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(m)  A  composite  prebaked  carbon  electrode  intended  to  be  used  in  electric  arc  furnaces. 
  A  prebaked  carbon  electrode  intended  to  be  used  in 
electric  arc  furnaces  and,  more  particularly,  in  submerged 
arc  furnaces  such  as  the  furnaces  normally  used  for  the 
production  of  silicon  metal,  phosphorus,  ferro-alloys,  and 
other  metals,  having  a  body  and  one  or  more  joints  to  create 
an  electrode  column,  the  electrode  having  a  composite 
construction  comprising  an  outer  portion  or  "rind"  made 
from  a  first  material  and  an  inner  portion  or  "core"  made 
from  a  second  material,  wherein  for  example  the  first 
material  is  an  an  electrographite  based  material  and  the 
second  material  is  an  anthracite  based  material,  the  elec- 
trode  being  obtained  by  extrusion,  vibration,  molding  or  by 
any  other  suitable  process  known  in  the  art.  Quite  generally, 
both  the  "rind"  and  the  "core"  can  consist  of  any  type  of 
carbonaceous  material. 



T h i s   i n v e n t i o n   r e f e r s   to  p r e b a k e d   c a r b o n   e l e c t r o d e s  

u s e d   in  a rc   f u r n a c e s   and ,   more  p a r t i c u l a r l y ,   in  s u b -  

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

As  i t   is  known  in  t h e   a r t ,   in  t h e   e l e c t r o m e t a l l u r g i c a l  

p r a c t i c e   of  s u b m e r g e d   a r c   f u r n a c e s   t h e   e l e m e n t s   s u p -  

p l y i n g   t he   c u r r e n t   to  t he   r e a c t i o n   a r e a   c o n s i s t   o f  

e l e c t r o d e   c o l u m n s   made  f rom  a  c a r b o n   m a t e r i a l .  

T h e s e   e l e c t r o d e   c o l u m n s   c o n s i s t   of  i n d i v i d u a l   c o m p o -  

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

and  c o n n e c t e d   to  each   o t h e r   at   t h e i r   e n d s   by  s u i t a b l e  



j o i n t s   wh ich   e n s u r e   t he   m e c h a n i c a l   and  e l e c t r i c a l   c o n -  

t i n u i t y   of  the   c o l u m n s .  

As  f a r   as  t h e   c y l i n d r i c a l   e l e c t r o d e s   a r e   c o n c e r n e d ,  

t h e   t y p e   of  e l e c t r o d e   known  in  t h e   a r t   and  t r a d i t i o n a l l y  

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

b o d y ,   or  an  a x i a l l y   b o r e d   body  made  f rom  a  c a r b o n   m a t e r i a l  

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

t h e   b o d y .  

D u r i n g   the  f u r n a c e   o p e r a t i o n ,   t h e   b o t t o m   of  t h e  

e l e c t r o d e   column  is  s u b m e r g e d   to  a  c e r t a i n   e x t e n t   i n t o  

t h e   c h a r g e   of  t h e   f u r n a c e ,   w h i l e   at   a  h i g h e r   l e v e l   t h e  

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

" c o n t a c t   c l a m p s " ,   p r o v i d e d   w i t h   f o r c e d   w a t e r   c o o l i n g .  

A c c o r d i n g l y ,   t h e   c u r r e n t - f l o w s   t h r o u g h   t h e   co lumn  l e n g h t  

c o m p r i s e d   b e t w e e n   t h e s e   " c o n t a c t   c l a m p s "   and  t h e   l o w e r  

end  of  t h e   c o l u m n .  

I t   is  known  t h a t   f o r   t h e   i n d u s t r i a l   p r a c t i c e   o f  

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

and  e c o n o m i c a l   r e a s o n s   t h a t   t h e   e l e c t r o d e s   a r e   a b l e   t o  

work  a t   h igh   c u r r e n t   i n t e n s i t y   and  d e n s i t y .  

It  is  a l s o   known  t h a t   if  t h e   c u r r e n t   e x c e e d s   a  c e r t a i n  

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

s u b j e c t   to  q u i c k   d e t e r i o r a t i o n   and  b r e a k i n g .  

In  t h e   zone  of  t h e   co lumn   wh ich   is  c o m p r i s e d   b e t w e e n  

t h e   " c o n t a c t   c l a m p s "   and  t h e   l o w e r   e n d ,   t h e   t e m p e r a t u r e  



w i t h i n   t h e   e l e c t r o d e   is  no t   c o n s t a n t   and  s i g n i f i c a n t  

t e m p e r a t u r e   d i f f e r e n c e s   a re   no t   in  t h e   d i f f e r e n t   a r e a s  

due  to  t h e   h e a t   d e v e l o p e d   by  t h e   J o u l e   e f f e c t   w i t h i n  

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

due  to  t h e   t r a n s f e r   of  t h i s   h e a t   f rom  t h e   e l e c t r o d e   t o  

t h e   o u t s i d e .  

T h e s e   t e m p e r a t u r e   d i f f e r e n c e s   c a u s e   t h e r m o - m e c h a n i -  

ca l   s t r e s s e s   in  t h e   e l e c t r o d e s .   T h e s e   s t r e s s e s   a re   v a -  

r i o u s l y   d i s t r i b u t e d   in  t h e   e l e c t r o d e   and  a c t   on  t h e  

m a t e r i a l   a l s o   in  t h e   a b s e n c e   or  e x t e r n a l   f o r c e s .  

