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a  @  —  UQIP, 
)  A  hvdrorrarlf 
I  petroleum  fractions  using  an  initial  hydrotreating  step  to nove  heteroatom  impurities,  is  carried  out  at  hydrogen  par- pressures  below  10,000  kPa  using  a  hydrocracking  catalyst sed  on  zeolite  beta.  The  process  produces  highly  paraffinic i  pour  point  distillate  products  useful  as  jet  fuels  and  diesel Is.  The  process  is  capable  of  operating  at  high  conversions h  low  catalyst  aging  rates  and  low  specific  hydrogen  con- nption. 
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This  i n v e n t i o n   r e l a t e s   to  a  p roce s s   for  c a t a l y t i c a l l y  
v y d r o c r a c k i n g   hydroca rbon   c h a r g e s t o c k s   to  produce  low  pour  p o i n t  
J i s t i l l a t e   p r o d u c t s   of  reduced  v i s c o s i t y .  

Hydroc rack ing   is  a  p rocess   which  has  a ch i eved   w i d e s p r e a d  
ise  in  p e t r o l e u m   r e f i n i n g   for  c o n v e r t i n g   v a r i o u s   p e t r o l e u m   f r a c t i o n s  
.nto  l i g h t e r   and  more  v a l u a b l e   p r o d u c t s ,   e s p e c i a l l y   g a s o l i n e   and 
l i s t i l l a t e s   such  as  j e t   f u e l s ,   d i e s e l   o i l s   and  h e a t i n g   o i l s ,  
l y d r o c r a c k i n g   is  g e n e r a l l y   c a r r i e d   out  in  c o n j u n c t i o n   with  an  
n i t i a l   h y d r o t r e a t i n g   s tep   in  which  the  h e t e r o a t o m - c o n t a l n i n g  
m p u r i t i e s   in  the  feed  are  hyd rogena ted   wi thou t   a  s u b s t a n t i a l   b u l k  
o n v e r s i o n   of  tne  feed.   During  t h i s   s t e p ,   the  h e t e r o a t o m s ,  
r i n c i p a l l y   n i t r o g e n   and  s u l f u r ,   are  conve r t ed   i n to   ammonia  and  
ydrogen  s u l f i d e   and  t hese   gases   may  be  removed  p r i o r   to  t h e  
Jb sequen t   h y d r o c r a c k i n g   s tep   a l though   the  two  s t a g e s   may  be  
Dmbined  in  cascade   w i thou t   i n t e r s t a g e   s e p a r a t i o n ,   for  example,   a s  
"*  the  U m c r a c k i n g - J H C   P rocess   and  as  d e s c r i b e d   in  U.S.  P a t e n t  
,435 ,275 .   However,  the  p r e sence   of  l a r g e   q u a n t i t i e s   of  ammonia  i n  
ie  h y d r o t r e a t i n g   e f f l u e n t   may  r e s u l t   in  a  s i g n i f i c a n t   s u p p r e s s i o n  @  c r a c k i n g   in  the  subsequen t   h y d r o c r a c k i n g   s tep   a l t h o u g h   t h i s   may 
;  compensa ted   by  an  i n c r e a s e   in  s e v e r i t y .  

In  the  subsequen t   h y d r o c r a c k i n g   s t ep ,   the  h y d r o t r e a t e d  
ledstock  is  c o n t a c t e d   with  a  c a t a l y s t   which  has  both  an  a c i d i c  
mct ion   and  a  h y d r o g e n a t i o n   f u n c t i o n ,   in  the  f i r s t   s tep   of  t h e  
a c t i o n ,   the  p o l y c y c l i c   a r o m a t i c s   in  the  f e e d s t o c k   a r e  
d r o g e n a t e d ,   a f t e r   which  c r a c k i n g   t akes   p lace   t o g e t h e r   with  f u r t h e r  
d r o g e n a t i o n .   Depending  upon  the  s e v e r i t y   of  the  r e a c t i o n  
E d i t i o n s ,   the  p o l y c y c l i c   a roma t i c   in  the  f e e d s t o c k   wi l l   be  
d r o c r a c k e d   down  to  p a r a f f i n i c   m a t e r i a l s   or,  under  l e s s   s e v e r e  
e d i t i o n s ,   to  monocycl ic   a r o m a t i c s   as  well  as  p a r a f f i n s .  
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The  a c i d i c   f u n c t i o n   in  the  c a t a l y s t   is  p r o v i a e a   Dy  a  c a r r i e r  

uch  as  a lumina ,   s i l i c a - a l u m i n a   or.  a  c r y s t a l l i n e   z e o l i t e   such  a s  

' a u j a s i t e ,   z e o l i t e   X,  z e o l i t e   Y  or  morden i t e .   Large  pore  z e o l i t e s  

lave  proved  to  be  h igh ly   u s e f u l   c a t a l y s t s   for  t h i s   purpose  b e c a u s e  

;hey  pos ses s   a  high  degree  of  i n t r i n s i c   c r a c k i n g   a c t i v i t y   and,  f o r  

;his  reason ,   are  capab le   of  producing  a  good  y i e ld   of  g a s o l i n e .   They 

ilso  pos ses s   a  b e t t e r   r e s i s t a n c e   to  n i t r o g e n   and  s u l f u r   compounds 

;han  the  amorphous  m a t e r i a l s   such  as  alumina  and  s i l i c a - a l u m i n a .  

The  h y d r o g e n a t i o n   f unc t i on   is  p rov ided   by  a  metal  o r  

:ornbination  of  m e t a l s .   Noble  meta ls   of  Group  VIIIA  of  the  P e r i o d i c  

raDle  ( the  P e r i o d i c   Table  being  tha t   approved  by  IUPAC),  e s p e c i a l l y  

j l a t inum  or  p a l l a d i u m   may  be  used,  as  may  base  metals   of  Groups  IVA, 

/IA  and  VIIIA,  e s p e c i a l l y   chromium,  molybdenum,  t u n g s t e n ,   c o b a l t   and 

l icKel .   Combina t ions   of  metals   such  as  n i cke l -molybdenum,   c o o a l t -  

nolybdenum,  c o b a l t - n i c k e l ,   n i c k e l -   t u n g s t e n ,   c o b a l t - n i c k e l - m o l y b d e n u m  

and  n i c k e l - t u n g s t e n - t i t a n i u m   have  been  shown  to  be  very  e f f e c t i v e  

3nd  u s e f u l .  

In  EP-A-94827,  t h e r e   is  d e s c r i b e d   a  h y d r o c r a c k i n g   p r o c e s s  

rvhich,  b e s i d e s   a c n i e v i n g   a  bulk  c o n v e r s i o n   of  the  f e e d s t o c k ,   a l s o  

dewaxes  i t .   The  z e o l i t e   c a t a l y s t   component  used  in  t n a t   p r o c e s s ,  

z e o l i t e   be ta ,   has  a  number  of  h ighly   u se fu l   and  c h a r a c t e r i s t i c  

p r o p e r t i e s .   F i r s t ,   i t   shows  a  s i g n i f i c a n t   d i s t i l l a t e   s e l e c t i v i t y ;  

t ha t   is ,   i t   tends   to  produce  hydroc racked   p roduc t s   b o i l i n g   in  t h e  

d i s t i l l a t e   range  (about   165°-345°C)  as  opposed  to  c o n v e n t i o n a l  

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

to'  produce  a  g a s o l i n e   b o i l i n g   range  (about   C5  to  165°C)  p r o d u c t .  

Although  t h i s   behav io r   is  shared  by  o ther   h ighly   s i l i c e o u s   z e o l i t e s  

such  as  h i g h - s i l i c a   Y  and  high  s i l i c a   ZSM-20,  z e o l i t e   beta  a lso  h a s  

the  unique  a b i l i t y   to  h y d r o i s o m e r i z e   and  hydrocrack   the  p a r a f f i n i c  

components  of  the  feed.   This  is  in  marked  c o n t r a s t   to  the  b e h a v i o r  

of  o ther   z e o l i t e s   such  as  z e o l i t e   Y:  if  a  waxy  f e e d s t o c k   i s  

hyd roc racked   with  a  c o n v e n t i o n a l   l a rge   pore  c a t a l y s t   such  as  z e o l i t e  

Y,  the  v i s c o s i t y   of  the  o i l   is  reduced  by  c r ack ing   most  of  t h e  

343°C+  m a t e r i a l   in to   lower  b o i l i n g   p r o d u c t s .   Tne  remainder   of  t h e  

345°C+  m a t e r i a l   t h a t   is  not  c o n v e r t e d ,   however,  c o n t a i n s   t h e  
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m a j o r i t y   or  tne  p a r a r n n i c   components  in  the  f e e d s t o c k   because  w i t h  
these   c o n v e n t i o n a l   c a t a l y s t s   the  a r o m a t i c s   are  conve r t ed   p r e f e r e n -  
t i a l l y   as  compared  to  the  p a r a f f i n s .   The  u n c o n v e r t e d   345°C+ 
m a t e r i a l   t h e r e f o r e   r e t a i n s   a  high  pour  p o i n t   so  t ha t   the  f i n a l ,  
h y d r o c r a c k e d   p roduc t   c o n t a i n i n g   the  u n c o n v e r t e d   p a r a f f i n s   wi l l   a l s o  
have  a  r e l a t i v e l y   high  pour  p o i n t .   Thus,  a l t hough   the  v i s c o s i t y   i s  
reduced ,   the  pour  poin t   mignt  s t i l l   be  u n a c c e p t a b l e .   Even  if   t h e  
c o n d i t i o n s   are  a d j u s t e d   to  give  comple te   or  n ea r l y   complete   c o n v e r -  
s ion ,   the  h igher   molecu la r   weight  h y d r o c a r b o n s   which  are  p r e s e n t   i n  
the  p roduc t   wi l l   con t a in   a  s u b s t a n t i a l   p r o p o r t i o n   of  s t r a i g h t   c h a i n  
components  ( n - p a r a f f i n s ) .   If  these   are  of  s u f f i c i e n t l y   h i g h  
r o l e c u l a r   weight  themse lves   (as  they  o f t en   are)   they  wi l l   c o n s t i t u t e  
a  waxy  component  in  the  p roduc t .   The  f i n a l   p roduc t   may  t h e r e f o r e   be  
D r o p o r t i o n a t e l y   more  waxy  than  the  f e e d s t o c k   (because   the  n o n -  
D a r a f f i n i c   components  have  been  s e l e c t i v e l y   removed  by  c r a c k i n g )  
and,  c o n s e q u e n t l y ,   may  have  a  pour  po in t   whicn  is  equa l ly   u n s a t i s -  
f a c t o r y   or  even  more  so.  Attempts   to  reduce  the  molecu la r   weight  o f  
tnese  s t r a i g h t   chain   p a r a f f i n i c   p r o d u c t s   w i l l   only  serve  to  p r o d u c e  
/ery  l i g h t   f r a c t i o n s ,   for  example  propane ,   bu tanes   and  l i g h t   n a p h t h a ,  
so  d e c r e a s i n g   the  d e s i r e d   l i q u i d   y i e l d .  

Z e o l i t e   be ta ,   by  c o n t r a s t ,   removes  the  p a r a f f i n i c   componen t s  
so  t h a t   a  dewaxing  e f f e c t   is  ach ieved   s i m u l t a n e o u s l y   with  the  b u l k  
i n v e r s i o n .   So,  i f   a  gas  o i l   c o n t a i n i n g   p a r a f f i n s ,   naphthenes   and 
aromat ics   is  t r e a t e d   under  h y d r o c r a c k i n g   c o n d i t i o n s   with  a  z e o l i t e  
Deta  c a t a l y s t ,   a l l   th ree   types  of  hydrocarbon   wi l l   be  c o n v e r t e d  
whereas  o the r   z e o l i t e s   would  s e l e c t i v e l y   hyd roc rack   the  n a p h t h e n e s  
ind  a r o m a t i c s   and  c o n c e n t r a t e   the  p a r a f f i n s .  

As  mentioned  in  EP-A-94827,  a  p r e l i m i n a r y   h y d r o t r e a t i n g  
>tep  is  d e s i r a b l e   in  order   to  remove  n i t r o g e n   and  s u l f u r   and  t o  
s a t u r a t e   a r o m a t i c s   to  naph thenes   wi thou t   s u b s t a n t i a l   b u l k  
i n v e r s i o n .   The  z e o l i t e   b e t a - c a t a l y z e d   h y d r o c r a c k i n g   p rocess   i s  
: he re fo re   a d a p t a b l e   to  o the rwi se   c o n v e n t i o n a l   h y d r o c r a c k i n g  
i p e r a t i o n s   . 

