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©  A  process  and  apparatus  for  the  production  of  high  qual- 
ity  calcined  coke  are  described.  The  coke  feed  (e.g.  green 
coke  from  a  delayed  coker)  is  heated  at  a  bulk  temperature 
of  from  650  to  850°  C  under  conditions  such  that  the  coke 
heating  rate  is  no  more  than  100°C/minute  until  from  50  to 
90  weight  percent  of  the  volatile  matter  content  is  removed, 
whereafter  the  heated  coke  is  calcined  at  a  bulk  temperature 
of  from  1350  to  1470°C  for  at  least  10  minutes  to  produce  a 
relatively  hard  and  non-friabie  calcined  coke.  Preferably  the 
calcined  coke  is  produced  in  a  rotary  hearth  furnace  divided 
by  an  annular  radiation  shield  into  a  central  high  tem- 
perature  calcining  zone  and  a  surrounding  devolatilizing 
zone,  the  radiation  shield  defining  with  the  hearth  an  uninter- 
rupted  gap  of  sufficient  width  for  coke  to  pass  from  the  de- 
volatilizing  zone  to  the  central  zone  but  sufficiently  narrow  to 
prevent  coke  in  the  devolatilizing  zone  being  substantially 
affected  by  heat  generated  in  the  central  zone. 
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TECHNICAL  FIELD  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  p rocess   and  a p p a r a t u s   f o r  

the  p r o d u c t i o n   of  high  q u a l i t y   c a l c i n e d   coke,  and  more  p a r t i c u l a r l y  

(but  not  e x c l u s i v e l y )   to  such  a  p rocess   and  a p p a r a t u s   for  t h e  

p roduc t ion   of  c a l c i n e d  n e e d l e   coke  of  high  p a r t i c l e   s t r e n g t h .  

Coke  which  is  in tended   for  u s e . i n   the  p r o d u c t i o n   of  c e r t a i n  

metals  from  raw  m a t e r i a l s   by  e l e c t r o l y s i s   of  melts   c o n t a i n i n g  

compounds  of  the  meta ls   or  which  is  in tended   for  the  p r o d u c t i o n   o f  

g r a p h i t i c   carbon  for  u l t r a - h i g h   power  e l e c t r o d e s   in  e l e c t r i c   a r c  

fu rnaces   must  be  s u b s t a n t i a l l y   free  of  v o l a t i l e   m a t e r i a l s ,   e . g .  

hyd roca rbons .   Accord ing ly ,   raw  coke  (the  s o - c a l l e d   "green  coke"  i n  

the  case  of  pe t ro l eum  and  s i m i l a r   raw  cokes)  for  such  purposes   i s  

ca l c ined   at  t e m p e r a t u r e s   which  are  s u i t a b l y   high  to  produce  a 

v o l a t i l e s - f r e e   coke  c a l c i n a t e .   In  the  case  of  pe t ro leum  coke  d e r i v e d  

by  coking  hydroca rbon   m a t e r i a l s   of  pe t ro leum  o r i g i n ,   c a l c i n a t i o n   i s  

performed  at  t e m p e r a t u r e s   of  about  1300  to  1500°C  and  h i g h e r ,   e . g .  
about  1400°C.  S imi la r   or  d i f f e r e n t   c a l c i n a t i o n   t e m p e r a t u r e s   may  be 

used  to  d e v o l a t i l i z e   coke  ob ta ined   from  other   sources   ( e .g .   c o a l ,  

coal  t a r ,   l i g n i t e ,   e t c ) .  

The  p r e s e n t   i n v e n t i o n   wi l l   be  more  p a r t i c u l a r l y   d e s c r i b e d   be low 

with  r e f e r e n c e   to  pe t ro l eum  coke,  but  it   is  to  be  under s tood   t h a t  

it  app l i e s   e q u a l l y   to  coke  der ived  from  other   sources   such  as  c o a l ,  

l i g n i t e   and  other   ca rbonaceous   and  hyd roca rbonaceous   m a t e r i a l s .  



Coke  which  is  to  be  used  for  the  a f o r e s a i d   purposes   i s  

p r e f e r a b l y   not  only  s u b s t a n t i a l l y   free  of  v o l a t i l e   m a t e r i a l   ( e . g .  

the  r e s i d u a l   hydrogen  con ten t   is  p r e f e r a b l y   not  g r e a t e r   than  0 .01  

to  0.03  wt.  %),  but  p r e f e r a b l y   also  meets  o ther   s t r i n g e n t   q u a l i t y  

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

of  p a r t i c l e   s ize   d i s t r i b u t i o n   and/or   a  s p e c i f i e d   range  of  a b s o l u t e  

d e n s i t y .   High  p a r t i c l e   s t r e n g t h   is  of  p a r t i c u l a r   impor tance   f o r  

t h e  p r o d u c t i o n   of  g r a p h i t e   e l e c t r o d e s   of  high  mechanical   s t r e n g t h  

which  are  used  under  high  and  varying  t e m p e r a t u r e s .  

PRIOR  ART 

P r o c e s s e s   and  a p p a r a t u s e s   for  the  p roduc t i on   of  c a l c i n e d  

cokes  are  we l l -documen ted   and,  g e n e r a l l y   speak ing ,   f a l l   in to   two 

c a t e g o r i e s ,   namely,  those   employing  r o t a r y   k i ln   fu rnaces   and  t h o s e  

employing  r o t a r y   hea r th   f u r n a c e s .  

In  broad  t e rms ,   the  r o t a r y   k i ln   p rocess   comprises   s u p p l y i n g  

a  s u i t a b l e   feed  m a t e r i a l   to  the  upper  end  of  a  d o w n w a r d l y - i n c l i n e d  

r o t a t i n g   c y l i n d e r   in  which  the  feed  m a t e r i a l   is  exposed  to  heat  t o  

expel   v o l a t i l e   m a t e r i a l s   t h e r e f r o m   so  tha t   the  product   m a t e r i a l  

r ecove red   from  the  bottom  end  of  the  c y l i n d e r   is  a  coked  m a t e r i a l  

of  low  v o l a t i l e s   c o n t e n t .   The  heat   r e q u i r e d   to  expel  the  v o l a t i l e  

m a t e r i a l   is  f u r n i s h e d   by  burning   a  fuel   with  a  c o m b u s t i o n - s u p p o r t i n g  

gas  ( u s u a l l y   a i r )   e i t h e r   in  a  flame  which  extends  p a r t i a l l y   up  t h e  

c y l i n d e r   or  in  a  s e p a r a t e   combustion  chamber  from  which  the  h o t  

combustion  gases  are  conducted   in to   the  c y l i n d e r  s o   tha t   the  coke 

a n d  h o t   gases  pass  c o u n t e r - c u r r e n t l y   to  each  other   while  p a s s i n g  

through  the  c y l i n d e r .   In  some  i n s t a n c e s ,   the  expe l l ed   v o l a t i l e  

m a t e r i a l   is  burned,   e .g .   wi th in   the  c y l i n d e r ,   in  order  to  g e n e r a t e  

e f   the  heat  r e q u i r e d   for  the  convers ion   of  the  feed  m a t e r i a l   t o  

calcimed  coked  m a t e r i a l .  

In  gene ra l   t e rms,   the  r o t a r y   hear th   p rocess   comprises   s u p p l y -  

ing  the  feed  m a t e r i a l   to  the  outer   p e r i p h e r y   of  a  f l a t   or  s a u c e r -  

shaped  hea r t h   which  is  r o t a t e d   about  a  c e n t r a l   v e r t i c a l   ax i s .   The 

hea l th   has  a  c e n t r a l   hole  for  the  d i s c h a r g e   of  c a l c ined   coked 



m a t e r i a l   and  s t a t i o n a r y   r a b b l e s   or  plows  cause  the  feed  m a t e r i a l  

to  fol low  a  g e n e r a l l y   s p i r a l   path  from  the  outer   p e r i p h e r y   to  t h e  

c e n t r a l   ho le .   The  hear th   is  spaced  benea th   a  s t a t i o n a r y   roof ,   and 

fuel  is  burned  with  a  c o m b u s t i o n - s u p p o r t i n g   qas  ( u s u a l l y   a i r )   i n  

the  space  between  the  roof  and  the  hea r th   to  heat  the  feed  m a t e r i a l  

as  it   passes   across   the  h e a r t h .   V o l a t i l e   m a t e r i a l   e x p e l l e d   from 

the  feed  m a t e r i a l   is  also  burned  in  t h i s   space  and  t he reby   augmen t s  

the  supply  of  hea t .   The  c a l c i n e d   coked  m a t e r i a l   is  d i s c h a r g e d   f rom 

the  hear th   via  the  c e n t r a l   hole  t h e r e i n   and  is  r e c e i v e d   in  a 

c y l i n d r i c a l   or  d o w n w a r d l y - t a p e r i n g   c o n t a i n e r   and  al lowed  t o  

hea t - soak   at  t e m p e r a t u r e s   a p p r o x i m a t i n g   the  maximum  t e m p e r a t u r e s  

a t t a i n e d   in  order  to  p rov ide   a d d i t i o n a l   time  for  the  escape  o f  

v o l a t i l i z a b l e   m a t t e r .  

The  hear th   may  be  s u b s t a n t i a l l y   f l a t   or  i t   may  s l o p e  

downwardly  towards  the  c e n t r a l   hole  e i t h e r   from  the  outer   rim  o r  

from  a  l o c a t i o n   between  the  rim  and  the  c e n t r a l   hole .   A  d e t a i l e d  

d e s c r i p t i o n   of  a  r o t a r y   hea r th   fu rnace   is  given  in  U.S.  P a t e n t  

3 ,475,286  (Klemmerer  et  a l ) .  

Rotary  ki ln   c a l c i n e d   coke  is  g e n e r a l l y   of  a c c e p t a b l e   q u a l i t y  

for  many  pu rposes ,   but  as  compared  with  r o t a r y   hea r th   c a l c i n e d  

coke,  y i e ld s   of  c a l c i n e d   coke  are  lower  ( t y p i c a l l y   4  to  6  w e i g h t  

pe rcen t   lower) ,   and  the  i nves tmen t   for  a  r o t a r y   k i ln   i n s t a l l a t i o n  

is  h igher   as  is  the  o p e r a t i n g   cos t .   The  fo rego ing   d i s a d v a n t a g e s  

are  r e f l e c t e d   in  the  h igher   cost  of  r o t a r y   k i ln   c a l c i n e d   c o k e s .  

Rotary  hear th   c a l c i n e d   coke  is  g e n e r a l l y   a c c e p t a b l e   f o r  

most  purposes   but  a  no tab le   drawback  is  i t s   f r i a b i l i t y   and  low 

p a r t i c l e   s t r e n g t h .   The  premium  and  high  q u a l i t y   c a l c i n e d   c o k e s  

r equ i r ed   for  u l t r a - h i g h - p o w e r   e l e c t r o d e s   for  e l e c t r i c   arc  f u r n a c e s  

must  meet  s t r i n g e n t   q u a l i t y   s p e c i f i c a t i o n s ,   i n c l u d i n g   s p e c i f i c a t -  

ions  for  s ize   d i s t r i b u t i o n .   Such  e l e c t r o d e   coke  should  i nc lude   a 

c e r t a i n   minimum  p r o p o r t i o n   of  coarse   c a l c i n e d   coke  of  good  p a r t i c l e  

s t r e n g t h ,   and  h e r e t o f o r e ,   i t   has  not  been  p o s s i b l e   to  meet  t h e  

q u a l i t y   s p e c i f i c a t i o n s   c o n s i s t e n t l y .  



BACKGROUND  OF  THE  INVENTION 

The  i n v e n t o r s   have  d i s c o v e r e d   t ha t   when  a  s e l e c t e d   range  o f  

raw  feed  m a t e r i a l s   is  hea ted   in  two  s t ages   with  no  t r e a t m e n t   w i t h  

hydrogen  and  with  no  i n t e r m e d i a t e   c o o l i n g ,   and  with  the  maximum 

h e a t i n g   r a te   in  the  f i r s t   s tage   m a i n t a i n e d   no  g r e a t e r   than  a  

s p e c i f i e d   h e a t i n g   ra te   and  the  t e m p e r a t u r e s   in  both  s tages   c l o s e l y  

c o n t r o l l e d ,   a  c a l c ined   coke  of  high  p a r t i c l e   s t r e n g t h   meeting  t h e  

q u a l i t y   s p e c i f i c a t i o n s   for  premium  and  high  q u a l i t y   coke  can  be 

produced  s u b s t a n t i a l l y   c o n s i s t e n t l y ,   p rov ided   a  s p e c i f i c a l l y   l i m i t e d  

p r o p o r t i o n   of  the  v o l a t i l e   mat te r   con ten t   of  the  raw  feed  m a t e r i a l  

is  e x p e l l e d   in  the  f i r s t   s t a g e .   Moreover,  the  i n v e n t o r s   have  d i s -  

covered  tha t   a  r o t a ry   hea r th   f u rnace ,   with  a l l   i t s   a t t e n d a n t  

advan tages   over  a  r o t a r y   k i l n ,   can  be  employed  for  the  p r o d u c t i o n  

of  premium  and  high  q u a l i t y   coke,  p rov ided   the  fu rnace   is  c o n s t r u c t -  

ed  in  a  p a r t i c u l a r   way,  which  is  s p e c i f i e d   and  d e s c r i b e d   h e r e i n -  

a f t e r ,   and  a lso  opera ted   in  a  p a r t i c u l a r   manner,  as  s p e c i f i e d   and 

d e s c r i b e d   h e r e i n a f t e r .  

SUMMARY  OF  THE  INVENTION 

The  p re sen t   i n v e n t i o n   p r o v i d e s ,   in  a  f i r s t   a s p e c t ,   a  p r o c e s s  
For  the  p roduc t i on   of  high  q u a l i t y   c a l c i n e d   pe t ro leum  coke  from 

green  coke,  compr i s ing   the  s t eps   o f :  

(a)  f e e d i n g  g r e e n   coke  having  a  v o l a t i l e   ma t t e r   content   n o t  

n g   14  weight %  (based  on  the  dry  weiqht  of  the  green  coke)  
i n t o  a   f i r s t   hea t ing   s t a g e ;  

(b)  exposing  the  green  coke  in  the  f i r s t   h e a t i n g   s tage   t o  
a  hea t ed   environment   ma in t a ined   s u b s t a n t i a l l y   s o l e l y   by  the  combus t ion  
of  fuel   and  any  v o l a t i l e   mat te r   r e l e a s e d   from  the  coke  with  a  com- 
b u s t i o n - s u p p o r t i n g   gas  at  a  r e g u l a t e d   ra te   and  in  the  absence  of  added 



hydrogen  to  give  a  c o k e - h e a t i n g   r a t e   not  exceed ing   1 0 0 ° C / m i n u t e  

u n t i l   from  50  to  90  weight %  of  the  v o l a t i l e   ma t t e r   con ten t   o f  

the  green  coke  is  removed  and  the  bulk  t e m p e r a t u r e   of  the  coke  i s  

in  the  range  of  from  650  to  850°C;  

(c)  caus ing   the .  hea ted   coke  produced  by  s tep  (b)  to  p a s s  
to  a  s u b s e q u e n t   c a l c i n i n g   s tep  at  a  bulk  t e m p e r a t u r e   in  the  r a n g e  
of  from  650  to  850°C  wi thout   any  i n t e r m e d i a t e   t r e a t i n g   or  c o o l i n g  

s t e p ;  

(d)  expos ing   the  heated  coke  in  the  subsequen t   c a l c i n i n g  

s tep  to  a  heated  environment   s u s t a i n e d   s o l e l y   by  burning   fuel   and 

combus t ib l e   mat te r   r e l e a s e d   from  the  coke  with  a  c o m b u s t i o n -  

s u p p o r t i n g   gas  so  as  to  r a i s e   and  ma in t a in   the  t e m p e r a t u r e   of  t h e  

coke  to  a  bulk  t e m p e r a t u r e   in  the  range  of  from  1350  to  1470°C 

for  an  average  time  per iod  of  at  l e a s t   10  minu tes ;   and 

(e)  r e c o v e r i n g   high  q u a l i t y   coke  from  the  subsequen t   c a l c i n i n g  

step  ( d ) .  