The  m a g n i t u d e   and  d i s t r i b u t i o n   of  t h e s e   t h e r m o - m e -  

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

f a c t o r s :  

a )  -   c u r r e n t   d e n s i t y   in  t h e   e l e c t r o d e ;  

b )  -   e l e c t r i c a l   r e s i s t i v i t y   of  t h e   e l e c t r o d e ;  

c )  -   t h e r m a l   c o n d u c t i v i t y   of  t h e   e l e c t r o d e ;  

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

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

e )  -   t e m p e r a t u r e s   of  t h e   s u r r o u n d i n g s ;  

f )  -   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   of  t h e   e l e c t r o d e ;  

g )  -   e l a s t i c   m o d u l u s   of  t h e   e l e c t r o d e .  

F a c t o r s   " a "  -   "e"  d e t e r m i n e   t he   t e m p e r a t u r e   v a l u e s  

in  t h e   e l e c t r o d e s ,   w h i l e   f a c t o r s   " f "   and  "g"  d e t e r m i n e  

t h e   v a l u e   of  t h e   i n t e r n a l   s t r e s s e s   due  to  t h e   t e m p e r a -  

t u r e   d i s t r i b u t i o n .  



S i n c e ,   as  d e s c r i b e d   a b o v e ,   t he   s t r e s s   v a l u e s   a re   r e -  

l a t e d   to  t he   a b o v e   m e n t i o n e d   p a r a m e t e r s ,   i t   may  h a p p e n  

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

v a l u e s   of  t h e s e   i n t e r n a l   s t r e s s e s   a x c e e d   l o c a l l y   t h e  

m e c h a n i c a l   s t r e n g t h   of  t h e   m a t e r i a l ,   t h u s   c a u s i n g   t h e  

f o r m a t i o n   of  c r a c k s   wh ich   p r e v e n t   t h e   e l e c t r o d e   c o l u m n  

f rom  n o r m a l l y   o p e r a t i n g .  

The  p r e s e n c e   of  t h e s e   c r a c k s   g e n e r a l l y   f o r c e s   t h e  

f u r n a c e   o p e r a t o r s   to  e i t h e r   s low  down  t h e   f u r n a c e   o p e -  

r a t i o n ,   t h u s   c a u s i n g   a  p r o d u c t i o n   l o s s ,   or  to  a d o p t  

such   m e a s u r e s   as  a re   deemed  n e c e s s a r y ,   t i r e s o m e   or  n o t ,  

so  as  to   a v o i d   t h e   t o t a l   b r e a k i n g   of  t h e   e l e c t r o d e .  

In  t h e   e v e n t   of  a  s t u b b i n g   t h e   f u r n a c e   o p e r a t o r s  

a re   f o r c e d ,   as  is   known,   to  s t o p   t h e   f u r n a c e   o p e r a t i o n ,  

t a k e   o u t   t he   b r o k e n   p o r t i o n   of  t h e   e l e c t r o d e   s l i p p  

t h e   c o l u m n   by  a  new  p o r t i o n   e q u i v a l e n t   to  t h e   b r o k e n  

p o r t i o n .  

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

a d d i t i o n a l   work  in  d i f f i c u l t   e n v i r o n m e t a l   c o n d i t i o n s  

and  upon  the   r e s t a r t i n g   of  t he   f u r n a c e   c r e a t e   m o r e  

d a n g e r o u s   c o n d i t i o n s   f o r   the   e l e c t r o d e s   ( t h e r m a l   s h o c k ) .  

I t   is  e v i d e n t   f rom  t h e   above   t h a t   t h e   e f f i c i e n c y  

l e v e l   of  the   e l e c t r o d e s   is  v e r y   i m p o r t a n t ,   t h i s   e f f i -  

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

h i g h   i n t e n s i t y   c u r r e n t   and  w i t h s t a n d   t h e   c h e m i c a l   a t -  



t a c k s   and  m e c h a n i c a l   and  t h e r m o - m e c h a n i c a l   s t r e s s e s  

to  wh ich   the   e l e c t r o d e   is  s u b j e c t e d   d u r i n g   i t s   use  i n  

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

t r a n s i e n t   c o n d i t i o n s .  

In  any  c a s e ,   even   if   t h e   e l e c t r o d e   d o e s   no t   b r e a k ,  

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

is  a  l i m i t i n g   f a c t o r   f o r   t he   use  of  t h e   e l e c t r o d e s ,  

and  bo th   the   f u r n a c e   o p e r a t o r s   and  t h e   e l e c t r o d e   m a n u -  

f a c t u r e r s   have  a l w a y s   t r i e d   to  l i m i t   t h e   maximum  v a l u e s  

of  t h e s e   s t r e s s e s .  