I t   has  now  been  found  t ha t   z e o l i t e   beta  h y d r o c r a c k i n g  
: a t a l y s t s   o f f e r   a  number  of  advan tages   in  h y d r o c r a c k i n g   p r o c e s s e s  
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: a r r i e d   out  at  u n c o n v e n t i o n a l l y   low  p r e s s u r e s ,   t y p i c a l l y   below  i a , o u u  

(Pa  hydrogen  p a r t i a l   p r e s s u r e .   In  p a r t i c u l a r ,   compared  to  a  s i m i l a r  

) rocess   us ing   a  c o n v e n t i o n a l   c a t a l y s t   system,  p roduc t   q u a l i t y   i s  

Improved  while   hydrogen  consumpt ion   is  d e c r e a s e d .   S p e c i f i c   p r o d u c t  

: h a r a c t e r i s t i c s   in  which  improvements   may  be  noted  i n c l u d e   low 

su l fu r   c o n t e n t ,   Smoke  Po in t   (which  is  h i g h e r ,   t h a t   is  to  say  b e t t e r )  

and  Diese l   Index  (which  is  h i g h e r ) .   The  p roduc t s   of  the  p roces s   a r e  

s s p e c i a l l y   u s e f u l   as  d i e s e l   and  j e t   f u e l s   because  of  t h e i r   h i g h l y  

a a r a f f i n i c   c o m p o s i t i o n s   coupled  witn  t h e i r   low  pour  p o i n t s ;   howeve r ,  

they  may  a l so   be  used  as  h igh ly   s a t i s f a c t o r y   h e a t i n g   o i l s   and 

<erosenes   because   of  t h e i r   low  pour  po in t   and  s u l f u r   c o n t e n t .   The 

c a t a l y s t   i s ,   moreover ,   c apab le   of  m a i n t a i n i n g   h y d r o c r a c k i n g   a c t i v i t y  

over  long  c y c l e s ,   t y p i c a l l y   about   one  year  or  l onge r .   The  z e o l i t e  

Deta  c a t a l y s t   i s ,   in  p a r t i c u l a r ,   noted  for  i t s   a b i l i t y   to  m a i n t a i n  

i t s   a c t i v i t y   for  ex tended  p e r i o d s   of  time  even  when  o p e r a t i n g   a t  

r e l a t i v e l y   high  c o n v e r s i o n s   under  low  p r e s s u r e s .   C o n v e n t i o n a l  

c a t a l y s t s   tend,   by  c o n t r a s t ,   to  undergo  rapid   aging  when  ope ra t ed   a t  

high  c o n v e r s i o n s   under  low  p r e s s u r e s ,   t y p i c a l l y   below  10,000  k P a .  

According  to  the  i n v e n t i o n ,   t he re   is  p rovided   a  

h y d r o c r a c k i n g   p r o c e s s   for  making  a  h igh ly   p a r a f f i n i c ,   low  pour  p o i n t  

d i s t i l l a t e   p roduc t   from  a  heavy  hydrocarbon   o i l   feed  b o i l i n g  

s u b s t a n t i a l l y   above  345°C,  which  c o m p r i s e s :  

( i )   p a s s i n g   the  heavy  o i l   feed  over  a  h y d r o t r e a t i n g  

c a t a l y s t   in  the  p r e sence   of  hydrogen  at  e l e v a t e d  

t e m p e r a t u r e   and  at  a  hydrogen  p a r t i a l   p r e s s u r e   of  n o t  

more  than  10,000  kPa  to  h y d r o t r e a t   the  o i l ;  

( i i )   p a s s ing   the  h y d r o t r e a t e d   o i l   from  s tep  ( i)   over  a 

h y d r o c r a c k i n g   c a t a l y s t   compr i s ing   z e o l i t e   beta   and  a 

h y d r o g e n a t i o n - d e h y d r o g e n a t i o n   component  in  t h e  

p resence   of  hydrogen  at  e l e v a t e d   t e m p e r a t u r e   and  at  a 

hydrogen  p a r t i a l   p r e s s u r e   of  not  more  than  10,000  kPa 

to  hyd roc rack   the  o i l   at  a  bulk  c o n v e r s i o n   of  at  l e a s t  

AO  weight   p e r c e n t   a n d ;  

( i i i )   r e c o v e r i n g   from  the  hydrocracked   p roduc t   from 

s tep  ( i i )   a  f r a c t i o n   b o i l i n g   below  345°C.  
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The  p r o c e s s   is  ope ra t ed   with  an  i n i t i a l   h y d r o t r e a t i n g   s t e p  

and  t h i s   is  fo l lowed   by  the  h y d r o c r a c k i n g   s tep  e i t h e r   with  o r  

wi thout   i n t e r s t a g e   s e p a r a t i o n .   Both  s t eps   are  c a r r i e d   out  at  t h e  

low  p r e s s u r e s   which  c h a r a c t e r i z e   the  p r o c e s s .  

The  f e e d s t o c k   for  the  p rocess   is  a  heavy  o i l   f r a c t i o n   h a v i n g  

an  i n i t i a l   b o i l i n g   po in t   of  at  l e a s t   200°C  and  normal ly   of  at  l e a s t  

345°C  or  h i g h e r .   S u i t a b l e   f e e d s t o c k s   of  t h i s   type  i nc lude   gas  o i l s  

such  as  vacuum  gas  o i l ,   coker  gas  o i l ,   v i s b r e a k e r   o i l ,   d e a s p h a l t e d  
oi l   and  c a t a l y t i c   c r a c k e r   cycle   o i l .   Normal ly ,   the  f e e d s t o c k   w i l l  

have  an  ex tended   b o i l i n g   range,   for  example  345  to  590°C  but  may  be  

of  more  l i m i t e d   ranges   with  c e r t a i n   f e e d s t o c k s .   For  r easons   which  

are  e x p l a i n e d   below,  the  n i t r o g e n   c o n t e n t   is  not  c r i t i c a l ;   g e n e r a l l y  
i t   wi l l   be  in  the  range  200  to  1000  ppmw.  L ikewise ,   the  s u l f u r  

con ten t   is  not  c r i t i c a l   and  t y p i c a l l y   may  range  as  high  as  5  p e r c e n t  

by  weight .   S u l f u r   c o n t e n t s   of  2.0  to  3.0  pe rcen t   by  weight  a r e  

common. 

These  heavy  o i l   feeds  wi l l   comprise   high  molecu la r   w e i g h t  

long  chain  p a r a f f i n s   and  high  mo lecu la r   weight  a roma t i c s   with  a 

large   p r o p o r t i o n   of  fused  r ing   a r o m a t i c s .   During  the  p r o c e s s i n g ,  
the  fused  r ing  a r o m a t i c s   and  naph thenes   are  c racked  by  the  a c i d i c  

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

p a r a f f i n i c   components  of  the  i n i t i a l   f e e d s t o c k   undergo  i s o m e r i z a t i o n  

to  i s o - p a r a f f i n s   with  some  c r a c k i n g   to  lower  molecu la r   w e i g h t  

m a t e r i a l s .   Hydrogena t ion   of  u n s a t u r a t e d   s ide  cha ins   on  t h e  

monocyclic  c r a c k i n g   r e s i d u e s   of  the  o r i g i n a l   p o l y c y c l i c s   i s  

c a t a l y z e d   by  the  h y d r o g e n a t i o n - d e h y d r o g e n a t i o n   component  of  t h e  

hyd roc rack ing   c a t a l y s t   to  form  s u b s t i t u t e d   monocyclic   a r o m a t i c s  

which  are  h ighly   d e s i r a b l e   end  p r o d u c t s .   The  heavy  hydrocarbon  o i l  
f eeds tock   wi l l   normal ly   c o n t a i n   a  s u b s t a n t i a l   amount  b o i l i n g   above  
230°C  and  wil l   normal ly   have  an  i n i t i a l   b o i l i n g   point   of  at  l e a s t  

about  290°C,  more  u s u a l l y   about  345°C.  Typical   b o i l i n g   ranges  w i l l  

be  about  345  to  565°C  or  about  345  to  510°C  but  o i l s   with  a  n a r r o w e r  
b o i l i n g   range  may,  of  course ,   be  p r o c e s s e d ,   for  example  those  with  a 
b o i l i n g   range  of  about  345  to  455°C.  Heavy  gas  o i l s   are  o f ten   o f  
th is   kind  as  are  cyc le   o i l s   and  o the r   n o n - r e s i d u a l   m a t e r i a l s .   It  i s  
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Doss ib le   to  c o - p r o c e s s   m a t e r i a l s   b o i l i n g   below  260°C  but  the  d e g r e e  

3f  c o n v e r s i o n   w i l l   be  lower  for  such  componen t s .   F e e d s t o c k s  

c o n t a i n i n g   l i g h t e r   ends  of  t h i s   kind  w i l l   n o r m a l l y   have  an  i n i t i a l  

s o i l i n g   p o i n t   above  1 5 0 ° C .  

The  p r o c e s s   is  of  p a r t i c u l a r   u t i l i t y   with  h igh ly   p a r a f f i n i c  

feeds   b e c a u s e ,   wi th   feeds   of  t h i s   k ind ,   the  g r e a t e s t   improvement   i n  

pour  p o i n t   may  be  o b t a i n e d .   However,  most  f eeds   w i l l   c o n t a i n   a  

c e r t a i n   c o n t e n t   of  p o l y c y c l i c   a r o m a t i c s ;   i t   is  a  n o t a b l e   f e a t u r e   o f  

z e o l i t e   b e t a   t h a t   i t   r e t a i n s   i t s   a b i l i t y   to  remove  the  waxy 

components   of  the   feed  even  in  the  p r e s e n c e   of  s u b s t a n t i a l   amoun t s  

of  a r o m a t i c s ,   for   example  10  p e r c e n t   or  more  a r o m a t i c s .   However ,  

the  a r o m a t i c   c o n t e n t   of  the  feed  w i l l   no rma l ly   not  exceed  50  p e r c e n t  

by  weight   of  the  f e e d s t o c k .   T y p i c a l l y   the  a r o m a t i c   c o n t e n t   w i l l   be  

20-50,   more  u s u a l l y   about   30,  weight   p e r c e n t   of  the  f e e d .  

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

waxy  h y d r o c a r b o n s   in  the  345°C+  f r a c t i o n ;   t h e s e   waxy  h y d r o c a r b o n s  

Tiay  be  c h a r a c t e r i z e d   c h e m i c a l l y   as  s t r a i g h t   cha in   and  s l i g h t l y  

b ranched   c h a i n   p a r a f f i n s ,   t h a t   is  n - p a r a f f i n s   and  i s o - p a r a f f i n s  

having  s h o r t   c h a i n   b r a n c h e s .   The  h i g h e r   m o l e c u l a r   weignt   p a r a f f i n s  

w i l l   g e n e r a l l y   be  s l i g h t l y   branched  cha in   m a t e r i a l s   as  opposed  t o  

being  whol ly   s t r a i g h t   cha in   but  because   the  b r a n c h i n g s   a r e  

r e l a t i v e l y   s h o r t ,   the  l i n e a r   chain  c h a r a c t e r i s t i c s   w i l l   p r e d o m i n a t e ,  

so  t h a t   the   m a t e r i a l   w i l l   be  of  a  waxy  n a t u r e ,   c o n t r i b u t i n g   to  a  

high  pour  p o i n t .  

