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(5*)  A  catalytic  reforming  process. 
  Hydrocarbons  are  subjected  to  a  catalytic  reforming 
process  in  which  they  are  preheated  in  a  fired  heater  (4)  prior 
to  the  reforming  reactor  (5,9,11)  and  the  liquid  portion  of  the 
reactor  effluent  is  fractionated  in  a  stabilizer  column  (16)  to 
recover  the  product  reformate (22).  In  order to  dispense  with 
a  separate  fired  heater  for  the  stabilizer  column  a  predeter- 
mined  amount  of  the  reformate  is  reheated  in  indirect  heat 
exchange  (23a)  in  a  convection  heating  section  of  the  fired 
heater  (4)  for  the  reforming  reactor  (5,  9,  11)  and  then 
returned  to  the  stabilizer  column  (16),  and  a  further  portion  of 
the  reformate  is  subjected  to  indirect  heat  exchange  (15)  with 
the  reactor  effluent  and  returned  to  the  stabilizer  column  (16) 
to  provide  the  remainder  of  its  heat  requirement. 





The  art   of  c a t a l y t i c   reforming  is  well  known  in  the  p e t r o -  

leum  r e f i n i n g   i n d u s t r y   and  does  not  requi re   d e t a i l e d   d e s c r i p t i o n  

h e r e i n .   In  b r i e f ,   c a t a l y t i c   reforming  a r t   is  l a r g e l y   concerned  w i t h  

the  t r e a t m e n t   of  hydrocarbonaceous   feeds tocks   to  improve  t h e i r   a n t i -  

knock  c h a r a c t e r i s t i c s .   Genera l ly   the  hydrocarbonaceous  f e e d s t o c k  

comprises   a  pet roleum  gaso l ine   f r a c t i o n .   Such  a  gaso l ine   f r a c t i o n  

may  be  a  ful l   b o i l i n g   range  f r a c t i o n   having  an  i n i t i a l   bo i l i ng   poin t   of  from 

50°-110°F  (10°-38°C)  and  an  end  bo i l i ng   point  of  from  325°-425°F  ( 1 6 3 ° - 2 1 8 ° C ) .  

More  f r e q u e n t l y ,   the  ga so l ine   f r a c t i o n   will  have  an  i n i t i a l   bo i l i ng   point   o f  

from  150°-250°F  (66°-121°C)  and  an  end  bo i l ing   point   of  from  350° -425°F  

(177° -218°C) ,   th is   higher   bo i l ing   f r a c t i o n   being  commonly  r e f e r r e d   to  as  n a p h t h a .  

The  re forming  process   is  p a r t i c u l a r l y   a p p l i c a b l e   to  the  t r e a t m e n t   o f  

those  s t r a i g h t - r u n   gaso l ines   comprising  r e l a t i v e l y   la rge   c o n c e n t r a -  

t i ons   of  naph then ic   and  s u b s t a n t i a l l y   s t r a i g h t   chain  p a r a f f i n i c  h y -  

d rocarbons   which  are  sub j ec t   to  a roma t i za t i on   through  dehydrogena -  

t ion  and /o r   c y c l i z a t i o n   r e a c t i o n s .   Various  o ther   concomitant   r e a c -  

t ions   a l so   occur ,   such  as  i s o m e r i z a t i o n   and  hydrogen  t r a n s f e r ,   which  

are  b e n e f i c i a l   in  upgrading  the  an t i -knock   p r o p e r t i e s   of  the  s e l e c -  

ted  g a s o l i n e   f r a c t i o n .  

As  will  be  h e r e i n a f t e r   descr ibed   in  g r e a t e r   d e t a i l ,   in  t h e  

t y p i c a l   c a t a l y t i c   reforming  o p e r a t i o n ,   f eeds tock ,   p r e f e r a b l y   a  p e t r o -  

leum  g a s o l i n e   f r a c t i o n ,   is  f i r s t   admixed  with  hydrogen.  The  f e e d -  

stock  and  hydrogen  mixture  is  t h e r e a f t e r   heated  to  r e a c t i o n   t e m p e r a -  

ture  and  then  con tac ted   with  reforming  c a t a l y s t .   The  r e a c t i o n   e f f l u -  

ent  is  then  s epa ra t ed   to  provide  a  vapor  phase  compris ing  hydrogen  



at  l e a s t   a  por t ion   of  which  is  r ecyc led   for  admixture  with  the  f e e d -  

stock  and  to  provide  a  l i q u i d   phase  which  comprises  a  h y d r o c a r b o n  

reformate   of  improved  a n t i - k n o c k   c h a r a c t e r i s t i c s   with  v o l a t i l e   C1  t o  

C4  components  d i s so lved   t h e r e i n .   The  l i qu id   phase  is  then  s t a b i l -  

ized  to  remove  the  v o l a t i l e   C1  to  C4  components  by  f r a c t i o n a t i o n ,  

t y p i c a l l y   in  a  debu t an i z ing   f r a c t i o n a t i o n   column. 

As  noted  above  var ious   r e a c t i o n s   take  place  during  c a t a l y -  

t ic   re forming .   These  r e a c t i o n s   inc lude   dehydrogena t ion ,   c y c l i z a t i o n ,  

hydrocrack ing   and  i s o m e r i z a t i o n .   The  net  r e s u l t   is  tha t   c a t a l y t i c  

reforming  is  highly  endothermic .   It  is  t h e r e f o r e   common  p r a c t i c e   t o  

e f f e c t   c a t a l y t i c   reforming  in  more  than  one  c a t a l y s t   bed  to  a l l o w  

r e h e a t i n g   of  the  r e a c t a n t s   in  order   to  assure  that   they  remain  a t  

r e a c t i o n   t empe ra tu r e .   Thus  the  r e a c t i o n   e f f l u e n t   from  a  p r e c e d i n g  

c a t a l y s t   bed  may  be  rehea ted   to  r e a c t i o n   tempera ture   before   p a s s a g e  

to  a  subsequent   c a t a l y s t   b e d .  

The  h ighly   endothermic   nature   of  c a t a l y t i c   reforming  n e c e s -  

s i t a t e s   g rea t   q u a n t i t i e s   of  hea t .   Typ ica l ly   heat  for  c a t a l y t i c   r e -  

forming  is  provided  by  a  f i r ed   h e a t e r .   The  hydrocarbon  and  hydrogen 

mixture  is  passed  through  the  r a d i a n t   heat ing  sec t ion   of  the  f i r e d  

hea te r   where  i t   is  heated  to  r e a c t i o n   t empera tu re .   Since  only  a  p o r -  

t ion  of  the  to ta l   heat  l i b e r a t e d   in  the  f i r ed   hea te r   is  a c t u a l l y  

absorbed  by  the  hydrocarbon  and  hydrogen  mix ture ,   l a rge   q u a n t i t i e s  

of  fuel  must  be  combusted  in  the  f i r ed   hea te rs   to  assure   s u f f i c i e n t  

heat  for  c a t a l y t i c   r e f o r m i n g .  