As  f a r   as  t h e   m a n u f a c t u r e r s   were   c o n c e r n e d ,   t he   n u -  

m e r o u s   a t t e m p t s   c a r r i e d   ou t   d u r i n g   t h e   y e a r s   w e r e  

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

1 )  -   O b t a i n i n g   more  f a v o u r a b l e   v a l u e s   of  t h e   e l e c t r o -  

d e s '   p h y s i c a l   c h a r a c t e r i s t i c s   w h i c h   have   an  i n -  

f l u e n c e   on  t h e   v a l u e s   of  t he   i n t e r n a l   t h e r m o - m e -  

c h a n i c a l   s t r e s s e s   ( e l e c t r i c a l   r e s i s t i v i t y ,   t h e r m a l  

c o n d u c t i v i t y ,   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   a n d  

e l a s t i c   m o d u l u s ) ;  

2 )  -   C r e a t i n g   in  t h e   e l e c t r o d e   body  l o n g i t u d i n a l   s l i t s  

of  v a r i o u s   s i z e s   i n t e n d e d   to  r e l e a s e   t he   i n t e r n a l  

s t r e s s e s   w h i c h   would   o c c u r   if   t h e   e l e c t r o d e s   w e r e  

n o t   p r o v i d e d   w i t h   t h e s e   o p e n i n g s ;  

3 )  -   Fo rming   t h e   e l e c t r o d e   body  w i t h   a  c o - a x i a l   h o l e  

i n t e n d e d   to  r e d u c e   t h e   maximum  v a l u e s   of  t he   i n -  



t e r n a l   s t r e s s e s .  

In  r e f e r e n c e   to  p o i n t   (1)  i t   can  be  s a i d   t h a t   an  

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

h a v i n g   an  i n f l u e n c e   on  t h e   v a l u e s   of  t h e   i n t e r n a l  

s t r e s s e s   can  be  o b t a i n e d  b y   o p e r a t i n g   on  t h e   raw  m a t e -  

r i a l s   used   and  on  t h e   m a n u f a c t u r i n g   t e c h η o l o g y .   T h i s  

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

e c o n o m i c a l   c o n v e n i e n c e ,   due  to  t h e   c o s t   t h e r e o f .  

H o w e v e r ,   good  c h a r a c t e r i s t i c s   have   a l r e a d y   been  o b t a -  

i ned   by  u s i n g   m a t e r i a l s   c o n t a i n i n g   h i g h   p e r c e n t a g e s   o f  

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

w h i c h ,   as  known,  have  low  e l e c t r i c a l   r e s i s t a n c e ,   h i g h  

t h e r m a l   c o n d u c t i v i t y ,   low  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   and  low  e l a s t i c   m o d u l u s .  

The  m e c h a n i c a l   s t r e n g t h   of  t h e   m a t e r i a l   can  b e  

e q u a l l y   i m p r o v e d   by  a c t i n g   on  t h e   raw  m a t e r i a l s   a n d  

t h e   p r o d u c t i o n   t e c h n o l o g i e s   to  r e d u c e   t h e   r i s k   o f  

c r a c k s ,   t h e   i n t e r n a l   s t r e s s e s   h a v i n g   t h e   same  v a l u e s .  

In  r e f e r e n c e   to  p o i n t   (2)  t he   f o l l o w i n g   p a t e n t s   a r e  

known:   U.S.   P a t e n t s   No.  1 , 0 5 8 , 0 5 7   to  A.  H i n c h l e y   r e -  

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

s l i t   and  a  ho le   and  No.  2 , 5 2 7 , 2 9 5   to  B .L .   B a i l e y   r e -  

f e r r i n g   to  an  e l e c t r o d e   h a v i n g   t h r e a d e d   ends   and  p r o -  

v i d e d   w i t h   one  or  more  l o n g i t u d i n a l   s l i t s  ;   F e d e r a l  

Germany  P a t e n t   No.  2 , 5 5 4 , 6 0 6   to  F.  S c h i e b e r   r e f e r r i n g  



to  an  e l e c t r o d e   p r o v i d e d   w i t h   a  h e l i c o i d a l   s l i t   a n d  

U.S.   P a t e n t   No.  2 , 6 0 3 , 6 6 9   to  C.H.  C h a p p e l   r e f e r r i n g   t o  

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

r n a l   and  e x t e r n a l   s l i t s .  

F u r t h e r m o r e ,   many  p a t e n t s   a re   known  w h i c h   r e f e r   t o  

s l i t s   made  in  t h e   a r e a s   of  t h e   t h r e a d e d   j o i n t s   and  i n  

t h e   t h r e a d e d   n i p p l e s   of  g r a p h i t e   e l e c t r o d e s   used   i n  

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

With  r e f e r e n c e   to   p o i n t   (3)  t he   f o l l o w i n g   p a t e n t s  

a r e   known:   U.S.   P a t e n t   No.  1 , 0 5 8 , 0 5 7   to  A.  H i n c h l e y  

m e n t i o n e d   a b o v e ;   F e d e r a l   Germany  P a t e n t   No.  2 , 1 1 3 , 4 6 5  

to  G.A.  S i x e l   r e f e r r i n g   to  an  e l e c t r o d e   h a v i n g   a  h o l e  

and  U . S .  P a t e n t   No.  2 , 0 6 3 , 6 6 9   m e n t i o n e d   a b o v e .  

O t h e r   p a t e n t s   a r e   a l s o   known  w h i c h   r e f e r   to  e l e c -  

t r o d e s   h a v i n g   h o l e s ,   bu t   t h e s e   h o l e s   a re   i n t e n d e d   t o  

s t a b i l i z e   t he   a rc   on  t h e   e l e c t r o d e   t i p .  

F e d e r a l   Germany  P a t e n t   No.  1 , 7 9 0 , 1 7 2   to  S i g r i   C o .  

is  a l s o   known  wh ich   r e f e r s   to  a  b o r e d   e l e c t r o d e   h a v i n g  

a  t u b e   made  f rom  a  c h e m i c a l l y   r e s i s t a n t   m a t e r i a l   f i t -  

t e d   in  t he   b o r e ,   in  o r d e r   to  a l l o w   a  gas  to  be  fed   i n  

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

a t t a c k   and  o x i d a t i o n .  

