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(5j)  Novel  anodes  for  cathodic  protection. 
(g)  Novel  anodes  for  cathodic  protection  systems  comprise 
a  plurality  of  elongate  strands  which  are  joined  together  to 
form  an  open  flexible  mesh.  At  least  some  of  the  strands  are 
electrically  conductive  and  comprise  carbonaceous  material 
which  provides  at  least  part  of  the  electrochemically  active 
surface  of  the  anode.  For  example,  the  strands  can  consist  of 
or  contain  carbon  fibers  and  or  conductive  polymer  ele- 
ments.  The  novel  anodes  are  particularly  useful  for  the 
cathodic  protection  of  reinforcing  bars  in  concrete  structures. 
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B a c k g r o u n d   of  t h e   I n v e n t i o n  

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

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

I n t r o d u c t i o n   to   t he   I n v e n t i o n  

C a t h o d i c   p r o t e c t i o n   of  m e t a l   s u b s t r a t e s   is  w e l l   known.   T h e  

s u b s t r a t e   is   made  t h e   c a t h o d e   in  a  c i r c u i t   w h i c h   i n c l u d e s   a  DC 

c u r r e n t   s o u r c e ,   an  a n o d e ,   and  an  e l e c t r o l y t e   b e t w e e n   t h e   a n o d e  

and  t h e   c a t h o d e .   The  e x p o s e d   s u r f a c e   of  t h e   a n o d e   is  made  of  a  

m a t e r i a l   w h i c h   is   r e s i s t a n t   to  c o r r o s i o n ,   f o r   e x a m p l e   p l a t i n u m   o r  

a  d i s p e r s i o n   i n  a n   o r g a n i c   p o l y m e r   of  c a r b o n   b l a c k   or  g r a p h i t e .  

The  a n o d e   can   be  a  d i s c r e t e   a n o d e ,   or  i t   can  be  a  d i s t r i b u t e d  

a n o d e   in  t h e   f o rm  of  an  e l o n g a t e   s t r i p   or  a  c o n d u c t i v e   p a i n t .  

T h e r e   a r e   many  t y p e s   of  s u b s t r a t e   w h i c h   n e e d   p r o t e c t i o n   f r o m  

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

o f t e n   r e f e r r e d   to  as  " r e b a r " .   Most  P o r t l a n d   Cemen t   c o n c r e t e   i s  

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

t h r o u g h   i t .   C o n s e q u e n t l y   m e t a l   s a l t   s o l u t i o n s   w h i c h   r e m a i n   i n  

t h e   c o n c r e t e   or  w h i c h   p e r m e a t e   t he   c o n c r e t e   f rom  t h e   o u t s i d e ,  

w i l l   c a u s e   c o r r o s i o n   of  r e b a r   in  t h e   c o n c r e t e .   T h i s   is   e s p e -  



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

e x a m p l e   in  s t r u c t u r e s   w h i c h   a r e   c o n t a c t e d   by  t h e   s e a ,   and  a l s o  

in  b r i d g e s ,   p a r k i n g   g a r a g e s ,   e t c .   wh ich   a r e   e x p o s e d   to   w a t e r  

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

d u c t s   of  t h e   r e b a r   o c c u p y   a  much  l a r g e r   v o l u m e   t h a n   t h e   m e t a l  

c o n s u m e d   by  t h e   c o r r o s i o n .   As  a  r e s u l t ,   t h e   c o r r o s i o n   p r o c e s s  

n o t   o n l y   w e a k e n s   t h e   r e b a r ,   b u t   a l s o ,   and  more  i m p o r t a n t l y ,  

c a u s e s   c r a c k s   and  s p a l l s   in  t h e   c o n c r e t e .   I t   i s   o n l y   w i t h i n   t h e  

l a s t   t e n   or  f i f t e e n   y e a r s   t h a t   i t   has  b e e n   a p p r e c i a t e d   t h a t  

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

k i n d ,   in  t e r m s   n o t   o n l y   of  c o s t   bu t   a l s o   of  human  s a f e t y .   T h e r e  