In  order   to  conserve  fuel  and  reduce  the  f i r e d   hea te r   d u t y ,  

i t   has  become  common  p r a c t i c e   to  recover   heat  by  p r e h e a t i n g   the  f e e d -  

stock  and  hydrogen  mixture  through  i n d i r e c t   heat  exchange  with  t h e  

reforming  r e a c t i o n   e f f l u e n t .   Thus  the  feeds tock  and  hydrogen  m i x t u r e  



is  f i r s t   s u b j e c t e d   to  i n d i r e c t   heat  exchange  with  the  reforming  r e a c -  

t ion  e f f l u e n t   and  the  preheated  mixture  is  then  passed  to  the  f i r e d  

hea te r   where  i t   is  f u r t h e r   heated  to  r e a c t i o n   t empera tu re .   Such  a 

p rehea t ing   step  is  d i s c losed   in  U.S.  Pa ten t   4,110,197  and  r e s u l t s   i n  

fuel  savings  because  of  the  decrease   in  f i r ed   heater   d u t y .  

As  noted  p r e v i o u s l y ,  i t   is  also  common  p r a c t i c e   to  s u b j e c t  

u n s t a b i l i z e d   hydrocarbon  re formate   to  a  f r a c t i o n a t i o n   step  f o l l o w i n g  

the  s e p a r a t i o n   t h e r e o f   from  the  h y d r o g e n - c o n t a i n i n g   vapor  p h a s e .  

Typ ica l ly   the  f r a c t i o n a t i o n   step  is  e f f e c t e d   to  remove  hydrogen  and 

C1  to  C4  hydrocarbons   from  the  u n s t a b i l i z e d   re formate .   Such  a  f r a c -  

t i o n a t i o n   step  r e q u i r e s   heat  input  into  the  f r a c t i o n a t i o n   column. 

Commonly,  a  source  of  such  heat  is  a  f i r e d   hea t e r   in  which  r e f o r m a t e ,  

withdrawn  from  the  column  bottom,  is  heated  to  a  des i red   t e m p e r a t u r e  

and  r e i n t r o d u c e d   into  the  column.  As  with  the  f i r ed   hea te r   used  t o  

heat  the  c a t a l y t i c   reforming  r e a c t a n t s ,   the  s t a b i l i z e r   column  f i r e d  

hea te r   consumes  s i g n i f i c a n t   amounts  of  fuel  with  only  a  p e r c e n t a g e  

of  the  t o t a l   heat   l i b e r a t e d   being  absorbed  by  the  reformate  from  t h e  

column  bottom.  It  would,  t h e r e f o r e ,   be  advantageous  to  e l i m i n a t e  

the  s t a b i l i z e r   column  f i red   h e a t e r .  

As  noted  p r ev ious ly ,   only  a  pe rcen tage   of  the  heat  l i b e r a -  

ted  in  the  r e f o r m i n g  r e a c t a n t s   f i r ed   hea t e r   is  absorbed  by  the  h y d r o -  

carbon  and  hydrogen  mixture  in  the  r a d i a n t   hea t ing   s ec t ion   of  t h e  

hea t e r .   The  ba lance   of  the  heat  l i b e r a t e d   by  combustion  leaves  t h e  

r a d i a n t   s e c t i o n   of  the  heater   via  high  t empera tu re   combustion  g a s e s .  

Such  hot  combustion  gases  could  serve  as  a  source  of  heat  for  t h e  

s t a b i l i z e r   column  by  i n d i r e c t   heat  exchange  with  reformate   from  t h e  

r e b o i l e r .   However,  t r a d i t i o n a l   unit   o p e r a t i o n s   requ i re   that   a  smal l  

f i red   hea te r   be  employed  for  purposes  of  c o n t r o l l i n g   the  heat  i n p u t  



to  the  column  thereby  negat ing  par t   of  the  advantages  to  be  d e r i v e d  

from  e l i m i n a t i o n   of  the  s t a b i l i z e r   column  f i r ed   h e a t e r .  

It  has  now  been  determined  t h a t   it  is  poss ib le   to  a c h i e v e  

s i g n i f i c a n t   fuel  savings  by  u t i l i z i n g   the  reforming  r e a c t a n t s   f i r e d  

hea ter   as  a  source  of  heat  for  the  r e fo rmate   s t a b i l i z e r   column  w i t h -  

out  having  to  u t i l i z e   a  second  f i r e d   h e a t e r   for  con t ro l .   It  i s  

t h e r e f o r e   p o s s i b l e   to  u t i l i z e   the  c a t a l y t i c   r e ac t an t s   f i r ed   h e a t e r  

as  a  source  of  heat  for  reformate  s t a b i l i z a t i o n   and  fu l ly   r e a l i z e  

the  advantages   to  be  derived  by  e l i m i n a t i n g   the  s t a b i l i z e r   column 

f i red   h e a t e r .   Ins tead   of  u t i l i z i n g   a  small  f i red   hea te r   to  c o n t r o l  

heat  input   into  the  column,  i t   has  been  determined  tha t   the  r e f o r m -  

ing  r e a c t i o n   e f f l u e n t   can  serve  as  a  s u b s t i t u t e   heat  source  for  p u r -  

poses  of  c o n t r o l l i n g   heat  input  into  the  s t a b i l i z e r   column.  The  r e -  

forming  r e a c t i o n   e f f l u e n t   is  s u b j e c t e d   to  i n d i r e c t   heat  exchange  

w i t h   r e f o r m a t e   f rom  the   b o t t o m   of   t he   s t a b i l i z e r   c o l u m n  

in  a d d i t i o n   to   h e a t   e x c h a n g i n g   t h e   r e a c t i o n   e f f l u e n t   w i t h  

the   f e e d s t o c k   and  h y d r o g e n   m i x t u r e .   The  h e a t e d   r e f o r m a t e  

is   t h e n   r e t u r n e d   to  the   c o l u m n .   Use  of  t he   r e f o r m i n g   r e a c -  

t i o n   zone   e f f l u e n t   as  a  s t a b i l i z e r   c o l u m n   h e a t   i n p u t   c o n -  

t r o l   s o u r c e   w i l l   i n c r e a s e   t he   d u t y   of  the   r e f o r m i n g   r e a c -  

t a n t s   f i r e d   h e a t e r ,   t h e r e   b e i n g   l e s s   h e a t   a v a i l a b l e   in   t h e  

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

m i x t u r e .   N o t w i t h s t a n d i n g   t he   i n c r e a s e d   r e f o r m i n g   r e a c t a n t s  

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

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

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

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

s t a b i l i z e r   c o l u m n .  



Accordingly   i t   is  an  object   of  this   invent ion   to  achieve  a 

s i g n i f i c a n t   r educ t ion   in  the  fuel  consumption  of  a  c a t a l y t i c   r e f o r m -  

ing  process  by  p rov id ing   e s s e n t i a l l y   all   of  the  heat  r e q u i r e m e n t s  

for  the  re formate   s t a b i l i z e r   column  by  i n d i r e c t   heat  exchange.  More 

s p e c i f i c a l l y ,   i t   is  an  ob jec t   of  th is   invent ion   to  provide  e s s e n t i a l -  

ly  all  of  said  heat  requi rements   from  i n d i r e c t   heat  exchange  w i th  

the  re formate   r e a c t i o n   e f f l u e n t   and  from  the  reformate   r e a c t a n t s  

f i r e d   h e a t e r .  