It  is  known,   h o w e v e r ,   t h a t   in  s p i t e   of  t h e   a b o v e -  

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

f o r   e l e c t r o m e t a l l u r g i c a l   p u r p o s e s   s t i l l   c o m p r i s e   a l m o s t  



e x c l u s i v e l y   e i t h e r   c o n v e n t i o n a l   s o l i d   c y l i n d r i c a l   b o -  

d i e s   or  c y l i n d r i c a l   b o d i e s   h a v i n g   an  a x i a l   b o r e   o f  

s m a l l   s i z e .  

H o w e v e r ,   f o r   p r o d u c t i o n   p u r p o s e s   in  m o d e r n   f u r n a c e s ,  

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

and  t h e   e l e c t r o d e   w o r k i n g   c o n d i t i o n s   become   e v e r   m o r e  

c r i t i c a l   and  c l o s e r   to  t h e   s a f e t y   l i m i t s .   I t   is  e x t r e -  

mely  i m p o r t a n t ,   t h e r e f o r e ,   to  o b t a i n   e l e c t r o d e s   w h i c h  

can  be  e l e c t r i c a l l y   c h a r g e d   to  a  h i g h e r   e x t e n t   t h a n  

t h e   e l e c t r o d e s   u sed   at   p r e s e n t   and  g e n e r a l l y   have  a 

h i g h e r   r e s i s t a n c e   to  t h e   a f o r e m e n t i o n e d   t h e r m o - m e c h a -  

n i c a l   s t r e s s e s .  

I t   is  an  o b j e c t   of  t h i s   i n v e n t i o n   to   p r o v i d e   e l e -  

c t r o d e s   w i t h   t h e   a b o v e - m e n t i o n e d   c h a r a c t e r i s t i c s .  

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

e l e c t r o d e s   to  t h e   c r a c k s   c a u s e d   by  i n t e r n a l   m e c h a n i -  

ca l   s t r e s s e s   is  o b t a i n e d   by  u s i n g   " c o m p o s i t e "   e l e c t r o -  

d e s .   T h e s e   e l e c t r o d e s   c o n s i s t   of  two  c o a x i a l   c y l i n d e r s  

j o i n e d   to   each  o t h e r   ( F i g .   1):  an  o u t e r   c y l i n d e r   f r o m  

a  m a t e r i a l   A  ( h e r e i n a f t e r   c a l l e d   t h e   " r i n d " )   and  an  

i n n e r   c y l i n d e r   f rom  a  d i f f e r e n t   m a t e r i a l   B  ( h e r e i n a f t e r  

c a l l e d   t h e   " c o r e " ) .  

As  w i l l   become  a p p a r e n t   f rom  t h e   f o l l o w i n g   d e s c r i p -  

t i o n   t h e   use  of  two  d i f f e r e n t   m a t e r i a l s   h a v i n g   s u i t a -  

b l e   c h a r a c t e r i s t i c s   is  i n t e n d e d   to  r e d u c e   t h e   m a x i m u m  



v a l u e s   of  the   m e c h a n i c a l   s t r e s s e s   w h i c h   a re   t he   d i r e c t  

c a u s e   of  the   c r a c k s .   F u r t h e r m o r e ,   in  t he   " c o m p o s i t e "  

e l e c t r o d e s   of  t h i s   i n v e n t i o n   t h e   use  of  two  d i f f e r e n t  

m a t e r i a l s   is  i n t e n d e d   to  r e d u c e   t h e   maximum  s t r e s s e s  

at   t h e   o u t e r   s u r f a c e   s i n c e ,   as  i t   is  k n o w n ,   t h e s e  

maximum  s t r e s s e s   g e n e r a l l y   o c c u r   in  t h e   e l e c t r o d e s  

at  t h i s   o u t e r   s u r f a c e .  

In  o r d e r   to  work  ou t   t h e   above   m e n t i o n e d   s u b j e c t  

and  b e t t e r   e v a l u a t e   t h e   a d v a n t a g e s   w h i c h   can  be  o b t a -  

i n e d ,   t h e   a p p l i c a n t   has  d e t e r m i n e d ,   t h r o u g h   a c c u r a t e  

m e a s u r e m e n t s ,   t he   v a l u e s   of  t h e   e l e c t r i c   and  t h e r m a l  

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

f i c i e n t s   of  t h e r m a l   e x p a n s i o n   at  t h e   o p e r a t i n g   t e m p e -  

r a t u r e s   on  e l e c t r o d e s   o b t a i n e d   f r o m   d i f f e r e n t   raw  m a -  

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

and  t h e r m a l   b a k i n g   c y c l e s .   M o r e o v e r ,   t h e   a p p l i c a n t  

has  c a r r i e d   ou t   s t u d i e s   of  the   mos t   t y p i c e l   t r a n s i e n t  

t h e r m a l   c y c l e s   wh ich   t he   e l e c t r o d e s   a r e   s u b j e c t   t o  

d u r i n g   o p e r a t i o n .  

