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©  Process  for  producing  premium  coke. 
A  premium  coke  is  made  by  the  delayed  coking  of  a 

blend  of  pyrolysis  tar  and  hydrotreated  decant  oil.  This 
premium  coke  is  used  for  the  production  of  graphite 
electrodes  having  a  low  coefficient  of  thermal  expansion. 



P r o c e s s   fo r   p r o d u c i n g   a  p remium  coke  s u i t a b l e   fo r   use  in  t h e  

p r o d u c t i o n   of  a  g r a p h i t e   e l e c t r o d e   and  g r a p h i t e   e l e c t r o d e   made 

from  s a i d   premium  c o k e .  

The  i n v e n t i o n   r e l a t e s   to  premium  coke  s u i t a b l e   fo r   use  i n  

the  p r o d u c t i o n   of  a  g r a p h i t e   e l e c t r o d e ,   and  p a r t i c u l a r l y   to  a 

p r o c e s s   f o r   p r o d u c i n g   a  premium  coke  from  a  b l e n d   of  p y r o l y s i s  
t a r   and  h y d r o t r e a t e d   d e c a n t   o i l .  

Premium  coke  is   wel l   known  in  the  a r t   and  is  a  c o m m e r c i a l  

g rade   of  coke  h a v i n g   a c i c u l a r ,   a n i s o t r o p i c   m i c r o s t r u c t u r e .  

The  premium  cokes  are  used  in  the  p r o d u c t i o n   of  e l e c t r o d e  

g rade   g r a p h i t e .   This   use  of  premium  cokes  r e s u l t s   in  v a r i o u s  

r e q u i r e m e n t s   to  be  made  of  the  cokes .   Some  of  t h e s e   r e q u i r e m e n t s  

are  p o i n t e d   out  h e r e i n .  

A  g r a p h i t e   e l e c t r o d e   which  w i l l   be  used   in  the  arc  m e l t i n g  

of  s t e e l   or  the  l i k e   must  p o s s e s s   a  low  v a l u e   fo r   the  c o e f f i c i e n t  

of  t h e r m a l   e x p a n s i o n   (CTE)  b e c a u s e   of  the  s e v e r e   t h e r m a l   s h o c k s  

which  occu r   in  such  p r o c e s s e s .   The  premium  coke  used   f o r  

p r o d u c i n g   the  g r a p h i t e   e l e c t r o d e   must  be  c a p a b l e   of  i m p a r t i n g   a  
low  CTE  to  the  e l e c t r o d e .  

The  p r o c e s s   fo r   p r o d u c i n g   a  g r a p h i t e   e l e c t r o d e   from  a  

premium  coke  r e q u i r e s   t h a t   the  e l e c t r o d e   be  h e a t e d   to  a  

t e m p e r a t u r e   in  the  range   of  from  about   2000°C  to  about   3000°C  i n  

o r d e r   to  p r o v i d e   ene rgy   to  c o n v e r t   the  c a rbon   in  the  coke  to  a 

g r a p h i t e   c r y s t a l l i n e   form  and  to  v o l a t i l i z e   i m p u r i t i e s .   When  a  
c a rbon   body  made  from  premium  coke  is   h e a t e d   to  a  t e m p e r a t u r e   i n  

the  r a n g e   of  from  about   1000°C  to  about   2000°C,  v a r i o u s  

s u l f u r - c o n t a i n i n g   compounds  p r e s e n t   in  the  coke  decompose  a n d  

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

ca rbon   body.   This   phenomenon  is   t e rmed   " p u f f i n g " .   I t   i s  

d e s i r a b l e   to  use  a  low  s u l f u r   c o n t a i n i n g   p r e c u r s o r   m a t e r i a l   f o r  

p r o d u c i n g   the  premium  coke  in  o r d e r   to  m i n i m i z e   or  p r e f e r a b l y  

e l i m i n a t e   p r o b l e m s   due  to  " p u f f i n g " .  

T y p i c a l l y ,   c o m m e r c i a l l y   p r o d u c e d   premium  cokes  are  made 

from  low  s u l f u r   c o n t a i n i n g ,   a r o m a t i c ,   s l owly   r e a c t i n g   f e e d s t o c k s  

such  as  d e c a n t   o i l s   from  c a t a l y t i c   c r a c k i n g   and  t a r s   o b t a i n e d  

from  the  t h e r m a l   c r a c k i n g   of  d e c a n t   o i l s   and  gas  o i l s .  