The  i n v e n t i o n   also  p r o v i d e s ,   in  a  second  a s p e c t ,   a  r o t a r y   h e a r t h  

furnace   for  the  p r o d u c t i o n   of  high  q u a l i t y   pe t ro l eum  coke  from  g r e e n  

pe t ro leum  coke  compr is ing   a  c i r c u l a r   r o t a r y   hea r t h   d e f i n i n g   a  c e n t r a l  

c i r c u l a r   ho le ,   means  mounting  the  hea r th   for  r o t a t i o n   about  i t s  

c e n t r a l   v e r t i c a l   ax i s ,   a  s t a t i o n a r y   roof   spaced  above  the  h e a r t h ,   an 

annular   wall  to  p reven t   the  outward  escape  of  hot  gas  from  t h e  

i n t e r i o r   of  the  f u r n a c e ,   an  annular   r a d i a t i o n   s h i e l d   depending  down- 

wardly  from  the  s t a t i o n a r y   roof  to  de f ine   the  outer   p e r i p h e r y   of  a 

c e n t r a l   c a l c i n i n g   zone  outwardly   of  the  c e n t r a l   hole  and  the  i n n e r  

p e r i p h e r y   of  an  annular   p r e - h e a t i n g   zone  bounded  by  the  annular   w a l l ,  

the  r a d i a t i o n   s h i e l d   d e f i n i n g   with  the  hea r th   a  v e r t i c a l   gap  o f  

s u f f i c i e n t   width  to  permit   coke  p a r t i c l e s   to  pass  from  the  p r e -  

hea t i ng   zone  to  the  c a l c i n i n g   zone  but  s u f f i c i e n t l y   narrow  t o  

s u b s t a n t i a l l y   p revent   the  r a d i a t i o n   of  heat  from  the  c e n t r a l  

c a l c i n i n g   zone  to  the  annular   p r e - h e a t i n g   zone,  burner   means  f o r  



burning  fuel   and  any  v o l a t i l e   mat ter   r e l e a s e d   from  the  coke  w i t h  

a  c o m b u s t i o n - s u p p o r t i n g   gas  above  the  hear th   in  the  c a l c i n i n g  

zone  to  g e n e r a t e   t e m p e r a t u r e s   in  the  range  of  from  1350  to  1600°C 

to  heat   coke  in  the  c a l c i n i n g   zone  to  t e m p e r a t u r e s   in  the  range  o f  

from  1350  to  1470°C,  burner   means  for  burning  fuel   and  any  v o l a t i l e  

m a t e r i a l   r e l e a s e d   from  the  coke  with  a  c o m b u s t i o n - s u p p o r t i n g   gas  
above  the  hea r t h   in  the  annular   p r e - h e a t i n g   zone  and  s e r v i n g   a s  

s u b s t a n t i a l l y   the  sole   source  of  heat  in  the  p r e - h e a t i n g   zone  t o  

g e n e r a t e   t e m p e r a t u r e s   in  the  range  of  from  650  to  900°C  to  heat  coke 

in  the  p r e - h e a t i n g   zone  to  t e m p e r a t u r e s   in  the  range  of  from  650  t o  

850°C,  weans  for  adding  p a r t i c l e s   of  green  pe t ro l eum  coke  to  an  o u t e r  

region  of  the  hea r th   of  the  annular   p r e - h e a t i n g   zone,  means  t o  

r o t a t e   the  hea r t h   about  the  c e n t r a l   v e r t i c a l   ax i s ,   r abb le   means  f o r  

caus ing   coke  p a r t i c l e s   to  be  moved  from  the  ou te r   r eg ion   of  t h e  

annu l a r   p r e - h e a t i n g   zone  through  the  v e r t i c a l   gap  between  the  r a d i a -  

t i o n   s h i e l d   and  the  hea r th   and  in to   the  c e n t r a l   c a l c i n i n g   z o n e ,  

r abb l e   means  for  caus ing   coke  to  be  moved  from  the  outer   p e r i p h e r y  

of  the  c e n t r a l   c a l c i n i n g   zone  to  the  c e n t r a l   ho le ,   and  c o k e - r e c o v e r y  

means  benea th   the  c e n t r a l   hole  for  r e c o v e r i n g   coke  from  the  c e n t r a l  

h o l e  .  

With  r e f e r e n c e   to  the  f i r s t   aspect   of  the  i n v e n t i o n ,   i t   h a s  

a l r e a d y   been  proposed  to  c a l c ine   a  pe t ro leum  coke  feed  m a t e r i a l   i n  

d i s c r e t e   s t a g e s .  

U.K.  P a t e n t   S p e c t i f i c a t i o n   No. 1  603  924  (Koa  Oil  Company) 

d e s c r i b e s   and  c la ims  a  p rocess   for  c a l c i n i n g   green  coke  c o n t a i n i n g  

water   and  c o m b u s t i b l e   v o l a t i l e   mat te r   ob ta ined   by  a  de layed  c o k i n g  

p rocess   in  t h r e e   or  more  s t ages   of  hea t ing   fu rnaces   which  a r e  

connected   in  s e r i e s   and  in  which  the  c o n t r o l   of  the  t e m p e r a t u r e  

and  the   a d j u s t m e n t   of  the  a tmosphere  in  each  fu rnace   can  be  

i n d e p e n d e n t l y   c a r r i e d   out,  which  process   comprises   c a r r y i n g   o u t ,  

in  r e s p e c t i v e   f u rnaces   in  the  order  i n d i c a t e d ,   the  s t eps   o f :  



(a)  e v a p o r a t i n g   the  water  con ta ined   in  the  green  coke  and 

p r e - h e a t i n g   the  coke ;  

(b)  d i s t i l l i n g   off  and  burning  the  v o l a t i l e   mat te r   from  t h e  

dried  coke;  and 

(c)  h e a t i n g   and  c a l c i n i n g   the  coke  from  step  (b )  

In  the  i l l u s t r a t e d   embodiments,   each  one  of  the  th ree   i n d e p e n d -  
ent  fu rnaces   is  a  r o t a r y   k i ln   furnace   but  the  document  r e f e r s   t o  

the  p o s s i b i l i t y   tha t   other   types  of  furnace   ( e .g .   r o t a r y   h e a r t h  

fu rnaces )   can  be  used  in  place  of  each  r o t a ry   ki ln   f u r n a c e .  

Obviously,   the  drawbacks  a s s o c i a t e d   with  r o t a ry   ki ln   fu rnaces   a p p l y  

to  each  such  f u rnace ,   and  where  th ree   r o t a r y   k i l n s   or  other   types  o f  

furnace  are  employed  in  pursuance   of  the  pa t en t ed   p r o c e s s ,   t h e  

inves tment   cost  is  very  high.   Moreover,  in  the  t r a n s f e r   of  coke  from 

one  furnace   to  a  subsequent   fu rnace ,   t he re   wi l l   i n e v i t a b l y   be  a 

c e r t a i n   amount  of  coo l ing   of  the  coke  and  the  r i sk   or  fac t   of  c o n t a c t  

with  molecu la r   oxygen.  The  i n v e n t o r s   have  de termined   t h a t   in  order  t o  

produce  a  f i n a l   c a l c i n e d   coke  of  high  or  h i g h e s t   q u a l i t y ,   i t   i s  

c r i t i c a l   t ha t   not  less   than  50  wt %  and  not  more  than  90  wt %  of  t h e  

v o l a t i l e   mat te r   con ta ined   in  the  green  coke  must  be  removed  in  t h e  

f i r s t   hea t i ng   s t age   and,  p r e f e r a b l y ,   the  amount  of  v o l a t i l e   m a t t e r  

removal  should  be  in  the  range  of  from  55  to  85  wt  %,  e .g .   f rom 

60  to  80  wt  %.  The  data  in  the  Table  in  U.K.  1603924  show  tha t   a b o u t  

91  wt  %  of  v o l a t i l e   m a t e r i a l   is  removed  in  the  second  of  the  t h r e e  

furnaces   and  i t   is  r e a s o n a b l e   to  suppose  tha t   a d d i t i o n a l   q u a n t i t i e s   o f  

v o l a t i l e   m a t e r i a l   are  evolved  in  the  f i r s t   of  the  th ree   fu rnaces   where  

the  green  coke  is  exposed  to  c o u n t e r - c u r r e n t l y   flowing  gas  at  i n i t i a l  

t e m p e r a t u r e s   wi th in   the  range  of  from  1100  to  1300°C. 



A  s i m i l a r   p roposa l   to  t ha t   of  U.K.  1603924  is  d e s c r i b e d   and 

claimed  in  Koa  Oil  Company's  U.K.  Pa ten t   A p p l i c a t i o n   GB  2043676 

with  the  a d d i t i o n a l   s tep   of  coo l ing   the  p a r t i a l l y   d e v o l a t i l i z e d   and 

dr ied  coke  from  the  second  fu rnace   before   it   is  passed  into  t h e  

t h i r d   f u r n a c e .  

U.K.  Pa ten t   A p p l i c a t i o n   GB  2093061A  d e s c r i b e s   and  c laims  a  

t h r e e - s t a g e   p rocess   for  p roduc ing   c a l c i n e d   pe t ro leum  coke  h a v i n g  

a  s u l f u r   con ten t   in  the  range  of  1.5  to  2.5  wt %  and  a  v i b r a t e d   b u l k  

dens i t y   of  at  l e a s t   78  g/100  cc  from  raw  pe t ro leum  coke  having  a  

s u l f u r   con ten t   g r e a t e r   than  2.5  wt %  and  a  v o l a t i l e   con ten t   of  a t  

l e a s t   7  wt %  which  c o m p r i s e s :  

(a)  h e a t i n g   the  coke  at  a  t e m p e r a t u r e   in  the  range  o f  

250°C  to  450°C  in  an  o x i d i z i n g   a tmosphere   for  a  pe r iod   no  l e s s  

than  0.5  h o u r ;  

(b)  h e a t i n g   the  o x i d i z e d   coke  at  a  t e m p e r a t u r e   in  the  r a n g e  
of  600°C  to  800°C  in  an  a tmosphere   c o n t a i n i n g   added  hydroqen  for  a 

pe r iod   of  time  s u f f i c i e n t   to  reduce  the  s u l f u r   con ten t   of  sa id   coke 

to  a  l e v e l   such  tha t   no  more  than  1.5  wt %  of  s u l f u r   is  r e q u i r e d  

to  be  removed  in  the  f i n a l   s t a g e ;   and 

(c)  h e a t i n g   the  p a r t i a l l y   d e s u l f u r i z e d   coke  at  a  t e m p e r a t u r e  

in  the  range  of  1350°C  to  1600°C  in  the  absence  of  added  h y d r o g e n  

far  a  pe r iod   of  time  s u f f i c i e n t   to  reduce  the  s u l f u r   con ten t   of  t h e  

coke  to  w i th in   the  range  of  1.5  to  2.5  wt  %. 

For  compar i son ,   GB  2093061A  r e f e r s   to  a  two- s t age   c a l c i n i n g  

p rocess   d e s c r i b e d   in  U.S.  Pa t en t   4160814  (Hardin  et  al)  in  which  t h e  

f i r s t   s tage   is  e f f e c t e d   at  490  to  850°C  to  remove   no  more  than  70 

wt. %  of  the  v o l a t i l e   ma t t e r   of  the  green  coke,  and  t h e r e a f t e r   h e a t -  

ing  the  p a r t i a l l y   d e v o l a t i l i z e d   coke  at  a  t e m p e r a t u r e   of  at  l e a s t  

1500°C  for  30  to  70  minutes  to  c a l c i n e   and  d e s u l f u r i z e   the  c o k e .  

GB  2093061A  a lso   d e s c r i b e s ,   for  compara t ive   pu rposes ,   a  t w o - s t a g e  

c a l c i n a t i o n   p roce s s   in  which  a  green  coke  having  a  s u l f u r   con ten t   o f  

4.4  wt %  and  a  v o l a t i l e s   con ten t   of  10.5  wt  %  is  c a l c i n e d   for  1  hou r  

at  650°C  and  then  for  a  f u r t h e r   hour  at  1400°C.  The  f i n a l   c a l c i n a t e  



has  a  s u l f u r   con ten t   of  1.9  wt %  ( i . e .   a  s u l f u r   loss   of  56.8  wt  %)  and 

in  a d d i t i o n   a  low  bulk  dens i ty   ( v i b r a t e d   bulk  d e n s i t y ,   VBD),  t h e  

l a t t e r   being  i n d i c a t i v e   of  a  c a l c i n a t e   of  poor  p a r t i c l e   s t r e n g t h .  