In  the  p r o c e s s ,   the  f e e d s t o c k   is  h e a t e d   to  an  e l e v a t e d  

t e m p e r a t u r e   and  is  then  passed  over  the  h y d r o t r e a t i n g   a n d  

h y d r o c r a c k i n g   c a t a l y s t s   in  the  p r e s e n c e   of  hyd rogen .   Because  t h e  

t he rmodynamics   of  h y d r o c r a c k i n g   oecome  u n f a v o r a b l e   at  t e m p e r a t u r e s  

above  about   450°C,  t e m p e r a t u r e s   above  t h i s   v a l u e   w i l l   not  n o r m a l l y  

be  used.   In  a d d i t i o n ,   because   the  h y d r o t r e a t i n g   and  h y d r o c r a c k i n g  

r e a c t i o n s   are  net   e x o t h e r m i c ,   the  f e e d s t o c k   need  not  be  hea ted   t o  

the  t e m p e r a t u r e   d e s i r e d   in  the  c a t a l y s t   bed  which  is  normal ly   in  t h e  

range  360  to  440°C.  At  the  beg inn ing   of  the  p r o c e s s   c y c l e ,   t h e  

t e m p e r a t u r e   employed  w i l l   be  at  the  lower  end  of  t h i s   range  but  a s  

the  c a t a l y s t   ages ,   the  t e m p e r a t u r e   may  be  i n c r e a s e d   in  o rde r   t o  

m a i n t a i n   the  d e s i r e d   degree   of  a c t i v i t y .  
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The  heavy  o i l   f eeds tock   is  passed  over  the  c a t a l y s t s   in  t h e  

aresence   of  hydrogen.   The  space  v e l o c i t y   of  the  o i l   is  u s u a l l y   i n  

the  range  0.1  to  10  LHSV,  p r e f e r a b l y   0.2  to  2.0  LHSV  and  t h e  

hydrogen  c i r c u l a t i o n   r a t e   from  250  to  1000  n . 1 . 1 " 1   ( l i t e r s   o f  

hydrogen  -  measured  at  s t anda rd   t e m p e r a t u r e   and  p r e s s u r e   -  per  l i t e r  

of  o i l ) ,   and  more  u s u a l l y   from  300  to  800  n . l . l " 1 .   Hydrogen 

p a r t i a l   p r e s s u r e   is  u s u a l l y   at  l e a s t   75  p e r c e n t   of  the  t o t a l   s y s t e m  

p r e s s u r e   with  r e a c t o r   i n l e t   p r e s s u r e s   normal ly   being  in  the  range  o f  

3000  to  10000  kPa,  more  commonly  from  5000  to  7000  kPa.  When 

o p e r a t i n g   at  low  c o n v e r s i o n s ,   for  example,   l e s s   than  50  volume 

pe rcen t   conve r s ion   to  345°C-  p r o d u c t s ,   the  p r e s s u r e   may  be  

c o n s i d e r a b l y   lower  than  normal,   c o n v e n t i o n a l   p r a c t i c e s .   It  has  b e e n  

found  t na t   p r e s s u r e s   of  5000  to  7000  kPa  are  s a t i s f a c t o r y ,   a s  

compared  to  the  p r e s s u r e s   of  at  l e a s t   10,500  kPa  normal ly   used  i n  

commercial   h y d r o c r a c k i n g   p r o c e s s e s .   However,  i f   d e s i r e d ,   low 

c o n v e r s i o n   may  be  ob ta ined   by  s u i t a b l e   s e l e c t i o n   of  o the r   r e a c t i o n  

p a r a m e t e r s ,   for  example  t e m p e r a t u r e ,   space  v e l o c i t y ,   cho ice   o f  

c a t a l y s t ,   even  lower  p r e s s u r e s   may  be  used.   Low  p r e s s u r e s   a r e  

d e s i r a b l e   from  the  poin t   of  view  of  equipment   des ign   s ince   l e s s  

massive  and  c o n s e q u e n t l y   cheaper   equipment  wi l l   be  a d e q u a t e .  

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

s a t u r a t i o n   and  thereby  permit   economy  in  the  t o t a l   amount  o f  

hydrogen  consumed  in  the  p r o c e s s .   However,  c e r t a i n   c a t a l y s t s   may 

not  be  s u f f i c i e n t l y   a c t i v e   at  very  low  p r e s s u r e s ,   for  example  3000 

kPa  and  h igher   p r e s s u r e s   may  then  be  n e c e s s a r y   at  the  s p a c e  

v e l o c i t i e s   d e s i r e d   in  order   to  ma in t a in   a  s a t i s f a c t o r y   t h r o u g h p u t .  

In  the  f i r s t   s tage   of  the  p r o c e s s ,   the  feed  is  passed  o v e r  

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

compounds  into  gaseous  ammonia  and  hydrogen  s u l f i d e .   At  t h i s   s t a g e ,  

h y d r o c r a c k i n g   is  minimized  but  p a r t i a l   h y d r o g e n a t i o n   of  p o l y c y c l i c  

a romat i c s   p roceeds ,   t o g e t h e r   with  a  l i m i t e d   degree  of  c o n v e r s i o n   t o  

lower  b o i l i n g   (345°C-)  p r o d u c t s .   The  c a t a l y s t   usea  in  t h i s   s t a g e  

may  be  a  c o n v e n t i o n a l   d e n i t r o g e n a t i o n   ( d e n i t r i f i c a t i o n )   c a t a l y s t .  

C a t a l y s t s   of  t h i s   type  are  r e l a t i v e l y   immune  to  po i son ing   by  t h e  

n i t r o g e n o u s   and  s u l f u r o u s   i m p u r i t i e s   in  the  f e e d s t o c k   and,  g e n e r a l l y  
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comprise  a  non-noble   metal   component  s u p p o r t e d   on  an  amorphous ,  

corous  c a r r i e r   such  as  s i l i c a ,   a lumina ,   s i l i c a - a l u m i n a   o r  

s i l i c a - m a g n e s i a .   Because  e x t e n s i v e   c r a c k i n g   is  not  d e s i r e d   in  t h i s  

s tage   of  the  p r o c e s s ,   the  a c i d i c   f u n c t i o n a l i t y   of  the  c a r r i e r   may  be  

r e l a t i v e l y   low  compared  to  t h a t   of  the  subsequen t   h y d r o c r a c k i n g  

c a t a l y s t .   The  metal  component  may  be  a  s i n g l e   metal   from  Groups  VIA 

and  VIIIA  of  the  P e r i o d i c   Table  such  as  n i c k e l ,   c o b a l t ,   chromium, 

vanadium,  molybdenum,  t u n g s t e n ,   or  a  c o m b i n a t i o n   of  meta ls   such  a s  

n icke l -molybdenum,   c o b a l t - n i c k e l - m o l y b d e n u m ,   c o b a l t - m o l y b d e n u m ,  

n i c k e l - t u n g s t e n   or  n i c k e l - t u n g s t e n - t i t a n i u m .   G e n e r a l l y ,   the  m e t a l  

component  wi l l   be  s e l e c t e d   for  good  hydrogen  t r a n s f e r   a c t i v i t y ;   t h e  

c a t a l y s t   as  a  whole  w i l l   have  good  hydrogen  t r a n s f e r   and  m i n i m a l  

c r a c k i n g   c h a r a c t e r i s t i c s .   The  c a t a l y s t   should  be  p r e - s u l f i d e d   i n  

the  normal  way  in  order   to  c o n v e r t   the  metal   component  ( u s u a l l y  

i m p r e g n a t e d   in to   the  c a r r i e r   and  c o n v e r t e d   to  oxide)  in to   t h e  

c o r r e s p o n d i n g   s u l f i d e .  

In  the  h y d r o t r e a t i n g   ( d e n i t r o g e n a t i o n )   s t a g e ,   the  n i t r o g e n  

and  s u l f u r   i m p u r i t i e s   are  c o n v e r t e d   in to   ammonia  and  hyd rogen  

s u l f i d e .   At  the  same  t ime,   the  p o l y c y c l i c   a r o m a t i c s   are  p a r t i a l l y  

h y d r o g e n a t e d   to  form  s u b s t i t u t e d   a r o m a t i c s   which  are  more  r e a d i l y  

c r acked   in  the  second  s t age   to  form  a l k y l   a r o m a t i c s .   Because  t h e  

p r o c e s s   may  be  o p e r a t e d   with  only  a  l i m i t e d   degree  of  o v e r a l l  

c o n v e r s i o n ,   the  e f f l u e n t   from  the  f i r s t   s t age   may  be  passed  d i r e c t l y  

to  the  second  or  h y d r o c r a c k i n g   s t age   w i thou t   the  c o n v e n t i o n a l  

i n t e r s t a g e   s e p a r a t i o n   of  ammonia  or  hydrogen  s u l f i d e ,   a l t h o u g h  

hydrogen  quenching  may  be  c a r r i e d   out  in  order   to  c o n t r o l   t h e  

e f f l u e n t   t e m p e r a t u r e   and  to  c o n t r o l   the  c a t a l y s t   t e m p e r a t u r e   in  t h e  

second  s t a g e .   However,  i n t e r s t a g e   s e p a r a t i o n   of  ammonia  and 

hydrogen  s u l f i d e   and  l i g h t   f r a c t i o n s   may  be  c a r r i e d   out,   e s p e c i a l l y  

with  the  noble  metal  h y d r o c r a c k i n g   c a t a l y s t s   which  are  more 

s e n s i t i v e   to  the  i m p u r i t i e s .  

The  e f f l u e n t   from  the  d e n i t r o g e n a t i o n / d e s u i f u r i z a t i o n   s t a g e  

is  passed   to  the  h y d r o c r a c k i n g   s tep   to  crack  p a r t i a l l y   h y d r o g e n a t e d  

a r o m a t i c s   and  car ry   out  the  o t h e r   c h a r a c t e r i s t i c   r e a c t i o n s   which  

take  p lace   over  the  h y d r o c r a c k i n g   c a t a l y s t .  
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The  h y d r o c r a c k i n g   c a t a l y s t   compr i ses   z e o l i t e   be ta   at  l e a s t  

p a r t l y   in  the  hydrogen  form  as  an  a c i d i c   component,   t o g e t h e r   with  a 

h y d r o g e n a t i o n - d e h y d r o g e n a t i o n   component .   The  h y d r o g e n a t i o n - d e h y d r o -  
g e n a t i o n   component  is  p rovided   by  a  metal   or  combina t ion   of  m e t a l s .  

Noble  me ta l s   of  Group  VIIIA,  e s p e c i a l l y   p l a t i num,   or  base  me ta l s   o f  

Groups  IVA,  VIA  and  VIIIA,  e s p e c i a l l y   chromium,  molybdenum,  t u n g s t e n ,  

c o b a l t   and  n i c k e l ,   may  be  used.   Base  metal   c o m b i n a t i o n s   such  a s  

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

molybdenum  and  n i c k e l - t u n g s t e n - t i t a n i u m   are  u s e f u l ,   a l t hough   f o r  

c e r t a i n   a p p l i c a t i o n s   p l a t inum  is  p r e f e r r e d .  

The  c o n t e n t   of  the  metal  component  w i l l   vary  a c c o r d i n g   t o  

i t s   c a t a l y t i c   a c t i v i t y .   Thus,  the  h i g h l y   a c t i v e   noble   me ta l s   may  be  

used  in  s m a l l e r   amounts  than  the  l e s s   a c t i v e   base  m e t a l s .   F o r  

example,  about   1  weight   p e r c e n t   or  l e s s   p l a t i num  w i l l   be  e f f e c t i v e  

and  in  a  p r e f e r r e d   base  metal  c o m b i n a t i o n ,   about  7  weight   p e r c e n t  
n i c k e l   and  about   2.1  to  about  21  weight   p e r c e n t   t u n g s t e n ,   e x p r e s s e d  

as  meta l .   The  h y d r o g e n a t i o n   component  can  be  exchanged  onto  t h e  

z e o l i t e ,   i m p r e g n a t e d   i n to   i t   or  p h y s i c a l l y   admixed  with  i t .   If  t h e  

metal  is  to  be  impregna ted   in to   or  exchanged  onto  the  z e o l i t e ,   i t  

may  be  done,  for  example,   by  t r e a t i n g   the  z e o l i t e   with  a  p l a t i n u m  

m e t a l - c o n t a i n i n g   ion.   S u i t a b l e   p l a t i num  compounds  i n c l u d e  

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

c o n t a i n i n g   the  p l a t i n u m   ammine  complex.  The  metal   compounds  may  be  
e i t h e r   compounds  in  which  the  metal   is  p r e s e n t   in  the  c a t i o n   of  t h e  

compound  and  compounds  in  wnich  i t   is  p r e s e n t   in  the  anion  of  t h e  

compound.  Both  types   of  compounds  can  be  used.   P la t inum  compounds 

in  which  the  meta l   is  in  the  form  of  a  c a t i o n   or  c a t i o n i c   complex ,  
for  example  Pt(NH3)4Cl2  are  p a r t i c u l a r l y   u s e f u l ,   as  a r e  
an ion ic   complexes  such  as  the  vanada te   and  m e t a t u n g s t a t e   i o n s .  
Ca t ion ic   forms  of  o the r   metals   are  a l so   very  u s e f u l   s ince   they  may 
be  exchanged  onto  the  z e o l i t e   or  impregna ted   in to   i t .  

The  a c i d i c   component  of  the  h y d r o c r a c k i n g   c a t a l y s t   i s  

z e o l i t e   be t a .   Z e o l i t e   beta  is  a  c r y s t a l l i n e   z e o l i t e   having  a  p o r e  
s ize   g r e a t e r   than  5  Angstrom  u n i t s   (5  x  10~10m).  I t s   c o m p o s i t i o n  
and  X-ray  s t r u c t u r e   are  d e s c r i b e d   in  U.S.  P a t e n t s   3 ,308 ,069   and  Re 
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3,341,  to  which  r e f e r e n c e   may  be  made  ror  a  d e s c r i p t i o n   u.  u i*»  

s o l i t e ,   i t s   p r e p a r a t i o n   and  p r o p e r t i e s .   H y d r o c r a c k i n g   c a t a l y s t s  

ased  on  z e o l i t e   beta  are  d e s c r i b e d   in  EP-A-94827,  to  which  

s f e r e n c e   may  be  made  for  a  d e s c r i p t i o n   of  t h e m .  

