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m)  Reduction  of  reactivity  in  coke. 

Carbon  dioxide  and  air  reactivity  reactions  which  occur 
during  carbon  electrode  use,  are  reduced  by  treating  the 
coke  used  to  make  the  electrode  after  calcination  with  water 
containing  a  monomeric,  dimeric  or  polymeric-phosphoric 
acid,  or  a  salt  thereof.  A  representative  acid  is  orthophos- 
phoric  acid. 



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

r e a c t i v i t y   of  coke   and  in  p a r t i c u l a r   i t s   c a r b o x y  

r e a c t i v i t y   and  a i r   r e a c t i v i t y  w h i c h   a r e   i m p o r t a n t  

d u r i n g   c a r b o n   e l e c t r o d e   u s e .  

As  n o t e d   in  U .S .   P a t e n t   No.  4 , 1 3 0 , 4 7 5 ,   c o k e  

f o r m e d   f rom  p e t r o l e u m   r e f i n e r y   s t r e a m s   i s   c l a s s i f i e d  

as  N o .  1   or  p r e m i u m   c o k e ,   and  N o .  2   or  r e g u l a r   c o k e .  

P r e m i u m   coke   d i f f e r s   f rom  r e g u l a r   coke   by  i t s   p r e -  
d o m i n a n t   m e t a l l i c ,   c r y s t a l l i n e   a p p e a r a n c e   and  a  l o w  

l i n e a r   c o e f f i c i e n t   of  t h e r m a l   e x p a n s i o n   ( C T E ) .  

Bo th   t y p e s   of  coke   a r e   u s e d   f o r   t h e   m a n u f a c t u r e  

of  c a r b o n   e l e c t r o d e s   u t i l i z e d   in  i n d u s t r y .   T h e  

s t e e l   i n d u s t r y   u s e s   e l e c t r o d e s   f o r m e d   f rom  p r e m i u m  

coke   in  e l e c t r i c   a rc   f u r n a c e s ,   w h i l e   t h e   a l u m i n i u m  

i n d u s t r y   u s e s   e l e c t r o d e s   f o r m e d   f rom  r e g u l a r   coke   t o  

p r o d u c e   a l u m i n i u m .   The  d e s c r i p t i o n   of  s u c h   u s e   i n  

m a k i n g   a l u m i n i u m   can  be  f o u n d   in  K i r k - O t h m e r  

E n c y c l o p e d i a   of  C h e m i c a l   T e c h n o l o g y   V o l .   1,  p age   9 4 1 .  

P r i o r   to  t h e   f o r m a t i o n   of  e l e c t r o d e s ,   t h e  

r e f i n e r y   p e t r o l e u m   coke   m u s t   f i r s t   be  c a l c i n e d .  

C a l c i n a t i o n   u s u a l l y   o c c u r s   w i t h   t e m p e r a t u r e s   in  e x c e s s  

of  2 2 0 0 ° F ,   ( 1 2 0 4 ° C ) ,   p r e f e r a b l y   above   2 5 0 0 ° F   ( 1 3 7 1 ° C ) .  

The  c a l c i n a t i o n   d e n s i f i e s   t h e   coke   and  r e m o v e s   v o l a t i l e  

m a t t e r   w h i l e   c h a n g i n g   t h e   c a r b o n   to  h y d r o g e n   r a t i o .  

The  coke   w h i c h   l e a v e s   t h e   c a l c i n e r   a t   t h e s e  

h i g h   t e m p e r a t u r e s   mus t   t h e n   be  c o o l e d .   T h i s   i s  

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

s p r a y e d   o n t o   t h e   c o k e .   The  w a t e r   by  e v a p o r a t i o n  

c o o l s   t h e   coke   to   a  s u i t a b l e   t e m p e r a t u r e .   T h i s  

c a l c i n e d ,   c o o l e d   coke   i s   t h e n   f o r m e d   i n t o   e l e c t r o d e s .  