The  i n v e n t o r s   of  the  p r e s e n t   i n v e n t i o n   have  e s t a b l i s h e d   t ha t   a  h i g h  

q u a l i t y   c a l c i n e d   coke,  t ha t   is  to  say,  a  c a l c i n e d   coke  of  r e l a t i v e l y  

high  p a r t i c l e   s t r e n g t h   and  low  f r i a b i l i t y ,   can  be  ob ta ined   from  a 

green  coke  only  when  the  c a l c i n a t i o n   p rocess   is  conducted  in  such  a 

manner  tha t   the  s u l f u r   con ten t   of  the  green  coke  is  not  s i g n i f i c a n t l y  

d imin i shed ,   e .g .   d imin i shed   by  not  more  than  10  weight  %,  p r e f e r a b l y  

by  not  more  than  5  weight  %,  more  p r e f e r a b l y  b y   not  more  than  3 . 5  

weight  %,  and  most  p r e f e r a b l y   by  3.0  weight %  or  l e s s .   Although  t h e  

reasons   for  t h i s   are  by  no  means  f u l l y   u n d e r s t o o d ,   i t   is  h y p o t h e s i z e d  

tha t   the  c o n d i t i o n s   which  lead  to  a  s i g n i f i c a n t   loss  of  s u l f u r   a l s o  

produce  minute  pores  and  f r a c t u r e s   in  the  coke  p a r t i c l e s   and  t h e r e b y  

a d v e r s e l y   a f f e c t   t h e i r   s t r e n g t h   and  f r i a b i l i t y .   Fac tors   which  a r e  

thought   to  cause  a  r e d u c t i o n   in  the  s u l f u r   con ten t   of  the  coke  p a r -  
t i c l e s   inc lude   the  f o l l o w i n g :   ( i)   an  e x c e s s i v e l y   high  ra te   of  h e a t i n g  

of  the  green  coke;  ( i i )   an  e x c e s s i v e   loss  of  the  v o l a t i l e   c o n t e n t  

of  the  green  coke  during  the  i n i t i a l   d e v o l a t i l i z a t i o n   t h e r e o f ;   and 

( i i i )   exposure  of  the  coke  to  d e s u l f u r i z i n g   c o n d i t i o n s   for  a  t i m e  

s u f f i c i e n t   to  cause  s i g n i f i c a n t   d e s u l f u r i z a t i o n .   Fac tors   (i)   and 

( i i )   depend  on  the  time  and  t e m p e r a t u r e   during  which  the  i n i t i a l  

d e v o l a t i l i z a t i o n   of  the  green  coke  is  e f f e c t e d .   According  to  t h e  

p r e sen t   i n v e n t i o n ,   the  maximum  bulk  coke  t e m p e r a t u r e   in  the  f i r s t  

s tage   is  850°C,  the  average  c o k e - h e a t i n g   r a te   is  no  more  t h a n  

100°C/minute  and  the  amount  of  d e v o l a t i l i z a t i o n   in  the  f i r s t   s t a g e  

is  in  the  range  from  50  to  90  weight %  of  the  t o t a l   v o l a t i l e   m a t e r i a l  

in  the  green  coke.  With  regard   to  f a c t o r   ( i i i ) ,   the  maximum  b u l k  

coke  t e m p e r a t u r e   in  the  second  s tage   is  no  more  than  1470°C.  Tem- 

p e r a t u r e s   in  excess   of  1470°C  are  found  to  have  an  adverse   e f f e c t  

on  the  p a r t i c l e   s ize   and  f r i a b i l i t y   of  the  c a l c i n e d   coke  p r o d u c t ,  

p a r t i c u l a r l y   when  the  coke  has  a  bulk  t e m p e r a t u r e   above  1470°C  f o r  

s u f f i c i e n t   time  for  s u l f u r   to  be  l o s t .  



In  the  p r a c t i c e   of  the  p rocess   of  the  p r e sen t   i n v e n t i o n ,  t h e   b u l k  

t e m p e r a t u r e   of  the  coke  in  the  f i n a l   c a l c i n a t i o n   s tage   is  in  the  r a n g e  
of  from  1350  to  1470°C,  and  as  a  g e n e r a l i t y ,   i t   is  found  tha t   good 

q u a l i t y   c a l c i n e d   coke  is  ob ta ined   when  the  time  dur ing  which  the  coke 

is  s u b j e c t e d   to  the  f i n a l   c a l c i n a t i o n   s tage   is  longer   at  bulk  t e m p e r -  

a t u r e s   towards  the  lower  end  of  the  range  1350  to  1470°C  and  s h o r t e r  

at  bulk  t e m p e r a t u r e s   towards  the  upper  end  of  the  r a n g e .  

U.K.  Pa ten t   A p p l i c a t i o n   GB  2016512A,  which  is  the  U.K.  c o u n t e r -  

par t   of  the  above-quo ted   U.S.  Pa ten t   4160814,  d e s c r i b e s   and  c l a i m s  

a  t w o - s t a g e   c a l c i n a t i o n   p roce s s   s t a r t i n g   from  green  cokes  of  h i g h  

s u l f u r   con ten t   (about   4  wt %  S)  in  which  the  f i r s t - s t a g e   c a l c i n a t i o n  



is  performed  in  a  r o t a ry   k i ln   to  heat   the  coke  to  t e m p e r a t u r e s   o f  

from  490  to  850°C  and  the  s e c o n d - s t a g e   c a l c i n a t i o n   is  p e r f o r m e d  

in  a  r o t a r y   k i ln   to  heat  the  coke  to  t e m p e r a t u r e s   in  excess   of  1500°C 

and  to  remove  a  major  p r o p o r t i o n   of  the  remain ing   s u l f u r .   A l though  

the  p rocess   as  d e s c r i b e d   p u r p o r t s   to  achieve   i t s   o b j e c t i v e   o f  

a ch i ev ing   a  low  s u l f u r   c a l c i n a t e   (about  0.5  wt %  S),  the  high  temp-  

e r a t u r e   of  the  coke  in  the  second  c a l c i n a t i o n   s tage   causes  a  l o s s  

of  s u l f u r   from  the  coke  and  a  c o r r e s p o n d i n g   r e d u c t i o n   in  i t s   p a r t i c l e  

s t r e n g t h .  

U.K.  Pa ten t   A p p l i c a t i o n   GB  2078775A  d e s c r i b e s   and  c laims  a 

process   for  p roduc ing   c a l c ined   pe t ro leum  coke  having  a  s u l f u r  

con ten t   in  the  range  of  1.8  to  2.5  wt %  and  a  v i b r a t e d   b u l k  

d e n s i t y   of  at  l e a s t   78  g/100  cc  from  raw  pe t ro leum  coke  h a v i n g  

a  s u l f u r   con t en t   of  at  l e a s t   3.5  wt  %  and  a  v o l a t i l e   con ten t   of  a t  

l e a s t   7  wt  %  which  c o m p r i s e s :  

(a)  h e a t i n g   the  coke  at  a  t e m p e r a t u r e   in  the  range  of  600°C 

to  800°C  in  the  absence  of  added  hydrogen  for  a  time  s u f f i c i e n t  

to  reduce  the  v o l a t i l e   content   of  the  coke  to  a  value  in  a  r a n g e  
of  3  to  6  wt  %. 

(b)  h e a t i n g   the  p a r t i a l l y   d e v o l a t i l i z e d   coke  at  a  t e m p e r a t u r e  

in  the  range  of  600°C  to  800°C  in  an  a tmosphere   c o n t a i n i n g   added 

hydrogen  for  a  pe r iod   of  time  s u f f i c i e n t   to  reduce  the  s u l f u r   c o n t e n t  

of  said  coke  to  a  l eve l   in  the  range  of  2.8  to  3.3  wt  %;  and 

(c)  h e a t i n g   the  p a r t i a l l y   d e s u l f u r i z e d   coke  at  a  t e m p e r a t u r e  

in  the  range  of  1350°C  to  1600°C  in  the  absence  of  added  h y d r o g e n  

for  a  pe r iod   of  time  s u f f i c i e n t   to  reduce  the  s u l f u r   con t en t   of  t h e  

coke  to  wi th in   the  range  of  1.8  to  2.5  wt  %. 

This  p roces s   is  s i m i l a r   to  tha t   of  GB  2016512A  except   t h a t  

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

a  h y d r o g e n - d e s u l f u r i z a t i o n   s t ep .   The  high  loss   of  s u l f u r   c o n t e n t  



during  the  p r o c e s s   r e s u l t s   in  a  coke  c a l c i n a t e   of  low  p a r t i c l e  

s t r e n g t h .   Moreover ,   the  use  of  hydrogen  in  the  a d d i t i o n a l   s tep  adds 

g r e a t l y   to  the  o p e r a t i n g   cost  and  is  r e f l e c t e d   in  the  cost  of  t h e  

c a l c i n e d   coke  p r o d u c t .   GB  2078775A  also  d e s c r i b e s ,   for  c o m p a r i s o n ,  

o the r   s t aged   c a l c i n a t i o n s   of  high  s u l f u r   coke,  e .g .   at  700°C  f o r  

1  hour  in  the  f i r s t   s tage   and  1500°C  for  25  minutes  in  the  s e c o n d  

s t a g e .   It  is  not  c l e a r   whether  hydrogen  is  employed  to  d e s u l f u r i z e  

the  coke  in  e i t h e r   of  the  s t a g e s ,   but  the  high  t e m p e r a t u r e   in  t h e  

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

c i n a t e   p r o d u c t ,   as  r e f l e c t e d   in  i t s   e x c e s s i v e l y   high  loss   of  s u l f u r  

constent  (50  wt  %).  GB  2078775A  f u r t h e r   d e s c r i b e s   o ther   t w o - s t a g e  

c a l c i n a t i o n   p r o c e s s e s   which  s t a r t   from  green  coke  having  a  s u l f u r  

con ten t   of  4.8  wt %  and  f i n i s h   with  a  c a l c i n a t e   having  a  s u l f u r  

con t en t   of  1.9  wt %  (60.4  wt %  loss   of  s u l f u r )   and  o ther   p r o p e r t i e s  

which  a lso  are  i n d i c a t i v e   of  a  c a l c i n e d   coke  of  low  p a r t i c l e   s t r e n g t h  

and  high  f r i a b i l i t y .  

U.K.  Pa ten t   S p e c i f i c a t i o n   No.  1219322  and  c o r r e s p o n d i n g  

U.S.  3448012  d e s c r i b e   and  claim  a  r o t a r y   hear th   furnace   or  oven 

compr i s ing   a  hea ted   chamber,  hea r th   l o c a t e d   in  the  chamber,  a 

m a t e r i a l   o u t l e t   at  the  c en t r e   of  the  h e a r t h ,   means  for  d e l i v e r i n g  

m a t e r i a l   to  the  hea r t h   a d j a c e n t   the  outer   p e r i p h e r y   t h e r e o f   t o  

form  a  bed  of  m a t e r i a l   on  the  h e a r t h ,   spaced  r a b b l e s   d i s p o s e d  

a b o v e  t h e   h e a r t h   and  d i sposed   to  move  m a t e r i a l   on  the  h e a r t h  

p r o g r e s s i v e l y   i n w a r d l y   toward  the  m a t e r i a l   o u t l e t   upon  r e l a t i v e  

movement  between  the  hea r th   and  r a b b l e s ,   at  l e a s t   one  p a r t i t i o n  

means  d i v i d i n g  t h e   chamber  in to   at  l e a s t   one  i n n e r  z o n e   and  a t  

l e a s t   one  ou te r   zone,   the  p a r t i t i o n   means  having  upper  and  l o w e r  

edges ,   the  upper  edge  of  the  p a r t i t i o n   means  being  connected   t o  

the  wall  e n c l o s i n g   the   chamber  so  as  to  form  a  sea l   s u b s t a n t i a l l y  



impervious  to  gases  and  m e c h a n i c a l l y   fixed  to  the  chamber  w a l l ,  

the  p a r t i t i o n   means  ex t end ing   downwardly  toward  the  hear th   and 

t e r m i n a t i n g   in  a  lower  edge  s u b s t a n t i a l l y   p a r a l l e l   to  and  d i s p o s e d  

close  to  the  top  of  the  bed,  to  form  a  s u b s t a n t i a l l y   g a s - t i g h t   s e a l  

at  the  lower  edge,  and  wherein  an  exhaust   exi t   for  gases  is  p r o v i d e d  

from  at  l e a s t   one  inner   zone,  and  condui t   means  connec ts   the  e x h a u s t  

means  to  an  i n l e t   in  at  l e a s t   one  outer   zone  so  t ha t   exhaust   g a s e s  
from  the  inner   zone  or  gases  heated  by  the  exhaust   gases  flow  t h r o u g h  

at  l e a s t   a  p o r t i o n   of  the  outer   zone,  whereby  m a t e r i a l   on  the  h e a r t h  

moves  p r o g r e s s i v e l y   inward ly   pass ing   s u b s t a n t i a l l y   under  the  p a r t i t i o n  

means  and  whereby  only  minor  flow  of  gases  between  the  inner   and  o u t e r  

chambers  occurs   between  the  top  of  the  bed  and  the  lower  edge  of  t h e  

p a r t i t i o n   means .  

The  purpose  of  the  p a r t i t i o n   means  is  to  d ivide   the  i n t e r i o r  

of  the  furnace   into  zones  of  d i f f e r e n t   t e m p e r a t u r e s   and  to  provide   a 

seal   p r e v e n t i n g   the  passage  of  gas  from  one  zone  to  the  other   z o n e .  

In  the  p r e f e r r e d   embodiment,  the  outer   zone  is  heated  by  hot  flue  ga s  
der ived  from  the  combustion  of  fuel   and  v o l a t i l e s   evolved  from  t h e  

coke  in  the  inner  zone.  U.K.  1219322  s t a t e s   (page  2,  l i n e s   94  t o  

102) :  

"The  t e m p e r a t u r e s   wi th in   the  zones  may  be  c o n t r o l l e d   by  the  a u t o -  

genous  p rocess   of  r educ ing   v o l a t i l e s   and  o x i d i z i n g   them  w i t h i n  

each  of  the  zones  at  a  r a t e   s u f f i c i e n t   to  give  the  t e m p e r a t u r e  

des i r ed   in  each  p a r t i c u l a r   zone.  A l t e r n a t i v e l y ,   burners   or  c o o l i n g  

means  such  as  cold  a i r   blowers  can  be  provided  to  c o n t r o l   t h e  

t e m p e r a t u r e s   wi th in   the  v a r i o u s   zones" ,   and  there   is  f u r t h e r  

r e f e r e n c e   to  the  use  of  r e s p e c t i v e   burners   in  the  inner  and  o u t e r  

zones  at  page  4,  l i n e s   28  to  30 .  

However,  i t   is  c l e a r l y   apparen t   from  paqe  4,  l i n e s   43  to  62 ,  

tha t   the  outer   of  the  two  chambers  is  so l e ly   for  the  purpose  o f  

drying  green  coke  at  t e m p e r a t u r e s   below  500°F  (260°C)  to  avoid  d e -  

v o l a t i l i z a t i o n   of  the  coke  t h e r e i n ,   the  l a t t e r   s tep  being  e f f e c t e d   i n  



the  inner   chamber  at  a  t e m p e r a t u r e   of  e .g .   above  2000°F  ( 1 0 9 3 ° C ) .  

This  is  q u i t e   d i f f e r e n t   to  the  purpose  and  o p e r a t i o n   of  the  r o t a r y  

hea r th   fu rnace   of  the  i n v e n t i o n   wherein  the  raw  coke  is  d r i e d   and 

d e v o l a t i l i z e d   wi th in   the  s p e c i f i e d   l i m i t s   in  the  outer   zone,  and 

s u b j e c t e d   to  a  f i n a l   c a l c i n a t i o n   w i th in   the  inner  zone.  These  

d i f f e r e n c e s   are  r e f l e c t e d   in  the  c o n s t r u c t i o n   of  the  fu rnace   o f  

the  i n v e n t i o n .  

Another  a spec t   of  the  fu rnace   of  the  p r e s e n t   i n v e n t i o n   which 

is  not  d e s c r i b e d   or  s u g g e s t e d   in  U.K.  1219322  is  t ha t   the  bo t t om 

of  the  r a d i a t i o n   s h i e l d   forms  a  complete   c i r c l e   or  annulus  w i t h  

no  gaps  in  i t ,   whereas  in  U.K.  1219322,  the  p a r t i t i o n   or  c u r t a i n  

wall  62  is   formed  with  a  gap,  notch  or  wicket   68  or  is  in  the  form 

of  a  number  of  arcs  with  gaps  between  t h e i r   ad j acen t   pa i r s   of  e n d s ,  

whereby  coke  is  caused  to  pass  from  the  outer   to  the  inner   chamber 

s u b s t a n t i a l l y   s o l e l y   th rough   the  gap  or  gaps.  Thus,  the  area  o f  

the  gap( s )   l i m i t s   the  t h r o u g h p u t   of  coke  through  the  f u r n a c e .   By 

c o n t r a s t ,   the   a r rangement   in  the  fu rnace   of  the  p r e sen t   i n v e n t i o n   i s  

such  tha t   coke  pas ses   from  the  ou te r   zone  to  the  inner   c a l c i n i n g  

zone  via  the  gap  between  the  r a d i a t i o n   s h i e l d   and  the  hea r th   w i t h o u t  

the  c a p a c i t y   of  the  f u rnace   being  l i m i t e d   by  the  p resence   of  t h e  

r a d i a t i o n   s h i e l d .  