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

or  u n u s e a b l e   b e c a u s e   of  d e t e r i o r a t i o n   of  t h e   c o n c r e t e   as  a  r e s u l t  

of   c o r r o s i o n   of  t h e   r e b a r ,   and  u n l e s s   some  p r a c t i c a l   s o l u t i o n   t o  

t h e   p r o b l e m   can  be  f o u n d ,   t h e   number   of  s u c h   s t r u c t u r e s   w i l l  

i n c r e a s e   d r a m a t i c a l l y   o v e r   t h e   n e x t   d e c a d e .   C o n s e q u e n t l y ,   m u c h  

e f f o r t   and   e x p e n s e   h a v e   b e e n   d e v o t e d   to  t h e   d e v e l o p m e n t   o f  

m e t h o d s   f o r   c a t h o d i c   p r o t e c t i o n   of  r e b a r   in  c o n c r e t e .   H o w e v e r ,  

t h e   known  m e t h o d s   y i e l d   p o o r   r e s u l t s   a n d / o r   i n v o l v e   e x p e n s i v e   a n d  

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

For   d e t a i l s   of  known  m e t h o d s   of  c a t h o d i c   p r o t e c t i o n ,  

r e f e r e n c e   may  be  made  f o r   e x a m p l e   to   U .S .   P a t e n t s   Nos .   4 , 3 1 9 , 8 5 4  

( M a r z o c c h i ) ,   4 , 2 5 5 , 2 4 1   ( K r o o n ) ,   4 , 2 6 7 , 0 2 9   ( M a s s a r s k y ) ,   3 , 8 6 8 , 3 1 3  



( G a y ) ,   3 , 7 9 8 , 1 4 2   ( E v a n s ) ,   3 , 3 9 1 , 0 7 2   ( P e a r s o n ) ,   3 , 3 5 4 , 0 6 3   ( S h u t t ) ,  

3 , 0 2 2 , 2 4 2   ( A n d e r s o n ) ,   2 , 0 5 3 , 3 1 4   (B rown)   and  1 , 8 4 2 , 5 4 1  

( C u m b e r l a n d ) ,   U.K.   P a t e n t s   No.  1 , 3 9 4 , 2 9 2   and  2 , 0 4 6 , 7 8 9 A ,   a n d  

J a p a n e s e   P a t e n t s   Nos .   3 5 2 9 3 / 1 9 7 3   and  4 8 9 4 8 / 1 9 7 8 ,   as  w e l l   a s  

c o p e n d i n g   c o m m o n l y   a s s i g n e d   A p p l i c a t i o n   S e r i a l   Nos .   4 0 3 , 2 0 3  

(MP0769)  and   4 8 5 , 5 7 2   ( M P 0 8 6 1 ) .   The  e n t i r e   d i s c l o s u r e s   of  e a c h   o f  

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

by  r e f e r e n c e .  

SUMMARY  OF  THE  INVENTION 

I  h a v e   now  d i s c o v e r e d   t h a t   e x c e l l e n t   c a t h o d i c   p r o t e c t i o n ,  

c o u p l e d   w i t h   e a s e   of  i n s t a l l a t i o n ,   can  be  o b t a i n e d   t h r o u g h   use   o f  

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

w h i c h   a r e   j o i n e d   to   e a c h   o t h e r   to   fo rm  a  f l e x i b l e   open   m e s h ,   a t  

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

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

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

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

f o r c i n g   m e m b e r s   in  c o n c r e t e .  



B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g  

The  i n v e n t i o n   is   i l l u s t r a t e d   in  t h e   a c c o m p a n y i n g   d r a w i n g ,   i n  

w h i c h  

F i g u r e s   1  t o   4  a r e   d i a g r a m m a t i c   p e r s p e c t i v e   v i e w s ,  

p a r t l y   in  c r o s s - s e c t i o n ,   of  s u c c e s s i v e   s t a g e s  

in  t h e   i n s t a l l a t i o n   of  an  anode   of  t h e  

i n v e n t i o n   on  a  r e i n f o r c e d   c o n c r e t e   s t r u c t u r e ;  

F i g u r e   5  i s   a  d i a g r a m m a t i c   p e r s p e c t i v e   v i e w ,   p a r t l y  

in  c r o s s - s e c t i o n   of  an  a n o d e   of  t h e   i n v e n t i o n  

i n s t a l l e d   on  a  r e i n f o r c e d   c o n c r e t e   s t r u c t u r e ;  

F i g u r e s   6  and   7  a r e   d i a g r a m m a t i c   p e r s p e c t i v e   v i e w s ,  

p a r t l y   in  c r o s s - s e c t i o n ,   of  a l t e r n a t i v e  

e l o n g a t e   s t r a n d s   f o r   use   in  t h e   a n o d e s   o f  

t h e   i n v e n t i o n ;  

F i g u r e   8  i s   a  d i a g r a m m a t i c   p e r s p e c t i v e   v i e w   of  a n  

a l t e r n a t i v e   a n o d e   of  t h e   i n v e n t i o n ;  