Us ing   the   above   m e n t i o n e d   i n f o r m a t i o n   a  s u i t a b l e  

m a t h e m a t i c a l   model  has  a l l o w e d   an  e v a l u a t i o n   to  be  

c a r r i e d   ou t   of  t he   d i s t r i b u t i o n   of  t h e   m e c h a n i c a l  

s t r e s s e s   in  each   s e c t i o n   of  t h e   e l e c t r o d e   c o l u m n ,   b o t h  

in  t h e   e l e c t r o d e ' s   n o r m a l   w o r k i n g   c o n d i t i o n s ,   t h a t   i s  

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



t i o n s   such   as  t he   p e r i o d i c a l   s l i p p i n g   of  t h e   e l e c t r o d e ,  

a  power   b l a c k o u t   or  a  r e s t a r t i n g   of  t he   o p e r a t i o n ,   t h a t  

is  in  t r a n s i e n t   t h e r m a l   c o n d i t i o n s .  

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

c a l c u l a t e d   at  v a r i o u s   c u r r e n t   d e n s i t i e s   and  f o r   d i f -  

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

j o i n t s   of  the   e l e c t r o d e   c o l u m n s .  

The  c o r r e c t   k n o w l e d g e   of  how  t h e   s t r e s s e s   a re   d e v e -  

l o p e d   and  c o m p o s e d   has  a l l o w e d   t h e   a p p l i c a n t   to   d e -  

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

c o n c e p t   of  the   i n v e n t i o n   wh ich   w i l l   be  d e s c r i b e d   h e -  

r e i n a f t e r .  

The  r e d u c t i o n   of  t h e   s t r e s s e s   on  t h e   e l e c t r o d e  

s u r f a c e   is   o b t a i n e d   by  m a k i n g   t h e   " r i n d "   f r o m   a  m a t e -  

r i a l   h a v i n g   a  h i g h e r   e l e c t r i c a l   and  t h e r m a l   c o n d u c t i -  

v i t y   in  r e s p e c t   to  m a t e r i a l   "B"  u sed   f o r   t h e   i n t e r n a l  

" c o r e " ;   m a t e r i a l   "B"  of  t h e   i n t e r n a l   " c o r e "   s h o u l d  

a l s o   have   a  l o w e 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   a n d  

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

"A"  of  t h e   " r i n d "   at  t h e   o p e r a t i n g   t e m p e r a t u r e s   u s e d  

in  p r a c t i c e .  

Of  c o u r s e ,   t he   r a t i o   b e t w e e n   t h e   " r i n d "   and  t h e  

" c o r e "   r a d i u s   s h o u l d   be  s u i t a b l y   c h o s e n .  

C o m p a r i n g   t h e   " c o m p o s i t e "   e l e c t r o d e   w i t h   two  t r a -  

d i t i o n a l   e l e c t r o d e s ,   one  made  o n l y   f rom  m a t e r i a l   "B" 



and  t he   o t h e r   made  o n l y   f rom  m a t e r i a l   "A",  in  t h e  

" c o m p o s i t e "   e l e c t r o d e   t he   d i f f e r e n c e   b e t w e e n   t he   a x i s  

t e m p e r a t u r e   and  t h e   p e r i p h e r y   t e m p e r a t u r e   has  an  i n -  

t e r m e d i a t e   v a l u e   w i t h   r e s p e c t   to  t h e   t e m p e r a t u r e s  

o b t a i n e d   in  t h e   e l e c t r o d e s   made  f rom  m a t e r i a l s   "A"  a n d  

"B",   and  the   maximum  s t r e s s   has  a  l o w e r   v a l u e .  

In  o t h e r   w o r d s ,   t h e   new  c o m p o s i t e   e l e c t r o d e   is  d i f -  

f e r e n t   f rom  a  c o n v e n t i o n a l   e l e c t r o d e   of  t h e   same  s i z e  

and  s u b j e c t e d   to  t h e   same  o p e r a t i n g   c o n d i t i o n s ,   b e c a u s e  

t h e   maximum  v a l u e s   of  t h e   m e c h a n i c a l   s t r e s s e s   ( e x p r e s -  

sed  in  N/mm2)  o c c u r r i n g   t h e r e i n   a re   l o w e r   t h a n   t h e  

maximum  v a l u e s   of  t h e   m e c h a n i c a l   s t r e s s e s   o c c u r r i n g  

in  a  c o n v e n t i o n a l   e l e c t r o d e   made  f rom  o n l y   one  of  t h e  

m a t e r i a l s   f rom  w h i c h   t h e   c o m p o s i t e   e l e c t r o d e   is  m a d e .  

T h i s   f a c t   is  t h e   b a s i s   upon  w h i c h   we  n o t e   t h e   f o l -  

l o w i n g   i m p o r t a n t   p r a c t i c a l   p o i n t s :  

-  In  t he   same  o p e r a t i n g   c o n d i t i o n s   t h e   c o m p o s i t e   e l e c -  

t r o d e   is  more  r e l i a b l e   t h a n   a  c o n v e n t i o n a l   e l e c t r o d e ;  

-  If  t he   r e l i a b i l i t y   l e v e l   is  t h e   same,   t h e   c o m p o s i t e  

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

t e n s i t y   as  c o m p a r e d   to  t h e   c o n v e n t i o n a l   e l e c t r o d e ;  

-  The  c o m p o s i t e   e l e c t r o d e   is  a b l e   to  b e t t e r   w i t h s t a n d  

t h e   t h e r m a l   s t r e s s e s   w h i c h   o c c u r   in  t r a n s i e r t   c o n -  

d i t i o n s ,   such  as  in  t h e   c a s e   of  s t o p p i n g   and  r e s t a r -  

t i n g   t he   f u r n a c e   o p e r a t i o n .  