In  one  of  i t s   broad  a s p e c t s ,   the  p resen t   inven t ion   embod- 

ies  a  process  for  c a t a l y t i c   reforming  which  comprises  the  steps  o f :  

(a)  hea t ing   a  mixture  of  a  hydrocarbonaceous   feeds tock   and  hydrogen 

in  a  r a d i a n t   hea t ing   sec t ion   of  a  f i r e d   hea te r   and  t h e r e a f t e r   con-  

t a c t i n g   the  heated  mixture  with  a  reforming  c a t a l y s t   at  r e f o r m i n g  

c o n d i t i o n s   to  produce  a  r eac t ion   e f f l u e n t ;   (b)  s u b j e c t i n g  a t   l e a s t  

a  por t ion   of  the  r e ac t i on   e f f l u e n t   to  a  f i r s t   i n d i r e c t   heat  exchange 

with  a  po r t ion   of  a  h e r e i n a f t e r   s p e c i f i e d   hydrocarbon  r e fo rmate ;   ( c )  

s u b j e c t i n g   at  l e a s t   a  por t ion   of  the  r e ac t i on   e f f l u e n t   to  a  second 

i n d i r e c t   heat  exchange  with  said  mixture  of  hydrocarbonaceous   f e e d -  

s tock  and  hydrogen  p r i o r   to  the  heat ing  t h e r e o f   in  the  f i r ed   h e a t e r ;  

(d)  s e p a r a t i n g   the  r e a c t i o n   e f f l u e n t   into  a  hyd rogen- r i ch   v a p o r  

phase  and  a  s u b s t a n t i a l l y   l i qu id   hydrocarbon  phase  and  r ecyc l ing   a t  

l e a s t   a  por t ion   of  said  hydrogen- r i ch   vapor  phase  for  admixture  w i t h  

sa id   hydrocarbonaceous   f e e d s t o c k ;   (e)  i n t roduc ing   said  l i q u i d   phase  

in to   a  s t a b i l i z e r   column,  said  column  being  main ta ined   at  f r a c t i o n a -  

t ion  c o n d i t i o n s   s u f f i c i e n t   to  provide  an  overhead  f r a c t i o n   compr i s -  

ing  hydrocarbons  normally  gaseous  at  s tandard   t empera tu re   and  p r e s -  

su re ,   and  a  bottom  f r a c t i o n   compris ing  a  hydrocarbon  r e fo rma te ;   ( f )  

r e c o v e r i n g   and  r ehea t i ng   a  f i r s t   p rede te rmined   amount  of  the  hyd ro -  



carbon  r e fo rma te   by  i n d i r e c t   heat   exchange  with  hot  combust ion  g a s e s  

in  a  convec t ion   hea t ing   s ec t ion   of  the  f i r ed   hea te r   of  s tep  (a)  and 

r e tu rn ing   the  rehea ted   reformate   to  the  s t a b i l i z e r   column  to  s u p p l y  

a  f ixed  q u a n t i t y   of  heat   to  the  column  r e b o i l e r ;   (g)  recover ing   a 

second  po r t ion   of  the  hydrocarbon  re formate   and  s u b j e c t i n g   i t   to  i n7  

d i r e c t   heat   exchange  with  the  r e a c t i o n   e f f l u e n t   as  set   fo r th   in  s t e p  

(b)  and  r e t u r n i n g   the  second  por t ion   to  the  s t a b i l i z e r   column  to  p r o -  

vide  the  ba lance   of  the  r e b o i l e r   heat   requi rement   of  the  column;  a n d ,  

(h)  r e cove r ing   a  t h i r d   po r t ion   of  the  hydrocarbon  reformate   as  p r o d -  

u c t .  

In  one  p r e f e r r e d   embodiment  of  th i s   i n v e n t i o n ,   said  f i x e d  

q u a n t i t y   of  hea t   suppl ied   by  the  f i r s t   p rede termined   amount  of  h y d r o -  

carbon  r e fo rma te   is  from  50  to  80%  of  the  r e b o i l e r   heat  r e q u i r e m e n t  

of  the  s t a b i l i z e r   column. 

In  another   p r e f e r r e d   embodiment  of  th is   i n v e n t i o n ,   the  q u a n -  

t i t y   of  said  por t ion   of  r e a c t i o n   e f f l u e n t   which  is  sub jec t ed   to  t h e  

f i r s t   i n d i r e c t   heat  exchange  with  the  hydrocarbon  re formate   is  d e t e r -  

mined  in  response   to  a  p rede te rmined   s t a b i l i z e r   column  r e b o i l e r   tem-  

p e r a t u r e .  

Other  ob jec t s   and  embodiments  will   become  apparent   in  t h e  

fo l lowing  more  d e t a i l e d   s p e c i f i c a t i o n .  

The  c a t a l y t i c   reforming  of  petroleum  gaso l ine   f r a c t i o n s  i s   a  v a p o r  

phase  o p e r a t i o n   and  is  g e n e r a l l y   e f f e c t e d   at  convers ion  cond i t i ons   which  

include  c a t a l y s t   bed  t empera tu res   in  the  range  of  from  about  500°  to  a b o u t  

1050°F  (260°  to  about  566"C),  and  p r e f e r a b l y   from  about  600°  to  about  1000°F 

(316°  to  about  538°C).  Other  reforming  cond i t ions   inc lude  a  p r e s su re   of  from 

about  50  to  about  1000  psig  (345  to  about  6900  kPa  gauge),   p r e f e r a b l y   f rom 

about  75  to  about  350  psig  (520  to  about  2400  kPa  gauge),   and  a  l i q u i d  

hourly  space  v e l o c i t y   (def ined  as  l i q u i d   volume  of  f r e s h  



charge  per  volume  of  c a t a l y s t   per  hour)  of  from  about  0.2  to  a b o u t  

10  hr.-1  The  reforming  r eac t i on   is  c a r r i e d   out  gene ra l ly   in  t h e  

presence  of  s u f f i c i e n t   hydrogen  to  provide  a  h y d r o g e n / h y d r o c a r b o n  

mole  r a t i o   of  from  about  0 . 5 : 1 . 0   to  about  1 0 . 0 : 1 . 0 .  

The  c a t a l y t i c   reforming  r e a c t i o n   is  ca r r i ed   out  at  t h e  

a fo rement ioned   reforming  c o n d i t i o n s   in  a  r eac t ion   zone  c o m p r i s i n g  

e i t h e r   a  f ixed  or  a  moving  c a t a l y s t   bed.  Usually,   the  r e a c t i o n   zone 

will   comprise  a  p l u r a l i t y   of  c a t a l y s t   beds,  commonly  r e f e r r e d   to  as 

s t a g e s ,   and  the  c a t a l y s t   beds  may  be  s tacked  and  enclosed  wi thin   a 

s ing le   r e a c t o r   or  the  c a t a l y s t   bed  may  be  enclosed  in  a  s e p a r a t e   r e -  

ac to r   in  a  s i d e - b y - s i d e   r e a c t o r   a r rangement .   The  r eac t ion   zones  

will  g e n e r a l l y   comprise  two  to  four  c a t a l y s t   beds  in  e i t h e r   the  s tacked  o r  

s i d e - b y - s i d e   c o n f i g u r a t i o n .   In  any  case ,   as  noted  p r e v i o u s l y   t h e  

endothermic   na ture   of  c a t a l y t i c   reforming  r equ i res   the  hea t ing   o f  

both  f resh   charge  stock  and  c a t a l y s t   bed  e f f l u e n t s   before  the  i n t r o -  

duct ion  t h e r e o f   to  subsequent   c a t a l y s t   beds.  The  amount  of  c a t a l y s t  

used  in  each  of  the  c a t a l y s t   beds  may  be  varied  to  compensate  f o r  

the  endothermic   nature   of  the  reforming  r e ac t i on .   For  e x a m p l e ,  

three  c a t a l y s t   beds  are  used  to  i l l u s t r a t e   one  p r e f e r r ed   embodiment 

of  th is   i nven t ion   with  about  12  vol.%  being  employed  in  the  f i r s t  

bed  and  about  44  vol.%  in  each  of  the  succeeding  beds.  G e n e r a l l y ,  

the  f i r s t   bed  will   conta in   from  about  10  to  about  30  vol.%,  the  s e c -  

ond  from  about  25  to  about  45  vol.%,  and  the  th i rd   from  about  40  t o  

about  60  vol.%.  With  r e spec t   to  a  f o u r - c a t a l y s t   bed  system,  s u i t -  

able  c a t a l y s t   loadings   would  be  from  about  5  to  about  15  vol.%  i n  

the  f i r s t   bed,  from  about  15  to  about  25  vol.%  in  the  second,   f rom 

about  25  to  about  35  vol.%  in  the  t h i r d ,   and  from  about  35  to  a b o u t  