In  one  embodiment  of  the  p r e s e n t   i n v e n t i o n ,   the  roof   of  t h e  

outer   zone  s lopes   i nward ly   and  downwardly  to  the  base  of  t h e  

annu l a r   r a d i a t i o n   s h i e l d ,   the   l a t t e r   bounding  the  s ides   of  a  h i g h  

t e m p e r a t u r e   r eg ion   above  the  inner   zone  whereby,  during  o p e r a t i o n ,  

s u b s t a n t i a l l y   no  r a d i a n t   heat   can  be  d i r e c t l y   r e c e i v e d   in  the  o u t e r  

zone  from  the  high  t e m p e r a t u r e   r e g i o n .  

P r e f e r a b l y ,   the  high  t e m p e r a t u r e   region  has  a  roof   which  i s  

shaped  to  r e f l e c t   r a d i a n t   heat   downwards  towards  the  hear th   of  t h e  

inner   zone  so  as  to  heat   coke  on  the  hea r t h   in  the  inner   zone  a t  

l e a s t   p a r t l y   by  r a d i a t i o n .  



The  said  v o l a t i l e s - c o n t a i n i n g   green  coke  c o n t a i n s  l e s s   t h a n  

14  wt %  of  v o l a t i l e   m a t e r i a l ,   p r e f e r a b l y   l e s s   than  10  wt  %,  s t i l l  

more  p r e f e r a b l y   l e s s   than  8.5  wt  %.  In  p r e f e r r e d   embodiments ,   t h e  

v o l a t i l e s   con ten t   is  in  the  range  of  from  5  to  8  wt  %,  e . g .   a b o u t  

7  wt.  %. 

With  r e f e r e n c e   to  the  p roces s   a s p e c t s   of  the  p re sen t   i n v e n t i o n ,  

it  is  p r e f e r r e d   tha t   the  f i r s t   h e a t i n g   s tage   and  the  s u b s e q u e n t  

c a l c i n i n g   s tep  are  e f f e c t e d   in  a  s i n g l e   f u r n a c e .   P r e f e r a b l y ,   t h e  

s i ng l e   fu rnace   is  a  r o t a r y   hea r th   f u r n a c e .  

P r e f e r a b l y ,   the  coke  r ecovered   from  the  c a l c i n i n g   step  i s  

ma in ta ined   at  an  average  t e m p e r a t u r e   of  at  l e a s t   1275°C  for  at  l e a s t  

10  minutes  and  more  p r e f e r a b l y   for  a  pe r iod   of  from  15  to  30  m i n u t e s .  

This  per iod   of  t e m p e r a t u r e   main tenance   or  h e a t - s o a k i n g   improves  t h e  

q u a l i t y   of  the  coke  product   from  the  po in t   of  view  of  i t s   r e s i d u a l  

hydrogen  and  o ther   v o l a t i l e s   con ten t   and  in  o ther   ways .  

The  p a r t i c l e   s ize   of  the  green  coke  feed  may  be  nominal ly   up  t o  

100  mms,  which  in  p r a c t i c e   would  i nc lude   a  p r o p o r t i o n   ( e .g .   up  to  15%) 

of  p a r t i c l e s   of  s ize   up  to  150  mms.  P r e f e r a b l y ,   however,  the  p a r t i c l e  
s ize   of  the  green  coke  is  a  nominal  50  mms  maximum,  and  in  p r a c t i c e ,  

t h i s   wi l l   u s u a l l y   p rov ide   a  feed  having  a  small   p r o p o r t i o n   ( e .g .   up  t o  

15%)  of  p a r t i c l e s   having  somewhat  l a r g e r   s i z e s   ( e .g .   up  to  80  mms 

maximum,  as  a  g e n e r a l ,   but  not  r i g i d ,   r u l e ) .  

P r e f e r a b l y ,   the  bulk  t e m p e r a t u r e   of  the  coke  pass ing   from  t h e  

f i r s t   hea t ing   s t age   to  the  c a l c i n i n g   s tep   is  in  the  range  of  from 

730  to  780°C,  e .g .   from  740  to  760°C.  

The  average  t e m p e r a t u r e   of  the  a tmosphere   in  the  f i r s t   h e a t i n g  

stage  is  p r e f e r a b l y   r e g u l a t e d   to  be  in  the  range  of  from  800  to  900°C, 

more  p r e f e r a b l y   830  to  870°C,  and  the  average  r e s i d e n c e   time  o f  

coke  m a t e r i a l   in  the  f i r s t   s tage   may  be  in  the  range  of  from  0 . 2  

to  2.0  hours ,   p r e f e r a b l y   from  0.25  to  1.5  hours ,   e .g .   from  0.3  t o  

1.0  hours .   The  most  p r e f e r r e d   r e s i d e n c e   or  ho ld-up   time  in  the  f i r s t  

hea t ing   s tage   wi l l   depend  on  t e m p e r a t u r e   and  t h r o u g h p u t .   For  a 

t e m p e r a t u r e   of  about  850°C,  the  r e s i d e n c e   time  may  vary  from  0.5  h o u r s  

at  high  t h r o u g h p u t s   to  1  hour  at  low  t h r o u g h p u t s .  



The  t e m p e r a t u r e s   and  r e s i d e n c e   times  in  the  f i r s t   hea t i ng   s t a g e  

are  s e l e c t e d   to  heat  the  coke  at  a  r a t e   not  exceeding   100°C  p e r  

minute ,   more  p r e f e r a b l y   at  a  ra te   up  to  60°C/minu te ,   e .g .   in  t h e  

range  35  to  45°C/minute   and  to  expel  or  remove  from  the  green  coke 

feed  from  50  to  90  weight  %  of  i t s   v o l a t i l e   mat te r   con ten t   in  t h e  

f i r s t   h e a t i n g   s t a g e .   P r e f e r a b l y ,   the  v o l a t i l e   mat te r   loss  in  t h e  

f i r s t   h e a t i n g   s t age   is  in  the  range  55  to  85  wt  %,  more  p r e f e r a b l y  

from  60  to  80  wt %  and  most  p r e f e r a b l y   from  65  to  75  wt  %. 

An  i m p o r t a n t   r e s u l t   of  the  p rocess   of  the  i n v e n t i o n   is  t h a t  

the  s u l f u r   c o n t e n t   of  the  c a l c i n e d   coke  p roduc t   is  ha rd ly   d i f f e r e n t  

to  tha t   of  the  raw  coke  feed.   The  main tenance   of  the  s u l f u r   c o n t e n t  

at  a p p r o x i m a t e l y   a  c o n s t a n t   l eve l   has  been  found  to  impart  a  h i g h  

degree  of  s t a b i l i t y   and  ha rdnes s   to  the  c a l c i n e d   coke  so  t ha t   i t  

meets  the  q u a l i t y   s p e c i f i c a t i o n s   for  h igher   and  premium  q u a l i t y  

c a l c i n e d   cokes.   There  is  some  s u l f u r   loss   dur ing  the  convers ion   o f  

the  green  coke  to  c a l c i n e d   coke,  but  the  s u l f u r   loss   is  p r e f e r a b l y  

l e s s   than  8  wt %  of  the  weight  of  s u l f u r   in  the  green  coke,  more 

p r e f e r a b l y   l e s s   t han  4   wt %  loss ,   and  s t i l l   more  p r e f e r a b l y   l e s s  

than  2.5  wt %  l o s s .   Such  b e n e f i c i a l   low  l o s s e s   of  the  s u l f u r  

of  the   o r i g i n a l   green  coke  r e s u l t   from  the  t e m p e r a t u r e s   and 

r e s i d e n c e   t imes  in  the  two  h e a t i n g   s t a g e s   of  the  p rocess   of  t h e  

i n v e n t i o n ,   and  i t   is  b e l i e v e d   t h a t   the  g r e a t e r   pa r t   of  any  s u l f u r  

l o s s   occurs   in  the  second  h e a t i n g   s t age   and  t h e r e f o r e   c a r e f u l   c o n t r o l  

of  the   maximum  t e m p e r a t u r e s   to  which  the  coke  is  exposed  in  the  s econd  

h e a t i n g   s t a g e   is  i m p o r t a n t .   In  the  p r a c t i c e   of  the  p r e s e n t   i n v e n t i o n  

for   the  p r o d u c t i o n   of  the  c a l c i n e d   cokes  of  the  h igher   and  premium 

grades   for  use  in  the  m a n u f a c t u r i n g   of  e l e c t r o d e s   used  in  e l e c t r i c  

are  f u r n a c e s   for  s t e e l   p r o d u c t i o n ,   the  s u l f u r   con t en t   of  the  g r e e n  
coke  should   be  no  more  than  1.33  weight %  (based  on  the  weight  o f  

dry  coke)  and  is  p r e f e r a b l y   no  more  than  1.0  wt  %,  more  p r e f e r a b l y  
l e s s   than  0.85  wt  %.  For  most  pu rposes ,   a  c o m m e r c i a l l y - a c c e p t a b l e  

c a l c i n a t e   can  be  made  e c o n o m i c a l l y   by  the  p rocess   of  the  p r e s e n t  



i n v e n t i o n   s t a r t i n g   from  a  green  coke  having  a  s u l f u r   con ten t   o f  

0.2  wt  %  or  more,  e .g .   0.4  wt  %  s u l f u r ,   such  as  0.5  wt  %  s u l f u r   ( o r  

more),  based  on  the  dry  weight  of  the  green  c o k e .  

In  the  c a l c i n i n g   s t a g e ,   the  coke  is  heated   to  a  t e m p e r a t u r e   i n  

the  range  of  from  1350  to  1470°C,  p r e f e r a b l y   1400  to  1460°C,  more 

p r e f e r a b l y   from  1415  to  1445°C  in  order  to  conver t   the  p a r t i a l l y  

d e v o l a t i l i z e d   coke  from  the  f i r s t   h e a t i n g   s tage   into  a  hard  c a l c i n e d  

coke  product   having  a  very  low  r e s i d u a l   con ten t   of  v o l a t i l i z a b l e  

m a t e r i a l   ( e . g .   not  more  than  0.05  wt %  hydrogen,   p r e f e r a b l y   not  more 

than  0.035  wt  %  hydrogen,   most  p r e f e r a b l y   0.030  wt  %,  or  l e s s ,   o f  

hydrogen) .   The  average  r e s i d e n c e   time  of  the  coke  in  the  c a l c i n i n g  

s tage  is  at  l e a s t   10  minutes   and  may  be  as  high  as  2  hours  ( d e p e n d i n g  

on  the  t e m p e r a t u r e   in  the  c a l c i n i n g   s tage   and  the  r a t e   of  coke  

t h r o u g h p u t ) ,   and  is  p r e f e r a b l y   in  the  range  of  from  0.3  to  1.5  h o u r s ,  

e .g .   0.5  to  1.2  hours .   In  many  i n s t a n c e s ,   an  average  r e s i d e n c e   o r  

hold-up  time  of  from  30  to  60  minutes   w i l l   u s u a l l y   be  adequate   t o  

c a l c i n e   the  coke.  Care fu l   c o n t r o l   of  the  t e m p e r a t u r e   of  the  a t m o s p h e r e  

to  which  the  coke  is  exposed  in  the  c a l c i n i n g   s t age   is  impor t an t   t o  

ensure  tha t   the  coke  is  not  s u b j e c t e d   to  e x c e s s i v e l y   high  t e m p e r a -  

t u r e s .   The  i n v e n t o r s   b e l i e v e   tha t   t e m p e r a t u r e s   of  the  coke  above 

1470,  e .g .   1490°C,  r a p i d l y   cause  adverse   changes  in  the  f a c t o r s   which 

lead  to  low  p a r t i c l e   d e n s i t y   and  thus  to  low  p a r t i c l e   s t r e n g t h ,   and 

tha t   optimum  p a r t i c l e   p r o p e r t i e s   are  ob ta ined   in  the  t e m p e r a t u r e   r a n g e  
1350  to  1470°C,  with  more  p r e f e r r e d   ranges   as  s t a t e d   h e r e i n a b o v e .  

The  t e m p e r a t u r e   of  the  a tmosphere  to  which  the  coke  is  exposed  i s  

p r e f e r a b l y   in  the  range  of  from  1380  to  1565°C,  and  depends  on  t h e  

e f f i c i e n c y   of  heat  t r a n s f e r   to  the  coke  by  r a d i a t i o n   and  c o n v e c t i o n  

and  a lso  on  the  r e s i d e n c e   t ime.  For  most  a p p l i c a t i o n s ,   the  t e m p e r a -  

ture   of  the  a tmosphere   may  be  in  the  range  1480  to  1560°C,  more 

p r e f e r a b l y   from  1490  to  1555°C.  At  high  coke  t h r o u g h p u t s   ( i . e .   at ,   o r  

app rox ima t ing   to  the  design  t h roughpu t   of  the  a p p a r a t u s   for  p e r f o r m i n g  

the  p rocess   of  the  i n v e n t i o n ) ,   t e m p e r a t u r e s   towards  the  h igher   end  o f  

the  t e m p e r a t u r e   range  are  p r e f e r r e d ,   and  at  lower  coke  t h r o u g h p u t s ,  

c o r r e s p o n d i n g l y   lower  t e m p e r a t u r e s   wi l l   give  c a l c i n e d   coke  of  high  o r  

premium  q u a l i t y .  



The  c a l c i n e d   coke  from  the  c a l c i n i n g   s tep  is  r e c o v e r e d  i n   a  

s o - c a l l e d   h e a t - s o a k i n g   p i t   where  i t   is  "aged"  at  high  t e m p e r a t u r e s  

in  order  to  p rov ide   a  f u r t h e r   pe r iod   during  which  the  c a l c i n e d  

coke  can  assume  the  p r o p e r t i e s   a s s o c i a t e d   with  h igher   and  premium 

q u a l i t y   cokes,   in  p a r t i c u l a r ,   a  very  low  con ten t   of  v o l a t i l e  

m a t e r i a l s ,   p r e f e r a b l y   a  high  rea l   dens i t y   ( e . g .   in  the  range  2.10  t o  

2.18,  p r e f e r a b l y   2.12  to  2 .15 ) ,   and  a  range  of  s ize   d i s t r i b u t i o n   o f  

p a r t i c l e s   i n c l u d i n g   r e l a t i v e l y   coarse   p a r t i c l e s   ( e . g .   30  to  50  mm), 

which  p a r t i c l e s   are  hard  and  r e l a t i v e l y   n o n - f r i a b l e .   The  c a l c i n e d  

coke  may  be  r e t a i n e d   in  the  h e a t - s o a k i n g   p i t   for  an  average  t i m e  

of  from  10  to  40  m i n u t e s ,   p r e f e r a b l y   from  15  to  30  minutes ,   a t  

average  t e m p e r a t u r e s   which  may  be  in  the  range  of  from  1200  to  1470°C,  

p r e f e r a b l y   from  1300  to  1450°C.  