As  n o t e d   in  t h e   K i r k - O t h m e r   r e f e r e n c e ,   a l u m i n i u m  

is   f o r m e d   by  t h e   e l e c t r o l y s i s   of  a l u m i n a   w h e r e i n   t h e  

o x y g e n   f rom  t h e   a l u m i n a   c o m b i n e s   w i t h   t h e   c a r b o n   o f  

t h e   e l e c t r o d e   to   form  c a r b o n   d i o x i d e .   A  s e c o n d   a n d  

u n w a n t e d   r e a c t i o n   o c c u r s   when  t h e   c a r b o n   d i o x i d e   a g a i n  

r e a c t s   w i t h   t h e   c a r b o n   to   f o rm  c a r b o n   m o n o x i d e .   W h i l e  

0 . 4 5   l b s .   p e r   l b .   of  a l u m i n i u m   i s   u t i l i z e d   f o r   t h e  

e l e c t r o l y s i s ,   0 . 0 5   l b s .   of  c a r b o n   p e r   l b .   of  a l u m i n i u m  

is   l o s t   in  f o r m i n g   c a r b o n   m o n o x i d e .   The  a b i l i t y   o f  

a  c a r b o n   e l e c t r o d e   to   r e a c t   w i t h   C02  to   fo rm  c a r b o n  

m o n o x i d e   i s   known  as  t h e   c a r b o x y   r e a c t i v i t y .  

In  t h e   s t e e l   i n d u s t r y ,   e l e c t r o d e s   a r e   u s e d   i n  

a r c   f u r n a c e s   f o r   m e l t i n g   of  s t e e l .   A  s i m i l a r   u n w a n t e d  

r e a c t i o n   o c c u r s   w i t h   a i r   r e a c t i n g   w i t h   t h e   c a r b o n   t o  

fo rm  c a r b o n   o x i d e s .   T y p i c a l l y ,   15-25%  of  t h e   c a r b o n  

is   l o s t   to   t h i s   a i r   r e a c t i v i t y   r e a c t i o n .  

U .S .   P a t e n t   No.  3 , 3 2 0 , 1 5 0   n o t e s   t h a t   h i g h   r e a c t -  

i v i t y   can   s o m e t i m e s   be  due  to  t h e   t y p e   of  b i n d e r   m a t e r i a l  

or  b i n d e r   coke   t h a t   i s   u s e d   and  t h u s   s u g g e s t s   a  d e c r e a s e  

in  r e a c t i v i t y   by  u t i l i z i n g   a  f i n e   coke   w i t h   a  r e a c t -  

i v i t y   l o w e r   t h a n   t h e   b i n d e r   c o k e .   U .S .   P a t e n t   N o .  

3 , 4 5 4 , 3 6 3   d i s c l o s e s   t h e   r e m o v a l   of  m e t a l   c o n t a m i n a n t s  

f rom  c o k e   to   l o w e r   r e a c t i v i t y .   I t   i s   n o t e d   t h a t   t h e  

p r e s e n c e   of  c a t i o n s   i s   d e t r i m e n t a l   to   some  of  t h e  

p o t e n t i a l   a p p l i c a t i o n s   of  c o k e ,   and  t h u s   t h e   c o k e   i s  

c o n t a c t e d   w i t h   a  c a t i o n   e x c h a n g e   r e s i n   to   r e m o v e  

c a t i o n s   and  t h u s   l o w e r   r e a c t i v i t y .  

I t   has   now  b e e n   f o u n d   t h a t   i f   t h e   w a t e r   u s e d  

to  q u e n c h   c a l c i n e d   coke   i s   t r e a t e d   w i t h   p h o s p h o r i c  

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

can  be  o b t a i n e d .  



The  i n v e n t i o n   t h e r e f o r e   p r o v i d e s   a  p r o c e s s   f o r  

r e d u c i n g   t h e   r e a c t i v i t y   of  c a l c i n e d   coke   by  t h e   s t e p s  

o f :  

a)  c a l c i n i n g   t h e   coke   to  d e n s i f y   and  r e m o v e  

v o l a t i l e s   t h e r e f r o m ;  a n d  

b)  c o o l i n g   s a i d   c a l c i n e d   coke   by  c o n t a c t i n g  

s a i d   c o k e   w i t h   w a t e r   t r e a t e d   w i t h   a  m o n o m e r i c ,   d i m e r i c ,  

or  p o l y p h o s p h o r i c   a c i d   or  a  s a l t   of  such   an  a c i d   o r  

one  or  more   such   a c i d s   or  s a l t s   t h e r e o f .  