When  i t   is  used  in  the  c a t a l y s t s   for  the  p r o c e s s   of  t h e  

n v e n t i o n ,   the  z e o l i t e   is  at  l e a s t   p a r t l y   in  the  hydrogen  form  i n  

rder   to  p rov ide   the  d e s i r e d   a c i d i c   f u n c t i o n a l i t y   for  the  c r a c k i n g  

e a c t i o n s   which  are  to  take  p l a c e .   It  is  no rma l ly   p r e f e r r e d   to  u s e  

he  z e o l i t e   in  a  form  which  has  s u f f i c i e n t   a c i d i c   f u n c t i o n a l i t y   t o  

ive  i t   an  alpha  value  of  1  or  more.  The  a lpha   v a l u e ,   a  measure  o f  

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

ts  measurement  in  U.S.  P a t e n t   4 , 0 1 6 , 2 1 8   and  in  3.  C a t a l y s i s ,   Vo l .  

I,  pages  278-287  (1966)  and  r e f e r e n c e   may  be  made  to  these   for  such  

t o t a l i s .   The  a c i d i c   f u n c t i o n a l i t y   may  be  c o n t r o l l e d   by  base  exchange  

if  the  z e o l i t e ,   e s p e c i a l l y   with  a l k a l i   metal   c a t i o n s   such  as  sod ium,  

iy  s teaming  or  by  c o n t r o l   of  the  s i l i c a :   a lumina  r a t i o   of  the  z e o l i t e .  

It  has  been  found  t h a t   steamed  z e o l i t e   be ta   c a t a l y s t s  

laving  an  alpha  value  of  from  100  to  200,  p r e f e r a b l y   about   150,  a r e  

)ref  e r r ed   for  the  p r o c e s s ,   as  compared  to  unsteamed  c a t a l y s t s   h a v i n g  

ilpha  equal   to  about  600  to  800,  p a r t i c u l a r l y   with  base  m e t a l  

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

:he  s teamed  c a t a l y s t s   having  been  found  to  be  more  s t a b l e   f o r  

i n v e r s i o n .  

Because  the  n y d r o g e n a t i o n   f u n c t i o n a l i t y   may  a l so   be  v a r i e d  

3y  cho i ce   of  metal  and  i t s   r e l a t i v e   q u a n t i t y ,   the  ba l ance   be tween  

the  h y d r o g e n a t i o n   and  c r a c k i n g   f u n c t i o n s   may  be  a d j u s t e d   a s  

c i r c u m s t a n c e s   r e q u i r e .   The  ammonia  produced  in  the  f i r s t   s t a g e  

f i l l ,   to  some  degree ,   tend  to  reduce  the  a c i d i c   f u n c t i o n a l i t y   of  t h e  

n y d r o c r c k i n g   c a t a l y s t   but  in  the  p r e s e n t   p r o c e s s   only  a  l i m i t e d  

degree   of  conve r s ion   is  d e s i r e d   and  so  the  reduced   c r a c k i n g  

c o n s e q u e n t   upon  the  d i m i n u t i o n   of  a c i d i c   f u n c t i o n a l i t y   is  not  o n l y  

a c c e p t a b l e   but  a lso   u s e f u l .  

The  p r e f e r r e d   forms  of  z e o l i t e   be ta   for  use  in  the  p r e s e n t  

p roce s s   are  the  high  s i l i c a   forms,  having  s i l i c a :   a lumina  r a t i o s   o f  

at  l e a s t   30:1.   It  has  been  found,  in  f a c t ,   t h a t   z e o l i t e   beta  may  be  
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prepared   with  s i l i c a :   alumina  r a t i o s   above  the  200:1  maximum  s p e c i f i e d  
in  U.S.  P a t e n t s   3 ,308 ,069   and  Re.  28 ,341 .   Ra t ios   of  at  l e a s t   5 0 : 1  

and  p r e f e r a b l y   at  l e a s t   100:1  or  even  h i g h e r ,   for  example  2 5 0 : 1 ,  

500:1  may  be  u s e d .  

The  s i l i c a :   alumina  r a t i o s   r e f e r r e d   to  are  the  s t r u c t u r a l   o r  
framework  r a t i o s ,   r e l a t e d   to  the  r a t i o   of  the  SiO.  to  the  A10. 

4  4 
t e t r a h e d r a   which  t o g e t h e r   c o n s t i t u t e   the  s t r u c t u r e   of  which  t h e  

z e o l i t e   is  composed.  This  may  vary  from  the  s i l i c a :   alumina  r a t i o  

de te rmined   by  v a r i o u s   p h y s i c a l   and  chemica l   methods.  For  example,  a  

gross  chemical   a n a l y s i s   may  i nc lude   aluminum  which  is  p r e s e n t   in  t h e  

form  of  c a t i o n s   a s s o c i a t e d   with  the  a c i d i c   s i t e s   on  the  z e o l i t e ,  

thereby  g iv ing   a  low  s i l i c a :   alumina  r a t i o .   S i m i l a r l y ,   i f   the  r a t i o  

is  de te rmined   by  the  t h e r m o g r a v i m e t r i c   a n a l y s i s   (TGA)  of  ammonia 

d e s o r p t i o n ,   a  low  ammonia  t i t r a t i o n   may  be  ob ta ined   i f   c a t i o n i c  

aluminum  p r e v e n t s   exchange  of  the  ammonium  ions  onto  the  a c i d i c  

s i t e s .   These  d i s p a r i t i e s   are  p a r t i c u l a r l y   t roub lesome  when  c e r t a i n  

t r e a t m e n t s   such  as  the  d e a l u m i n i z a t i o n   method  de sc r i bed   below  which 

r e s u l t   in  the  p resence   of  i on ic   aluminum  f ree   of  the  z e o l i t e  

s t r u c t u r e ,   are  employed.  Due  care  should  t h e r e f o r e   be  taken  t o  

ensure  t h a t   the  framework  s i l i c a :   alumina  r a t i o   is  c o r r e c t l y  
d e t e r m i n e d .  

The  p r e p a r a t i o n   of  the  h igh ly   s i l i c e o u s   forms  of  z e o l i t e  

beta  is  d e s c r i b e d   in  U.S.  Pa t en t   4 , 4 1 9 , 2 2 0 ,   to  which  r e f e r e n c e   may 
be  made  for  a  d e s c r i p t i o n   of  these   forms  and  t h e i r   p r e p a r a t i o n .  

P r io r   to  use  the  z e o l i t e   should  be  dehydra ted   at  l e a s t  

p a r t i a l l y .   This  can  be  done  by  h e a t i n g   to  a  t empera tu re   in  t h e  

range  of  200  to  600°C  in  a i r   or  an  i n e r t   a tmosphere  such  as  n i t r o g e n  
for  1  to  48  hours .   Dehydra t ion   can  a l so   be  performed  at  l o w e r  
t e m p e r a t u r e s   merely  by  using  a  vacuum,  but  a  longer   time  is  r e q u i r e d  

to  ob ta in   a  s u f f i c i e n t   amount  of  d e h y d r a t i o n .  

It  may  be  d e s i r a b l e   to  i n c o r p o r a t e   the  c a t a l y s t   in  a n o t h e r  

m a t e r i a l   r e s i s t a n t   to  the  t e m p e r a t u r e   and  o the r   c o n d i t i o n s   employed 
in  the  p r o c e s s .   Such  matr ix  m a t e r i a l s   inc lude   s y n t h e t i c   and 

n a t u r a l l y   o c c u r r i n g   s u b s t a n c e s   such  as  i n o r g a n i c   m a t e r i a l s ,   f o r  
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omple   c l ay ,   s i l i c a   and  metal  ox ide s ,   as  d e s c r i b e d   in  U.S.  P a t e n t  

,419,220.   Matr ix  m a t e r i a l s   may  t hemse lves   possess   c a t a l y t i c  

r o p e r t i e s ,   g e n e r a l l y   of  an  a c i d i c   n a t u r e .  

The  c a t a l y s t   may  be  t r e a t e d   oy  c o n v e n t i o n a l   p r e - s u l f i d i n g  

r e a t m e n t s ,   for  example  by  h e a t i n g   in  the  p resence   of  h y d r o g e n  

j l f i d e ,   to  conve r t   oxide  forms  of  the  metals   such  as  CoO  and  NiO 

nto  t h e i r   c o r r e s p o n d i n g   s u l f i d e s .  

The  r e l a t i v e   p r o p o r t i o n s   of  the  h y d r o c r a c k i n g   and  t h e  

y d r o t r e a t i n g   c a t a l y s t s   may  be  va r i ed   accord ing   to  the  f e e d s t o c k   i n  

rder   to  conve r t   the  n i t r o g e n   in  the  f e e d s t o c k   into  ammonia  b e f o r e  

he  charge  passes   to  tne  h y d r o c r a c k i n g   s tep;   the  o b j e c t   is  to  r e d u c e  

he  n i t r o g e n   l e v e l   of  the  charge   to  a  po in t   where  the  d e s i r e d   d e g r e e  

f  c o n v e r s i o n   by  the  h y d r o c r a c k i n g   c a t a l y s t   is  a t t a i n e d   with  t h e  

ptimum  combina t ion   of  space  v e l o c i t y   and  r e a c t i o n   t e m p e r a t u r e .   The 

i r ea t e r   the  amount  of  n i t r o g e n   in  the  feed,   the  g r e a t e r   then  w i l l   b e  

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

,o  the  h y d r o c r a c k i n g   c a t a l y s t .   If  the  amount  of  n i t r o g e n   in  t h e  

?eed  is  low,  the  c a t a l y s t   r a t i o   may  be  as  low  as  10:90  (by  v o l u m e ,  

l e n i t r o g e n a t i o n :   h y d r o c r a c k i n g ) .   In  g e n e r a l ,   however,  r a t i o s   b e t w e e n  

25:75  to  75:25  wi l l   be  used,   with  many  s tocks   an  a p p r o x i m a t e l y  

jqual  volume  r a t i o   wi l l   be  s u i t a b l e ,   for  example  40:60,   50:50  o r  

50 :40 .  

In  a d d i t i o n   to  the  d e n i t r o g e n a t i o n   f unc t i on   of  t h e  

n y d r o t r e a t i n g   c a t a l y s t   ano the r   and  at  l e a s t   as  impor t an t   f u n c t i o n   i s  

j e s u l f u r i z a t i o n   s ince   the  s u l f u r   c o n t e n t   of  the  d i s t i l l a t e   p r o d u c t  

is  one  of  the  most  i m p o r t a n t   p roduc t   s p e c i f i c a t i o n s   which  have  to  b e  

observed .   The  low  s u l f u r   p r o d u c t s   are  more  v a l u a b l e   and  are  o f t e n  

r e q u i r e d   by  e n v i r o n m e n t a l   r e g u l a t i o n ;   the  degree  of  d e s u l f u r i z a t i o n  

ach ieved   is  t h e r e f o r e   of  c o n s i d e r a b l e   s i g n i f i c a n c e .   The  degree  o f  

d e s u l f u r i z a t i o n   ob ta ined   wi l l   be  dependent   in  par t   upon  the  r a t i o   o f  

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

a p p r o p r i a t e   choice   of  the  r a t i o   wi l l   be  an  impor t an t   f a c t o r   in  t h e  

s e l e c t i o n   of  p roces s   c o n d i t i o n s   for  a  given  f e e d s t o c k   and  p r o d u c t  

s p e c i f i c a t i o n .   The  degree  of  d e s u l f u r i z a t i o n   wil l   i n c r e a s e   as  t h e  

p r o p o r t i o n   of  the  h y d r o t r e a t i n g   c a t a l y s t   i n c r e a s e s   and  the  l o w e s t  
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suiTur   c o n t e n t s   c o n s i s t e n t   with  the  r e q u i r e d   c o n v e r s i o n   may  b e  
ob t a ined   with  an  a p p r o p r i a t e   s e l e c t i o n   of  the  c a t a l y s t   r a t i o .  
Another  f u n c t i o n   of  the  h y d r o t r e a t i n g   c a t a l y s t   is  to  aid  in  t h e  
s a t u r a t i o n   of  p o l y c y c l i c   coke  p r e c u r o r s   and  t h i s ,   in  t u rn ,   helps   i n  
ex t end ing   the  l i f e   of  the  h y d r o c r a c k i n g   c a t a l y s t .  