.  F i g u r e   9  i s   a  d i a g r a m m a t i c   p e r s p e c t i v e   v i e w   of  t h e  

i n s t a l l a t i o n   of  an  a n o d e   of  t h e   i n v e n t i o n  



on  a  v e r t i c a l   s u r f a c e   of  a  r e i n f o r c e d  

c o n c r e t e   s t r u c t u r e ;   a n d  

F i g u r e   10  i s   a  d i a g r a m m a t i c   p e r s p e c t i v e   v i e w   of  a  

p a n e l   c o n t a i n i n g   an  a n o d e   of  t h e   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

In  t h e   n o v e l   a n o d e s ,   a t   l e a s t   some  of  t h e   e l o n g a t e   s t r a n d s  

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

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

f a c e   of  t h e   m e s h .   P r e f e r a b l y   t he   c a r b o n a c e o u s   m a t e r i a l   p r o v i d e s  

a l l   t h e   e l e c t r o c h e m i c a l l y   a c t i v e   s u r f a c e   of  t h e   m e s h .   H o w e v e r ,  

t h e   mesh  can  i n c l u d e   o t h e r   m a t e r i a l s   a t   i t s   e l e c t r o c h e m i c a l l y  

a c t i v e   s u r f a c e ,   or  can  be  i n s t a l l e d   so  t h a t   i t   is  in  p h y s i c a l   a n d  

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

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

a c t i v e   s u r f a c e   of  t h e   a n o d e .   Such  o t h e r   m a t e r i a l s   can   b e  

r e s i s t a n t   to   c o r r o s i o n   or  can   be  e l e c t r o c h e m i c a l l y   s a c r i f i c i a l ,  

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

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

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

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

b e i n g   u s e d   to   i n c l u d e   g r a p h i t e   f i b e r   y a r n s .   Such  y a r n s   a r e   c o m -  



m e r c i a l l y   a v a i l a b l e ,   f o r   e x a m p l e   f rom  U n i o n   C a r b i d e ,   H e r c u l e s   a n d  

C o u r t a u l d s .   In  a n o t h e r   p r e f e r r e d   c l a s s ,   t h e   c o n d u c t i v e   s t r a n d s  

c o m p r i s e   a  c o n t i n u o u s   e l o n g a t e   m e t a l   c o r e ,   and  an  e l o n g a t e   e l e -  

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

c o n t a c t   t h e r e w i t h ,   and  w h i c h   is  c o m p o s e d   of  an  o r g a n i c   p o l y m e r  

and  c a r b o n a c e o u s   m a t e r i a l   ( e g .   c a r b o n   b l a c k   or  g r a p h i t e )   w h i c h   i s  

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

b o n a c e o u s   f i b e r s ,   eg  c a r b o n   or  g r a p h i t e   f i b e r s ,   w h i c h   a r e   p a r -  

t i a l l y   e m b e d d e d   in  t h e   p o l y m e r   and  e x t e n d   f rom  i t s   s u r f a c e .   F o r  

f u r t h e r   d e t a i l s   of  s u c h   s t r a n d s ,   r e f e r e n c e   s h o u l d   be  made  t o  

S e r i a l   Nos .   4 0 3 , 2 0 3   and  4 8 5 , 5 7 2   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

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

s t r a n d s   s h o u l d   be  s e l e c t e d   by  r e f e r e n c e   to  t h e   i n t e n d e d   u se   o f  

t h e   a n o d e .   I f   t h e   s t r a n d s   do  n o t   h a v e   s u f f i c i e n t   c u r r e n t -  

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

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

c o n n e c t i o n   c an   be  made  a t   a  p l u r l i t y   of  p o i n t s ,   or  a  bus   b a r ,   e g .  

a  p l a t i n u m   or  p l a t i n u m - c o a t e d   w i r e ,   can   be  c o n n e c t e d   to   t h e   c o n -  

d u c t i v e   s t r a n d s   a l o n g   one  or  more   l i n e s ,   eg .   e d g e s ,   of  t h e   m e s h .  