I t   would  be  d e s i r a b l e   to  use  p y r o l y s i s   t a r s   as  f e e d s t o c k s  

f o r   p r o d u c i n g   premium  cokes   b e c a u s e   p y r o l y s i s   t a r s   a r e  

r e l a t i v e l y   i n e x p e n s i v e   m i x t u r e s   of  a r o m a t i c   compounds  and  h a v e  

low  amounts   of  s u l f u r .   G e n e r a l l y ,   p y r o l y s i s   t a r s   are  heavy  b y -  

p r o d u c t s   of  the  c r a c k i n g   p r o c e s s   fo r   p r o d u c i n g   e t h y l e n e .  

P y r o l y s i s   t a r s   are  known  to  be  u n s u i t a b l e   fo r   the  c o m m e r c i a l  

p r o d u c t i o n   of  premium  coke  b e c a u s e   t h i s   p r o d u c t i o n   i s   c a r r i e d   o u t  

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

t a r s   c o n v e r t   to  coke  in  the  c o i l s   of  the   d e l a y e d   coke r   f u r n a c e .  

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

A n o t h e r   d rawback   of  the  p y r o l y s i s   t a r s   i s   t h a t   the  p r e m i u m  

cokes   p r o d u c e d   from  them  i m p a r t   an  u n d e s i r a b l y   l a r g e   CTE  to  t h e  

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

P r i o r   a r t   a t t e m p t s   to  p r o d u c e   a  premium  coke  from  p y r o l y s i s  

t a r s   have  the  d rawbacks   of  poor  economy  a n d / o r   r e l a t i v e l y   h i g h  

v a l u e s   of  the  CTE. 

U.S.   P a t e n t   No.  3 , 8 i 7 , 8 5 3   h y d r o t r e a t s   a  p y r o l y s i s   t a r   i n  

the   p r e s e n c e   of  an  i n e r t   d i l u e n t   and  o b t a i n s   a  f e e d s t o c k   w h i c h  

p r o d u c e s   g r a p h i t e   e l e c t r o d e s   h a v i n g   a  CTE  of  abou t   1.6  x  1 0 - 6  

per   °C  and  h i g h e r .   While  t h i s   is   an  i m p r o v e m e n t ,   a  CTE  of  a b o u t  

0.5  x  10-6  per  C   or  l e s s   i s   needed   fo r   h i g h   q u a l i t y   g r a p h i t e  

e l e c t r o d e s .   In  a d d i t i o n ,   the  examples   in  the  p a t e n t   t e a c h   t h e  

use  of  from  about   12.2  to  abou t   18.7  s t a n d a r d   cub ic   m e t e r s   o f  

h y d r o g e n   per  b a r r e l   of  p y r o l y s i s   t a r .   This   is   a  r e l a t i v e l y   h i g h  

c o s t   p r o c e s s .  
U.S.  P a t e n t   No.  4 , 2 1 3 , 8 4 6   h y d r o t r e a t s   p y r o l y s i s   t a r s ,  

p e t r o l e u m   r e s i d s ,   and  t h e r m a l   t a r s   by  c o k i n g   them  wi th   a  

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

of  a  coker   gas  o i l   f r a c t i o n   g e n e r a t e d   from  the  d e l a y e d   c o k i n g   o f  

the  b l e n d .   The  h y d r o t r e a t e d   f e e d   i s   an  e q u a l   b l e n d   wi th   f r e s h  

f e e d .   This  p r o c e s s   has  s e v e r a l   d r a w b a c k s .   The  h y d r o t r e a t e d   c o k e r  

gas  o i l   does  not  c o n t r i b u t e   to  the  y i e l d   of  the  p r o c e s s   and  t h e  

example s   t e a c h   a  maximum  of  15%  by  we igh t   p y r o l y s i s   t a r s .  

The  i n s t a n t   i n v e n t i o n   overcomes   the  d r awbacks   of  the  p r i o r  

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

premium  coke  s u i t a b l e   fo r   making   h igh   q u a l i t y   g r a p h i t e  

e l e c t r o d e s .  