No  heat   is  added  to  the  coke  in  the  h e a t - s o a k i n g   p i t   e x c e p t  

by  the  a d d i t i o n   of  f r e s h l y - c a l c i n e d   coke  from  the  c a l c i n i n g   s t a g e .  

Aged  or  h e a t - s o a k e d   coke  is  removed  from  the  p i t   and  then  c o o l e d  

in  any  c o n v e n i e n t   manner,  as  wi l l   be  known  to  those  a c q u a i n t e d  

with  the  manu fac tu r e   of  c a l c i n e d   c o k e .  

With  r e f e r e n c e   to  the  appa ra tu s   a spec t s   of  the  p r e s e n t   i n v e n -  

t i o n ,   the  r o t a r y   h e a r t h   fu rnace   is  p rovided  with  burners   to  m a i n t a i n  

the  d e s i r e d   r e s p e c t i v e   t e m p e r a t u r e s   in  the  p r e - h e a t i n g   and  c a l c i n i n g  

zones.   A s s o c i a t e d   with  the  burners   for  each  zone  are  p r e f e r a b l y  

p rov ided   Means  for  r e g u l a t i n g   the  r a te   of  supply  of  f ue l .   There  may 
be  means  r e s p o n s i v e   to  the  t e m p e r a t u r e ,   or  a  r e p r e s e n t a t i v e   t e m p e r a -  

t u r e ,   of  each  zone  to  r e g u l a t e   the  r a te   of  supply  of  fuel   to  t h e  

b u r n e r s .   The  r e p r e s e n t a t i v e   t e m p e r a t u r e   may  be,  for  example,  t h e  

t e m p e r a t u r e   of  f lue   gas  l e a v i n g   the  r e s p e c t i v e   zone  or  z o n e s .  



The  furnace   p r e f e r a b l y   is  p rov ided   with  a  v e s s e l   d e f i n i n g   a 

h e a t - s o a k i n g   p i t ,   s e rv ing   as  the  sa id   c o k e - r e c o v e r y   means,  t o  

provide  a  r e s i d e n c e   pe r iod   or  ho ld-up   time  w i th in   the  range  o f  

10  to  40  minu tes ,   e .g .   10  to  30  minu tes ,   p r e f e r a b l y   from  15  to  30 

minutes .   The  h e a t - s o a k i n g   p i t   may  have  d i s c h a r g e   means  for  t h e  

d i s cha rge   of  coke  from  the  h e a t - s o a k i n g   p i t   at  the  end  of  t h e  

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

s t e e l ,   and  may  be  i n t e g r a l   with  the  hea r th   so  t ha t   i t   r o t a t e s   w i t h  

the  h e a r t .   A  h e a t - s o a k i n g   p i t   which  is  i n t e g r a l   with  the  h e a r t h  

of  a  r o t a ry   c a l c i n i n g   fu rnace   is  d e s c r i b e d   a n d  i l l u s t r a t e d   i n  

U.K.  Pa ten t   S p e c i f i c a t i o n   1219322  and  i t s   c o u n t e r p a r t ,   U .S .  

Patent   3448012.  

The  r a d i a t i o n   s h i e l d   of  the  fu rnace   p r e f e r a b l y   has  no  c i r c u m -  

f e r e n t i a l   gap  t h e r e i n .   Such  a  gap,  or  gaps,  is  or  are  p rov ided   i n  

the  c u r t a i n   wall  of  U.K.  1219322  and  U.S.  3448012  and  c o n s t i t u t e s  

the  sole  means  for  the  passage  of  coke  from  the  outer   zone,  o u t w a r d -  

ly  of  the  c u r t a i n   wa l l ,   to  the  inner   zone  (as  is  apparen t   from 

e.g.   Fig.  3  of  those  pa t en t   documents ) .   By  c o n t r a s t ,   in  t h e  

furnace  of  the  p r e s e n t   i n v e n t i o n ,   a l l   the  coke  passes   from  t h e  

p r e - h e a t i n g   zone  to  the  c a l c i n i n g   zone  by  pa s s ing   through  t h e  

v e r t i c a l   gap  between  the  bottom  of  the  r a d i a t i o n   s h i e l d   and  t h e  

h e a r t h .   This  pe rmi t s   h igher   t h r o u g h p u t s   with  reduced  a t t r i t i o n  

of  the  c o k e .  

P r e f e r a b l y   the  v e r t i c a l   gap  between  the  bottom  of  the  r a d i a -  

t ion   sh i e ld   and  the  hea r t h   has  d imens ions   in  the  range  of  f rom 

50  to  100  cms,  more  p r e f e r a b l y   from  60  to  90  cms.  A  gap  o f  

these  ranges  of  d imens ions   is  s u f f i c i e n t l y   small  to  s u b s t a n t i a l l y  

prevent   s i g n i f i c a n t   amounts  of  heat  from  the  c a l c i n i n g   zone  p a s s i n g  

by  d i r e c t   r a d i a t i o n   and  also  by  c o n v e c t i o n   in to   the  p r e - h e a t i n g   z o n e ,  
but  is  s u f f i c i e n t l y   l a rge   to  enable  access   for  o p e r a t i v e s   between  t h e  

zones  for  m a i n t e n a n c e ,   i n s p e c t i o n   and  r e p a i r .   However,  i t   is  to  be  



a p p r e c i a t e d   tha t   a  range  of  sma l l e r   d imensions   would  be  s u i t a b l e  

where  it  is  c o n s i d e r e d   tha t   access  through  the  gap  is  of  no 

impor t ance .   In  t h i s   i n s t a n c e ,   the  v e r t i c a l   ex ten t   of  the  qap  may 
be  in  the  range  of  from  40  to  60  cms. 

In  p r e f e r r e d   embodiments,   the  furnace   may  have  a  s i n g l e   f lue  e x i t  

in  the  high  t e m p e r a t u r e   zone  for  the  d i s c h a r g e   of  flue  gas  from  bo th  

the  p r e h e a t i n g   zone  and  the  high  t e m p e r a t u r e   zone,  and  the  gap  be tween  

the  hear th   and  the  b a f f l e   is  p r e f e r a b l y   s u f f i c i e n t l y   great   to  p e r m i t  

the  passage  of  flue  gas,  as  well  as  coke,  from  the  p r e h e a t i n g   zone  

to  the  high  t e m p e r a t u r e   zone.  However,  the  p r e h e a t i n g   zone  may, 

a l t e r n a t i v e l y   or  in  a d d i t i o n ,   have  i t s   own  f lue  for  the  d i s cha rge   o f  

f lue   gases  g e n e r a t e d   in  the  p r e h e a t i n g   zone.  In  the  l a t t e r   i n s t a n c e ,  

the  v e r t i c a l   gap  between  the  bottom  of  the  r a d i a t i o n   sh i e ld   or  b a f f l e  

and  the  hea r th   may  be  in  the  range  of  from  15  to  45  cms,  e .g .   f rom 

20  to  40  cms  which  may or  wi l l   permit   the  passage  of  at  l e a s t   some 

f lue   gas  through  the  gap  from  the  p r e h e a t i n g   zone  to  the  c e n t r a l  

c a l c i n i n g   z o n e .  

In  a  p r e f e r r e d   embodiment  of  the  fu rnace   of  the  i n v e n t i o n ,  

the  roof  of  the  p r e - h e a t i n g   zone  s lopes   inwardly   and  downwardly 

to  the  base  of  the  annular   b a f f l e ,   the  annular   b a f f l e   bounding  t h e  

s ides   of  a  high  t e m p e r a t u r e   region  above  the  hear th   of  the  c a l c i n i n g  

zone  and  s u b s t a n t i a l l y   p r e v e n t i n g   the  r e c e i p t   in  the  p r e h e a t i n g  

zone  of  r a d i a n t   heat  d i r e c t l y   from  the  high  t e m p e r a t u r e   zone.  In  t h i s  

p r e f e r r e d   type  of  embodiment  the  high  t e m p e r a t u r e   zone  is  l o c a t e d  

g e n e r a l l y   above  the  average  he igh t   of  the  p r e - h e a t i n g   zone,  and  f u e l  

is   burned  t h e r e i n   to  produce  t e m p e r a t u r e s   of,  p r e f e r a b l y ,   from  1400  t o  

1600°C,  e . g .   from  1475  to  1575°C  ( t he se   t e m p e r a t u r e   ranges  would  be 

t y p i c a l ,   in  most  i n s t a n c e s ,   of  the  t e m p e r a t u r e   ranges  with  most  o t h e r  

c o n f i g u r a t i o n s   of  the  fu rnace   of  the  i n v e n t i o n ,   q e n e r a l l y   s p e a k i n g ) .  

Heat  is  r a d i a t e d   down  to  the  hea r th   of  t h e  c a l c i n i n g   zone  d i r e c t l y  

from  the  flames  of  burning  fuel   and  by  r a d i a t i o n   from  the  wal ls   and 

roof  of  the  c a l c i n i n g   z o n e .  



DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

The  i n v e n t i o n   wi l l   now  be  f u r t h e r   d e s c r i b e d   with  r e f e r e n c e  

to  n o n - l i m i t a t i v e   examples  t h e r e o f   and  with  r e f e r e n c e   to  the  accom- 

panying  drawings .   The  drawings  show  the  p r i n c i p a l   f e a t u r e s   n e c e s s a r y  

for  an  u n d e r s t a n d i n g   of  the  i n v e n t i o n   by  those  s k i l l e d   in  the  a r t  

wi thout   d e p i c t i n g   every  d e t a i l   invo lved   which  w i l l   be  known  or  o b v i o u s  

to  those  s k i l l e d   in  the  a r t .   The  drawings   are  not  in tended   to  be  t o  

any  p a r t i c u l a r   sca le   but  are  to  i l l u s t r a t e   the  gene ra l   na ture   o f  

n o n - l i m i t a t i v e   embodiments  of  the  i n v e n t i o n .  

Figure  1 . i s   a  c r o s s - s e c t i o n a l   e l e v a t i o n   of  one  type  of  r o t a r y  

hear th   c o k e - c a l c i n i n g   f u r n a c e ;  

Figure  2  is  a  c r o s s - s e c t i o n a l   e l e v a t i o n   of  another   type  o f  

ro t a ry   hear th   furnace   accord ing   to  the  i n v e n t i o n ;  



Figure   3  is  a  c r o s s - s e c t i o n a l   e l e v a t i o n   of  yet  another   t y p e  

of  r o t a r y   hea r th   fu rnace   a c c o r d i n g   to  the  i n v e n t i o n ;  

F i q u r e  4   is  a  c r o s s - s e c t i o n a l   e l e v a t i o n   of  a  f u r t h e r   type  o f  

r o t a r y   hea r th   furnace   accord ing   to  the  i n v e n t i o n .  

F igu re   5  i s   a  c r o s s - s e c t i o n a l   e l e v a t i o n a l   view  of  a n o t h e r  

r o t a r y   h e a l t h   fu rnace   a cco rd ing   to  the  i n v e n t i o n ;  

F i g u r e  6   is   a  c r o s s - s e c t i o n a l   plan  view  of  a  r o t a r y   h e a r t h  

fu rnace   s i m i l a r   to  tha t   shown  in  F igure   5  showing  the  h e a r t h ,  

the  a r rangement   of  r a b b l e s   and  o ther   f e a t u r e s ;  

F igure   7  i s   a  cross   s e c t i o n a l   e l e v a t i o n   of  par t   of  t h e  

furnance  of  F igu re   6 .  

The  same  r e f e r e n c e   numeral  is  used  to  denote  the  same  o r  

s i m i l a r   f e a t u r e s   in  a l l   of  the  F igu re s   of  the  d r a w i n g s .  

In  the  embodiment  of  F igure   1,  the  fu rnace   10  comprises   a 

r o t a r y   t a b l e   or  hea r th   11  which  i n c l i n e s   downwardly  towards  a  h o l e  

at  i t s   c e n t r e .   Beneath  the  ho le   is  a  soaking  p i t   12  which  r e c e i v e s  

c o k e  m a t e r i a l   which  f a l l s   from  the  hea r th   11  and  from  which  c a l c i n e d  

coke  m a t e r i a l   may  be  r e c o v e r e d ,   as  i n d i c a t e d   by  arrow  23.  Above 

t he   h e a l t h   is  a  s t a t i o n a r y   roof   member  13.  The  ou te r   rim  of  t h e  

roof  member   13  has  a  d o w n w a r d l y - e x t e n d i n g   l a t e r a l   wall  14  which  i s  

s e a l e d   ( e . g .   by  means  of  water  s e a l s   or  sand  s e a l s   of  known  t y p e ,  

i n d i c a t e d   by  r e f e r e n c e   numeral  14a)  a g a i n s t   a  l a t e r a l   wall  15 

whiche  ex tends   upwardly  from  the  rim  of  the  hea r th   11.  The  hear th   11 

i s   s u p p o r t e d   on,  and  r o t a t e d   by,  s u i t a b l e   wheels   16  and /or   o t h e r  

means  known  in  the  a r t ,   such  as  a  rack  and  p in ion   dr iven  by  an 

e l e c t r i c   motor  (not  shown).  A  hole  17  is  p rov ided   in  the  r o o f  

member  13  for  the  d i s c h a r g e   of  f lue  gas  from  the  i n t e r i o r   of  t h e  

fu rnace   to  a  f lue  gas  exhaust   duct  18.  An  annu la r   b a f f l e   19  e x t e n d s  

downwardly  f rom  the  roof  13  to  de f ine   the  ou te r   boundary  of  a  c e n t r a l  

h igh   t e m p e r a t u r e   combustion  chamber  20.  The  bottom  of  the  b a f f l e   19 



is  spaced  from  the  upper  side  of  the  hear th   11  by  s u f f i c i e n t   d i s t a n c e  

(e .g .   about  50  cms)  to  permit  the  passage  of  coke  and  f lue  gas  under  

the  b a f f l e   19  from  the  r a d i a l l y   outer   r eg ions   of  the  hear th   to  t h e  

hole  at  the  cen t re   of  the  hear th   while  s u b s t a n t i a l l y   p r e v e n t i n g  

r a d i a t i o n   and  hot  gases  from  the  combustion  chamber  20  a f f e c t i n g   t h e  

region  r a d i a l l y   outwards  of  the  b a f f l e   19.  If  i t   is  d e s i r e d   t o  

provide  access   through  the  gap  between  the  bottom  of  the  b a f f l e   19  and 

the  upper  s ide  of  the  hear th   11  for  ma in t enance ,   i n s p e c t i o n   a n d / o r  

r e p a i r ,   the  d imens ions   of  the  gap  may  be  about  80  cms.  A  condui t   320 

s u p p l i e s   raw  pe t ro leum  coke  (e .g .   from  a  delayed  coker)   to  an  o u t e r  

region  of  the  h e a r t h .   The  green  coke  is  s e l e c t e d   to  have  a  v o l a t i l e  

mat ter   con ten t   not  exceeding  14  weight %  and,  for  the  p r o d u c t i o n   of  a 

h igher   or  premium  grade  coke  c a l c i n a t e ,   a  s u l f u r   con ten t   not  e x c e e d i n g  

1.33  wt  %  (based  on  the  dry  weight  of  coke) .   P r e f e r a b l y   the  coke 

s e l e c t e d   has  a  v o l a t i l e   mat ter   conten t   of  about  7  wt %  and,  for  t h e  

p roduc t i on   of  a  h igher   or  premium  grade  c a l c i n a t e ,   a  s u l f u r   content   o f  

about  up  to  1.0  wt %  (e .g .   about  0.6  wt  %)  based  on  the  dry  w e i g h t  

of  cake.  P r e f e r a b l y   r a b b l e s   24  which  depend  from  the  roof   13  a r e  

provided  to  cause  coke  depos i t ed   on  the  hea r th   at  the  outer   rim  t o  

execute   an  inward  s p i r a l l i n g   movement  towards  the  c e n t r a l   h o l e  

in  the  h e a r t h .   P r e f e r a b l y   other   r abb l e s   (not  shown)  are  p r o v i d e d  

to  turn  over  the  coke  layer   so  as  to  expose  s u b s t a n t i a l l y   a l l   the  coke 

in  the  coke  layer   to  the  atmosphere  above  the  coke  l a y e r .   The  a v e r a g e  

t h i c k n e s s   of  the  coke  layer   is  p r e f e r a b l y   ma in t a ined   at  about  15  t o  

40  cms,  p r e f e r a b l y   from  20  to  30  cms,  e .g .   about  25  cms.  