The  mesh   can   c o n s i s t   s u b s t a n t i a l l y   of  e l o n g a t e   e l e c t r i c a l l y  

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

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



s u r f a c e ) ,   or  i t   can   a l s o   c o n t a i n   n o n - c o n d u c t i v e   s t r a n d s   w h i c h  

h e l p   to   p r o v i d e   t h e   a n o d e   w i t h   i t s   open   mesh  s t r u c t u r e ,   f o r  

e x a m p l e   g l a s s   f i b e r   or  o r g a n i c   p o l y m e r   f i l a m e n t   y a r n s .   When  n o n -  

c o n d u c t i v e   s t r a n d s   a r e   p r e s e n t ,   t h e y   can   a l l   run   in  one  d i r e c -  

t i o n ,   or  some  can   run   in  one  d i r e c t i o n   and  o t h e r s   in  a  d i f f e r e n t  

d i r e c t i o n ;   s i m i l a r l y   t h e   c o n d u c t i v e   s t r a n d s   can   a l l   run   in  o n e  

d i r e c t i o n ,   or  some  can   run   in  one  d i r e c t i o n   and  o t h e r s   in  a n o t h e r  

d i r e c t i o n .  

The  e l o n g a t e   s t r a n d s   can  be  j o i n e d   t o g e t h e r   d i r e c t l y   o r  

i n d i r e c t l y   in  any  c o n v e n i e n t   way,  f o r   e x a m p l e   by  k n o t t i n g   o r  

m e l t - b o n d i n g ,   or  w i t h   t h e   a i d   of  a d h e s i v e   or  c l i p s .   T h e r e   can   b e  

e l e c t r i c a l   as  w e l l   as  p h y s i c a l   c o n n e c t i o n   a t   j u n c t i o n s   b e t w e e n  

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

d e p e n d s   s o m e w h a t   upon   t h e   i n s t a l l a t i o n ,   b e a r i n g   in  mind  b o t h   t h e  

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

c a s e s   t h e   r e l a t i v 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   of  t h e  

s t r a n d s   and  t h e   m a t e r i a l s   c o n t a c t i n g   t h e m .   When  t h e   a n o d e   i s  

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

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

(as   f u r t h e r   d e s c r i b e d   b e l o w ) ,   i t   is   of  c o u r s e   i m p o r t a n t   t h a t   t h e  

a p e r t u r e s   of  t h e   mesh  s h o u l d   be  s u f f i c i e n t l y   l a r g e   to  e n s u r e   t h a t  

t h e   s t r u c t u r a l   c o m p o n e n t s   can  bond  to   e a c h   o t h e r   t h r o u g h   t h e  

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



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

a p e r t u r e   ( i . e .   t h e   l e n g t h   of  t h e   s h o r t e s t   s i d e   of  t h e   a p e r t u r e )  

w i l l   g e n e r a l l y   be  a t   l e a s t   0 . 5   i n c h   ( 1 . 3   c m ) ,   p r e f e r a b l y   a t   l e a s t  

1  i n c h   ( 2 . 5   c m ) ,   p a r t i c u l a r l y   a t   l e a s t   2  i n c h   ( 5 . 0   cm) .   T h e  

maximum  d i m e n s i o n   of  t h e   a p e r t u r e   ( i . e .   t h e   l e n g t h   of  t h e   l o n g e s t  

s i d e   of  t h e   a p e r t u r e )   w i l l   g e n e r a l l y   be  l e s s   t h a n   24  i n c h   ( 6 0  

c m ) ,   p r e f e r a b l y   l e s s   t h a n   8  i n c h   (20  cm)  and  in  some  c a s e s   l e s s  

t h a n   4  i n c h   (10  cm)  or  l e s s   t h a n   3  i n c h   ( 7 . 5   cm) .   The  a p e r t u r e s  

in  t h e   mesh   can   be  of  any  s h a p e ,   eg  s q u a r e   or  o t h e r   r e c t a n g u l a r  

s h a p e ,   or  d i a m o n d - s h a p e d .   The  s i z e   and  s h a p e   of  t h e   a p e r t u r e s  

a r e   u s u a l l y   t h e   same  t h r o u g h o u t   a  p a r t i c u l a r   a n o d e ,   b u t   can  b e  

d i f f e r e n t .  