50  vol.%  in  the  fou r th .   Unequal  c a t a l y s t   d i s t r i b u t i o n ,   i n c r e a s i n g  



in  the  s e r i a l   d i r e c t i o n   of  r e a c t a n t   stream  flow,  f a c i l i t a t e s   and  e n -  

hances  the  d i s t r i b u t i o n   of  the  r e a c t i o n s   as  well  as  the  overa l l   h e a t  

of  r e a c t i o n .  

Reforming  c a t a l y t i c   composi tes   known  and  desc r ibed   in  t h e  

art   are  i n t ended   for  use  in  the  process   encompassed  by  the  p r e s e n t  

i n v e n t i o n .   As  noted  p r e v i o u s l y ,   c a t a l y t i c   reforming  r e a c t i o n s   a r e  

m u l t i f a r i o u s   and  inc lude   dehydrogena t ion   of  naphthenes  to  a r o m a t i c s ,  

the  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   to  a romat i c s ,   the  h y d r o c r a c k i n g  

of  l ong-cha in   p a r a f f i n s   into  lower  b o i l i n g   normally  l i q u i d   m a t e r i a l  

and,  to  a  c e r t a i n   e x t e n t ,   the  i s o m e r i z a t i o n   of  p a r a f f i n s .   These  r e -  

ac t ions   are  g e n e r a l l y   e f f e c t e d   through  u t i l i z a t i o n   of  c a t a l y s t s   com- 

p r i s ing   one  or  more  Group  VIII  noble  metals  (e .g.   p la t inum,   osmium, 

i r id ium,   rhodium,  ruthenium,  pa l lad ium)   combined  with  a  h a l o g e n  

(e .g.   c h l o r i n e   and /or   f l u o r i n e )   and  a  porous  c a r r i e r   ma te r i a l   such 

as  alumina.   Recent  i n v e s t i g a t i o n s   have  i nd i ca t ed   tha t   a d d i t i o n a l  

advantageous  r e s u l t s   are  a t t a i n a b l e   and  enjoyed  through  the  c o j o i n t  

use  of  a  c a t a l y t i c   m o d i f i e r ;   these  are  gene ra l ly   s e l e c t e d   from  t h e  

group  of  i r o n ,   c o b a l t ,   copper ,   n i c k e l ,   gal l ium,   zinc,   germanium,  t i n ,  

cadmium,  rhenium,  bismuth,   vanadium,  a l k a l i   and  a l k a l i n e - e a r t h   m e t a l s ,  

and  mix tures   t h e r e o f .  

As  noted  e a r l i e r ,   the  reforming  opera t ion   f u r t h e r   i n c l u d e s  

the  s e p a r a t i o n   of  the  hydrogen- r ich   vapor  phase  from  the  r e a c t i o n  

e f f l u e n t   r ecovered   from  the  r e a c t i o n   zone,  at  l e a s t   a  po r t i on   o f  

which  is  r ecyc l ed   to  the  r eac t ion   zone.  This  s e p a r a t i o n   is  u s u a l l y  

e f f e c t e d   at  s u b s t a n t i a l l y   the  same  p re s su re   as  employed  in  the  r e a c -  

tion  zone,  a l lowing   for  p ressure   drop  in  the  system,  and  at  a  t e m p e r a t u r e  

in  the  range  of  about  60°  to  about  120OF  (16°C  to  about  49°C)  to  y i e ld   a  vapor 

phase  compr is ing   r e l a t i v e l y   pure  hydrogen.  The  p r i n c i p a l l y   l i q u i d  



hydrocarbon  phase  is  f u r t h e r   t r e a t e d   in  a  product   s t a b i l i z e r   column 

for  the  recovery   of  the  reformed  product   which  is  commonly  r e f e r r e d  

to  as  r e f o r m a t e .  

The  r e fo rma te   product   s t a b i l i z e r   is  opera ted   at  c o n d i t i o n s  

s e l e c t e d   to  s e p a r a t e   a  normal ly   gaseous  hydrocarbon  f r a c t i o n   g e n e r a l -  

ly  compris ing  C47  hydrocarbons   or,   i f   d e s i r e d ,   C5-  hydrocarbons ,   and 

u sua l l y   some  r e s i d u a l   hydrogen.   Operating  cond i t ions   t y p i c a l l y   i n -  

clude  a  p r e s s u r e   of  from  about  100  to  about  300  psig  (690  to  about  2100  kPa 

gauge) ,   the  p r e s su re   g e n e r a l l y   being  less  than  that   at  which  the  h y d r o g e n - r i c h  

vapor  phase  is  s e p a r a t e d   from  r eac t i on   e f f l u e n t   to  avoid  the  n e c e s s i t y   o f  

pumping  the  l i q u i d   hydrocarbon  phase  into  the  s t a b i l i z e r   column. 

Other  o p e r a t i n g   c o n d i t i o n s   wi th in   the  column  inc lude   a  bottoms  tem- 

p e r a t u r e   of  from  about  400°  to  about  500°F  (200°  to  about  260°C),  and  a  t o p  

t empera tu re   of  from  about  110°  to  about  200°F  (43°  to  about  93°C).  In  t h e  

past  a  major  po r t ion   of  the  heat  requirement   of  the  s t a b i l i z e r   column  was  g e n e r a l l y  

provided  by  a  s e p a r a t e   f i r ed   hea t e r .   However,  in  c o n t r a s t   to  past  p r a c t i c e ,   t h ε  

p r e s e n t   i nven t ion   u t i l i z e s   the  reforming  r e a c t a n t s   f i r ed   hea te r   as  

a  source  of  heat  for  the  s t a b i l i z e r   column  wi thout   use  of  a  s e p a r a t e  

f i r e d   h e a t e r .  

Fired  hea t e r s   which  may  be  employed  in  the  p resen t   i n v e n -  

t ion  are  those  commonly  used  in  the  petroleum  and  chemical  i n d u s t r i e s .  

They  may  be  gas  or  oil  f i r e d .   Fired  hea ters   of  the  box  or  r e c t a n g u -  

lar   form  may  be  used  as  well  as  the  c en t e r -wa l l   upd ra f t   type.   Such 

hea t e r s   i n c o r p o r a t e   a  r a d i a n t   heat  sec t ion   compris ing  one  or  more 

banks  of  t ubes ,   c a r r y i n g   the  process  f l u i d ,   along  the  d i f f e r e n t   w a l l  

s u r f a c e s   p o s i t i o n e d   in  a  manner  to  receive   r a d i a n t   heat  from  t h e  

bu rne r s .   In  the  c e n t e r - w a l l   c o n f i g u r a t i o n ,   the  r a d i a n t   heat  s e c t i o n  

comprises  a  row  of  burners   which  f i r e   aga ins t   each  side  of  a  l o n g i t u -  



dinal  c en t e r   p a r t i t i o n i n g   wall  and  the  r e s u l t i n g   r a d i a n t   heat  is  sup -  

plied  to  the  process  f lu id   tubes  p o s i t i o n e d   along  each  s idewa l l .   As 

an  a l t e r n a t i v e   to  the  t r a d i t i o n a l   tube  banks,  i t   is  also  poss ib le   t o  

employ  i nve r t ed   U-tube  sec t ions   such  as  those  d i sc losed   in  U.S. 