Rabbles  for  p r o p e l l i n g   the  coke  p a r t i c l e s   along  a  h e l i c a l  

path  towards  the  c e n t r a l   hole  in  the  hear th   and  for  t u r n i n g   o v e r  

the  coke  in  the  coke  layer   are  wel l -known.   Such  r a b b l e s   and 

t h e i r   a r r angemen t s   are  de sc r i bed   in  d e t a i l   in  U.S.  3859172;  

U.K.  1272880  (and  c o r r e s p o n d i n g   U.S.  3652404);  U.K.  1345845  (and 

U.S.  3470184)  and  U.K.  1440833  (and  U.S.  3 , 7 8 8 , 8 0 0 ) ,   and  w i l l  



not  t h e r e f o r e   be  f u r t h e r   d e s c r i b e d   h e r e i n .   Fuel  gas  and  a i r   a r e  

s u p p l i e d   from  r e s p e c t i v e   man i fo lds   25  to  burners   26  for  c o m b u s t i o n  

at  a  r e g u l a t e d   r a t e   in  the  annu la r   space  21  between  the  outer   f a c e  

of  the  b a f f l e   19  and  the  inner   faces   of  the  l a t e r a l   wal ls   14,  15  t o  

main ta in   a  t e m p e r a t u r e   t h e r e i n   in  the  range  of  from  650  to  850°C, 

p r e f e r a b l y   from  700  to  800°C,  more  p r e f e r a b l y   about  750°C  so  t ha t   t h e  

raw  coke  is  p r e h e a t e d ,   while  pass ing   via  space  21,  at  a  bulk  h e a t i n g  

ra te   p r e f e r a b l y   of  up  to  100°C/minu te ,   more  p r e f e r a b l y   up  to  6 0 ° C /  

minute  ( e . g .   most  p r e f e r a b l y   at  about  40°C  per  minu te ) .   The  coke  may 

have  a  r e s i d e n c e   time  in  space  21  of  from  0.25  to  1.5  hours ,   p r e -  

f e r a b l y   0.3  to  1.3  hours  ( e . g .   0.4  to  1.25  h o u r s ) ,   and  passes   u n d e r  

the  b a f f l e   19  at  a  bulk  t e m p e r a t u r e   which  may  be  in  the  range  of  f rom 

600  to  850°C,  p r e f e r a b l y   700  to  850°C,  e .g .   about  750°C,  when  i n i -  

t i a l l y   exposed  to  the  c o n d i t i o n s   of  the  high  t e m p e r a t u r e   c o m b u s t i o n  

chamber  20.  In  the  p r e f e r r e d   embodiments  d e s c r i b e d   h e r e i n ,   t h e  

annular   p r e h e a t i n g   space  or  zone  21  has  no  s e p a r a t e   f lue  for  t h e  

d i s c h a r g e   of  f lue  gas  or  combustion  gas  t h e r e f r o m ,   and  the  gap  be tween  

the  bottom  of  the  b a f f l e   and  the  hear th   is  about  80  cms  to  permit   t h e  

passage  of  coke  and  f lue  gas  from  the  p r e h e a t i n g   zone  21  to  t h e  

c a l c i n i n g   zone,  but  s u b s t a n t i a l l y   p r e v e n t i n g   coke  in  the  p r e h e a t i n g  

zone  21  r e c e i v i n g   heat   from  the  c a l c i n i n g   zone.  The  chamber  20  h a s  

burners   27  e x t e n d i n g   downwardly  through  the  roof  13  which  are  s u p p l i e d  

with  s u i t a b l y   r e g u l a t e d   amounts  of  air   and  fue l   to  ma in t a in   a  t e m p e r a -  

ture   of  at  l e a s t   1375°C,  p r e f e r a b l y   1450  to  1560°C,  e .g .   about  1500  t o  

1550°C  in  the  chamber  20.  The  t u rn ing   and  p r o p e l l i n g   a c t i o n   of  t h e  

r a b b l e s   24  e n s u r e s   t ha t   coke  is  exposed  to  the  r a d i a t i o n   and  o t h e r  

high  t e m p e r a t u r e   e f f e c t s   from  the  chamber  20  so  t ha t   the  v o l a t i l e -  

m a t t e r - c o n t e n t   of  the  coke  is  reduced  to  very  low  l e v e l s .   The  coke  on 

the  hea r th   benea th   combust ion  chamber  20  is  heated  to,   and  m a i n t a i n e d  

a t ,   about  1470°C  by  the  combustion  and  r a d i a t i o n   e f f e c t s   and  t h e r e b y  



c a l c i n e d .   Calcined  coke,  at  a  t e m p e r a t u r e   of  about  1460  to  1480°C 

(e .g .   about  1470°C)  is  r e c e i v e d   in  the  soaking  p i t   12  from  where  t h e  

l a s t   r e s i d u e s   of  l a b i l e   v o l a t i l e   m a t e r i a l   may  escape .   The  c a l c i n e d  

coke  is  h e a t - s o a k e d   in  the  soaking  p i t   at  an  average  t e m p e r a t u r e   o f  

about  1400°C  for  an  average   time  of  about  20  minutes .   The  c a l c i n e d  

coke  ( " c a l c i n a t e " )   w i t h d r a w n  v i a   l i ne   23  from  the  soaking  pi t   12  has  a 

very  low  con ten t   of  r e s i d u a l   v o l a t i l e   m a t e r i a l   ( e .g .   0.01  to  0.03  wt % 

hydrogen) ,   a  good  s ize   d i s t r i b u t i o n   and  high  s ize   s t a b i l i t y   which  meet  

the  s t a n d a r d s   for  the  h igher   and  premium  grades  of  c a l c ined   coke  ( e . g .  

needle  c o k e ) .  



P r e f e r a b l y ,   the  o p e r a t i n g   c o n d i t i o n s   in  the  annular   s p a c e  

21  are  such  t ha t   no  more  than  90  wt  %,  but   p r e f e r a b l y   at  l e a s t  

50  wt %  (more  p r e f e r a b l y   55  to  85  wt  % ,  e . g .   60  to  80%  and  most  

p r e f e r a b l y   about  70  wt  %)  of  the  v o l a t i l e   m a t e r i a l   con ten t   of  t h e  

green  coke  feed  is  removed  in  the  f i r s t   hea t ing   s tage   which  i s  

c o n s t i t u t e d   by  the  p r e h e a t   s e c t i o n   in  space  21,  the  r e m a i n d e r  

being  removed  in  the  subsequen t   h e a t i n g   s t age   c o n s t i t u t e d   by 

the  s e c t i o n   i n c l u d i n g   the  high  t e m p e r a t u r e   combustion  chamber  20,  

and  a  small  amount  in  a d d i t i o n   escap ing   dur ing  the  h e a t - s o a k   i n  

the  h e a t - s o a k i n g   p i t   1 2 .  

As  shown  in  F igure   1,  a i r   may  be  passed  into  t h e  f l u e   gas  

leav ing   the  combust ion  chamber  20  from  l ine   28  in  order  to  combust 

any  combus t ib l e   m a t e r i a l s   remaining  in  the  f lue  g a s .  

The  manner  of  c o n s t r u c t i o n   of  the  furnace   of  Figure   1  may  t a k e  

any  conven ien t   form  s u i t a b l e   to  accommodate  i t s   d u t i e s .   In  p r e -  
fe r red   embodiments,   the  hea r th   may  be  of  r e f r a c t o r y   m a t e r i a l   s u p p o r t -  

ed  on  s t r u c t u r a l   s t e e l   members  as  shown  in  any  of  the  p a t e n t  

documents  h e r e i n a b o v e   quoted ,   e .g .   s i m i l a r   to  the  hear th   o f  

U.K.  1055857;  U.K.  1219322  (and  c o u n t e r p a r t   U.S.  3448012),  i n t e r  

a l i a .   There  may  be  a  mild  s t e e l   " f l o o r "   of  thin  ( e .g .   2  to  4  mm) 

s t e e l   shee t   between  the  s t r u c t u r a l   s t e e l   members  and  the  r e f r a c t o r y  

hear th   for  g r e a t e r   s t r u c t u r a l   s t a b i l i t y   of  the  r e f r a c t o r y   h e a r t h .  

The  r o t a t i o n   of  the  hea r th   is  e f f e c t e d   by  the  engagement  of  a  

pinion  dr iven  by  an  e l e c t r i c   motor  a t t a c h e d   to  the  s t r u c t u r e   s t e e l -  

work  to  a  c i r c u l a r   rack  a t t a c h e d   to  the  unde r s ide   of  the  h e a r t h .  

The  p i n i o n ,   e l e c t r i c   motor  and  rack  are  not  shown  because  they  a r e  

c o n v e n t i o n a l   in  t h i s   ar t   and  are  wel l -known  to  p r a c t i o n e r s ,   a s  

will   be  noted  from  U.K.  1219322,  page  3,  l i n e s   1  to  4.  The  mode  o f  

c o n s t r u c t i o n   of  o the r   p a r t s   of  the  furnace   of  the  i n v e n t i o n   may 
also  be  s i m i l a r   to  the  c o r r e s p o n d i n g   p a r t s ,   where  they  are  p r e s e n t ,  

in  the  he re in   quoted  p a t e n t   documents .   The  heat  soak  pi t   i s  

p r e f e r a b l y   i n t e g r a l   with  the  hea r th   so  t ha t   it  r o t a t e s   t h e r e w i t h  

about  the  c e n t r a l   v e r t i c a l   axis   of  the  h e a r t h .   However,  i t   may 

a l t e r n a t i v e l y   be  s e p a r a t e   from  the  hea r th   and  n o n - r o t a t o r y ,   e . g .  

in  the  type  of  manner  d e s c r i b e d   and  shown  in  U.K.  1345106  and 

c o u n t e r p a r t   U.S.  3763011 .  



The  hea r t h   s lopes   towards  the  c e n t r a l   hole  at  a  r e l a t i v e l y  

small  angle  to  the  h o r i z o n t a l   which  is  p r e f e r a b l y   well  below  t h e  

angle  of  repose   of  the  coke.  The  angle  may  be  from  8  to  12°,  e . g .  
about  1 0 ° .  

Re fe rence   is  now  made  to  F igure   2  which  is  l a r g e l y   the  same 

as  F igure   1  except   for  the  a r rangement   of  t h e  r o o f   and  a n n u l a r  

b a f f l e .   I tems  which  are  common  to  F i g u r e s   1  and  2  have  the  same 

r e f e r e n c e   numera l s .   In  the  i n t e r e s t s   of  c l a r i t y   of  i l l u s t r a t i o n ,  

the  r a b b l e s   24  have  not  been  d e p i c t e d   in  f u l l .   As  wi l l   be  s e e n ,  
the  f ixed   roof   113  is  c i r c u l a r   and  s l o p e s   downwardly  and  i n w a r d l y  

towards  a  c e n t r a l   a p e r t u r e   114  in  much  the  same  way  as  the  r o t a r y  

hea r t h   11  s l opes   towards  the  c e n t r a l   hole  at  i t s   j u n c t u r e   with  t h e  

soaking  p i t   12.  The  roof   113  and  h e a r t h   11  may  be  downwardly  

i n c l i n e d   at  the  same  or  s l i g h t l y   d i f f e r e n t   a n g l e s .   P r e f e r a b l y ,   t h e  

ang les   are  the  same,  and  they  may  be  from  8°  to  12°,  e .g .   about  1 0 ° .  

An  annula r   b a f f l e   119  ex tends   upwardly  from  the  edge  of  the  a p e r t u r e  

114  to  form  the  l a t e r a l   boundary  of  a  high  t e m p e r a t u r e   c o m b u s t i o n  

s e c t i o n   120,  the   top  of  which  is  c losed   by  a  cap  member  121  h a v i n g  

a  c e n t r a l   hole  17  for  the  escape  of  f lue  gas  to  the  f lue  duct  18.  

Fuel  gas  and  a i r   are  s u p p l i e d   at  r e g u l a t e d   r a t e s   to  the  s p a c e s  

21  and  120  from  r e s p e c t i v e   feed  l i n e s   26  and  27  to  r e s p e c t i v e   b u r n e r s  

in  amounts  s u f f i c i e n t   to  ma in t a in   the  t e m p e r a t u r e s   of  the  spaces  2 1 ,  

120  wi th in   the  ranges  s u i t a b l e   to  heat   the  coke  to  the  p r e f e r r e d  

t e m p e r a t u r e s   (as  he re in   s p e c i f i e d )   in  each  pa r t   of  the  f u r n a c e ,   e . g .  
800  to  900°C  and  1380  to  1565°C  r e s p e c t i v e l y .   I t   w i l l   be  a p p r e c i a t e d  

tha t   the  c o n f i g u r a t i o n   of  the  fu rnace   of  F igu re   2  is  such  tha t   coke 

in  the  p r e h e a t   s e c t i o n   21  is  s h i e l d e d   from  r a d i a t i o n   and  o ther   h i g h  

t e m p e r a t u r e   e f f e c t s   from  the  combust ion  chamber  1 2 0  u n t i l   i t   a p p r o a c h -  

es  the  n o t i o n a l   downward  geome t r i c   p r o j e c t i o n   of  the  b a f f l e   119 .  

In  order   to  enhance  the  s h i e l d i n g   of  coke  in  the  p r e - h e a t  

s e c t i o n   21  from  r a d i a t i o n   and  other   high  t e m p e r a t u r e   e f f e c t s   from 

the  combust ion  chamber  120,  t h e r e   may  be  p r o v i d e d   a  downward ly -  

e x t e n d i n g   annu la r   b a f f l e   122  (shown  in  broken  l i n e s )   of  r e f r a c t o r y  

m a t e r i a l   r educ ing   the  gap  for  the  passage   of  coke  and  gases  be tween  



the  p r e h e a t   s e c t i o n   21  and  the  high  t e m p e r a t u r e   s e c t i o n   120.  The 

gap  between  the  bottom  of  the  b a f f l e   122  and  the  hear th   11  may  be 

about  80  cms  i f   i t   is  d e s i r e d   to  provide   access   for  m a i n t e n a n c e ,  

i n s p e c t i o n   and/or   r e p a i r   o p e r a t i v e s   to  pass  between  the  s e c t i o n s   21 

and  120.  On  the  other   hand,  i f   no  such  access   is  r e q u i r e d ,   t h e  

b a f f l e   122  may  extend  downwardly  nea re r   to  the  hear th   11  to  form  a 

gap  of  about  15  to  25  cms,  which,  during  o p e r a t i o n ,   wil l   be  a p p r o x i -  

mately  the  depth  of  the  layer   of  coke  on  the  hear th   11.  In  Figure  2 ,  

the  gap  d e p i c t e d   is  the  wider  gap  of  about  80  cms. 