In  i t s   b r o a d e s t   embodiment ,   the  i n v e n t i o n   is  a  p r o c e s s   f o r  

p r o d u c i n g   a  premium  coke  for   making   a  g r a p h i t e   e l e c t r o d e   h a v i n g  

a  CTE  l e s s   than   about   0.5  x  10-6  per   °C.  c o m p r i s i n g   the  s t e p s   o f  

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

which  i n c l u d e s   from  about   50%  to  about   75%  by  we igh t   of  t h e  

p y r o l y s i s   t a r   and  from  about   500A  to  about   25%  by  we igh t   of  t h e  

h y d r o t r e a t e d   d e c a n t   o i l ;   and  c o k i n g   the  b l end   by  d e l a y e d   c o k i n g ,  

whereby  the  premium  coke  is  f o r m e d .  

In  a  p r e f e r r e d   embodiment ,   the  h y d r o t r e a t e d   d e c a n t   o i l   i s  

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

from  about   2  to  about   4  h y d r o g e n   atoms  per  a v e r a g e   m o l e c u l e   o f  
the  d e c a n t   o i l ,   more  p r e f e r a b l y   from  about   2  to  a b o u t  3   h y d r o g e n  

a t o m s .  

A n o t h e r   p r e f e r r e d   embodiment   of  the  i n v e n t i o n   is  a  g r a p h i t e  

e l e c t r o d e   made  from  the  premium  coke  of  the  i n v e n t i o n .  

F u r t h e r   embodiments   and  a d v a n t a g e s   of  the  i n v e n t i o n   w i l l   b e  

se t   f o r t h   in  the  f o l l o w i n g   s p e c i f i c a t i o n   and  w i l l   be  o b v i o u s  

t h e r e f r o m .  

A  p y r o l y s i s   t a r   as  used  h e r e i n   and  a c c o r d i n g   to  the  p r i o r  

a r t   is  g e n e r a l l y   the  h e a v i e s t   b y - p r o d u c t   o f  o l e f i n s   p r o d u c t i o n  

by  v a p o r - p h a s e   c r a c k i n g   of  l i q u i d   h y d r o c a r b o n s   in  the  p r e s e n c e  
of  steam  at  t e m p e r a t u r e s   of  from  about   760°C  to  about   930°C  a t  

p r e s s u r e s   from  about   100  pa  to  about   200  pa.  I t   is   the  f r a c t i o n  

which  b o i l s   above  about   200°C .  

A  d e c a n t   o i l   as  used  h e r e i n   and  a c c o r d i n g   to  the  p r i o r   a r t  

is  g e n e r a l l y   the  h i g h e s t   b o i l i n g   b y - p r o d u c t   of  g a s o l i n e  

p r o d u c t i o n   by  c a t a l y t i c   c r a c k i n g   a f t e r   the  r emova l   of  c a t a l y s t  

p a r t i c l e s   by  s e t t l i n g .   I t   g e n e r a l l y   b o i l s   at  a  t e m p e r a t u r e   a b o v e  

about   3 0 0 ° C .  

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

have  a  s u l f u r   c o n t e n t   of  l e s s   t han   about   1%  by  we igh t   and  t h e  

d e c a n t   o i l   used   in  the  i n v e n t i o n   shou ld   have  a  s u l f u r   c o n t e n t  

of  l e s s   than   abou t   2%  by  w e i g h t .   The  h y d r o t r e a t m e n t   of  t h e  

decan t   o i l   p r o v i d e s   the  a d d i t i o n a l   i n c i d e n t a l   a d v a n t a g e   o f  

h y d r o d e s u l f u r i z i n g   the  decan t   o i l   so  t h a t   the  p o t e n t i a l   p r o b l e m  
of  p u f f i n g   is  r e d u c e d   or  e l i m i n a t e d   even  though  the  h y d r o t r e a t -  

ment  is  not   c a r r i e d   out  for   t h a t   p u r p o s e .  



G e n e r a l l y   the   h y d r o t r e a t m e n t   of  the  d e c a n t   o i l   can  b e  

c a r r i e d   out  in  a c c o r d a n c e   wi th   the  p r i o r   a r t   by  c o n t a c t i n g   t h e  

d e c a n t   o i l   w i th   h y d r o g e n   at  an  e l e v a t e d   t e m p e r a t u r e   and  h i g h  

p r e s s u r e   in  the  p r e s e n c e   or  a  s u i t a b l e   c a t a l y s t .  