The  c a l c i n i n g   of  coke   i s   known  to  t h o s e   in   t h e  

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

C a l c i n i n g   t e m p e r a t u r e s   a r e   u s u a l l y   in  e x c e s s   of  2 2 0 0 ° F  

( 1 2 0 4 ° C ) ,   w i t h   coke   e x i t i n g   t h e   c a l c i n i n g   a t   t e m p e r -  

a t u r e s   as  h i g h   as  2700°C  ( 1 4 8 2 ° C ) .  

The  coke   i s   t h e n   c o o l e d   in  a  c o o l e r   as  d e s c r i b e d  

p r e v i o u s l y ,   by  d i r e c t l y   c o n t a c t i n g   t h e   coke   w i t h  

w a t e r .   I t   i s   d e s i r e d   to   c o o l   t h e   coke  to  a  t e m p e r a t u r e  

of  a r o u n d   300°F  ( 1 4 9 ° C ) ,   and  t h u s   a i r   c o o l i n g   i s  

u n e c o n o m i c a l .   T y p i c a l l y ,   i t   t a k e s   a p p r o x i m a t e l y   1  l b .  

of  w a t e r   p e r   l b .   of  coke   d u r i n g   t h i s   c o o l i n g   p r o c e s s .  

N o r m a l l y   w e l l   w a t e r   has   b e e n   u t i l i z e d   as  a  s o u r c e   f o r  

t h i s   c o o l i n g   s t a g e .  

The  t r e a t m e n t   of  w a t e r   i s   a l s o   w e l l   known  i n ; :  

t h e   a r t .   A  good  d e s c r i p t i o n   of  t h e   t y p e   of  t r e a t m e n t  

a v a i l a b l e   can   be  f o u n d   in  K i r k - O t h m e r   E n c y c l o p e d i a   o f  

C h e m i c a l   T e c h n o l o g y ,   Vo l .   22,  page   73  a n d  P o w e r   M a g a z i n e ,  

J u n e   1 9 7 3 ,   page   S - 1 .  

As  d e s c r i b e d   in  t h e   Power   a r t i c l e ,   w a t e r   n o r m a l l y  

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

c o m p o u n d   b r e a k i n g   i n t o   i t s   r e s p e c t i v e   c h a r g e d   p a r t   o r  

" i o n "   when  d i s s o l v e d .   P o s i t i v e l y   c h a r g e d   i o n s   a r e  

c a l l e d   c a t i o n s   w h i l e   t h e   n e g a t i v e l y   c h a r g e d   i o n s   a r e  

c a l l e d   a n i o n s .  

The  t r e a t m e n t   of  t h e   w a t e r   u sed   to  c o o l  
c a l c i n e d   coke   w i t h   a n  



i on   e x c h a n g e   r e s i n   to   r e m o v e   c a t i o n s   w h i c h   h a v e   b e e n  

shown  to  e f f e c t   r e a c t i v i t y   w o u l d   i n v o l v e   g r e a t   e x p e n s e  
b e c a u s e   of  t he   l a r g e   q u a n t i t i e s   of  w a t e r   i n v o l v e d .  

The  w a t e r   c a n -  

no t   be  r e c y c l e d   due  to   e v a p o r a t i o n .   I t   has   b e e n  

d i s c o v e r e d   t h a t   t h e   a d d i t i o n   of  p h o s p h o r i c   a c i d s  

s u c h   as  m o n o m e r i c ,   d i m e r i c   or  p o l y p h o s p h o r i c   a c i d  

and  s a l t s   t h e r e o f   to   t h e   c o o l i n g   w a t e r   in   p a r t s   p e r  
m i l l i o n   a m o u n t s   have   a  d r a m a t i c   e f f e c t   on  t h e   r e a c t -  

i v i t y   of  t h e   c o k e .  

