t r i - m e t a l l i c   c a t a l y s t s   were  then  eva lua t ed   at  an  o c t a n e  

s e v e r i t y   of  98  R+0  for  the  reforming  of  a  C6-350°F  (177°C)  Arab ian  

Light  Naphtha  having  the  fo l lowing  p r o p e r t i e s :  

The  r e a c t i o n   cond i t i ons   were  250  psig  (1825  kPa),  2  WHSV  and  a  
t o t a l   molar  r ecyc le   r a t i o   of  7.  A  comparison  of  the  i n l e t   t e m p e r a t u r e s  

versus  days  on  stream  is  shown  in  Figure  1.  As  can  be  seen,  t h e  

p r e t r e a t e d   t r i - m e t a l l i c   c a t a l y s t   had  improved  s t a b i l i t y   as  compared 
with  the  conven t iona l   b i - m e t a l l i c   c a t a l y s t .  

EXAMPLE  4 

A  f resh   reforming  c a t a l y s t   c o m p r i s i n g :  

was  p r e t r e a t e d   in  accordance  with  Example  2. 

A  p la t inum-rhenium  c a t a l y s t   was  p r e t r e a t e d   with  1.93%  c h l o r i n e  
in  n i t rogen   at  1.5  wt.%  ch lo r ine   per  weight  of  c a t a l y s t   per  hour  for  2 



hours  at  a  t empera tu re   of  900°F  (482°C).  The  i r id ium  component  was 
then  added  and  the  composite  was  t r e a t e d   in  hydrogen  for  1  hour  at  a  

t e m p e r a t u r e   of  850°F  (454°C) .  

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

p l a t i n u m - r h e n i u m / i r i d i u m   c a t a l y s t   p r e t r e a t e d   in  accordance   with  t h i s  

i n v e n t i o n   were  eva lua ted   at  an  octane  s e v e r i t y   of  98  R+0  for  t h e  

reforming  of  C6-350°F  (177°C)  Arabian  Light  Naphtha  having  t h e  

fo l lowing   p r o p e r t i e s .  

The  r e a c t i o n   c o n d i t i o n s   were  250  psig  (1825  kPa),  2  WHSV  and  a 

t o t a l   molar  recyc le   r a t i o   of  7.  A  comparison  of  the  i n l e t   t e m p e r a t u r e  

versus  days  on  stream  is  shown  in  Figure  2.  As  can  be  seen,  t h e  

p r e t r e a t e d   c a t a l y s t   according  to  t h i s   i nven t ion   had  an  octane  advan tage  

of  10°F  (6°C)  a f t e r   40  days  on  the  s t r e a m .  

EXAMPLE  5 

A  b i - m e t a l l i c   c a t a l y s t   c o m p r i s i n g :  

was  p r e t r e a t e d   in  accordance  with  Example  2 .  

The  p r e t r e a t e d   c a t a l y s t   had  a  d i s p e r s i o n   of  g r e a t e r   than  0 . 5  

which  i n d i c a t e s   that   the  p r e t r e a t m e n t   procedure  was  s u c c e s s f u l .  
3 



EXAMPLE  6 

A  commercial  b i - m e t a l l i c   c a t a l y s t   de s igna t ed   KX-130  having  a  

compos i t ion   c o m p r i s i n g :  

was  p r e t r e a t e d   in  accordance  with  Example  2  with  the  except ion   of  t h e  

t e m p e r a t u r e   which  was  mainta ined  at  a  t empera tu re   of  850°F  (454°C)  i n  

a l l   s t e p s .  

The  p r e t r e a t e d   c a t a l y s t   had  a  d i s p e r s i o n   of  g r e a t e r   than  0 . 5  

which  i n d i c a t e s   tha t   the  p r e t r ea tmen t   procedure  was  s u c c e s s f u l .  

COMPARATIVE  EXAMPLE  6 

A  f resh  reforming  c a t a l y s t   c o m p r i s i n g :  

was  p r e t r e a t e d   according  to  the  procedure  in  Example  2  with  t h e  

e x c e p t i o n   tha t   the  fresh  c a t a l y s t   was  f i r s t   reduced  in  hydrogen  for  1 

hour  at  450°C.  The  r e s u l t i n g   c a t a l y s t   had  a  d i s p e r s i o n   less   than  0 . 5  

as  de te rmined   by  hydrogen  chemisorp t ion .   There fore ,   the  p r e s c r i b e d  

p r e t r e a t m e n t   procedure  is  i n e f f e c t i v e   on  a  p r e v i o u s l y   reduced  r e fo rming  

c a t a l y s t .  