For  a  f u l l e r   u n d e r s t a n d i n g   of  the  n a t u r e   and  o b j e c t s   of  t h e  

i n v e n t i o n ,   r e f e r e n c e   shou ld   be  had  to  the  f o l l o w i n g   d e t a i l e d  

d e s c r i p t i o n ,   t a k e n   in  c o n n e c t i o n   with  the  a c c o m p a n y i n g   d r a w i n g s ,  

in  w h i c h :  

F i g .   1  i s   a  s i m p l i f i e d   b lock   sys tem  of  a  b e n c h - s c a l e  

d e l a y e d   c o k i n g   u n i t   used   in  a  l a b o r a t o r y ;   a n d  

F i g .   2  i s   a  s i m p l i f i e d   b lock   sys tem  of  a  p i l o t   p l a n t  

d e l a y e d   c o k e r .  

I l l u s t r a t i v e , " n o n - l i m i t i n g   examples   of  the   p r a c t i c e   of  t h e  

i n v e n t i o n   are   s e t   out  be low.   Numerous  o t h e r   examples   can  r e a d i l y  

be  e v o l v e d   in  the   l i g h t   of  the  g u i d i n g   p r i n c i p l e s   and  t e a c h i n g s  

c o n t a i n e d   h e r e i n .   The  examples   g iven   h e r e i n   are  i n t e n d e d   t o  

i l l u s t r a t e   the  i n v e n t i o n   and  not  in  any  sense   to  l i m i t   t h e  

manner   in  which  the  i n v e n t i o n   can  be  p r a c t i c e d .   The  p a r t s   a n d  

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

u n l e s s   p r o v i d e d   o t h e r w i s e ,   r e f e r   to  p a r t s   by  we igh t   a n d  

p e r c e n t a g e s   by  w e i g h t .  

EXAMPLE  1 

A  gas  o i l - b a s e d   p y r o l y s i s   t a r   A  h a v i n g   the  p r o p e r t i e s   shown 

in  Tab le   1  was  b l e n d e d   wi th   a  h y d r o t r e a t e d   d e c a n t   o i l   A,  h a v i n g  

the  p r o p e r t i e s   shown  in  Table   2.  Three  b l e n d s   were  p r e p a r e d   w i t h  

the  amounts   of  p y r o l y s i s   t a r   A  b e i n g   25%,  50%,  and  75%  by  w e i g h t .  







A  bench  s c a l e   d e l a y e d   cok ing   u n i t   as  shown  in  F ig .   1  was 

used  to  coke  each  of  the  b l e n d s   as  we l l   as  s e p a r a t e   p o r t i o n s   o f  

the  p y r o l y s i s   t a r   A  and  the  h y d r o t r e a t e d   d e c a n t   o i l   A. 

The  c o k i n g   u n i t   of  F ig .   1  o p e r a t e s   as  f o l l o w s :  

A  feed   l i q u i d   1  in  t ank   2  is  pumped  t h r o u g h   l i n e  3   by  pump  4  a t  

a  r a t e   of  from  about   17  to  about   24  g.  per  m i n u t e .   The  f e e d  

l i q u i d   1  in  l i n e  3   is  conveyed  to  h e a t e d ,   p r e s s u r i z e d   c o i l   6 

which  m a i n t a i n s   a  h igh   p r e s s u r e   due  to  p r e s s u r e   u n i t   7.  The 

m a t e r i a l   in  c o i l   6  communica te s   t h r o u g h   l i n e   8  to  top  of  h e a t e d ,  

p r e s s u r i z e d   t ank   9.  The  t e m p e r a t u r e   and  p r e s s u r e   of  c o i l   6  a n d  

t ank   9  were  about   475°C  and  about   689kPa.   The  feed   p e r i o d   was  

from  about   140  to  about   170  m i n u t e s .   A f t e r   the  f e e d i n g   was 

c o m p l e t e d ,   the  coke  was  f u r t h e r   d e v o l a t i l i z e d   by  h e a t i n g   a t  

about   50°C  per  hour   to  about   500°C  and  h o l d i n g   t h i s   t e m p e r a t u r e  

for   from  about   75  to  about   90  m i n u t e s .   A  p r e s s u r e   c o n t r o l   v a l v e  

11  is  p r o v i d e d   fo r   the  removal   of  d i s t i l l a t e s   and  c r a c k i n g   g a s e s .  