Patent   3 ,566,845.   A  p r e f e r r e d   process  f lu id   tube  c o n f i g u r a t i o n   and 

hea ter   design  is  set  fo r th   in  U.S.  Pa ten t   3,572,296  which  d i s c l o s e s  

a  low  p r e s su re   drop  hea te r   p a r t i c u l a r l y   well  su i ted   for  a p p l i c a t i o n  

in  c a t a l y t i c   reforming  o p e r a t i o n s .  

Regardless  of  the  c o n f i g u r a t i o n   of  the  r ad i an t   heating  s e c -  

t ion ,   not  all  the  heat  l i b e r a t e d   by  the  f i r i n g   of  the  fuel  is  abso rbed  

by  the  process   f l u id   in  the  r ad ian t   hea t ing   s e c t i o n .   Rather ,   a  sub -  

s t a n t i a l   amount  of  heat  leaves  the  r a d i a n t   heat ing  s ec t ion   with  t h e  

combustion  gases.  It  has  become  the  p r a c t i c e   to  recover   th i s   h e a t  

from  the  hot  combustion  gases  in  the  f i r ed   hea te r   convect ion   h e a t i n g  

s e c t i o n .   As  with  the  r a d i a n t   heat  s e c t i o n s ,   convect ion  heat  s e c t i o n s  

may  have  various  c o n f i g u r a t i o n s .   They  may  be  designed  to  allow  u n i -  

form  flow  of  combustion  gases  through  the  convect ion  hea t ing   s e c t i o n .  

A l t e r n a t i v e l y   nonuniform  flow  of  combustion  gases  may  be  employed  by 

varying  the  symmetry  of  the  combustion  gas  flow  path.  I r r e s p e c t i v e  

of  i t s   exact   c o n f i g u r a t i o n ,   the  convect ion  s ec t ion   is  ar ranged  t o  

allow  the  hot  combustion  gases  to  con tac t   process  f l u i d   tubes ,   t h e r e -  

by  e f f e c t i n g   convect ive  heat  t r a n s f e r   between  the  gases  and  the  t u b e s .  

Of  course  the  foregoing  d i s cus s ion   on  f i r ed   hea te r s   is  i n -  

t e n d e d   as  a  g e n e r a l   e x p l a n a t i o n   and  i s   n o t   m e a n t   to  c o n -  

s t i t u t e   a  l i m i t a t i o n   on  the   s c o p e   of  t he   p r e s e n t   i n v e n t i o n .  

ILLUSTRATIVE  EMBODIMENT 

Further   d e s c r i p t i o n   of  the  process  of  th is   inven t ion   i s  



presen ted   with  r e fe rence   to  the  a t t ached   schematic  drawing.  The 

drawing  and  accompanying  d e s c r i p t i o n   r ep re sen t   a  p r e f e r r e d   i l l u s t r a -  

t ive  embodiment  of  the  i nven t ion .   The  data  in  the  d e s c r i p t i o n   a r e  

based  on  d e t a i l e d   c a l c u l a t i o n s   made  for   the  purpose  of  design.   The 

fo l lowing   i l l u s t r a t i v e   embodiment  is  not  intended  as  a  l i m i t a -  

t ion  on  the  g e n e r a l l y   broad  scope  of  the  invent ion  as  set  out  in  t h e  

appended  c l a ims .   Miscel laneous   hardware,   such  as  c e r t a i n   pumps,  com- 

p r e s s o r s ,   heat  exchangers ,   va lves ,   i n s t r u m e n t a t i o n   and  con t ro l s   have 

been  omi t ted   or  reduced  in  number  as  not  e s s e n t i a l   to  a  c l e a r   unde r -  

s t and ing   of  the  p rocess ,   the  u t i l i z a t i o n   of  such  hardware  being  we l l  

wi th in   the  purview  of  one  s k i l l e d   in  the  a r t .  

Re fe r r ing   then  to  the  drawing,   a  p e t r o l e u m - d e r i v e d   naph tha  

f r a c t i o n   is  charged  to  the  process  at  a  rate  of  about  529.8  moles 

per  hour  for  a  l i qu id   hourly  space  ve loc i t y   of  about  3  hr : l   by  way 

of  l ine   1.  It   is  then  admixed  with  about  3336.2  moles  per  hour  o f  

a  h y d r o g e n - r i c h   gaseous  stream,  o r i g i n a t i n g   as  h e r e i n a f t e r   d e s c r i b e d ,  

compris ing  about  71  mol.%  hydrogen  in t roduced   from  l ine   2  for  a  hy-  

drogen  to  hydrocarbon  ra t io   of  about  4.5.  The  fresh  feed  is  c o n t i n -  

ued  through  heat  exchanger  3  in  l ine   1  wherein  i t   is  p rehea ted   t o  

about  879°F  (470°C)  by  i n d i r e c t   heat  exchange  with  an  e f f l u e n t   stream  i n  

l ine  13  recovered   from  reac to r   11.  The  preheated  r eac t ion   m i x t u r e  

is  con t inued   through  l ine  1  to  a  g a s - f i r e d   hea te r   4  and  p a s s e d  

through  a  charge  heat ing  coil  la  in  the  r ad ian t   heat ing  s e c t i o n  

t h e r e o f   to  provide  a  tempera ture   of  about  990°F  (530°C)  at  the  i n l e t   to  t h e  

c a t a l y s t   bed  of  r eac to r   5.  Reactor  5  is  the  f i r s t   of  three   r e a c t o r s  

compris ing  the  c a t a l y t i c   reforming  r e a c t i o n   zone,  each  of  said  r e a c -  

tors   being  main ta ined   at  reforming  cond i t i ons   inc lud ing   a  t empera ture   of  abou t  

990°F.  (530°C)  and  a  pressure   of  about  325  psig  (2240  kPa  gauge).   Said  r e fo rm-  



ing  c o n d i t i o n s   f u r t h e r   include  the  u t i l i z a t i o n   of  a  p l a t i n u m - c o n t a i n -  

ing  c a t a l y s t .   The  heated  r e ac t i on   mixture   is  t r a n s f e r r e d   from  s a i d  

heater   4  to  the  i n i t i a l   r e a c t o r   5  via  l ine  6 .  

Since  the  c a t a l y t i c   reforming  reac t ion   is  endothermic  i n  

na tu re ,   the  e f f l u e n t   stream  from  r e a c t o r   5  is  d i r ec t ed   through  l i n e  

7  to  another   hea t ing   coil  7a  in  the  r a d i a n t   heat ing  s ec t ion   of  t h e  

f i red   h e a t e r   4  wherein  said  e f f l u e n t   stream  is  reheated   to  provide  a 

t empera ture   of  about  990°F  (530°C)  at  the  i n l e t   to  the  c a t a l y s t   bed  of  r e -  

actor   9.  The  reheated   r e a c t o r   5  e f f l u e n t   stream  is  withdrawn  from 

the  hea te r   4  and  in t roduced   into  the  second  r eac to r   9  by  way  of  l i n e  

8 .  