The  a b s o l u t e   and  r e l a t i v e   amounts  of  v o l a t i l i z a b l e   m a t e r i a l  

removed  in  the  p r ehea t   s e c t i o n   21  and  the  high  t e m p e r a t u r e   s e c t i o n  

are  a r ranged   to  be  about  the  same  for  the  Figure   2  embodiment  as  

for  the  F igure   1  embodiment  by  e x p e d i e n t s   which  wi l l   be  r e a d i l y  

apparen t   to  those   s k i l l e d   in  the  a r t .  

Reference   is  now  made  to  F igure   3  of  the  drawings .   It  wi l l   be 

seen  tha t   F igure   3  is  l a r g e l y   s i m i l a r   to  tha t   of  Figure  1  except  t h a t  

the  r o t a r y   hea r th   211  of  Figure   3  is  s u b s t a n t i a l l y   f l a t   ( i n s t e a d   o f  

downwardly  s lop ing   towards  the  c e n t r a l   hole  as  in  Figure  1).  The 

passage  of  coke  across   the  r o t a t i n g   hea r th   211  from  the  outer   r e g i o n  

where  the  coke  e n t e r s   the  furnace   from  the  feed  duct  320  to  t h e  

c e n t r a l   hole  above  the  soaking  p i t   12  is  promoted  by  the  r abb le s   24.  

A d d i t i o n a l   r a b b l e s   (not  shown)  are  p r e f e r a b l y   f u r n i s h e d   to  turn  over  

the  coke  layer   so  t ha t   a l l   the  coke  in  the  coke  layer   is  exposed  t o  

the  c o n d i t i o n s   in  the  f u r n a c e .  

With  r e f e r e n c e   to  Figure  4,  i t   wi l l   be  seen  tha t   the  f u r n a c e  

which  is  d e p i c t e d   is  l a r g e l y   s i m i l a r   to  tha t   of  Figure  2,  e x c e p t  

tha t   the  r o t a r y   hea r th   311  is  s u b s t a n t i a l l y   f l a t   and  resembles   t h e  

hear th   211  of  Figure  3  in  t h i s   r e s p e c t .   The  embodiment  of  Figure  4 

also  d e p i c t s ,   in  broken  l i n e s ,   the  o p t i o n a l   a d d i t i o n a l   r e f r a c t o r y  

b a f f l e   122,  p r e v i o u s l y   d e s c r i b e d   with  r e f e r e n c e   to  Figure  2,  t o  

reduce  the  gap  at  the  j u n c t u r e   of  the  inner  and  outer   chambers  i n  

order  to  f u r t h e r   reduce  the  amounts  of  r a d i a t i o n   and  hot  gases  which 



can  pass  from  the  inner   s e c t i o n   to  the  outer   s e c t i o n .   As 

p r e v i o u s l y   e x p l a i n e d ,   the  gap  between  the  bottom  of  the  b a f f l e   122 

and  the  hear th   may  be  (as  shown  in  Figure  4)  adequate   for  o p e r a t i v e s  

to  pass  between  the  s e c t i o n s   for  i n s p e c t i o n ,   ma in tenance   a n d / o r  

r e p a i r   (a  gap  of  about  80  cms  would  be  p rovided   in  t h i s   i n s t a n c e )   o r  

where  no  such  access   is  des igned  for ,   the  gap  may  be  j u s t   s u f f i c i e n t  

for  the  passage   t h e r e t h r o u g h   of  coke  and  f lue  gas  from  the  p r e h e a t  

zone  21  to  the  high  t e m p e r a t u r e   zone,  in  which  case  a  gap  of  abou t  

60  cms  or  s l i g h t l y   l e s s   (e .g .   45  to  55  cms)  may  be  a d e q u a t e .   As  i n  

the  Figure  3  embodiment,   r a b b l e s   24  are  provided  to  promote  t h e  

passage  of  coke  ac ross   the  hear th   from  the  outer   region  to  the  c e n t r a l  

hole,   and  p r e f e r a b l y ,   a d d i t i o n a l   r abb l e s   (not  shown)  e .g .   of  t h e  

types  d e s c r i b e d   for  t h i s   purpose  in  U.K.  1272880  and  U.S.  3652404 ,  

U.K.  1345845  and  U.S.  3740184,  U.K.  1440833  and  U.S.  3788800,  i n t e r  

a l i a ,   are  p rov ided   to  turn  over  the  coke  layer   in  order   to  expose  
all  the  coke  to  the  c o n d i t i o n s   in  the  combustion  chamber,  to  r e d u c e  

the  ra te   of  h e a t i n g   of  coke  by  r educ ing   the  time  dur ing  which  each 

coke  p a r t i c l e   is  exposed  d i r e c t l y   to  the  high  t e m p e r a t u r e   c o n d i t i o n s  

in  the  combustion  chamber,  and  to  heat  coke  p a r t i c l e s   in  the  coke 

layer   by  c o n d u c t i o n   from  h o t t e r   p a r t i c l e s   of  coke.  I t   w i l l   be  a p p r e -  
c i a t ed   t h a t   the  f o r ego ing   a l l   tend  to  make  the  t e m p e r a t u r e s   of  t h e  

coke  p a r t i c l e s   in  the  bed  r e l a t i v e l y   uniform  at  each  l o c a t i o n   and  t o  

avoid  major  changes  in  the  t e m p e r a t u r e   of  each  coke  p a r t i c l e   on 

passing  from  one  l o c a t i o n   on  the  hea r th   to  another   l o c a t i o n   t h e r e o n .  

As  d e p i c t e d ,   the  soaking  p i t   312  is  f r u s t o - c o n i c a l   and  downwardly 

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

p i t s   i l l u s t r a t e d   in  F igures   1  to  3.  The  roof   221  of  the  c e n t r a l   h i g h  

t e m p e r a t u r e   combust ion  chamber  120  is  s i m i l a r   to  the  roof   121  of  t h e  

furnace  of  F igure   2  except   tha t   the  f lue  opening  217  and  the  f l u e  

duct  218  are  e c c e n t r i c a l l y   l o c a t e d   with  r e s p e c t   to  the  v e r t i c a l   a x i s  



of  the  chamber  120  whereas  in  Figure   2  they  are  c o n c e n t r i c   w i t h  

r e s p e c t   to  the  v e r t i c a l   axis   of  the  chamber  120 .  

Reference   is  now  made  to  the  embodiment  i l l u s t r a t e d   in  Figure   5 .  

The  furnace   of  F igure   5  is  g e n e r a l l y   s i m i l a r   to  tha t   of  F igure   4 ,  

and  also  s i m i l a r   to  t ha t   of  F igure   2,  but  is  d i f f e r e n t   in  t h e  

fo l lowing  r e s p e c t s :   the  hea r th   411  beneath   the  downsloping  a n n u l a r  

roof  113  ( i . e .   the  r a d i a l l y - o u t e r   par t   of  the  hear th   in  the  p r e -  

hea t ing   s e c t i o n   12)  is  s u b s t a n t i a l l y   h o r i z o n t a l ,   so  tha t   the  v e r t i -  

cal  d i s t a n c e   between  the  roof  113  and  the  outer   par t   of  the  h e a r t h  



p r o g r e s s i v e l y   d i m i n i s h e s   when  pas s ing   r a d i a l l y   inwardly  from  t h e  

p e r i p h e r y   t h e r e o f   to  the  r a d i a l l y   inner   par t   of  the  roof  113  where  

the  l a t t e r   j o in s   the  annular   b a f f l e   119  which  extends  upwardly  from 

the  inner  edge  of  the  roof  113  to  form  the  p e r i p h e r a l   or  l a t e r a l  

boundary  of  the  high  t e m p e r a t u r e   combustion  s e c t i o n   120.  R a d i a l l y  

inwardly  from  the  p o s i t i o n s   beneath  the  inner  par t   of  the  roof  113,  
the  hear th   411  s lopes   downwardly  and  inwardly   towards  the  c e n t r a l  

hole  forming  the  e n t r a n c e   to  the  h e a t - s o a k i n g   p i t   312.  The  a n g l e  

of  downward  i n c l i n a t i o n   of  the  inner   par t   of  the  hear th   is  l e s s  

than  the  angle  of  repose  of  coke,  and  may  be  from  8  to  1 2 ° ,  

s u i t a b l y   about  10°.  Rabbles  (not  shown)  are  provided  to  c a u s e  

coke  d e p o s i t e d   from  the  green  coke  feed  pipe  312  on  the  o u t e r  

h o r i z o n t a l   par t   of  the  hea r th   411  to  pass  along  a  g e n e r a l l y  

h e l i c a l l y - i n w a r d   path  across   the  hea r th   411  and  into  the  h e a t  

soaking  pi t   312.  The  r a b b l e s   may  be  of  the  type  a l ready   a d v e r t e d  

to,  and  p r e v i o u s l y   d e s c r i b e d   in  the  h e r e i n - c i t e d   documents.   In  

a d d i t i o n   to  the  r abb le s   for  caus ing   coke  to  pass  from  the  p e r i p h e r a l  

reg ions   of  the  hea r th   411  to  the  hole  in  the  r a d i a l l y   inner   par t   o f  

the  hear th   at  the  en t r ance   to  the  heat  soaking  pi t   312,  o t h e r  

r abb l e s   (not  shown)  are  p rov ided   to  e f f e c t   a  r a k i n g - o v e r   a c t i o n  

on  the  coke  in  order  tha t   coke  p a r t i c l e s   which  are  i n i t i a l l y   a t  

the  bottom  of  the  coke  layer   on  the  hea r t h   411  are  exposed  to  t h e  

h e a t i n g   c o n d i t i o n s   in  the  f u r n a c e ,   so  tha t   al l   the  coke  fed  to  t h e  

furnace   is  exposed  to  the  p r e - h e a t i n g   c o n d i t i o n s   in  the  p r e - h e a t i n g  

s e c t i o n   21  and  t h e r e a f t e r   to  the  c a l c i n i n g   c o n d i t i o n s   when  p a s s i n g  

along  the  hea r th   benea th   the  high  t e m p e r a t u r e   combustion  s e c t i o n .  

It  wi l l   be  u n d e r s t o o d   t ha t   r a b b l e s   for  raking  over,   and  t h e r e b y  

exposing  a l l   the  coke  in  t h i s   manner,  are  p r e f e r a b l y   provided  in  a l l  

the  other   embodiments  of  the  fu rnace   of  t h i s   i n v e n t i o n .  

From  Figure   5,  a  means  for  r e g u l a t i n g   the  d i s c h a r g e   of  coke  

from  the  heat  soaking  pi t   312  wi l l   be  a p p a r e n t .   In  broad  t e r m s ,  
the  said  means  compr ises   a  d e l i v e r y   t a b l e   350  mounted  for  r o t a t i o n  

about  the  c e n t r a l   axis  of  the  fu rnace   on  a  mounting  system  351.  



Coke  from  the  d i s c h a r g e   hole  352  of  the  h e a t - s o a k i n g   p i t   312  i s  

r e c e i v e d   on  the  r o t a t i n g   d e l i v e r y   t a b l e   350  and  d e l i v e r e d   t o  

ex i t   c o n d u i t   353  so  as  to  d i s c h a r g e   to  a  coke  coo l inq   uni t   ( n o t  

shown)  as  i n d i c a t e d   by  arrow  23.  S u i t a b l e   r a b b l e s   (not  shown) 

of  any  of  the  types   wel l -known  in  the  art   for  the  purpose  may  be 

p rov ided   to  a s s i s t   the  d i s c h a r g e   of  coke  from  the  d i s c h a r g e   h o l e  

352  to  the  e x i t   condu i t   3 5 3 .  

F igure   6  shows  in  plan  view  some  of  the  f e a t u r e s   of  a  f u r n a c e  

l a r g e l y   s i m i l a r   to  t ha t   of  Figure   5,  i n c l u d i n g   a  h e a r t h   411  h a v i n g  

a  c e n t r a l   d i s c h a r g e   hole  to  the  h e a t - s o a k i n g   p i t   312  and  t h r e e  

s e t s   of  r a b b l e s   24  a r r anged   about  120°  a p a r t .   The  s e t s   of  r a b b l e s  

are  each  g e n e r a l l y   i n d i c a t e d   by  r e f e r e n c e   124  in  F igure   6 .  

F igure   7,  in  the  s ide  e l e v a t i o n   taken  on  l ine   A-A  of  F igure   6 ,  

shows  the  o u t e r   f l a t   par t   of  the  hea r th   411  and  the  d o w n s l o p i n g  

roof   113.  It  w i l l   be  seen  tha t   the  roof   s lopes   downwardly  and 

inwardly   at  a  r e l a t i v e l y   sha l low  angle  ( e . g .   about  11°)  from  t h e  

p e r i p h e r y   of  the  f u r n a c e ,   and  then  from  the  locus  ( i . e .   the  c i r c l e )  

of  po in t   113a,  s l o p e s   downwardly  and  inward ly   at  a  g r e a t e r   a n g l e  

( e .g .   about  30°,  on  ave rage )   as  far  as  locus  113b,  w h e r e a f t e r   t h e  

roof   is  h o r i z o n t a l   u n t i l   locus  113c  where  i t   j o i n s   the  lower  end  o f  

the  b a f f l e   119  which  bounds  the  high  t e m p e r a t u r e   s e c t i o n   1 2 0 .  

It  is  to  be  a p p r e c i a t e d   t h a t   f e a t u r e s   and/or   i tems  o f  

equipment   which  are  i l l u s t r a t e d   in  c o n n e c t i o n   with  one  embodiment  

may  be  employed  in  f e a s i b l e   and  p r a c t i c a l   c o m b i n a t i o n s   with  f e a t u r e s  

and /or   i t ems   of  equipment   shown  in  c o n n e c t i o n   with  o ther   embod imen t s .  

Moreover,   a l t h o u g h   the  embodiments  d e s c r i b e d   each  have  a  s i n g l e  

u n i n t e r r u p t e d   annu l a r   b a f f l e   to  s e p a r a t e   the  h i g h e r  a n d   lower  t emp-  

e r a t u r e   zones ,   i t   is  con t emp la t ed   t ha t   more  than  one  b a f f l e   may  be  

p rov ided   so  as  to  s e p a r a t e   the  i n t e r i o r   of  the  fu rnace   in to   more  t h a n  

two  h e a t i n g   s t a g e s .  



By  the  p r a c t i c e   of  the  i n v e n t i o n ,   i t   is  s u r p r i s i n g l y   found  t h a t  

a  c a l c i n e d   coke  of  high  p a r t i c l e   s t r e n g t h   can  be  o b t a i n e d   in  e q u i p -  

ment  which  o p e r a t e s   or  can  be  o p e r a t e d   so  as  to  s u b j e c t   the  coke  t o  

r e l a t i v e l y   r a p i d   h e a t - u p   r a t e s .  