The  degree   of  d e s u l f u r i z a t i o n   i s ,   of  c o u r s e ,   dependent   upon 
f a c t o r s   o the r   than  the  choice   of  c a t a l y s t   r a t i o .   It   has  been  found 
tha t   the  s u l f u r   c o n t e n t   of  the  d i s t i l l a t e   p roduc t   is  dependent   i n  
part   upon  the  conve r s ion   and  r e g u l a t i o n   of  the  c o n v e r s i o n   w i l l  
t h e r e f o r e   enable   the  s u l f u r   c o n t e n t   of  the  d i s t i l l a t e   to  be  f u r t h e r  
c o n t r o l l e d :   g r e a t e r   d e s u l f u r i z a t i o n   is  ob t a ined   at  h i g h e r  
c o n v e r s i o n s   and  t h e r e f o r e   the  lowes t   s u l f u r   c o n t e n t   d i s t i l l a t e s   w i l l  
be  ob t a ined   near  the  d e s i r e d   maximum  c o n v e r s i o n .   A l t e r n a t i v e l y ,   i t  
nay  be  p o s s i b l e   to  i n c r e a s e   the  degree   of  d e s u l f u r i z a t i o n   at  a  g i v e n  
convers ion   by  r a i s i n g   the  t e m p e r a t u r e   of  the  h y d r o t r e a t i n g   bed  w h i l e  
lo ld ing   the  t e m p e r a t u r e   of  the  h y d r o c r a c k i n g   bed  c o n s t a n t .   This  may 
De  accompl i shed   by  a p p r o p r i a t e   use  of  hydrogen  q u e n c h i n g .  

The  o v e r a l l   conve r s ion   may  be  m a i n t a i n e d   at  a  low  l e v e l ,  
Less  than  50  volume  pe rcen t   to  lower  b o i l i n g   p r o d u c t s ,   u s u a l l y  
540°C-  p r o d u c t s   from  the  heavy  o i l   f eeds tocKs   used  while  s t i l l  

n a i n t a i n i n g   s a t i s f a c t o r y   product   q u a l i t y .   The  c o n v e r s i o n   may,  o f  

:ourse ,   be  m a i n t a i n e d   at  even  lower  l e v e l s ,   for  example  30  or  40 
percent   by  volume.  The  degree  of  c r a c k i n g   to  gas  (CA-)  which  
occurs  at  these   low  conve r s ion   f i g u r e s   is  c o r r e s p o n d i n g l y   low  and  so  
Is  the  c o n v e r s i o n   to  naphtha  (200°C-) ;   the  d i s t i l l a t e   s e l e c t i v i t y   o f  
:he  p rocess   is  a c c o r d i n g l y   high  and  o v e r c r a c k i n g   to  l i g h t e r   and  l e s s  
i e s i r ed   p r o d u c t s   is  minimized.   I t   is  b e l i e v e d   tha t   in  c a s c a d e  
j p e r a t i o n   th i s   e f f e c t   is  p rocured ,   in  p a r t ,   by  the  e f f e c t   of  t h e  
jmmonia  c a r r i e d   over  from  the  f i r s t   s t a g e .   Con t ro l   of  c o n v e r s i o n  

lay  be  e f f e c t e d   by  c o n v e n t i o n a l   e x p e d i e n t s   such  as  c o n t r o l   o f  
: empera ture ,   p r e s s u r e ,   space  v e l o c i t y   and  o ther   r e a c t i o n   p a r a m e t e r s .  

S u r p r i s i n g l y ,   i t   has  been  found  tha t   the  p resence   o f  
d t r o g e n   and  s u l f u r   compounds  in  the  second  s tage   feed  does  n o t  
adversely  a f f e c t   c a t a l y s t   aging  in  the  absence  of  i n t e r s t a g e  
i epa ra t i on   p rov ided   tha t   s u f f i c i e n t   d e n i t r o g e n a t i o n   c a t a l y s t   i s  
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mployed.  C a t a l y s t   l i f e   be fore   r e g e n e r a t i o n   in  t n i s   p r o c e s s   may 

y p i c a l l y   be  one  year   or  even  l o n g e r .   Tne  ex tended   o p e r a t i o n a l   l i f e  

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

u l f u r ,   p r e s e n t   as  ammonia  and  hydrogen  s u l f i d e ,   r e s p e c t i v e l y ,   i n  

;he  second  s t a g e   feed  is  a  s u r p r i s i n g   a s p e c t   of  o p e r a t i o n   in  t h e  

:ascade  mode.  F u r t h e r ,   the  s t a b i l i t y   of  the  c a t a l y s t   is  even  more  

•emarkable  at  the  r e l a t i v e l y   low  hydrogen  p a r t i a l   p r e s s u r e s   u t i l i z e d  

.n  low  c o n v e r s i o n   o p e r a t i o n .   G e n e r a l l y ,   the  a c t i v i t y   of  c r a c k i n g  

: a t a l y s t s   is  a d v e r s e l y   and  s e v e r e l y   a f f e c t e d   by  n i t r o g e n   p o i s o n i n g  

ind  carbon  (coke)  d e p o s i t i o n   to  such  an  e x t e n t   t h a t   with  an  FCC 

: a t a l y s t ,   for  example,   the  coke  d e p o s i t i o n   is  so  r ap id   t h a t   r e g e n e -  

rat ion  must  be  c a r r i e d   out  c o n t i n u o u s l y   in  order   to  m a i n t a i n  

s u f f i c i e n t   a c t i v i t y .   In  h y d r o c r a c k i n g ,   the  e x p e r i e n c e   is  t h a t   low 

lydrogen  p a r t i a l   p r e s s u r e s   are  conduc ive   to  more  r ap id   c o k e  

iccummulat ion  as  the  p o l y c y c l i c   coke  p r e c u r s o r s   undergo  p o l y m e r i -  

za t ion;   h i g h e r   hydrogen  p r e s s u r e ,   on  the  o the r   hand,  t ends   to  i n h i b i t  

:oke  f o rma t ion   by  s a t u r a t i n g   these   p r e c u r s o r s   before   p o l y m e r i z a t i o n  

takes  p l a c e .   For  t he se   r e a s o n s ,   the  e x c e l l e n t   s t a b i l i t y   of  t h e  

l y d r o c r a c k i n g   c a t a l y s t   in  t h i s   p roces s   is  qu i t e   u n e x p e c t e d .   The 

z e o l i t e   beta  h y d r o c r a c k i n g   c a t a l y s t s   are  n o t a b l e   for  t h e i r   a b i l i t y  

to  o p e r a t e   at  r e l a t i v e l y   high  c o n v e r s i o n s ,   for  example  at  l e a s t   50% 

convers ion   to  345°C-  p r o d u c t s   under  low  hydrogen  p r e s s u r e s ;  

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

c o n d i t i o n s .   When  r e g e n e r a t i o n   i s ,   however,   n e c e s s a r y ,   for  example  

a f t e r   one  yea r ,   i t   may  be  c a r r i e d   out  o x i d a t i v e l y   in  a  c o n v e n t i o n a l  

manner .  

The  c o n v e r s i o n   of  the  o rgan ic   n i t r o g e n   compounds  in  t h e  

f e e d s t o c k   over  the  h y d r o t r e a t i n g   c a t a l y s t   to  i n o r g a n i c   n i t r o g e n   ( a s  

ammonia)  e n a b l e s   the  d e s i r e   degree  of  c o n v e r s i o n   to  be  m a i n t a i n e d  

under  r e l a t i v e l y   moderate   and  a c c e p t a b l e   c o n d i t i o n s ,   even  w i t h  

r e l a t i v e l y   n i t r o g e n o u s   f e e d s t o c k s .   Severe  problems  would  b e  

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

c a t a l y s t   were  not  used:  in  order  to  m a i n t a i n   the  d e s i r e d   c o n v e r s i o n  

i t   would  oe  n e c e s s a r y   to  r a i s e   the  t e m p e r a t u r e   but  if   the  f e e d s t o c k  

is  h ighly   n i t r o g e n o u s ,   i t   might  be  n e c e s s a r y   to  go  to  t e m p e r a t u r e s  
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at  wnicn  the  h y d r o c r a c k i n g   r e a c t i o n s   become  t h e r m o d y n a m i c a l l y  
un favo red .   F u r t h e r m o r e ,   the  volume  of  c a t a l y s t   is  f ixed   because  o f  
the  des ign   of  the  p l a n t   and  t h i s   imposes  l i m i t s   on  the  e x t e n t   t o  
which  the  space  v e l o c i t y   can  be  v a r i e d ,   t h e r eby   imposing  a d d i t i o n a l  

p r o c e s s i n g   r e s t r i c t i o n s .   The  h y d r o t r e a t i n g   c a t a l y s t ,   on  the  o t h e r  
hand,  s h i f t s   the  n i t r o g e n   c o n t e n t   of  the  f e e d s t o c k   i n to   i n o r g a n i c  
form  in  which  i t   does  not  i n h i b i t   the  a c t i v i t y   of  the  c a t a l y s t   a s  
much  as  i t   would  i f   i t   were  in  i t s   o r i g i n a l   o rgan i c   form,  even  

though  some  r e d u c t i o n   in  a c t i v i t y   is  o b s e r v e d ,   as  ment ioned  a b o v e .  
Thus,  h igher   c o n v e r s i o n   may  be  more  r e a d i l y   a ch i eved   at  r e d u c e d  

t e m p e r a t u r e s ,   h ighe r   space  v e l o c i t i e s   or  both .   Product   d i s t r i b u t i o n  
wi l l ,   however,  remain  e s s e n t i a l l y   u n a f f e c t e d   at  c o n s t a n t   c o n v e r s i o n .  

The  p r e s e n t   p rocess   has  the  advan tage   t ha t   i t   may  be  
Dperated  in  e x i s t i n g   low  p r e s s u r e   equ ipmen t .   For  example,   if   a  
i e s u l f u r i z e r   is  a v a i l a b l e ,   i t   may  be  used  with  r e l a t i v e l y   few  . 
r a t i f i c a t i o n s   s ince   the  p r e s e n t   p r o c e s s   may  be  o p e r a t e d   at  low 

Dressures   comparable   to  the  low  s e v e r i t y   c o n d i t i o n s   used  i n  

d e s u l f u r i z a t i o n .   This  may  enab le   s u b s t a n t i a l   sav ings   in  c a p i t a l  
:os t s   to  be  made  s ince   e x i s t i n g   r e f i n e r y   u n i t s   may  be  adapted  t o  
Increase   the  pool  of  d i s t i l l a t e   p r o d u c t s .   If  new  u n i t s   are  to  b e  
) u i l t   t he re   is  s t i l l   an  economic  advan tage   because   the  e q u i p m e n t  
ioes  not  have  to  be  des igned   for  such  high  p r e s s u r e s   as  are  commonly 
jsed  in  c o n v e n t i o n a l   h y d r o c r a c k i n g   p r o c e s s e s .   However,  minor  
m o d i f i c a t i o n s   may  be  n e c e s s a r y   to  e x i s t i n g   equipment   in  order   t o  
l a i n t a i n   o p e r a t i o n   wi th in   the  nominal   l i m i t s   s e l e c t e d .   For  example ,  
i  h y d r o d e s u l f u r i z e r   may  r e q u i r e   quench  i n s t a l l a t i o n   in  o rder   to  keep  
:he  t e m p e r a t u r e   in  the  h y d r o c r a c k i n g   bed  to  the  d e s i r e d   v a l u e ;  
i l t e r n a t i v e l y ,   an  a d d i t i o n a l   r e a c t o r   may  be  p rov ided   with  a p p r o -  
b a t e   quenching .   The  p r e c i s e   r e a c t o r   c o n f i g u r a t i o n   used  w i l l ,   o f  