Some  s p e c i e s   of  p h o s p h a t e s   have   b e e n   u s e d   i n  

w a t e r   t r e a t m e n t   s y s t e m s   to   p r e v e n t   c o r r o s i o n   a n d  

d e p o s i t s   in  d i s t r i b u t i o n   l i n e s .   T h e s e   h a v e   i n c l u d e d  

p o l y p h o s p h a t e s   such   as  s o d i u m   h e x a m e t a p h o s p h a t e   o r  

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

a m o u n t s .   The  a d d i t i o n   of  p o l y p h o s p h a t e s   i n h i b i t s  

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

H o w e v e r ,   due  to   t h e   f a c t   t h a t   e v a p o r a t i o n   o c c u r s  

when  u t i l i z i n g   w a t e r   as  a  c o o l i n g   a g e n t   to   c a l c i n e d  

c o k e ,   t h e   use   of  t h e s e   p o l y p h o s p h a t e s   w o u l d   n o t   b e  

e x p e c t e d   to   have   any  e f f e c t   on  t h e   r e a c t i v i t y   of  t h e  

c o k e .  

S u r p r i s i n g l y ,   i t   has   b e e n   f o u n d   t h a t   t h e   a b o v e  

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

a c i d ,   and  s a l t s   t h e r e o f   h a v e   a  d r a m a t i c   e f f e c t   o n  

r e d u c i n g   t h e   r e a c t i v i t y   of  t h e   c a l c i n e d   coke   w h e n  

u s e d   in  a m o u n t s   of  1 , 0 0 0   ppm  or  l e s s .  

Fo r   p u r p o s e s   of  i l l u s t r a t i o n ,   t h e   i n v e n t i o n  

w i l l   now  be  d e s c r i b e d   w i t h   r e s p e c t   to   t h e   u se   o f  

o r t h o p h o s p h o r i c   a c i d .  

The  a m o u n t   of  a c i d   to   be  a d d e d   to   t h e   w a t e r   u s e d  

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

u t i l i z e d   and  t h e   d e g r e e   of  r e d u c t i o n   in  r e a c t i v i t y  

p r e f e r r e d .   For   mos t   w a t e r s ,   i n c l u d i n g   w e l l   w a t e r ,  

i t   ha s   b e e n   f o u n d   t h a t   a m o u n t s   b e t w e e n   5 - 1 , 0 0 0   ppm 



a r e   s u f f i c i e n t .   Whi l e   r e a c t i v i t y   does   d e c r e a s e   i n  

t h e   u se   of  a m o u n t s   and  t h e   2 0 - 8 0   ppm  r a n g e ,   a  p r e -  
f e r r e d   r a n g e   may  be  s t a t e d   b e t w e e n   1 0 0 - 6 0 0   p p m .  

The  o r t h o p h o s p h o r i c   a c i d   may  be  i n j e c t e d  

i n t o   t h e   w a t e r   s t r e a m   at   any  p o i n t   p r i o r   to  t h e  

w a t e r   c o n t a c t i n g   t he   h o t   c a l c i n e d   c o k e .   I n j e c t i o n  

s y s t e m s   f o r   a d d i t i o n   of  s m a l l   a m o u n t s   of  a d d i t i v e s  

i n t o   a q u e o u s   med iums   is   w e l l   known  in  t h e   a r t   a n d  

n e e d   n o t   be  d e s c r i b e d   in  d e t a i l .  

The  f o l l o w i n g   e x a m p l e s   show  t h e   e f f e c t   o f  

u s i n g   c o o l i n g   w a t e r   t r e a t e d   w i t h   o r t h o p h o s p h o r i c  

a c i d   and  i t s   e f f e c t   on  C02  R e a c t i v i t y   (RCO2).  T h i s  

v a l u e   i s   d e t e r m i n e d   by  s a m p l i n g   t h e   coke   to   b e  

t e s t e d   and  d r y i n g   i t   a t   120°C  to   a  c o n s t a n t   w e i g h t .  