EXAMPLE  7 

A  fresh  reforming  c a t a l y s t   c o m p r i s i n g :  

was  p r e t r e a t e d   according  to  the  procedure  in  Example  2  r e s u l t i n g   in  a 

d i s p e r s i o n   of  g rea te r   than  0.5  (0.7)  as  determined  by  hydrogen 

chemiso rp t i on .   The  reduced  c a t a l y s t   was  again  s u b j e c t e d   to  t h e  



p r e t r e a t m e n t   procedure  of  Example  2.  The  r e s u l t i n g   c a t a l y s t   had  a 

d i s p e r s i o n   of  g r e a t e r   than  0.5  ( 0 . 8 ) ,   which  i n d i c a t e s   the  e f f e c t i v e n e s s  

of  the  mul t ip le   use  of  t h i s   p r o c e d u r e .  

COMPARATIVE  EXAMPLE  7 

A  fresh  reforming  c a t a l y s t   c o m p r i s i n g :  

was  p r e t r e a t e d   according  to  the  procedure   in  Example  2  with  t h e  

except ion   tha t   oxygen-ch lo r ine   was  used  i n s t ead   of  oxygen /hydrogen  
c h l o r i d e   in  step  1.  The  r e s u l t i n g   c a t a l y s t   had  a  d i s p e r s i o n   less   t h a n  

0.5  as  determined  by  hydrogen  chemiso rp t i on   which  i n d i c a t e s   t h e  

neces s i t y   of  the  presence  of  oxygen  with  a  hydrogen  ha l ide   to  e f f e c t  

s u c c e s s f u l   p r e t r e a t m e n t .  



1.  A  p rocess   for  the  t r ea tment   of  a  f resh  i r i d i u m - c o n t a i n i n g  

reforming  c a t a l y s t ,   compris ing  sub j ec t i ng   said  c a t a l y s t   to  t h e  

fol lowing  s t e p s :  

(1)  t r e a t m e n t   with  oxygen  at  an  e l eva ted   t e m p e r a t u r e ,  

(2)  t r e a t m e n t   with  hydrogen  ha l ide   at  an  e l e v a t e d  

t e m p e r a t u r e ,   and 

(3)  a f t e r   s teps   (1)  and  (2),  t r ea tmen t   with  a  reducing  a g e n t  

at  an  e l eva t ed   t e m p e r a t u r e .  

2.  The  process   of  claim  1  wherein  said  t r ea tment   with  oxygen 
and  hydrogen  ha l i de   are  combined  into  a  s ing le   s t e p .  

3.  The  p rocess   of  claim  1 or  claim  2  wherein  said  oxygen  
t rea tment   s tep  comprises   t r e a t i n g   the  c a t a l y s t   with  0 .1-50  wt.%  o f  

oxygen  at  a  t empera tu re   of  750-1000°F  (399-538°C)  for  0.1  to  24  h o u r s  

and  at  a  p r e s su re   of  0 .1-500  psig  (102-3549  kPa ) .  

4.  The  process   of  claim  1  or  claim  2  wherein  said  oxygen 
t rea tment   step  comprises   t r e a t i n g   said  c a t a l y s t   with  from  0.1  to  21 

wt.%  of  oxygen  at  a  t empera ture   of  from  850-950°F  (454-510°C)  for  0 . 2 5  

to  2  h o u r s .  

5.  The  process   of  any  preceding  claim  wherein  said  hyd rogen  
ha l ide   t r ea tmen t   s tep  comprises  t r e a t i n g   said  c a t a l y s t   with  0 .1-10  wt.% 

of  hydrogen  ha l ide   per  weight  of  said  c a t a l y s t   per  hour  for  0.5  to  24  

hours  at  a  t empera tu re   of  700-1000°F  (371-538°C) .  

6.  The  process   of  any  preceding  claim  wherein  the  hydrogen  
hal ide   is  hydrogen  c h l o r i d e .  



7.  The  process  of  any  preceding  claim  wherein  said  c a t a l y s t  
is  t r e a t e d   with  a  reducing  agent  at  a  t empera tu re   of  400-1000°F 

(204-593°C)  for  0.1  to  24  h o u r s .  

8.  The  process  of  any  preceding  claim  wherein  the  c a t a l y s t   i s  

t r e a t e d   with  a  reducing  agent  at  a  t empera tu re   of  850-950°F  (454-510°C) 

for  0.5  to  2  h o u r s .  

9.  The  process   of  any  preceding  claim  wherein  said  r e d u c i n g  

agent   is  hydrogen .  

10.  The  process   of  any  preceding  claim  wherein  said  c a t a l y s t  

a l so   c o n t a i n s   platinum  or  plat inum  and  rhen ium.  
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