:ourse,   depend  upon  i n d i v i d u a l   r e q u i r e m e n t s ;   the  s k i l l e d   person  w i l l  
le  able  to  a p p r e c i a t e   and  des ign   the  p l an t   a p p r o p r i a t e l y .   An 
sxemplary  h y d r o c r a c k i n g   un i t   w i thou t   i n t e r s t a g e   s e p a r a t i o n   is  shown 
n  s i m p l i f i e d   form  in  U.S.  P a t e n t   4 , 4 3 5 , 2 7 5 ,   to  wnich  r e f e r e n c e   may 
ie  made  for  a  d e s c r i p t i o n   of  i t .  
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A  p a r t i c u l a r l y   s u r p r i s i n g   a t t r i b u t e   of  the  p r e s e n t   p r o c e s s  
is  tha t   i t   is  p o s s i b l e   to  use  P t / b e t a   as  the  h y d r o c r a c k i n g   c a t a l y s t  

w i thou t   i n t e r s t a g e   s e p a r a t i o n   of  h e t e r o a t o m s   .  As  is  well  known, 

p l a t i n u m - c o n t a i n i n g   c a t a l y s t s   are  p a r t i c u l a r l y   prone  to  p o i s o n i n g  

and  i t   is  t h e r e f o r e   s u r p r i s i n g   t ha t   the  P t / b e t a   f u n c t i o n s   as  i t  

does;  in  f a c t ,   compared  to  s i n g l e   s tage   h y d r o c r a c k i n g   w i t h o u t  

h y d r o t r e a t i n g ,   l e s s   P t / b e t a   is  r e q u i r e d ,   o the r   c o n d i t i o n s   b e i n g  

equa l .   F u r t h e r m o r e ,   the  P t / b e t a   c a t a l y s t   has  been  shown  to  b e  

s u p e r i o r   in  h y d r o i s o m e r i z a t i o n   a c t i v i t y ,   as  compared  to  N i W / b e t a ,  

a l t hough   i t s   h y d r o c r a c k i n g   a c t i v i t y   is  lower  than  t h a t   of  N iW/be t a  

e i t h e r   in  the  cascade   (no  i n t e r s t a g e   s e p a r a t i o n )   or  two  s t a g e  

( i n t e r s t a g e   s e p a r a t i o n )   modes.  Because  of  t h i s ,   the  pour  p o i n t  

o b t a i n e d   with  the  P t / b e t a   h y d r o c r a c k i n g   c a t a l y s t   may  be  lower,   f o r  

example  by  about  10°C  than  with  the  NiW/beta .   The  d i s t i l l a t e  

s e l e c t i v i t y   of  the  P t / b e t a   c a t a l y s t   may  a l so   be  h igher   than  t h a t   o f  

the  NiW/beta  v e r s i o n   under  comparable   c o n d i t i o n s   a l though   t h e  

NiW/beta  c a t a l y s t s   are  a l so   n o t a b l e   for  g iv ing   h igher   r a t e s   o f  

d e s u l f u r i z a t i o n   and  lower  hydrogen  consumpt ion   at  e q u i v a l e n t  

c o n v e r s i o n s ,   depending  upon  the  h y d r o t r e a t i n g   c o n d i t i o n s .   The  Ni-W 

c o n t a i n i n g   c a t a l y s t s   are  a l s o   more  a c t i v e   for  c o n v e r s i o n   than  t h e  

P t - c o n t a i n i n g   c a t a l y s t s .  

Compared  to  s i n g l e   s tage   h y d r o c r a c k i n g ,   t h a t   is  h y d r o -  

c r a c k i n g   with  a  s i n g l e   c a t a l y s t ,   two- s t age   h y d r o t r e a t i n g / h y d r o -  

c r a c k i n g   (with  i n t e r s t a g e   s e p a r a t i o n )   a c h i e v e s   g r e a t e r   a c t i v i t y ,  

p e r m i t t i n g   lower  t e m p e r a t u r e s   to  be  used,  while  using  l ess   z e o l i t e ,  

t y p i c a l l y   about  30  p e r c e n t   l e s s .   An  improvement  in  d i s t i l l a t e  

s e l e c t i v i t y   may  a lso   r e s u l t .   An  a d d i t i o n a l   b e n e f i t   is  t h a t  

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

improved.   Cascade  p r o c e s s i n g   wi thout   i n t e r s t a g e   s e p a r a t i o n   p r o v i d e s  

p roduc t   y i e l d s   and  q u a l i t i e s   s i m i l a r   to  those   of  s e p a r a t e   t w o - s t a g e  

p r o c e s s i n g   w i thou t   any  major  loss   of  c o n v e r s i o n   a c t i v i t y ,   a l t h o u g h  

some  loss   of  i s o m e r i z a t i o n   s e l e c t i v i t y   may  ensue.   However,  any  s u c h  

loss   may  be  compensated  for  by  using  a  P t / b e t a   c a t a l y s t   i n s t e a d   of  a  
base  metal   c a t a l y s t ,   for  example  N iW/be t a .  
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—   . v ^ ^ i ^ c u   Hi.uuuuc;s  die   j.uw  s u i r u r ,   low  pour  p o i n t  
d i s t i l l a t e s ,   g e n e r a l l y   c o n t a i n i n g   l e s s   than  0.3  weight   p e r c e n t  
s u l f u r .   Compared  to  the  d i s t i l l a t e   p r o d u c t s   o b t a i n e d   by  
h y d r o c r a c k i n g   over   c o n v e n t i o n a l   c a t a l y s t s   at  low  p r e s s u r e s   ( l e s s  
than  7,000  kPa)  us ing   l i m i t e d   c o n v e r s i o n s ,   the  p roduc t   has  a  l o w e r  
a romat ic   c o n t e n t .   Z e o l i t e   be ta   h y d r o c r a c k i n g   c a t a l y s t s   g ives   a  more 
s a r a f f i n i c   d i s t i l l a t e   p roduc t   than  c o n v e n t i o n a l   c a t a l y s t s   because   i t  
l y d r o c r a c k s   p a r a f f i n s   in  p r e f e r e n c e   to  a r o m a t i c s ;   c o n v e n t i o n a l ,  
amorphous  h y d r o c r a c k i n g   c a t a l y s t s   by  c o n t r a s t ,   tend  to  act   on  t h e  
i r o m a t i c s   and  at  low  p r e s s u r e s   p roduce   an  even  more  a r o m a t i c   p r o d u c t  
.hich  is  g e n e r a l l y   u n s u i t a b l e   for  use  as  a  j e t   fue l   ( a r o m a t i c s  
i n v e r s i o n   r e q u i r e s   hydrogen  for  r ing   s a t u r a t i o n   and  at  low  h y d r o g e n  
> r e s s u r e s ,   the  a r o m a t i c s   c o n v e r s i o n   w i l l   be  l i m i t e d ,   so  t h a t   t h e  
) roduct   w i l l   oe  more  a r o m a t i c ) .   The  p r o d u c t s   from  z e o l i t e   beta   a r e  
: h e r e f o r e   h i g h l y   s a t i s f a c t o r y   for  use  as  j e t   and  d i e s e l   f ue l s   by 
@eason  of  t h e i r   h i g h l y   p a r a f f i n i c   n a t u r e   and  low  pour  p o i n t ;   b e s i d e s  
leing  r e l a t i v e l y   r i ch   is  i s o - p a r a f f i n s .   The  p a r a f f i n i c   c h a r a c t e r   o f  
@he  d i s t i l l a t e   a l so   t e n d s ,   to  a  c e r t a i n   e x t e n t ,   to  d i s s o l v e   any  waxy 
l a r a f f i n s   which  are  p r e s e n t ,   so  c o n t r i b u t i n g   f u r t h e r   to  good  low 
e m p e r a t u r e   m o b i l i t y   c h a r a c t e r i s t i c s .   Thus,  with  the  z e o l i t e   o e t a  
y d r o c r a c k i n g   c a t a l y s t s ,   a r o m a t i c s   are  r e j e c t e d   in  the  b o t t o m s  
u n c o n v e r t e d )   f r a c t i o n   and  a  more  h i g h l y   p a r a f f i n i c   p r o d u c t   i s  
b t a i n e d ,   e i t h e r   in  cascade   or  t w o - s t a g e   o p e r a t i o n .  

The  p r o c e s s   may  be  o p e r a t e d   in  d i f f e r e n t   modes  so  as  t o  
I t e r .   the  p r o p e r t i e s   of  the  p r o d u c t s .   In  p a r t i c u l a r ,   the  p r o c e s s  
ay  be  o p e r a t e d   in  a  j e t   fuel   mode  to  produce  a  h igh ly   p a r a f f i n i c  
roduct   with  a  n o t a b l y   low  pour  p o i n t ;   a l t e r n a t i v e l y ,   i t   may  be  
Pera ted   in  a  d i e s e l   fuel   mode  to  produce   an  e x c e l l e n t   d i e s e l   f u e l  
ith  a  high  D ie se l   Index  ( D i e s e l   Index  is  the  p roduc t   of  the  A n i l i n e  
3int  in  deg rees   F a h r e n h e i t   (oF  =  [ oC .9 /5 ]   +  32)  and  Api  G r a v U y /  
30),  t y p i c a l l y   about  50-65,   as  compared  to  about  35  for  known 

yd roc rack ing   p r o c e s s e s ;   a l t hough   smal l   q u a n t i t i e s   of  gas  and  n a p h t h a  
111  be  p roduced ,   the  p r o p o r t i o n   of  d i s t i l l a t e   range  m a t e r i a l   w i l l  
*  enhanced  r e l a t i v e   to  c o n v e n t i o n a l   p r o c e s s e s   o p e r a t i n g   at  h i g h e r  
a s s u r e s   and  with  h igher   c o n v e r s i o n s   in  m u l t i - s t a g e   o p e r a t i o n s   w i t h  
v t e r s t age   s e p a r a t i o n   to  remove  ammonia.  
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The  removal   of  s u l f u r   in  the  h ighe r   b o i l i n g   d i s t i l l a t e   o i l s  

is  u s u a l l y   at  l e a s t   90  p e r c e n t   comple te   so  t h a t   t h e s e   p r o d u c t s   w i l l  

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

which  is  p roduced   is  c h a r a c t e r i z e d ,   l i k e   the  o t h e r   p r o d u c t s ,   by  a  

low  h e t e r o a t o m   ( s u l f u r   and  n i t r o g e n )   c o n t e n t   and  is  an  e x c e l l e n t  

feed  for  s u b s e q u e n t   naphtha   p r o c e s s i n g   u n i t s ,   e s p e c i a l l y   r e f o r m i n g  

u n i t s   because   of  i t s   high  c y c l o p a r a f f i n   c o n t e n t ;   the  low  h e t e r o a t o m  

c o n t e n t   e n a b l e s   i t   to  be  used  in  p l a t i n u m   r e f o r m e r s   w i t h o u t  

d i f f i c u l t y .   Because  the  z e o l i t e   be ta   h y d r o c r a c k i n g   c a t a l y s t s   can  b e  

o p e r a t e d   at  h i g h e r   c o n v e r s i o n s   under  lower  hydrogen  p r e s s u r e s   t h a n  

c o n v e n t i o n a l   c a t a l y s t s   (wi thout   e x c e s s i v e   ag ing)   they  are  capab le   o f  

a c h i e v i n g   the  d e s i r e d   c o n v e r s i o n   l e v e l s   at  lower  s e v e r i t i e s   t h a n  

c o n v e n t i o n a l   c a t a l y s t s   ( lower  t e m p e r a t u r e ,   n i g h e r   space  v e l o c i t y )  

and  t h i s   means  t h a t   the  degree  of  d e s u l f u r i z a t i o n   may  be  lower  for  a  

given  c o n v e r s i o n ,   r e s u l t i n g   in  a  reduced  hydrogen  consumpt ion ,   so  

t h a t   a  s m a l l e r   gas  p l a n t   is  r e q u i r e d .   The  p r o d u c t s   can  be  made  t o  

meet  a p p l i c a b l e   s p e c i f i c a t i o n ,   for  example  0.3  p e r c e n t   s u l f u r  

maximum,  but  the  e x c e s s i v e   d e s u l f u r i z a t i o n   which  accompanied  h i g h  

c o n v e r s i o n s   with  c o n v e n t i o n a l   z e o l i t e s   under  low  p r e s s u r e s   i s  

a v o i d e d .  