By  way  of  an  e x a m p l e ,   which   h o w e v e r   s h o u l d   not   l i -  

mit   t he   f i e l d   of  t h e   i n v e n t i o n ,   we  r e f e r   to  t he   c a s e  

of  t h r e e   d i f f e r e n t   e l e c t r o d e s   h a v i n g   a  d i a m e t e r   o f  

1 ,200   mm.  The  f i r s t   e l e c t r o d e   is  a  " c o m p o s i t e "   e l e c -  

t r o d e   ( r i n d   "A"  and  c o r e   " B " ) ,   t h e   s e c o n d   and  t h i r d  

e l e c t r o d e s   a r e   c o n v e n t i o n a l   and  made  f rom  m a t e r i a l s   "A"  

and  "B" ,   r e s p e c t i v e l y .   The  t h r e e   e l e c t r o d e s   b e i n g   s u p -  

p l i e d   w i t h   a  t o t a l   c u r r e n t   of  6 8 , 0 0 0   A m p e r e s .  

M a t e r i a l   "A"  is  an  e l e c t r o g r a p h i t e   b a s e d   m a t e r i a l  

and  has  t h e   f o l l o w i n g   main  c h a r a c t e r i s t i c s   a t   r o o m  

t e m p e r a t u r e :  

-  E l e c t r i c a l   r e s i s t i v i t y  :   25Ωµm; 

-  T h e r m a l   c o n d u c t i v i t y  :   24W/mK; 

-  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  :   3 . 1 0  6 / K ;  

-  Modu lus   of  e l a s t i c i t y  :   6x103  N /mm2.  

M a t e r i a l   "B"  is  an  a n t h r a c i t e   b a s e d   m a t e r i a l   a n d  

has  t h e   f o l l o w i n g   main  c h a r a c t e r i s t i c s   at  room  t e m p e -  

r a t u r e :  

-  E l e c t r i c a l   r e s i s t i v i t y  :   35Ωµm; 

-  The rma l   c o n d u c t i v i t y  :   12  W/mK; 

-  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  :   2 .5   1 0  6 / K ;  

-  Modu lus   of  e l a s t i c i t y  :   5x103  N /mm2.  

The  a b o v e   m e n t i o n e d   c h a r a c t e r i s t i c s   of  t h e   m a t e r i a l s  

v a r y   in  a  known  way  a c c o r d i n g   to  t h e   t e m p e r a t u r e   v a -  

r i a t i o n s .  



The  " c o m p o s i t e "   e l e c t r o d e   c o n s i s t s   of  a  " r i n d "   m a -  

de  f rom  m a t e r i a l   "A"  h a v i n g   a  t i c k n e s s   of  150  mm  a n d  

a  " c o r e "   made  f rom  m a t e r i a l   "B",  h a v i n g   a  r a d i u s   o f  

450  mm. 

In  p r a c t i c e   t h i s   c o m p o s i t e   e l e c t r o d e   is  m a n u f a c t u -  

red   by  p l a c i n g ,   on  t h e   s h a p i n g   s t e p ,   t h e   g r e e n   m i x t u -  

re  of  m a t e r i a l   "B"  in  t h e   a x i a l   a r e a   of  t h e   c y l i n d e r  

and  t h e n   f i l l i n g   c o m p l e t e l y   t h e   c y l i n d e r   w i t h   t h e  

g r e e n   m i x t u r e   of  m a t e r i a l   "A".  The  raw  e l e c t r o d e   c y -  

l i n d e r   is  t h e n   s u b j e c t e d   to  a  n o r m a l   b a k i n g   c y c l e .  

The  r e s u l t s   of  t h e   f o l l o w i n g   c a l c u l a t i o n s   a re   l i -  

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

s v e r s a l   s e c t i o n   of  an  e l e c t r o d e   i n s t a l l e d   in  a  s u b -  

m e r g e d   arc   e l e c t r i c   f u r n a c e ,   t h e   f u r n a c e   is  of  t h e  

open  or  s e m i c l o s e d   t y p e   such  as  a  f u r n a c e   f o r   t h e   p r o -  

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

In  t h e s e   c o n d i t i o n s ,   u s i n g   a  s u i t a b l e   m a t h e m a t i c a l /  

p h y s i c a l   model  i t   is  p o s s i b l e   to  e v a l u a t e   t h e   d i s t r i -  

b u t i o n   of  t e m p e r a t u r e   and  i n t e r n a l   s t r e s s e s   in  t h e  

t h r e e   c a s e s ,   in  v a r i o u s   c o n d i t i o n s   and  f o r   t h e   s e c t i o n  

of  t he   e l e c t r o d e   c o l u m n   be low  t h e   c o n t a c t   c l a m p s   ( F i g .   2 ) .  

Th i s   s e c t i o n   has   been   c l o s e d   b e c a u s e ,   as  is  known 

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

i t   is  t he   a r e a   w h e r e   t h e   b r e a k a g e s   g e n e r a l l y   o c c u r .  

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



o b t a i n e d   f o r   t he   t e m p e r a t u r e   in  t h e   t h r e e   a b o v e   m e n t i o -  

ned  e l e c t r o d e s   at  t h e   a x i s   and  t h e   p e r i p h e r y   t h e r e o f .  