The  e f f l u e n t   from  r e a c t o r   9  i s   recovered  through  l ine   10 

and  passed  to  s t i l l   another   heat ing  coil  10a  in  the  r a d i a n t   h e a t i n g  

sec t ion   of  the  f i r ed   hea te r   4  to  be  reheated   before  i n t r o d u c t i o n   i n -  

to  the  l a s t   r e a c t o r   11  of  the  s e r i e s   of  r eac to r s   which  comprise  t h e  

c a t a l y t i c   r e ac t i on   zone,  the  rehea ted   e f f l u e n t   beinq  withdrawn  f rom 

said  h e a t e r   and  in t roduced   into  said  r e a c t o r   11  by  way  of  l ine   12.  

The  e f f l u e n t   stream  from  the  l a s t   r e a c t o r   11  is  withdrawn  through  l ine  13 

at  a  t empera tu re   of  about  970°F  (520°C)  and  at  a  rate   of  about  4 5 4 0 . 5  

moles  per  hour.  Approximately  183.7  moles  per  hour  of  the  l a s t   men- 

t ioned  e f f l u e n t   stream  is  d ive r t ed   from  line  13  into  l ine   14,  and 

this   d i v e r t e d   stream  is  passed  through  heat  exchanger  15  a s s o c i a -  

ted  with  s t a b i l i z e r   column  16.  The  d ive r t ed   e f f l u e n t   s t ream  i s  

u t i l i z e d   in  said  exchanger  15  to  e f f e c t   i n d i r e c t   heat  exchange  

with  a  po r t ion   of  the  reformate   product   recovered  from  the  s t a b i l i -  

zer  column  16  and  recyc led   t h e r e t o   by  way  of  l ine  24.  The  amount  o f  

r e a c t o r   11  e f f l u e n t   that   is  d i v e r t e d   to  exchanger  15  is  c o n t r o l l e d  

by  cont ro l   valve  26  in  a  manner  h e r e i n a f t e r   r e l a t e d .   From  the  e x -  



changer  15,  the  d ive r t ed   e f f l u e n t   stream  cont inues   through  l ine  14 

to  be  recombined  with  the  main  po r t ion   of  the  r e a c t o r   11  e f f l u e n t  

stream  from  l ine   13,  th is   main  p o r t i o n ,   about  4356.8  moles  per  h o u r ,  

having  been  routed  through  heat  exchanger  3  to  preheat   the  f r e s h  

feed  pass ing   through  l ine   1  as  h e r e t o f o r e   mentioned.   The  recombined 

r e a c t o r   11  e f f l u e n t   stream  is  passed  through  cooler   17  c o n t a i n e d  

in  l ine   14  and  depos i t ed   into  a  s e p a r a t o r   18  at  a  t empera ture   o f  

about  100°F  (38°C).  The  s e p a r a t o r   18  is  ma in ta ined   at  cond i t ions   to  s e p a -  

ra te   a  hyd rogen - r i ch   gaseous  phase  and  a  s u b s t a n t i a l l y   l i qu id   hydro -  

carbon  phase,   said  cond i t ions   inc lud ing   a  t empera tu re   of  about  100°F.  (38°C) 

and  a  p r e s s u r e   of  about  305  psig  (152  kPa  gauge).  The  hydrogen- r i ch   gaseous  

phase,  compr is ing   about  71  mol.%  hydrogen,  is  recovered  through  an  ove rhead  

l ine   19  with  one  po r t i on ,   about  3336.2  moles  per  hour,  being  d i v e r -  

ted  through  l i ne   2  and  admixed  wi t i   the  a fo rement ioned   naphtha  f r a c -  

t ion  charged  to  the  process  through  l ine   1.  The  balance  of  the  g a s e -  

ous  phase  from  the  s e p a r a t o r   18  is  d i scharged   from  the  p r o c e s s  

through  l ine   19  at  a  rate  of  about  583  moles  per  h o u r .  

The  s u b s t a n t i a l l y   l i q u i d   hydrocarbon  phase  is  wi thdrawn 

from  the  s e p a r a t o r   18  by  way  of  l ine  20  and  in t roduced   into  the  s t a -  

b i l i z e r   column  16  which  is  main ta ined   at  c o n d i t i o n s   of  t e m p e r a t u r e  

and  p r e s s u r e   to  separa te   an  overhead  f r a c t i o n   comprising  n o r m a l l y  

gaseous  hydroca rbons ,   i . e .   C4-  hydrocarbons .   This  overhead  f r a c t i o n  

is  withdrawn  from  the  s t a b i l i z e r   column  through  l ine   21  at  a  r a t e  

app rox ima t ing   122  moles  per  hour.  The  re formate   product   is  wi thdrawn 

as a  bottoms  f r a c t i o n   from  the  s t a b i l i z e r   column  16  via  l ine   22  at  a 

ra te   of  about  1322.3  moles  per  hour  at  a  t empera tu re   of  about  459°F.  (237°C).  

Approximate ly   820.8  moles  per  hour  of  the  re formate   product   s t r e a m  

is  d i v e r t e d   into  line  23  with  a  p rede te rmined   amount,  about  75%,  o f  



said  stream  being  passed  through  l ine  23  and  processed  t h r o u g h  

heating  coi l   23a  in  the  convect ion  hea t ing   sect ion  of  the  f i r ed   h e a t -  

er  4  in  i n d i r e c t   heat  exchange  with  the  hot  combustion  gases  p a s s i n g  

t he r e th rough .   In  th i s   case,   the  predetermined  amount  is  s e l e c t e d   t o  

provide  about  75%  of  the  r e b o i l e r   heat  requirement   of  the  s t a b i l i z e r  

column.  The  p rede te rmined   amount  may  be  con t ro l l ed   by  any  c o n v e n t i o n -  

al  means  such  as  a  pump  or  flow  c o n t r o l l e r .   The  reformate  p r o d u c t  

stream,  a f t e r   hea t ing   in  the  convect ion  heat ing  s e c t i o n ,   is  r e t u r n e d  

to  the  s t a b i l i z e r   column  via  l ines  25 and  24  at  a  t empera ture   of  a b o u t  

503°F.  ( 2 6 2 ° C ) .  

About  25%  of  the  reformate  product   stream  d i v e r t e d   i n t o  

l ine  23  is  r ecyc led   to  the  s t a b i l i z e r   column  16  via  l ine  24  and 

through  exchanger   15.  In  heat  exchanger  15,  the  t h u s - r e c y c l e d   s t r e a m  

is  heated  to  about  503°F  (262°C)  to  provide  the  balance  of  the  r e b o i l e r   h e a t  

requi rements   of  the  s t a b i l i z e r   column,  about  25%  in  this   case.   The 

recycle   s t ream  is  heated  in  exchanger  15  by  i n d i r e c t   heat  exchange  

with  r e a c t o r   11  e f f l u e n t   passing  through  line  14.  As  p r e v i o u s l y   men- 

t ioned,   the  flow  of  a  r e a c t o r   11  e f f l u e n t   d ive r ted   to  exchanger   15 

is  c o n t r o l l e d   by  control   valve  26.  Control  valve  26  o p e r a t e s ,  

through  a p p r o p r i a t e   i n s t r u m e n t a t i o n ,   in  response  to  the  r e b o i l e r   t em-  

pe ra tu re   of  the  s t a b i l i z e r   column.  A  predetermined  r e b o i l e r   t e m p e r a -  

ture  is  s e l e c t e d   to  provide  the  des i red   overhead  and  bottoms  p r o d u c t  

q u a l i t y .   A  p rede te rmined   amount  of  the  r e b o i l e r   heat  r equ i r emen t   t o  

be  ob ta ined   from  the  f i r ed   hea ter   convect ion   heat ing  s e c t i o n   is  d e t e r -  

mined.  Control  valve  26  in  turn  opera tes   to  d ive r t   from  l ine   13  s u f f i -  

c ien t   q u a n t i t i e s   of  r e a c t o r   11  e f f l u e n t   to  exchanger  15  to  provide  the  r e -  

mainder  of  the  heat  necessa ry   to  obtain  the  predetermined  s t a b i l i z e r  

r e b o i l e r   t e m p e r a t u r e .   Control  valve  26  f u r the r   opera tes   to  m a i n t a i n  



the  p rede te rmined   r e b o i l e r   t empera tu re   by  varying  the  flow  of  r e a c -  

tor  11  e f f l u e n t   to  exchanger  15  as  n e c e s s a r y .  