For  each  b l e n d ,   a d d i t i o n a l   h e a t i n g   at  about   1000°C  was  

c a r r i e d   out  and  the  y i e l d s   for   t h e s e   examples   is  shown  i n  

Table   3.  The  v a l u e s   shown  in  the  T a b l e  3   are  based   on 

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

b e i n g   equal   to  100%. 

The  T a b l e  3   shows  t h a t   the  d i s t i l l a t e s   and  c r a c k i n g   g a s  

y i e l d s   r e d u c e d   as  the  amount  of  p y r o l y s i s   t a r   i n c r e a s e d .  

The  coke  from  each  of  the  t e s t s   was  used   to  p r o d u c e  

g r a p h i t e   e l e c t r o d e s   in  a c c o r d a n c e   wi th   c o n v e n t i o n a l   t e s t i n g  

p r o c e d u r e s .   The  p r o c e d u r e   used  is  g e n e r a l l y   as  f o l l o w s :  



The  coke  which  had  been  c a l c i n e d   at  1000°C  was  c r u s h e d   a n d  

m i l l e d   to  55% +  10%  t h r o u g h   200  mesh  to  o b t a i n   a  f l o u r .   The  f l o u r  

was  made  i n t o   a  rod  about   130  mm  l ong   w i th   a  19  mm  d i a m e t e r .  

The  rod  was  t hen   c o n v e r t e d   i n t o   a  g r a p h i t e   e l e c t r o d e .  

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

from  abou t   2800°C  to  about   3 0 0 0 ° C .  

The  v a l u e   of  the   l o n g i t u d i n a l   CTE  of  each  rod  was  m e a s u r e d  

in  the  t e m p e r a t u r e   r ange   of  from  30°C  to  100°C.  Only  l o n g i t u d i n a l  

CTE  is   of  i n t e r e s t   h e r e i n .  

Tab le   4  shows  the  v a l u e s   of  CTE  f o r   rods   made  from  d i f f e r e n t  

b l e n d s .  

I t   i s   s u r p r i s i n g   t h a t   as  much  as  abou t   50%  p y r o l y s i s   t a r   A 

in  the  b l e n d   w i l l   s t i l l   p r o v i d e   a  g r a p h i t e   e l e c t r o d e   h a v i n g   a n  

e x c e l l e n t   C T E .  I f   one  were  to  compute  the  e x p e c t e d   va lue   f o r   t h e  

CTE  on  the  b a s i s   of  the  r u l e   of  m i x t u r e s ,   a  much  h i g h e r   v a l u e  

g r e a t e r   than   abou t   0.5  x  10-6  per   0C  would  be  c a l c u l a t e d .  

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

a l l o w   good  c o n t i n u o u s   d e l a y e d   c o k i n g   and  to  p r o v i d e   e x c e l l e n t  

v a l u e s   of  the  CTE  fo r   h igh   p r o p o r t i o n s   of  p y r o l y s i s   t a r .  

The  amount  of  h y d r o t r e a t m e n t   g i v e n   to  the  d e c a n t   o i l   w i l l  

have  an  e f f e c t   on  the  p r o c e s s .   I f   the  d e c a n t   o i l   is  s a t u r a t e d ,  

then   i t   w i l l   not   ac t   as  a  donor .   The  lower   l i m i t   f o r  

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

d e t e r m i n e d   e x p e r i m e n t a l l y .  

The  Example  1  shows  t h a t   h i g h   coke  y i e l d s   are  o b t a i n e d   f o r  



r e l a t i v e l y   low  amounts   of  h y d r o g e n .   I t   is   a l s o   a d v a n t a g e o u s  

e c o n o m i c a l l y   to  h y d r o t r e a t   the  d e c a n t   o i l   r a t h e r   than   t h e  

p y r o l y s i s   t a r .  

EXAMPLE  2 

The  t e s t s   c a r r i e d   out  in  the  Example  1  were  c a r r i e d   o u t  

wi th   the  h y d r o t r e a t e d   d e c a n t   o i l   A  of  Example  1,  and  a  

p r e d o m i n a n t l y   k e r o s e n e - b a s e d   p y r o l y s i s   t a r   B,  h a v i n g   p r o p e r t i e s  

as  shown  in  Tab le   5 .  