The  f o l l o w i n g   c o m p a r a t i v e   s i m u l a t i o n s   i l l u s t r a t e   the  b e n e f i t s  

a f f o r d e d   by  the  p r a c t i c e   of  the  i n v e n t i o n .  

Test  1 

A  sample  of  a  t y p i c a l   green  p e t r o l e u m   coke  having  a  v o l a t i l e  

ma t t e r   c o n t e n t   of  l e s s   than  14  wt %  and  a  s u l f u r   con ten t   below  1 . 3 3  

wt  %  (based  on  dry  green  coke)  at  room  t e m p e r a t u r e   was  exposed  in  a 

k i ln   to  a  t e m p e r a t u r e   of  about  1000°C  for  about  20  minutes   to  s i m u l -  

ate  the  c o n d i t i o n s   in  a  c o n v e n t i o n a l   r o t a r y   hea r t h   f u r n a c e .   A f t e r  

20  m inu te s ,   the  sample  had  a t t a i n e d   a  t e m p e r a t u r e   of  about  1000°C.  

It  was  removed  from  the  k i ln   and  the  p a r t i c l e s   of  c a l c i n e d   coke 

were  found  to  be  s e v e r e l y   c racked   and  h igh ly   f r i a b l e .  

Test  2 

Test  1  was  r e p e a t e d   with  ano the r   sample  of  the  same  green  coke 

but  with  the  k i ln   t e m p e r a t u r e   at  about  1100°C.  The  c a l c i n e d   coke 

was  found  to  be  somewhat  i n f e r i o r   in  q u a l i t y   to  the  c a l c i n e d   coke  

p roduc t   of  Test  1 .  

Tes t s   3  and  4  

Samples  of  the  same  green  coke  used  in  t e s t   1  were  e x p o s e d  
in  a  s e r i e s   of  d i f f e r e n t   t e s t   runs  f i r s t   to  a  r e l a t i v e l y   l o w e r  

t e m p e r a t u r e   in  a  f i r s t   h e a t i n g   s tage   and  cooled  to  room  t e m p e r a t u r e  

(about  20°C)  be fo re   being  e x p o s e d  t o   a  t e m p e r a t u r e   of  about  1100°C  i n  

a  second  h e a t i n g   s t a g e .   In  each  h e a t i n g   s t a g e ,   the  sample  was 

exposed  for  s u f f i c i e n t l y   l o n g  t o   a t t a i n   a p p r o x i m a t e l y   the  t e m p e r a t u r e  

to  which  i t   was  exposed .   The  r e s u l t s   are  given  in  Table  1 .  



Runs  2  and  3  s i m u l a t e   the  p rocess   of  the  i n v e n t i o n ,   p a r t i c u l a r l y   i n  

the  t r e a t m e n t   of  the  coke  in  what  is  cons ide r ed   to  be  the  c r i t i c a l  

per iod   immed ia t e ly   up  to  the  exposure  of  the  coke  to  the  high  t e m p e r -  

a tu r e s   of  s tage   2.  H e r e t o f o r e ,   t he re   have  been  c o n s i d e r a b l e   p r o b l e m s  

in  c o n v e r t i n g   a  raw  pe t ro leum  coke  to  a  hard,   low  f r i a b l e   c a l c i n e d  

coke.  The  p roces s   and  a p p a r a t u s   of  the  p r e sen t   i n v e n t i o n   e n a b l e  

hard  coke  of  low  f r i a b i l i t y   to  be  produced  c o n s i s t e n t l y   and  in  a 

r e l a t i v e l y   s imple  manner.  Those  s k i l l e d   in  the  ar t   wi l l   a p p r e c i a t e  

tha t   the  l o w - f r i a b i l i t y   c a l c i n e d   cokes  of  runs  2  and  3  wi l l   not  meet  

q u a l i t y   s p e c i f i c a t i o n s   for  premium  grade  coke  because  the  f i n a l  

c a l c i n a t i o n   t e m p e r a t u r e   is  too  low.  The  i n v e n t o r s   have  c o n f i r m e d  

tha t   c a l c i n a t i o n   for  a  time  in  the  range  of  from  10  minutes  to  2  h o u r s  

at  a  t e m p e r a t u r e   in  the  range  of  from  1350  to  1470°C  of  a  coke  which  

immedia t e ly   p r e v i o u s l y   has  been  heated  to  a  t e m p e r a t u r e   in  the  r a n g e  
of  from  650  to  850°C  gives  a  coke  of  premium  q u a l i t y   with  a  h a r d  

c r y s t a l l i n e   s t r u c t u r e   of  low  f r i a b i l i t y   s u i t a b l e   for  use  in  t h e  

manufac tu re   of  u l t r a   h igh-power   e l e c t r o d e s   for  e l e c t r i c   arc  f u r n a c e s .  



1.  A  p rocess   for  the  p r o d u c t i o n   of  high  q u a l i t y   c a l c i n e d  

pet roleum  coke  from  green  coke,  compr i s ing   the  s teps   o f :  

(a)  feeding  green  coke  having  a  v o l a t i l e   mat te r   c o n t e n t  

not  exceeding  14  weight  %  (based  on  the  dry  weight  of  the  g r e e n  
coke)  into  a  f i r s t   hea t i ng   s t a g e ;  

(b)  exposing  the  green  coke  in  the  f i r s t   hea t ing   s tage   t o  

a  heated   envi ronment   ma in t a ined   s u b s t a n t i a l l y   so l e ly   by  the  com- 
bus t ion   of  fuel  and  any  v o l a t i l e   ma t t e r   r e l e a s e d   from  the  coke  w i t h  

a  c o m b u s t i o n - s u p p o r t i n g   gas  at  a  r e g u l a t e d   r a te   and  in  the  absence  o f  

added  hydrogen  to  give  a  c o k e - h e a t i n g   r a t e   not  exceeding  1 0 0 ° C / m i n u t e  

un t i l   from  50  to  90  weight  %  of  the  v o l a t i l e   mat te r   conten t   of  t h e  

green  coke  is  removed  and  the  bulk  t e m p e r a t u r e   of  the  coke  is  in  t h e  

range  of  from  650  to  850°C;  

(c)  caus ing   the  heated  coke  produced  by  step  (b)  to  p a s s  
to  a  subsequent   c a l c i n i n g   s tep  at  a  bulk  t e m p e r a t u r e   in  the  r a n q e  
of  from  650  to  850°C  wi thout   any  i n t e r m e d i a t e   t r e a t i n g   or  c o o l i n g  

s t e p ;  

(d)  exposing  the  heated  coke  in  the  subsequen t   c a l c i n i n g  

step  to  a  heated  env i ronment   s u s t a i n e d   s o l e l y   by  burning  fuel   and 

combus t ib l e   ma t t e r   r e l e a s e d   from  the  coke  with  a  c o m b u s t i o n -  

s u p p o r t i n g   gas  so  as  to  r a i s e   and  ma in ta in   the  t e m p e r a t u r e   of  t h e  

coke  to  a  bulk  t e m p e r a t u r e   in  the  range  of  from  1350  to  1470°C 

for  an  average  time  per iod   of  at  l e a s t   10  minutes ;   and 

(e)  r e c o v e r i n g   high  q u a l i t y   coke  from  the  subsequent   c a l c i n i n g  

s tep  ( d ) .  



2.  A  p rocess   as  in  claim  1  in  which  the  f i r s t   h e a t i n g  

s tage  and  the  subsequent   c a l c i n i n g   step  are  e f f e c t e d   in  a 

s i n g l e   f u r n a c e .  

3.  A  p roces s   as  in  claim  1  or  in  claim  2  in  which  t h e  

said  s i n g l e   furnace   is  a  r o t a r y   hea r th   f u r n a c e .  

4.  A  p rocess   as  in  any one  of  claims  1  to  3  in  which  t h e  

coke  r ecovered   in  s tep  (e)  is  ma in t a ined   at  a  t e m p e r a t u r e   of  a t  

l e a s t   1275°C  for  at  l e a s t   10  m i n u t e s .  

5.  A  p rocess   as  in  any one  of  c laims  1  to  4  in  which  t h e  

p a r t i c l e   s i ze   of  the  green  coke  feed  in  step  (a)  is  nominal ly   up 
to  100  mm,  p r e f e r a b l y   up  to  50  mm. 

6.  A  p rocess   as  in  any one  of  c la ims  1  to  5  in  which  t h e  

bulk  t e m p e r a t u r e   of  the  coke  in  s tep  (c)  is  in  the  range  of  from 

730  to  780°C.  

7.  A  p rocess   as  in  any one  of  c laims  1  to  6  in  which  i n  

step  (d),   the  bulk  t e m p e r a t u r e   of  the  coke  is  r a i s e d   to,  and 

ma in ta ined   at ,   a  t e m p e r a t u r e   in  the  range  of  from  1410  to  1450°C. 

8.  A  p rocess   as  in  any one  of  c la ims  1  to  7  in  which  t h e  

coke  is  m a i n t a i n e d   at  the  said  bulk  t e m p e r a t u r e   for  a  time  p e r i o d  
wi th in   the  range  of  from  15  minutes  to  30  m i n u t e s .  

9.  A  p rocess   as  in  any one  of  c la ims  1  to  8  compris ing   t h e  

s t e p ( s )   of  mon i to r ing   the  t e m p e r a t u r e   in  at  l e a s t   one  of  the  h e a t e d  

env i ronments   of  s teps   (b)  and  (d)  and  r e g u l a t i n g   the  ra te   of  s u p p l y  

of  fuel  t h e r e t o   in  order  to  ma in ta in   the  t e m p e r a t u r e   t h e r e i n   w i t h i n  

a  r e s p e c t i v e   s e l e c t e d   range  of  t e m p e r a t u r e s .  



10.  A  r o t a r y   h e a r t h   furnace   for  the  p r o d u c t i o n   of  h i g h  

q u a l i t y   p e t r o l e u m   coke  from  green  pe t ro l eum  coke  compr i s ing   a 

c i r c u l a r   r o t a r y   h e a r t h   d e f i n i n g   a  c e n t r a l   c i r c u l a r   ho le ,   means 

mounting  the  h e a r t h   for  r o t a t i o n   about  i t s   c e n t r a l   v e r t i c a l   a x i s ,  

a  s t a t i o n a r y   roof   spaced  above  the  h e a r t h ,   an  annula r   wall  t o  

p reven t   the  outward  escape  of  hot  gas  from  the  i n t e r i o r   of  t h e  

f u r n a c e ,   an  annu la r   r a d i a t i o n   s h i e l d   depending  downwardly  f rom 

the  s t a t i o n a r y   roof   to  de f ine   the  outer   p e r i p h e r y   of  a  c e n t r a l  

c a l c i n i n q   zone  ou tward ly   of  the  c e n t r a l   hole  and  the  inner   p e r i -  

phery  of  an  a n n u l a r   p r e - h e a t i n g   zone  bounded  by  the  annu la r   w a l l ,  

the  r a d i a t i o n   s h i e l d   d e f i n i n g   with  the  hea r th   a  v e r t i c a l   gap  o f  

s u f f i c i e n t   width  to  permit   coke  p a r t i c l e s   to  pass  from  the  p r e -  

h e a t i n g   zone  to  the  c a l c i n i n g   zone  but  s u f f i c i e n t l y   narrow  t o  

s u b s t a n t i a l l y   p r even t   the  r a d i a t i o n   of  heat  from  the  c e n t r a l  

c a l c i n i n g   zone  to  the  annular   p r e - h e a t i n g   zone,  burner   means  f o r  

burning   fuel   and  any  v o l a t i l e   ma t t e r   r e l e a s e d   from  the  coke  w i t h  

a  c o m b u s t i o n - s u p p o r t i n g   gas  above  the  hea r th   in  the  c a l c i n i n g  

zone  to  g e n e r a t e   t e m p e r a t u r e s   in  the  range  of  from  1350  to  1600°C,  

burner   means  for  burn ing   fuel   and  any  v o l a t i l e   m a t e r i a l   r e l e a s e d  

from  the  coke  with  a  c o m b u s t i o n - s u p p o r t i n g   gas  above  the  h e a r t h  

in  the  annu l a r   p r e - h e a t i n g   zone  and  s e r v i n g   as  s u b s t a n t i a l l y   t h e  

sole  source   of  heat   in  the  p r e - h e a t i n g   zone  to  g e n e r a t e   t e m p e r a t u r e s  

in  the  range  of  from  650  to  850°C,  means  for  adding  p a r t i c l e s   o f  

green  p e t r o l e u m   coke  to  an  outer   r eg ion   of  the  hea r t h   of  t h e  

annu la r   p r e - h e a t i n g   zone,  means  to  r o t a t e   the  hea r th   about  t h e  

c e n t r a l   v e r t i c a l   a x i s ,   r abb le   means  for  caus ing   coke  p a r t i c l e s   t o  

be  moved  from  the  ou te r   region  of  the  annular   p r e - h e a t i n g   zone  

through  the  v e r t i c a l   gap  between  the  r a d i a t i o n   s h i e l d   and  t h e  

hea r th   and  i n to   the  c e n t r a l   c a l c i n i n g   zone,  r abb le   means  f o r  

caus ing   coke  to  be  moved  from  the  ou te r   p e r i p h e r y   of  the  c e n t r a l  

c a l c i n i n g   zone  to  the  c e n t r a l   hole ,   and  c o k e - r e c o v e r y   means  b e n e a t h  

the  c e n t r a l   hole  for  r e c o v e r i n g   coke  from  the  c e n t r a l   h o l e .  



11.  A  fu rnace   as  in  claim  10  compr is ing   means  for  m o n i t o r i n g  

the  t e m p e r a t u r e   in  one  or  both  of  the  said  zones,  and  means  f o r  

r e g u l a t i n g   the  r a t e   of  supply  of  fuel  to  both  zones  to  ma in ta in   t h e  

t e m p e r a t u r e s   t h e r e i n   w i th in   r e s p e c t i v e   t e m p e r a t u r e   r a n g e s .  

12.  A  fu rnace   as  in  claim  10  or  claim  11  in  which  said  c o k e -  

recovery   means  compr i ses   a  ves se l   d e f i n i n g   a  h e a t - s o a k i n g   p i t   t o  

provide   a  r e s i d e n c e   pe r iod   wi th in   the  range  of  from  10  to  30  m i n u t e s  

for  hot  coke  r e ce ived   or  r ecovered   from  the  c e n t r a l   hole  in  t h e  

c a l c i n i n g   zone,  and  d i s c h a r g e   means  for  the  d i s c h a r g e   of  coke  from 

the  h e a t - s o a k i n g   p i t   at  the  end  of  the  r e s i d e n c e   p e r i o d .  

13.  A  furnace   as  in  any one  of  c laims  10  to  12  in  which  t h e  

roof  of  the  p r e - h e a t i n g   zone  s lopes   inwardly  and  downwardly  to  t h e  

base  of  the  annula r   b a f f l e ,   the  l a t t e r   bounding  the  s ides   of  a  h i g h  

t e m p e r a t u r e   region  above  the  hear th   of  the  c a l c i n i n g   zone  and 

s u b s t a n t i a l l y   p r e v e n t i n g   the  r e c e i p t   in  the  p r e h e a t i n g   zone  o f  

r a d i a n t   heat  d i r e c t l y   from  the  high  t e m p e r a t u r e   r e g i o n .  
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