A  comparison  of  the  f i r ed   heater   fuel  consumption  of  t h e  

inven t ion   as  desc r ibed   in  the  i l l u s t r a t i v e   embodiment  set  out  above  

with  tha t   of  one  p r io r   a r t   re forming  process  c l e a r l y   exempl i f i e s   the  a d -  

vantages  to  be  achieved  by  use  of  the  invent ion .   For  purposes  of  t h e  

comparison  such  a prior  a r t   re forming  process ,   having  two  s e p a r a t e   f i r e d  

hea te rs   and  a  charge  ra te   equal  to  tha t   of  the  i l l u s t r a t i v e   embodiment ,  

would  have  a  reforming  r e a c t a n t s   f i r e d   heater   duty  of  about  23.7  x  106 BTU/hr 

(25.0  x  106  kJ /hr )   and  a  s t a b i l i z e r   r e b o i l e r   f i red   hea te r   duty  of  a b o u t  

5.8  x  106  BUT/hr  (6.1  x  106  k J / h r ) .   An  all  r ad ian t   reforming  r e a c t a n t s  

f i r ed   h e a t e r ,   not  employing  a  convec t ion   heating  s e c t i o n ,   t y p i c a l l y   has 

a  hea te r   e f f i c i e n c y   of  about  54%  based  on  the  lower  heat ing  value  of  t h e  

fue l .   Accord ing ly ,   the  reforming  r e a c t a n t s   f i red   hea te r   would  n e c e s s a r i l y  

need  to  f i r e   about  43.9  x  106  BTU/hr  (46.3  x  106  kJ /hr )   to  achieve  a  h e a t e r  

duty  of  23.7  x  106  BTU/hr  (25.0  x  106  kJ /h r ) .   A  s t a b i l i z e r   r e b o i l e r   f i r e d  

heater   would  t y p i c a l l y   have  a  hea t e r   e f f i c i e n c y   of  about  84.5  %  based  on  a 

100°F  (38°C)  approach  t empera tu re   with  the  heater  f lue  gas  and  the  l ower  

heat ing  value  of  the  fue l .   This  would  n e c e s s i t a t e   that   about  6.8  x  106 

BTU/hr  (7.2  x  106  kJ /hr )   of  fuel  be  f i red   to  achieve  the  s t a b i l i z e r   r e b o i l e r  

f i r ed   hea te r   duty.  The  overa l l   p r io r   art   process  then  would  r e q u i r e   43.9  x 

106  BTU/hr  +  6.8  x  106  BTU/hr  or  50.7  x  106  BTU/hr  (46.3  x  106  kJ /h r   + 

7.2  x  106  kJ/hr  or  53.5  x  106  kJ /hr )   of  fuel  f i red   which  r e s u l t s   in  an 

overa l l   fuel  e f f i c i e n c y   o f :  

In  c o n t r a s t   a  c a t a l y t i c   reforming  process  in  accordance   with  t h e  

i l l u s t r a t i v e   embodiment  of  the  inven t ion   has  a  reforming  r e a c t a n t s   f i r ed   h e a t e r  

duty  of  about  25.0  x  106  BTU/hr  (26.4  x  106kJ/hO.  It  s h o u l d  



be  noted  that   this   hea t e r   duty  is  l a r g e r   than  the  corresponding  h e a t -  

er  duty  of  the  p r io r   a r t .   This  r e s u l t s   from  the  fac t   t h a t ,   in  a c c o r d -  

ance  with  the  i n v e n t i o n ,   a  por t ion   of  the  r e a c t o r   11  e f f l u e n t   h e a t  

is  u t i l i z e d   to  reboi l   the  s t a b i l i z e r   and  consequen t ly   is  not  a v a i l -  

able  to  preheat   the  f resh   feed .   In  the  p r i o r   a r t   p rocess ,   all  o f  

the  r eac to r   e f f l u e n t   is  a v a i l a b l e   for  p rehea t   of  the  r e a c t o r   f e e d  

and  t h e r e f o r e   the  feed  e n t e r s   the  reforming  r e a c t a n t s   f i r e d   hea te r   at  a 

higher  i n l e t   t empe ra tu r e ,   reducing  the  f i r ed   hea te r   duty.  Since  the  25  x  106 

BTU/hr  (26  x  106  kJ /h r )   hea te r   duty  in  the  f i r ed   hea te r   of  the  i l l u s t r a -  

t ive   embodiment  is  e s s e n t i a l l y   picked  up  in  the  r a d i a n t   heating  s e c -  

t i on ,   t h e  h e a t e r   e f f i c i e n c y   would  be  about  54%  as  before .   Thus  t h e  

amount  of  fuel  f i r ed   to  achieve  the  hea t e r   duty  is  46.2  x  106  BTU/hr .  (48.7   x  106 

k J / h r ) .   In  a d d i t i o n ,   about  75%  of  the  s t a b i l i z e r   r e b o i l e r   duty  or  about  4 . 3  

x  106  BrU/hr  (4.5  x  106  kJ /hr )   is  picked  up  in  the  convect ion  heat ing  s e c t i o n  

of  the  f i r ed   hea te r .   However,  th is   heat  comes  from  the  hot  combus t ion  

gases  r a t h e r   than  by  f i r i n g   add i t iona l   fue l .   The re fo re ,   the  i n v e n -  

t ion  r e s u l t s   in  an  ove ra l l   fuel  e f f i c i e n c y   o f :  

It  is  impor tant   to  note  tha t   the  i nven t ion   r e s u l t s   in  i n -  

creased  e f f i c i e n c y   even  though  the  reforming  r e a c t a n t s   f i r ed   h e a t e r  

has  a  g r ea t e r   duty  than  the  cor responding   hea te r   in  the  p r ior   a r t  

p rocess .   This  is  because  r e a c t o r   11  e f f l u e n t   is  u t i l i z e d   to  p r o v i d e  

par t   of  the  heat  r equ i remen t s   for  the  s t a b i l i z e r   and  is  not  a v a i l -  

able  to  preheat   the  feed  mixture .   Accord ing ly ,   the  reforming  r e a c -  

t an t s   f i r e d  h e a t e r   duty  is  increased  to  compensate  for  the  l ower  

level  of  feed  p rehea t .   For  this   reason,   i t   would  not  be  r e a d i l y  

apparen t   tha t   u t i l i z i n g   the  r eac to r   e f f l u e n t   and  convect ion   h e a t i n g  



s e c t i o n   to  reboi l   the  s t a b i l i z e r   would  lead  to  an  inc rease   in  f u e l  

e f f i c i e n c y .   E s p e c i a l l y   s ince  h e a t e r   duty  is  in  e f f e c t   being  s h i f t e d  

from  the  h igher   e f f i c i e n c y   p r i o r   ar t   s t a b i l i z e r   r e b o i l e r   f i r ed   h e a t e r  

to  the  less   e f f i c i e n t   r ad i an t   hea t ing   sec t ion   of  the  reforming  r e a c -  

tants   f i r e d   hea t e r   in  the  i n v e n t i o n ,   i t   would  not  be  expected  t h a t  

s h i f t i n g   h e a t e r   duty  from  a  more  e f f i c i e n t   hea ter   to  a  less  e f f i c i e n t  

hea te r   would  lead  to  the  ove ra l l   i n c r e a s e   in  fuel  e f f i c i e n c y   a c h i e v e d  

by  the  i n v e n t i o n .  