Tab le   6  shows  the  y i e l d s   fo r   the  d i f f e r e n t   b l e n d s   a n d  

Tab le   7  shows  the  v a l u e s   of  l o n g i t u d i n a l   CTE  m e a s u r e d   f o r  

g r a p h i t e   e l e c t r o d e s   made  from  the  b l e n d s .   The  m e a s u r e d   CTE'S  o f  

the  g r a p h i t e   e l e c t r o d e s   made  from  b l e n d s   h a v i n g   50%  and  75% 

p y r o l y s i s   t a r   were  l ower   t han   one  would  c a l c u l a t e   ba sed   on  t h e  

m i x t u r e   of  the   two  c o m p o n e n t s ,   and  one  would  not   e x p e c t   to  o b t a i n  

good  q u a l i t y   g r a p h i t e   e l e c t r o d e s   b a s e d   on  such  c a l c u l a t i o n s .  

EXAMPLE  3 

The  h y d r o t r e a t e d   d e c a n t   o i l   A  of  the  Example  1  and  t h e  

p y r o l y s i s   t a r   B  of  the  Example  2  were  b l e n d e d   to  run  t e s t s   w i t h  

the  p y r o l y s i s   t a r   c o n t e n t   0%,  50%,  75%,  and  100%. 

The  p i l o t   p l a n t  d e l a y e d   coker   shown  in  F ig .   2  was  u s e d .   The 

o p e r a t i o n   of  the  p i l o t   p l a n t   d e l a y e d   coker   is  as  f o l l o w s :  

Feed  t ank   12  s u p p l i e s   the  b l e n d   to  be  coked.   Pump  13  moves  



the  b l e n d   from  the  feed   t ank   12  t h r o u g h   l i n e   14  to  p r e h e a t e r s   16 

and  t hen   to  the  d e l a y e d   coker   17.  D i s t i l l a t e s   and  c r a c k i n g   g a s e s  
from  the  coker   17  move  t h r o u g h   l i n e   18  to  f r a c t i o n a t o r   19.  H e a v y  

p r o d u c t s   s u i t a b l e   fo r   r e c y c l i n g   are  pumped  from  the  f r a c t i o n a t o r  

19  t h r o u g h   l i n e   21  by  pump  22  to  the  p r e h e a t e r   16.  L i g h t  

p r o d u c t s   from  the  f r a c t i o n a t o r   19.  move  t h r o u g h   l i n e   23  t o  

q u e n c h e r   24  where  they   are  c o o l e d .   The  l i g h t   p r o d u c t s   in  t h e  

q u e n c h e r   24  which  are  s u i t a b l e   for   r e c y c l i n g   are  pumped  by  t h e  

pump  22  t h r o u g h   l i n e   26  to  the  p r e h e a t e r   16.  The  l i g h t   p r o d u c t s  

in  the  q u e n c h e r   24  not  s u i t a b l e   fo r   r e c y c l i n g   are  removed  t h r o u g h  

l i n e   27.  Gases  in  the  f r a c t i o n a t o r   19.  are  removed  t h r o u g h   l i n e  

2 8 .  

,  T a b l e   8  shows some  of  the  o p e r a t i n g   p a r a m e t e r s   of  the  p i l o t  

p l a n t   d e l a y e d   c o k e r .   A  p r e s s u r e   of  about   275  K  Pa  was  m a i n t a i n e d ,  

the  t h r o u g h p u t   r a t i o   was  h e l d   as  c l o s e   to  2.0  as  p o s s i b l e ,   a n d  

the  f u r n a c e   t e m p e r a t u r e   was  in  the  range   of  from  about   470 C  t o  

about   500°C.  The  h i g h e r   t e m p e r a t u r e   was  used  for   l e s s   r e a c t i v e  

f e e d s t o c k s   whereas   the  lower   t e m p e r a t u r e   was  used   fo r   m o r e  

r e a c t i v e   f e e d s t o c k s .  