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

t h a t   the  bot toms  p roduc t   (345°C+)  f r a c t i o n   is  dewaxed  dur ing   t h e  

h y d r o c r a c k i n g   so  t h a t   i t ,   too,   has  a  lower  pour  p o i n t .   Because  o f  

t h i s ,   i t   has  become  p o s s i b l e   to  extend  the  d i s t i l l a t e   end  po in t   so  

as  to  i n c r e a s e   the  d i s t i l l a t e   pool  y i e l d .   In  the  p a s t ,   d i s t i l l a t e s  

such  as  j e t   f u e l ,   d i e s e l   and  hea t i ng   o i l   have  u s u a l l y   been  held  to  a  

345°C  end  p o i n t   because   the  p resence   of  waxy  components   in  t h e  

h ighe r   b o i l i n g   f r a c t i o n s   p rec luded   t h e i r   i n c l u s i o n   in  the  d i s t i l l a t e  

pool  as  pour  po in t   s p e c i f i c a t i o n s   would  not  have  been  met.  With  t h e  

p r e s e n t   z e o l i t e   be ta   c a t a l y s t s ,   however,  the  r e l a t i v e l y   low  pou r  

po in t   of  the  h i g h e r   b o i l i n g   f r a c t i o n   p e r m i t s   some  of  i t   to  be  

i n c l u d e d   in  the  d i s t i l l a t e   pool  wi thout   exceed ing   pour  p o i n t  

l i m i t a t i o n s .   G e n e r a l l y ,   the  d i s t i l l a t e   end  po in t   may  be  extended  t o  

about  400  or  415°C.  Although,   as  mentioned  above,  the  z e o l i t e   b e t a  

c a t a l y s t   tends   to  r e j e c t   a roma t i c s   to  the  high  b o i l i n g   f r a c t i o n ,   t h e  
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„  --  .a.  j.wwii.j.jr  Mj-ynci.  amuunt&  or  p a r a r n n s   in  the  3 4 5 ° C -  
(about   650°F-)  f r a c t i o n   wi l l   reduce   the  f i n a l   a roma t i c s   c o n c e n t r a -  
t ion  in  the  p roduc t   i f   an  ex tended   end  p o i n t   is  t aken .   E i t h e r   t h e  
loble   m e t a l - c o n t a i n i n g   c a t a l y s t s ,   for   example  P t / b e t a ,   or  base  m e t a l  
: o n t a i n i n g   c a t a l y s t s ,   for  example  NiW/beta ,   w i l l   permi t   a  h i g h e r  
i roduc t   end  po in t   to  be  used  for  any  g iven  c o n v e r s i o n   than  a  
: o n v e n t i o n a l   amorphous  c a t a l y s t   which  may  be  c o n v e r s i o n   l i m i t e d  
>ecause  of  aging  (ag ing   is  r ap id   with  c o n v e n t i o n a l   c a t a l y s t s   a t  
i n v e r s i o n s   over  about  40  p e r c e n t   but  z e o l i t e   beta   based  c a t a l y s t s  
ire  capab le   of  runn ing   at  70%  c o n v e r s i o n   even  at  p r e s s u r e s   be low 
',000  kPa).  Thus,  the  d i s t i l l a t e   pool  is  I n c r e a s e d   not  only  by  t h e  
l e t t e r   y i e ld   and  the  p o s s i b i l i t y   of  us ing   h ighe r   c o n v e r s i o n s   w i t h o u t  
ixcess ive   c a t a l y s t   aging  but  a l so   by  the  p r o s p e c t   of  r a i s i n g   t h e  
l i s t i l l a t e   end  po in t   by  a  s i g n i f i c a n t   e x t e n t ,   a l l   with  a  l o w e r  
lydrogen  consumption  and  with  improved  p roduc t   q u a l i t y   'a t   any  g i v e n  
evel   of  c o n v e r s i o n .  

As  ment ioned  above,  a  number  of  improved  p roduc t   q u a l i t i e s  
ay  be  noted  for  the  d i s t i l l a t e   f r a c t i o n s ,   i n c l u d i n g   Pour  Point   ( a s  
easured   by  ASTM  D-97),   D iese l   Index  and  Smoke  Poin t   (ASTMO-1322)  . hese  improvements  are  o b t a i n e d ,   moreover ,   with  reduced  h y d r o g e n  
onsumption  and  h ighe r   c o n v e r s i o n   and  d i s t i l l a t e   y i e l d .   A l t h o u g h  
ie  Ani l ine   Po in t s   (ASTM  D-611)  of  the  p r o d u c t s   may  be  only  s l i g h t l y  
lgher  than  those   o b t a i n e d   with  c o n v e n t i o n a l   c a t a l y s t s ,   t h e i r   API 
r a v i t i e s   are  no t ab ly   h igher   so  t ha t   t h e i r   Diese l   I nd i ce s   a r e  
arkedly  h ighe r .   Tne  d i s t i l l a t e   p r o d u c t s   are  t h e r e f o r e   h i g h l y  
i t i s f a c t o r y   d i e s e l   f u e l s .  

The  a b i l i t y   to  improve  the  D ie se l   Index  is  n o t a b l e   s i n c e  
j n v e n t i o n a l   c a t a l y s t s   o p e r a t i n g   at  low  to  moderate  p r e s s u r e s   be low 
,000  kPa  tend  to  give  a  r e l a t i v e l y   poor  q u a l i t y   p roduc t ,   t y p i c a l l y  
'  about  35  Diese l   Index,  as  compared  to  a  s p e c i f i c a t i o n   minimum  o f  

I n c r e a s i n g   the  endpo in t   of  the  c o n v e n t i o n a l   p roduc t   from  a b o u t  
5°C  to  a  nominal  370°C  would  r e s u l t   in  an  improvement  to  a b o u t  
=40.  Fu r the r   i n c r e a s e s   in  end  p o i n t   would  lead  to  a d d i t i o n a l  
iprovements  in  Diese l   Index,  t y p i c a l l y   to  01=42  but  t y p i c a l   p r o d u c t  
ur  point   s p e c i f i c a t i o n s   (-8<>c)  would  p r e c l u d e   e x t e n s i o n   of  the  end 
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p o i n t   in  t h i s   manner.   Upgrading  of  the  p roduc t   to  the  r e q u i r e d  

s p e c i f i c a t i o n   would  then  r e q u i r e   b l e n d i n g   with  s t r a i g h t - r u n   k e r o s e n e .  

Use  of  the   z e o l i t e   beta   based  c a t a l y s t   would,  by  c o n t r a s t ,   r e s u l t   i n  

a  d i s t i l l a t e   p r o d u c t   of ,   s i g n i f i c a n t l y   improved  q u a l i t y   even  a t  

c o n v e r s i o n s   of  35  to  40%.  For  a  f u l l   range  d i s t i l l a t e   ( 1 6 5 ° - 3 4 5 ° C )  

a  D i e s e l   Index  of  about  45  can  be  o b t a i n e d   and  t h i s   can  be  i n c r e a s e d  

to  about   50  by  r a i s i n g   the  end  p o i n t   to  a  nominal  400°  C,  while   t h e  

dewaxing  f u n c t i o n   of  the  c a t a l y s t   r e d u c e s   the  Cloud  P o i n t   (ASTM 

D-2500)  to  about   -7°C.  •  In  a d d i t i o n ,   the  pour  p o i n t   of  the  400°C+ 

f r a c t i o n   is  r educed   to  about   4°C.  These  improvements   are  a t t a i n e d ,  

moreove r ,   with  no  i n c r e a s e s   in  net  hydrogen  consumpt ion   (about   80 
n . l . l . - 1 )   r e l a t i v e   to  the  p r o c e s s   with  the  c o n v e n t i o n a l   c a t a l y s t .  

These  improvements   in  p roduc t   q u a l i t y   and  o p e r a t i n g   economics   may  b e  

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

a r o m a t i c s   o b t a i n e d   with  the  z e o l i t e   be ta   c a t a l y s t s .  

The  p r e s e n t   p roce s s   is  p a r t i c u l a r l y   u s e f u l   in  the  p r o d u c t i o n  

of  j e t   f u e l s   which  are  c h a r a c t e r i z e d   by  a  low  Pour  P o i n t   and  good 
Smoke  P o i n t s .   This  is  p a r t i c u l a r l y   s u r p r i s i n g   given  the  low 

hydrogen  p r e s s u r e s   at  which  the  p r o c e s s   o p e r a t e s   and  which,  w i t h  

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

a r o m a t i c   c h a r a c t e r   which  cannot   be  used  as  j e t   f u e l s .   The  p r e s e n t  
j e t   f u e l s   have  an  a romat i c   c o n t e n t   below  40  volume  p e r c e n t ,   and  

u s u a l l y   below  30  volume  p e r c e n t ,   t y p i c a l l y   20-30  volume  p e r c e n t .  
Smoke  P o i n t s   (ASTMD-1322)  are  u s u a l l y   in  the  range  15  to  3 0 .  

P a r t i c u l a r l y   s u r p r i s i n g   is  t h a t   f u e l s   of  t h i s   kind  are  o b t a i n e d   a t  

high  c o n v e r s i o n s ,   for  example  over  40  or  over  50  p e r c e n t   and  at  low 

s p e c i f i c   hydrogen  consumpt ions ,   for  example  not  more  than  100  o r  

even  75  n . 1 . 1 .  

This  d e s i r a b l e   r e s u l t   may  be  a t t r i b u t e d   to  the  a r o m a t i c s  

r e j e c t i o n   (to  h ighe r   b o i l i n g   f r a c t i o n s ,   s p e c i f i c a l l y   above  3 4 5 ° C ) ,  

r e s u l t i n g   from  the  use  of  z e o l i t e   b e t a .  

The  a d v a n t a g e s   of  the  p r e s e n t   p rocess   may  be  p e r c e i v e d ,  

moreover ,   not  only  in  terms  of  p roduc t   q u a l i t y   and  y i e l d   and  economy 
and  s t a b i l i t y   of  o p e r a t i o n   but  a lso   in  overcoming  c e r t a i n  

l i m i t a t i o n s   which  may  inhere   in  e x i s t i n g   h y d r o c r a c k i n g   u n i t s .   I n  
g e n e r a l   t e rms,   these   l i m i t s   i n c l u d e :  
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a.  nyuiuyen  consumption  ^tne  s i ze   or  the  gas  p l a n t   -may 
p r e c l u d e   g r e a t e r   o u t p u t ) ,  

2.  P r e s s u r e   l i m i t a t i o n   (equipment   l i m i t s ) ,  
3.  End  Poin t   l i m i t a t i o n   ( l i m i t e d   by  the  Pour  Po in t   of  t h e  

produc t   which  has  to  conform  to  s p e c i f i c a t i o n s )  
4.  Limits   on  d i s t i l l a t i o n   c a p a c i t y  
5.  Convers ion  l i m i t s   ( se t   by  c a t a l y s t   aging  and  h y d r o g e n  

p r e s s u r e )  

Jecause  the  hydrogen  consumption  of  the  p r o c e s s   is  lower  than  t h a t  
*ith  the  use  of  c o n v e n t i o n a l   c a t a l y s t s ,   i t   may  be  p o s s i b l e   t o  
>vercome  the  f i r s t   l i m i t a t i o n   by  using  the  p r e s e n t   p roce s s   -  w i t h o u t  
i  l o s s   of  p roduc t   q u a l i t y .   Also,  because  the  z e o l i t e   be ta   c a t a l y s t s  
:an  o p e r a t e   at  h igher   c o n v e r s i o n s   under  lower  hydrogen  p r e s s u r e s ,  
i.g.  below  10,000  kPa,  even  below  7,000  kPa,  w i thou t   e x c e s s i v e  
iging,  l i m i t a t i o n s   (2)  and  (5)  can  be  c i r c u m v e n t e d .   The  End  P o i n t  
. i m i t a t i o n   can  a lso   be  r a i s e d   because ,   as  ment ioned  above,  t h e  
ilgher  b o i l i n g   f r a c t i o n   is  e f f e c t i v e l y   dewaxed  as  well  as  t h e  
l l s t i l l a t e   f r a c t i o n .   Thus,  a  number  of  the  l i m i t a t i o n s   i n h e r e n t   i n  
he  o p e r a t i o n   of  e x i s t i n g   h y d r o c r a c k i n g   u n i t s   may  be  overcome  by  t h e  
se  of  the  z e o l i t e   b e t a - c o n t a i n i n g   c a t a l y s t s .  

The  fo l lowing   Examples  i l l u s t r a t e   the  i n v e n t i o n .  

xamples  1 4   2 

These  Examples  compare  s i n g l e   s t age   h y d r o c r a c k i n g   (Ex.  1) 
i th  two  s t a g e ,   s e p a r a t e d   h y d r o t r e a t i n g / h y d r o c r a c k i n g ,   t ha t   is  w i t h  
n t e r s t a g e   s e p a r a t i o n   (Ex.  2 ) .  