T h e s e   r e s u l t s   r e f e r   to  an  e l e c t r o d e   s e c t i o n   wh ich   i s  

p l a c e d   b e t w e e n   t h e   l o w e r   edge   of  t h e   c o n t a c t   c l a m p s  

and  t h e   u p p e r   s u r f a c e   of  t h e   c h a r g e   s i n c e   t h i s   is  t h e  

s e c t i o n   whe re   t h e   h i g h e s t   t h e r m a l   s t r e s s e s   g e n e r a l l y  

o c c u r   in  t h e   e l e c t r o d e s   and  t h e   b r e k a g e s   a r e   more  l i -  

k e l y   to  t a k e   p l a c e .  

As  is  e v i d e n t ,   t h e   t e m p e r a t u r e   d i f f e r e n c e   b e t w e e n   t h e  

a x i s   and  the   p e r i p h e r y   of  t h e   " c o m p o s i t e "   e l e c t r o d e  

has  an  i n t e r m e d i a t e   v a l u e   w i t h   r e s p e c t   to   e l e c t r o d e s  

"A"  and  "B"  b u t ,   h o w e v e r ,   i t   is  q u i t e   c l o s e   to   t h e  

t e m p e r a t u r e   d i f f e r e n c e   of  e l e c t r o d e   " A " .  

The  f o l l o w i n g   t a b l e   II  shows  t h e   v a l u e s   r e s u l t i n g  

f rom  t h e   c a l c u l a t i o n   of  t h e   h i g h e s t   a x i a l   t e n s i l e  



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

As  is  e v i d e n t ,   t h e   l o w e s t   v a l u e   of  t h e   t e n s i l e   s t r e s s  

at  t h e   e l e c t r o d e   p e r i p h e r y   is  o b t a i n e d   in  t h e   " c o m p o s i t e "  

e l e c t r o d e .  

It   is  p o s s i b l e   to   show  t h a t   t he   a d v a n t a g e   of  t h e  

" c o m p o s i t e "   e l e c t r o d e s   w i t h   r e s p e c t   to  c o n v e n t i o n a l  

e l e c t r o d e s   i n c r e a s e s   b o t h   w i t h   t he   i n c r e a s e   of  t h e   e -  

l e c t r o d e   d i a m e t e r   and  w i t h   t he   d e c r e a s e   of  t h e   m o d u l u s  

of  e l a s t i c i t y   of  t he   c o r e   m a t e r i a l .   F u r t h e r m o r e ,   t h i s  

a d v a n t a g e   is  p r e s e n t   a l s o   in  t r a n s i e n t   c o n d i t i o n s   ( s t o p -  

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

As  a n o t h e r   s i g n i f i c a n t   e x a m p l e   we  r e p o r t   h e r e u n d e r  

a  c a s e   where   m a t e r i a l   "A"  s t i l l   has  t he   same  c h a r a c t e -  

r i s t i c s   as  in  t he   f o r m e r   e x a m p l e ,   w h e r e a s   m a t e r i a l   "B" 

has  t he   f o l l o w i n g   c h a r a c t e r i s t i c s :  

-  E l e c t r i c a l   r e s i s t i v i t y  :   4 5 Ω µ m  

-  T h e r m a l   c o n d u c t i v i t y  :   11  W/mk 



-  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  :   2 ,5   x  1 0 - 6 / K  

-  M o d u l u s   of  e l a s t i c i t y  :   3 , 8   x  103  N/mm2 

The  c o m p o s i t e   e l e c t r o d e   is  1 , 2 0 0   mm  in  d i a m e t e r ,  

w i t h   a  " r i n d "   of  m a t e r i a l   "A"  150  mm  t h i c k ,   and  a  " c o r e "  

of  m a t e r i a l   "B"  w i th   a  r a d i u s   of  450  mm.  The  t o t a l   c u r -  

r e n t   is  6 8 , 0 0 0   A m p e r e s .   In  t h i s   c a s e   t h e   s t e a d y - s t a t e  

c a l c u l a t i o n   g i v e s   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

As  can  be  s e e n ,   in  t h i s   c a s e   the   a d v a n t a g e   g i v e n  

by  the   " c o m p o s i t e "   e l e c t r o d e   is  r e a l l y   r e m a r k a b l e ,   s i n c e  

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



a  h a l f .  

T a k i n g   i n t o   c o n s i d e r a t i o n s ,   f o r   t h e   e l e c t r o d e   o f  

t h i s   e x a m p l e ,   t he   t h e r m a l   t r a n s i e n t - s t a t e   c o n d i t i o n s  

w h i c h   o c c u r   d u r i n g   t h e   c o l u m n   c o o l i n g   f o l l o w i n g   a n y  

f u r n a c e   s t o p ,   t he   f o l l o w i n g   r e s u l t s   a re   o b t a i n e d :  

As  can  be  s e e n ,   a l s o   h e r e   t h e   a d v a n t a g e   g i v e n   by  



t h e   c o m p o s i t e   e l e c t r o d e   is  r e m a r k a b l e .  