The  coke  y i e l d s   i n c r e a s e d   and  the  d i s t i l l a t e   y i e l d s  

d e c r e a s e d   fo r   h i g h e r   p r o p o r t i o n s   of  the  p y r o l y s i s   t a r   B  in  t h e  

b l e n d s .   The  y i e l d   of  coke  for   100%  p y r o l y s i s   t a r   B  was  h i g h e r  

than   one  would  a n t i c i p a t e   from  the  o t h e r   r e s u l t s   b e c a u s e   f o r  

t h i s   t e s t   the  t h r o u g h p u t   was  much  h i g h e r   than   the  t h r o u g h p u t  

used   fo r   the  o t h e r   t e s t s .  

G r a p h i t e   e l e c t r o d e s   were  made  from  the  cokes   c a l c i n e d   a t  

1000°C  and  the  v a l u e   of  the  CTE  of  each  was  m e a s u r e d ,   as  in  t h e  

Example  1.  The  m e a s u r e d   v a l u e s   are  shown  in  Table   9 .  

EXAMPLE  4 

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

the  p r o p e r t i e s   shown  in  Table   10  and  a  n a p h t h a - b a s e d   p y r o l y s i s  

t a r   C  h a v i n g   the  p r o p e r t i e s   shown  in  Table   1 1 .  

The  c o k i n g   was  c a r r i e d   out  as  d e s c r i b e d   in  the  Example  1  a n d  

t e s t   g r a p h i t e   e l e c t r o d e s   were  p r e p a r e d .   Table   12  shows  t h e  

m e a s u r e d   v a l u e s   of  the  CTE  for   each  of  the  g r a p h i t e   e l e c t r o d e s .  

The  v a l u e s   of  the  CTE  fo r   the  b l e n d s   were  c o n s i d e r a b l y   l e s s   t h a n  

one  would  e x p e c t   based   on  the  r u l e   of  m i x t u r e s .  





EXAMPLE  5 

A  p y r o l y s i s   t a r   D  h a v i n g   the  p r o p e r t i e s   shown  in  Table   13 
and  h y d r o t r e a t e d   d e c a n t   o i l   A  were  b l e n d e d   t o g e t h e r   for   c o k i n g  
in  the  p i l o t   p l a n t   d e l a y e d   coke r .   B lends   h a v i n g   0%,  50%,  75%, 

and  100%  p y r o l y s i s   t a r   were  u s e d .  

Some  of  the  o p e r a t i n g  p a r a m e t e r s   of  the  p i l o t   p l a n t   d e l a y e d  

coker   are  shown  in  Table   14.  The  cok ing   y i e l d s   i n c r e a s e d   f o r  

l a r g e r   p r o p o r t i o n s   of  p y r o l y s i s   t a r .  





Tes t   g r a p h i t e   e l e c t r o d e s   were  made -and   the  m e a s u r e d   v a l u e s  

of  the  CTE  are  g iven   in  Table  15 .  

EXAMPLE  6 

B l e n d s   were  made  with  p y r o l y s i s   t a r   D  and  d e c a n t   o i l   C, 

h a v i n g   the  p r o p e r t i e s   shown  in  Table   15  to  show  the  r e s u l t s   o f  

b l e n d s   which  are  not   in  a c c o r d a n c e   wi th   the  i n v e n t i o n .  

The  bench  s c a l e   d e l a y e d   coker   of  the  Example  1  was  used   f o r  

b l e n d s   of  0%,  50%,  75%,  and  100%  p y r o l y s i s   t a r .   Table   17  shows  

some  of  the  o p e r a t i n g   p a r a m e t e r s .   The  r e l a t i v e l y   h igh   l e v e l   o f  

s u l f u r   fo r   the  g r a p h i t e   e l e c t r o d e   made  from  an  equa l   b l e n d   w o u l d  

be  e x p e c t e d   to  p r e s e n t   p u f f i n g   p r o b l e m s   and  would  be  r e g a r d e d   a s  

u n a c c e p t a b l e .   This   h igh   amount  of  s u l f u r   is   due  to  the  o m i s s i o n  

of  the  h y d r o t r e a t m e n t   which  would  r e d u c e   the  s u l f u r   c o n t e n t   o f  

the  d e c a n t   o i l .  







G r a p h i t e   e l e c t r o d e s   were  made  from  the  b l e n d s   excep t   of  t h e  

b l e n d   c o n t a i n i n g   25%  p y r o l y s i s   t a r .   Tab le   18  shows  the  m e a s u r e d  

v a l u e s   of  CTE. 