An  Arab  Light   heavy  vacuum  gas  o i l   (HVGO)  (345°-580°C)  was 
rea ted   by  the  two  p r o c e s s e s ,   us ing  NiW/beta  c a t a l y s t s   (NiW/be ta  
Lth  A l ^   b i n d e r ,   50:50  z e o l i t e   :  b inder )   .  The  compos i t i on   o f  

HVGO  is  given  in  Table  1  oelow.  The  c o n d i t i o n s   used  and  t h e  
s s u l t s   o b t a i n e d   are  shown  in  Table  2  be low.  
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Table  1 

Arab  Light   HVGO  I  

API  G r a v i t y  

S u l f u r ,   wt.  % 

Pour  Po in t ,   °C 

KV,  mm2/s  at  50°C 

2 2 . 2  

2 . 4 5  

40 

3 3 . 1  

Table  2 

HVGO  H y d r o c r a c k i n g  

Ex.  1  Ex.  2 

S i n g l e - S t a g e ^   T w o - S t a g e ^  
Once-Through  S e p a r a t e d  

T e m p e r a t u r e ,   °C  428  3 8 5 / 4 1 2  

° r e s s u r e ,   kPa  8720  8 7 2 0 / 7 0 0 0  

LHSV  0.71  2 . 0 / 1 . 0 6   ( 0 . 6 7 )  

H2  ®  I n l e t   n . l . l . " 1   1394  712 

(H)  %  wt.  (1.5)   ( 1 . 5 )  

H2S+  NH3  2.7  2 . 7  

C.-C,  7.2  5 . 7  
1  4 

C5-330°F  Naphtha  18.5  1 5 . 8  

165-345°C  D i s t i l l a t e   37.0  3 7 . 7  

345°C+  36.2  3 9 . 1  

345°C+  C o n v e r s i o n ,   %  wt.  63.8  6 0 . 9  

H2  Consumption  n . 1 . 1 . " ^   151  149 

D i s t i l l a t e   P r o p e r t i e s   ( 3 )  

API  G r a v i t y   33.3  3 3 . 7  

D i e s e l   Index  37  41 

Pour  P o i n t ,   °C  -54  - 4 5  
KV  mm2/s  0  50°C  1.8  1 . 9  
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EX.  1 Ex.  2 

S i n g l e - S t a g e   t  *@) 
Dnce-Through  

Two-Stage  (2  '  
S e p a r a t e d  

w e t   r i u | j c i i i c a  
ftPI  G r a v i t y  

Su l fu r   %  w t .  

Pour  P o i n t ,   °C 

<V  mm2/s  9  50°C 

j .u .?  

24.5 

-1 

3.02 

O  i-GUA-LUC  U3CU J3 

•WvCO  . 
rr~RiW-Mg  Beta /Al203   ( 5 0 / 5 0 )  

>.  NiMo/-Al203  (Harshaw  HDN-30);  NiW-HBeta/Al^Oi  ( 5 0 / 5 0  
steamed  24  hours  HNa+) 

D i s t i l l a t e   is  165-345°C 

Samples  3 - 5  

Hydrocrack ing   was  c a r r i e d   out  us ing  the  same  HVGO  feed  a s  
n  Examples  1  and  2,  but  with  a  P t / b e t a   c a t a l y s t .   The  o p e r a t i o n  
odes  were  s i n g l e   s tage   (Ex.  3),  and  two  s t a g e ,   s e p a r a t e d   (Ex.  4 ) .  
or  compar i son ,   a  cascade   o p e r a t i o n   (no  i n t e r s t a g e   s e p a r a t i o n )   i s  
hown  in  Example  5,  using  a  s l i g h t l y   d i f f e r e n t   feed  c o n t a i n i n g   a b o u t  

p e r c e n t   345°C-  p r o d u c t s ,   but  with  the  r e s u l t s   normal ized   to  a 
45°C+  b a s i s .   The  c o n d i t i o n s   used  and  r e s u l t s   ob ta ined   are  shown  i n  
able  3  b e l o w .  
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Example  6 

An  Arab  Light  HVGO  having  the  p r o p e r t i e s   shown  in  Table  4 

below  was  e v a l u a t e d   in  a  cascade  mode'  h y d r o t r e a t i n g / h y d r o c r a c k i n g  

process   us ing  a  commercial  Ni-Mo/Al203  h y d r o t r e a t i n g   c a t a l y s t   i n  

the  f i r s t   s t a g e .   A  number  of  d i f f e r e n t   c a t a l y s t s   were  used  in  t h e  

second  h a l f   of  the  r e a c t o r ,   i n c l u d i n g   P t / b e t a ,   NiW/beta  and  two 

c o n v e n t i o n a l ,   commerc ia l ly   a v a i l a b l e   h y d r o c r a c k i n g   c a t a l y s t s   ( i d e n t i -  

f ied  as  A  and  B).  The  process   c o n d i t i o n s   used  were  5960  kPa,  0 . 5 0  

LHSV  and  535  n . 1 . 1 " 1   H2  ( i n l e t )   with  the  r e a c t o r   t e m p e r a t u r e  

a d j u s t e d   between  400  and  430°C  to  o b t a i n   va r ious   c o n v e r s i o n s .  

Table  4 

Arab  Light  HVGO  I I  

API  Grav i ty   2 3 . 2  

S u l f u r ,   wt.  %  2 . 3  

N i t rogen ,   ppm  550 

Pour  P o i n t ,   °C  35 

345°C-,  wt.  %  7 

The  r e s u l t s   are  shown  in  F igure   1  which  r e l a t e s   the  p o u r  

poin t   of  the  345°C+  f r a c t i o n   to  the  c o n v e r s i o n   a t t a i n e d ,   using  t h e  

d i f f e r e n t   h y d r o c r a c k i n g   c a t a l y s t s .   For  compar i son ,   the  F igure   a l s o  

shows  the  r e s u l t s   ob ta ined   using  i n t e r s t a g e   s e p a r a t i o n .  

The  f i g u r e   shows  t ha t   the  h y d r o c r a c k i n g   c a t a l y s t s   c o n t a i n i n g  

z e o l i t e   beta   as  the  ac id i c   component  dewax  u n c o n v e r t e d   gas  o i l .   The 

P t / b e t a   c a t a l y s t   has  a  g r e a t e r   s e l e c t i v i t y   for  p a r a f f i n   i s o m e r i z a t i o n  

r e s u l t i n g   in  low  pour  point  p r o d u c t s   at  moderate  b o i l i n g   r a n g e  

c o n v e r s i o n s .   Hydrogen  consumption  with  the  P t / b e t a   c a t a l y s t   at  50% 

c o n v e r s i o n   was  about  85  n . 1 . 1 . " 1 .  

Example  7 

The  Arab  Light  HVGO  II  of  Table  4  was  s u b j e c t e d   to  c a s c a d e  

h y d r o t r e a t i n g   -  hyd roc rack ing   (no  i n t e r s t a g e   s e p a r a t i o n )   using  a 

c o n v e n t i o n a l   h y d r o t r e a t i n g   c a t a l y s t   and  a  P t / b e t a   h y d r o c r a c k i n g  

c a t a l y s t   (0.6%  Pt ) .   The  process   was  o p e r a t e d   at  about   5960  kPa 

p r e s s u r e ,   with  c o n d i t i o n s   ( t e m p e r a t u r e ,   space  v e l o c i t y )   a d j u s t e d   t o  

give  46.5  weight  pe rcen t   345°C+  c o n v e r s i o n .   The  p roduc t   q u a l i t i e s  

are  set   out  below  in  Table  5 .  
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Example  8 

A  h y d r o c r a c k i n g   o p e r a t i o n   was  c a r r i e d   out  using  a  N iW/be ta  

h y d r o c r a c k i n g   c a t a l y s t   (4%  Ni,  10%  W,  z e o l i t e :   alumina  5 0 : 5 0 ;  

steamed  24  hours  in  H-Na  form  540°C,  90%  steam  in  a i r ,   a t m o s p h e r i c  

p r e s s u r e ) .   The  feed  was  the  Arab  Light   HVGO  II  of  Table  4.  The 

s t a b i l i t y   of  the  o p e r a t i o n   t o g e t h e r   with  s e l e c t e d   product   p r o p e r t i e s  

can  be  seen  from  Table  6  b e l o w .  
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Example  9 

Using  the  same  feed  and  p roces s   c o n d i t i o n s   as  in  Example  8 ,  
the  h y d r o c r a c k i n g   o p e r a t i o n   was  r e p e a t e d ,   but  us ing  a  P t / b e t a  

h y d r o c r a c k i n g   c a t a l y s t   (0.6%  Pt;  z e o l i t e :   alumina  50:50;   steamed  72 

hours  in  H-Na  form,  540°C,  90%  steam  in  a i r ,   a tmosphe r i c   p r e s s u r e ) .  
The  r e s u l t s   are  shown  in  Table  7  b e l o w .  
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CLAIMS: 

1.  A  h y d r o c r a c k i n g   p r o c e s s   for  making  a  h igh ly   p a r a f -  
f i n i c ,   low-  pour  po in t   d i s t i l l a t e   p roduc t   from  a  heavy  h y d r o c a r b o n  
o i l   feed  b o i l i n g   s u b s t a n t i a l l y   above  345°C,  which  c o m p r i s e s :  

(i)   pass ing   the  heavy  o i l   feed  over  a  h y d r o t r e a t i n g  
c a t a l y s t   in  the  p r e s e n c e   of  hydrogen  at  e l e v a t e d  
t e m p e r a t u r e   and  at  a  hydrogen  p a r t i a l   p r e s s u r e   of  n o t  
more  than  10,000  kPa  to  h y d r o t r e a t   the  o i l ;  

( i i )   pass ing   the  h y d r o t r e a t e d   o i l   from  s tep   (i)   over  a  
h y d r o c r a c k i n g   c a t a l y s t   c o m p r i s i n g   z e o l i t e   beta   and  a  
h y d r o g e n a t i o n - d e h y d r o g e n a t i o n   component  in  t h e  
p resence   of  hydrogen  at  e l e v a t e d   t e m p e r a t u r e   and  .at  a  
hydrogen  p a r t i a l   p r e s s u r e   of  not  more  than  10,000  kPa 
to  hydrocrack   the  o i l   at  a  bulk  c o n v e r s i o n   of  a t  
l e a s t   40  weight  p e r c e n t   and ;  

( i i i )   r e c o v e r i n g   from  the  h y d r o c r a c k e d   p roduc t   from  s t e p  
( i i )   a  f r a c t i o n   b o i l i n g   below  3 4 5 ° c .  

2.  A  p rocess   a c c o r d i n g   to  Claim  1,  in  which  t h e  
t y d r o t r e a t i n g   and  h y d r o c r a c k i n g   s t eps   are  c a r r i e d   out  at  p r e s s u r e s  
>elow  7,000  kPa .  

3.  A  p rocess   a c c o r d i n g   to  Claim  1  or  Claim  2,  in  wh ich  
:he  conve r s ion   is  at  l e a s t   50  weight  p e r c e n t .  

4.  A  p rocess   acco rd ing   to  any  one  of  Claims  1  to  3,  i n  
'hich  the  3 4 5 ° C - f r a c t i o n   has  a  pour  po in t   not  h igher   than  - 2 0 ° C .  

5.  A  p rocess   a cco rd ing   to  any  one  of  Claims  1  to  4,  i n  
hich  the  345°C+  product   has  an  a r o m a t i c s '   con t en t   of  at  l e a s t   40 
e r c e n t .  

6.  A  p rocess   acco rd ing   to  Claim  5,  in  which  the  345°C-  
r a c t i o n   has  a  s u l f u r   con t en t   from  0.01  to  0.3  weight  p e r c e n t .  



F - 3 ^ S 2 - L  

f.  I  *r  i  i f  

7.  A  p rocess   a c c o r d i n g   to  Claim  o  or  uiauu  o,  «• 

345°C-  f r a c t i o n   i n c l u d e s   a  f r a c t i o n   b o i l i n g   above  165°C  having  a  

i e s e l   Index  of  at  l e a s t   4 0 .  

8.  A  p rocess   a c c o r d i n g   to  Claim  7,  in  which  the  f r a c t i o n  

o i l i n g   above  165°C  has  a  Pour  Po in t   (ASTM  D-97)  not  h ighe r   t h a n  

2 0 ° C .  

9.  A  p rocess   a c c o r d i n g   to  any  one  of  Claims  1  to  4,  i n  

>nicn  the  345°C-  f r a c t i o n   is  a  j e t   fue l   having  an  a r o m a t i c s '   c o n t e n t  

telow  40  volume  %  and  a  p a r a f f i n   c o n t e n t   above  30  volume  %. 

10.  A  p rocess   a cco rd ing   to  Claim  9,  in  which  the  j e t   f u e l  

las  an  a r o m a t i c s '   c o n t e n t   below  30  volume  %  and  a  p a r a f f i n   c o n t e n t  

above  40  volume  %. 

11.  A  p roces s   a c c o r d i n g   to  Claim  9  or  Claim  10,  in  wh ich  

the  j e t   fuel   has  a  Smoke  Point   of  15  to  3 0 .  

12.  A  p rocess   a c c o r d i n g   to  any  one  of  Claims  9  to  11,  i n  

which  the  hydrogen  consumption  is  not  more  than  100  n.  1 .1 .   • 

13.  A  p rocess   a c c o r d i n g   to  any  one  of  Claims  9  to  12,  i n  

which  the  j e t   fuel   has  a  Pour  Poin t   not  h ighe r   than  - 4 0 ° C .  
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