T h i s   w e i g h t   was  r e c o r d e d   as  t h e   i n i t i a l   s a m p l e   w e i g h t ,  

or  "WI".   The  s a m p l e   was  t h e n   i n s e r t e d   i n t o   a  

f u r n a c e   o p e r a t i n g   a t   1 , 0 0 0 ° C .   C02  was  f l o w e d   o v e r  

t h e   s a m p l e   at   a p p r o x i m a t e l y   50  n o r m a l   l i t r e s   p e r  
h o u r s   f o r   two  h o u r s .   The  s a m p l e   was  t h e n   c o o l e d   i n  

a  d e s i c c a t o r ,   w i t h   t h e   f i n a l   w e i g h t   b e i n g   r e c o r d e d  

as  "WF".  C02  R e a c t i v i t y   was  t h e n   c a l c u l a t e d   a s  

f o l l o w s :  

C o m p a r a t i v e   E x a m p l e   A 

C a l c i n e d   coke   a t   a  t e m p e r a t u r e   of  a p p r o x i m a t e l y  

2 6 0 0 ° F   (1426°C)   was  c o o l e d   by  s p r a y i n g   u n t r e a t e d  

w a t e r   o n t o   t he   c o k e .   The  C02  r e a c t i v i t y   i s   n o t e d  

in  T a b l e   I .  

E x a m p l e s   1 - 2  

To  show  t h e   e f f e c t   of  o r t h o p h o s p h o r i c   a c i d  

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

w i t h   w a t e r   p r i o r   to  i n j e c t i o n .   A  m e t e r i n g   pump  w a s  



t h e n   u s e d   to   i n j e c t   t h e   m i x t u r e   i n t o   c o o l i n g  

w a t e r   l i n e s   g o i n g   to   t h e   s p r a y   h e a d s   f o r  

c o o l i n g   t h e   c a l c i n e d   c o k e .   E x a m p l e s   1  and  2 

show  t h e   e f f e c t s   of  t h e   a d d i t i o n   of  low  q u a n t i t i e s  

of  p h o s p h o r i c   a c i d   to   t h e   CO2  r e a c t i v i t y   v a l u e s .  

In  t h e   same  m a n n e r   as  t h e   a b o v e   e x a m p l e s ,   T a b l e  

I I   b e l o w   shows  t h e   e f f e c t   of  h i g h e r   r a t e s   of  a d d i t i o n  

of  p h o s p h o r i c   a c i d   to   t h e   c o o l i n g   w a t e r .  

As  can   be  s e e n   in  t h e   a b o v e   e x a m p l e s ,   s u b s t a n t i a l  

r e d u c t i o n   in  t h e   C02  r e a c t i v i t y   v a l u e s   can   be  o b t a i n e d  

when  u t i l i z i n g   o r t h o p h o s p h o r i c   a c i d   in  t h e   w a t e r   u s e d  

to  c o o l   t h e   c a l c i n e d   c o k e .  



1.  A  p r o c e s s   f o r   p r o d u c i n g   a  c a l c i n e d   coke   o f  

r e d u c e d   r e a c t i v i t y   w h e r e i n   t h e   c a l c i n e d   coke   i s   c o o l e d  

a f t e r   c a l c i n a t i o n   to  d e n s i f y   i t   and  r e m o v e   v o l a t i l e s  

by  c o n t a c t i n g   i t   w i t h   w a t e r   t r e a t e d   w i t h   a  m o n o m e r i c ,  

d i m e r i c ,   or  p o l y p h o s p h o r i c   a c i d   or  a  s a l t   of  s u c h   a c i d .  

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

in  t h a t   t h e   w a t e r   i s   t r e a t e d   w i t h   a  m o n o m e r i c   p h o s p h o r i c  

a c i d .  

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

in  t h a t   t h e   w a t e r   i s   t r e a t e d   w i t h   a  d i m e r i c   p h o s p h o r i c  

a c i d .  

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

in  t h a t   t h e   w a t e r   i s   t r e a t e d   w i t h   a  p o l y p h o s p h o r i c   a c i d .  

5.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   2  c h a r a c t e r i s e d   i n  

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

6.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   5  c h a r a c t e r i s e d   i n  

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

w a t e r   i s   b e t w e e n   5 - 1 0 0 0   p p m .  

7.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   6  c h a r a c t e r i s e d   i n  

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

w a t e r   i s   b e t w e e n   1 0 0 - 6 0 0   p p m .  

8.  A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   1  to   7 

c h a r a c t e r i s e d   in  t h a t   t h e   coke   has  been   c a l c i n e d   at   a  

t e m p e r a t u r e   g r e a t e r   t h a n   2200OF  ( 1 2 0 4 ° C ) .  
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