EXAMPLE  7 

The  t e s t s   c a r r i e d   out  in  the  Example  6  were  r e p e a t e d   in  a  

p i l o t   p l a n t   d e l a y e d   coker   fo r   b l e n d s   c o n t a i n i n g   0%,  50%,  a n d  

100%  p y r o l y s i s   t a r   D.  In  a d d i t i o n ,   the  d e c a n t   o i l   C  was 

h y d r o t r e a t e d   u n t i l   t h e r e   was  added  about   2.5  h y d r o g e n   atoms  p e r  

a v e r a g e   m o l e c u l e   of  d e c a n t   o i l .   A  b l e n d   of  50%  of  t h i s  

h y d r o t r e a t e d   d e c a n t   o i l   w i t h   50%  p y r o l y s i s   t a r   D  was  a l so   c o k e d  

in  the   p i l o t   p l a n t   c o k e r .   Tab le   19  shows  o p e r a t i n g   p a r a m e t e r s  

and  coke  y i e l d s .   R e s u l t s   f o r   the  b l e n d   c o n t a i n i n g   50% 

h y d r o t r e a t e d   d e c a n t   o i l   a re   shown  by  5 0 .  





T a b l e   20  shows  t h a t   cokes  made  from  the  b l e n d s   c o n t a i n i n g  

u n t r e a t e d   d e c a n t   o i l   have   CTE's  in  a c c o r d a n c e   wi th   t h o s e  

c a l c u l a t e d   by  the   r u l e   of  m i x t u r e s ,   whereas   coke  from  the  b l e n d  

c o n t a i n i n g   50%  h y d r o t r e a t e d   d e c a n t   o i l   has  a  CTE  s u b s t a n t i a l l y  

lower   t han   t h a t   c a l c u l a t e d   from  the  r u l e   of  m i x t u r e s .  

We  wish   i t   to  be  u n d e r s t o o d   t h a t   we  do  not   d e s i r e   to  b e  

l i m i t e d   to  the  e x a c t   d e t a i l s   shown  and  d e s c r i b e d   h e r e i n ,   o r  

o t h e r   m o d i f i c a t i o n s   t h a t   occur   to  a  p e r s o n   s k i l l e d   in  the  a r t s .  

H a v i n g   thus   d e s c r i b e d   the  i n v e n t i o n ,   what  we  c l a im  as  new 

and  d e s i r e d   to  be  s e c u r e d   by  L e t t e r s   P a t e n t ,   is   as  f o l l o w s :  



1.  A  p r o c e s s   for   p r o d u c i n g   a  premium  coke  fo r   making   a  
g r a p h i t e   e l e c t r o d e   h a v i n g   a  CTE  l e s s   than   about   0.5  x  10-6  p e r  
°C,  c o m p r i s i n g   the  s t e p s   of:  f o r m i n g   a  b l e n d   of  p y r o l y s i s   t a r  

and  a  h y d r o t r e a t e d   d e c a n t   o i l   which  b l e n d   i n c l u d e s   from  a b o u t  

50%  to  75%  by  we igh t   of  the  p y r o l y s i s   t a r   and  from  about   50% 

to  abou t   25%  by  we igh t   of  the  h y d r o t r e a t e d   d e c a n t   o i l ;   a n d  

c o k i n g   the  b l end   by  d e l a y e d   c o k i n g ,   whereby  the  premium  coke  i s  

f o r m e d .  

2.  The  p r o c e s s   of  c la im  1,  whe re in   the  h y d r o t r e a t e d   d e c a n t  

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

added  from  about   2  to  about   4  h y d r o g e n   atoms  per  a v e r a g e   m o l e c u l e  

of  the  d e c a n t   o i l .  

3.  The  p r o c e s s   of  c la im  1,  w h e r e i n   the  h y d r o t r e a t e d   d e c a n t  

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

added  from  about   2  to  about   3  h y d r o g e n   atoms  per  a v e r a g e  

m o l e c u l e   of  the  d e c a n t   o i l .  

4.  A  g r a p h i t e   e l e c t r o d e   made  from  the  premium  c o k e  

p r o d u c e d   by  c la im  1 .  
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