Of  course  i t   is  apparent   to  those  of  o rd ina ry   s k i l l   in  t h e  

ar t   t ha t   var ious   r e a c t o r   e f f l u e n t   heat   exchange  flow  p a t t e r n s   may  be 

u t i l i z e d   in  the  inven t ion   al though  not  with  equal  r e s u l t s .   In  t h e  

embodiment  dep ic t ed   in  the  drawing,  the  port ion  of  the  r e a c t i o n   e f -  

f l u e n t   which  is  sub jec ted   to  the  f i r s t   i n d i r e c t   heat  exchange  w i t h  

the  r e fo rmate   is  a  d i f f e r e n t   por t ion   than  the  por t ion   of  the  r e a c -  

tion  e f f l u e n t   which  is  sub jec t ed   to  the  second  i n d i r e c t   heat  exchange 

with  the  mixture  of  hydrocarbonaceous   feedstock  and  hydrogen.  A l t e r -  

n a t i v e l y   the  r e a c t o r   e f f l u e n t   heat  exchange  flow  pa t t e rn  may   be  a r -  

ranged  so  tha t   the  por t ion   of  the  r eac t ion   e f f l u e n t   which  is  s u b j e c -  

ted  to  the  second  i n d i r e c t   heat  exchange  with  the  h y d r o c a r b o n a c e o u s  

f eeds tock   and  hydrogen  inc ludes   at  l e a s t   part   of  the  po r t ion   of  t h e  

r e a c t i o n   e f f l u e n t   p r ev ious ly   s u b j e c t e d   to  the  f i r s t   i n d i r e c t   h e a t  

exchange  with  the  r e f o r m a t e .  



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

s t e p s   o f :  

(a)   h e a t i n g   a  m i x t u r e   of  a  h y d r o c a r b o n a c e o u s   f e e d s t o c k  

and  h y d r o g e n   in   a  r a d i a n t   h e a t i n g   s e c t i o n   of  a  f i r e d  

h e a t e r   and  t h e r e a f t e r   c o n t a c t i n g   the   h e a t e d   m i x t u r e   w i t h  

a  r e f o r m i n g   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   to  p r o d u c e  

a  r e a c t i o n   e f f l u e n t ;  

(b)  s u b j e c t i n g   a t   l e a s t   a  p o r t i o n   of  t he   r e a c t i o n  

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

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

h e a t i n g   t h e r e o f   in   t he   f i r e d   h e a t e r ;  

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

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

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

r i c h   v a p o r   p h a s e   f o r   a d m i x t u r e   w i t h   s a i d   h y d r o c a r b o n a c e o u s  

f e e d s t o c k ;  

(d)  i n t r o d u c i n g   s a i d   l i q u i d   p h a s e   i n t o   a  s t a b i l i z e r  

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

c o n d i t i o n s   s u f f i c i e n t   to  p r o v i d e   an  o v e r h e a d   f r a c t i o n  

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

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

a  h y d r o c a r b o n   r e f o r m a t e ;   a n d  

(e)  r e c o v e r i n g   a  f i r s t   p o r t i o n   of  t he   h y d r o c a r b o n  

r e f o r m a t e   as  p r o d u c t ,  

s a i d   p r o c e s s   b e i n g   c h a r a c t e r i s e d   by  t he   s t e p s   o f :  

( f )   s u b j e c t i n g   at   l e a s t   a  p o r t i o n   of  t he   r e a c t i o n  

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



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

(g)  r e c o v e r i n g   and  r e h e a t i n g   a  s e c o n d   p r e d e t e r m i n e d  

amoun t   of  t he   h y d r o c a r b o n   r e f o r m a t e   by  i n d i r e c t   h e a t  

e x c h a n g e   w i t h   h o t   c o m b u s t i o n   g a s e s   in  a  c o n v e c t i o n   h e a t i n g  

s e c t i o n   of  t h e   f i r e d   h e a t e r   of  s t e p   (a)  and  r e t u r n i n g  

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

a  f i x e d   q u a n t i t y   of  h e a t   to  t h e   c o l u m n   r e b o i l e r ;   a n d  

(h)  r e c o v e r i n g   a  t h i r d   p o r t i o n   of  t he   h y d r o c a r b o n  

r e f o r m a t e   and  s u b j e c t i n g   i t   to  i n d i r e c t   h e a t   e x c h a n g e  

w i t h   t h e   r e a c t i o n   e f f l u e n t   as  s e t   f o r t h   in   s t e p   ( f )   a n d  

r e t u r n i n g   t h e   t h i r d   p o r t i o n   to  t he   s t a b i l i z e r   c o l u m n  

to  p r o v i d e   t h e   b a l a n c e   of  t he   r e b o i l e r   h e a t   r e q u i r e m e n t  

of  t h e   c o l u m n .  

2.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   1,  c h a r a c t e r i z e d  

in   t h a t   s a i d   f i x e d   q u a n t i t y   of  h e a t   s u p p l i e d   by  t h e   s e c o n d  

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

50  to  80%  of  t h e   r e b o i l e r   h e a t   r e q u i r e m e n t   of  t h e   s t a b i l -  

i z e r   c o l u m n .  

3.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  or  2,  c h a r a c t e r -  

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

e f f l u e n t   w h i c h   i s   s u b j e c t e d   to  the   i n d i r e c t   h e a t   e x c h a n g e  

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

to  a  p r e d e t e r m i n e d   s t a b i l i z e r   c o l u m n   r e b o i l e r   t e m p e r a t u r e .  

4.  A  p r o c e s s   as  c l a i m e d   in   any  of  c l a i m s   1  to   3 ,  

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

w h i c h   i s   s u b j e c t e d   to   t he   i n d i r e c t   h e a t   e x c h a n g e   w i t h  

the   r e f o r m a t e   i s   a  d i f f e r e n t   p o r t i o n   f rom  t he   p o r t i o n  

of  t he   r e a c t i o n   e f f l u e n t   w h i c h   is   s u b j e c t e d   to  t h e   i n d i r e c t  



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

s t o c k   and  h y d r o g e n .  

5.  A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   1  to  3 ,  

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

wh ich   i s   s u b j e c t e d   to  i n d i r e c t   h e a t   e x c h a n g e   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 s t o c k   and  h y d r o g e n   i n c l u d e s   a t  

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

has  a l r e a d y   b e e n   s u b j e c t e d   to  t he   i n d i r e c t   h e a t   e x c h a n g e  

w i t h   t h e   r e f o r m a t e .  






	bibliography
	description
	claims
	drawings
	search report