The  a b o v e   m e n t i o n e d   g e n e r a l   d e s c r i p t i o n   and  e x a m p l e s  

r e f e r   to   t h e   e l e c t r o d e   body  in  g e n e r a l ,   bu t   t h i s   i n -  

v e n t i o n   r e f e r s   a l s o   to  t he   j o i n t ,   r e g a r d l e s s   of  t h e  

t y p e   of  j o i n t   u s e d .   The  " c o m p o s i t e "   e l e c t r o d e s   as  p e r  

t h e   i n v e n t i o n   can  be  used   w i t h   p a r t i c u l a r   a d v a n t a g e   i n  

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

m e t a l .   T h i s ,   h o w e v e r ,   s h o u l d   no t   l i m i t   t h e   f i e l d   o f  

t h e   i n v e n t i o n .  

The  d r a w i n g   c l e a r l y   shows  an  a x i a l   s e c t i o n a l   v i e w  

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

The  " c o m p o s i t e "   e l e c t r o d e s   of  t h e   i n v e n t i o n   can  be  o b -  

t a i n e d   by  e x t r u s i o n ,   v i b r a t i o n ,   m o l d i n g   or  by  any  o t h e r  

s u i t a b l e   p r o c e s   known  in  t h e   a r t .   The  " r i n d "   "A"  a n d  

t h e   " c o r e "   "B"  can  c o n s i s t   of  any  c a r b o n a c e o u s   m a t e r i a l ,  

w i t h   no  r e s t r i c t i o n .  



1 . -   A  p r e b a k e d   c a r b o n   e l e c t r o d e   i n t e n d e d   to  b e  

u s e d   in  e l e c t r i c   a r c   f u r n a c e s   and,   more  p a r t i c u l a r l y ,  

in  s u b m e r g e d   arc   f u r n a c e s   such  as  t h e   f u r n a c e s   f o r  

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

a l l o y s   and  o t h e r   m e t a l s ,   c o n s i s t i n g   of  a  body  a n d  

one  or  s e v e r a l   j o i n t s   to  c r e a t e   an  e l e c t r o d e   c o l u m n ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   e l e c t r o d e   has  a  " c o m p o s i t e "  

c o n s t r u c t i o n   s i n c e   i t   c o n s i s t s   of  an  o u t e r   p o r t i o n   o r  

" r i n d "   made  f rom  a  f i r s t   m a t e r i a l   (A)  and  an  i n n e r  

p o r t i o n   or  " c o r e "   made  f rom  a  s e c o n d   m a t e r i a l   (B )  

h a v i n g   m e c h a n i c a l   a n d / o r   t h e r m a l   a n d / o r   e l e c t r i c   c h a -  

r a c t e r i s t i c s   d i f f e r e n t   f rom  t h e   c h a r a c t e r i s t i c s   o f  

s a i d   f i r s t   m a t e r i a l   ( A ) .  

2 . -   The  e l e c t r o d e   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e -  

r i z e d   in  t h a t   s a i d   two  p o r t i o n s   of  t h e   e l e c t r o d e   made  

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

a r e   c o a x i a l   to  e a c h   o t h e r ,   s a i d   m a t e r i a l   (A)  f o r m i n g  

an  e l e c t r o d e   p o r t i o n   c o m p r i s e s   b e t w e e n   t h e   o u t e r   r a -  

d i u s   R  of  t h e   e l e c t r o d e   and  a  r a d i u s   r  s h o r t e r   t h a n  

R  and  s a i d   s e c o n d   m a t e r i a l   (B)  f o r m i n g   an  e l e c t r o d e  

p o r t i o n   c o m p r i s e s   b e t w e e n   s a i d   r a d i u s   r  and  t he   e l e c -  

t r o d e   a x i s .  

3 . -   The  e l e c t r o d e   a c c o r d i n g   to  c l a i m   2,  c h a r a c t e -  

r i z e d   in  t h a t   t he   r a t i o   R/r   can  have  any  v a l u e   > 1 .  



4 . -   The  e l e c t r o d e   a c c o r d i n g   to  c l a i m s   1  a n d / o r   2 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   two  m a t e r i a l s   (A  and  B ) ,  

wh ich   can  c o n s i s t   of  any  c a r b o n a c e o u s   m a t e r i a l ,   a r e  

d i f f e r e n t   f rom  e a c h   o t h e r   in  t he   raw  m a t e r i a l s   u s e d  

a n d / o r   in  t h e   r e c i p e ,   i t   b e i n g   p o s s i b l e   to  use  o n l y  

one  t y p e   of  raw  m a t e r i a l .  

5 . -   The  e l e c t r o d e   a c c o r d i n g   to  c l a i m s   1  a n d / o r   2 

a n d / o r   3,  c h a r a c t e r i z e d   in  t h a t   s a i d   two  m a t e r i a l s   a r e  

d i f f e r e n t   f rom  e a c h   o t h e r   in  t h e   t e c h n o l o g i c a l   c y c l e  

of  p r o d u c t i o n   used  f o r   t h e   m a n u f a c t u r e   t h e r e o f .  

6 . -   The  e l e c t r o d e   a c c o r d i n g   to  any  of  t h e   p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i z e d   in  t h a t   a l s o   t h e   j o i n t s   c o n n e c -  

t i n g   t h e   a d j a c e n t   e l e c t r o d e s   to  each   o t h e r   have   a 

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

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

7 . -   The  e l e c t r o d e   a c c o r d i n g   to  any  of  t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   s a i d   f i r s t   m a t e r i a l   (A)  is  an  e l e c t r o -  

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

is  an  a n t h r a c i t e   b a s e d   m a t e r i a l .  
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