The  a n o d e s   of  t h e   i n v e n t i o n   a r e   p r e f e r a b l y   f l e x i b l e ,   t h i s  

t e r m   b e i n g   u s e d   h e r e i n   to   mean  t h a t   t h e   a n o d e   can  be  b e n t ,   a l o n g  

a t   l e a s t   one  a x i s ,   and  p r e f e r a b l y   a l o n g   two  p e r p e n d i c u l a r   a x e s ,  

t h r o u g h   an  a n g l e   of  180°  a r o u n d   a  r o u n d   m a n d r e l   of  d i a m e t e r   1 2  

i n c h   (30  c m ) ,   and  p r e f e r a b l y   a r o u n d   a  r o u n d   m a n d r e l   of  d i a m e t e r   6 

i n c h   (15  c m ) ,   w i t h o u t   s u f f e r i n g   d a m a g e .   T h i s   p r o p e r t y   r e s u l t s   i n  

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

t r a n s p o r t e d   in  r o l l s   to   an  i n s t a l l a t i o n   s i t e ,   and  can  b e  

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

mum  of  d i f f i c u l t y .   In  o r d e r   to   p r o v i d e   s u c h   f l e x i b i l i t y ,   a t  

l e a s t   t h e   s t r a n d s   r u n n i n g   in  one  d i r e c t i o n   s h o u l d   be  f l e x i b l e .  



In  m o s t   c a s e s ,   p r e f e r a b l y   a l l   of  t h e   s t r a n d s   a r e   f l e x i b l e ;  

h o w e v e r ,   t h e   s t r a n d s   r u n n i n g   in  one  d i r e c t i o n   can   be  r e l a t i v e l y  

r i g i d ,   and   the   s t r u c t u r a l   s t a b i l i t y   of  t h e   a n o d e   in  t h a t   d i r e c -  

t i o n   can   make  t h e   p r o d u c t   e a s i e r   to   h a n d l e   and  i n s t a l l   in  s o m e  

s i t u a t i o n s .  

The  n o v e l   a n o d e s   a r e   u s e f u l   in  any  s i t u a t i o n   in  wh ich   t h e r e  

is   a  r e q u i r e m e n t   f o r   c o r r o s i o n   p r o t e c t i o n   o v e r   an  a r e a ,   e s p e -  

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

d e s i r a b l e .   For  e x a m p l e ,   t h e   a n o d e   can  be  b u r i e d   in  t h e   e a r t h  

u n d e r n e a t h   a  m e t a l   s t o r a g e   t a n k .   H o w e v e r ,   t h e   i n v e n t i o n   is  p a r -  

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

c o n c r e t e ,   and  w i l l   be  d e s c r i b e d   in  d e t a i l   b e l o w   by  r e f e r e n c e   t o  

s u c h   u s e .  

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

r e b a r   in  c o n c r e t e ,   t h e   a n o d e   is   s e c u r e d   d i r e c t l y   or  i n d i r e c t l y   t o  

a  s u r f a c e   of  t h e   c o n c r e t e ,   p r e f e r a b l y   a  s u r f a c e   w h i c h   is   p a r a l l e l  

to   t h e   p l a n e   c o n t a i n i n g   t h e   r e b a r .   The  s u r f a c e   can  be  f l a t   o r  

c u r v e d   or  o t h e r w i s e   s h a p e d ,   and  i t   can  be  s u b s t a n t i a l l y   h o r i z o n -  

t a l   or  i n c l i n e d   to  t h e   h o r i z o n t a l   ( i n c l u d i n g   v e r t i c a l ) .   T h e r e   i s  

no  n e e d ,   as  in  p r e v i o u s l y   p r o p o s e d   p r o c e s s e s ,   to  c u t   s l o t s   in  t h e  

c o n c r e t e   to   a c c o m m o d a t e   t h e   a n o d e ,   w h i c h   can  l i e   a d j a c e n t   t h e  

s u r f a c e   of   t he   c o n c r e t e ,   c o n f o r m i n g   to  any  i r r e g u l a r i t i e s  o f   t h e  

s u r f a c e .  



In  o r d e r   to   r e d u c e   t h e   d a n g e r   t h a t   t h e   c o n c r e t e   w i l l   b e  

d a m a g e d   by  e x c e s s i v e   c o n c e n t r a t i o n s   of  t h e   p r o d u c t s   o f  

e l e c t r o c h e m i c a l   r e a c t i o n   a t   t h e   a n o d e ,   t h e   mesh  a n o d e   and  t h e  

c o n c r e t e   a r e   p r e f e r a b l y   b o t h   c o n t a c t e d   by  a  c o n d u c t i v e   m a t e r i a l ,  

e s p e c i a l l y   one   w h i c h   is  a t   l e a s t   as  c o n d u c t i v e   as  t h e   c o n c r e t e .  

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

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

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

e f f e c t   i s   to   i n c r e a s e   t h e   s u r f a c e   a r e a   of  t h e   a n o d e .   I f   t h e  

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

t a k e   p l a c e   a t   t h e   i n t e r f a c e   b e t w e e n   i t   and  t h e   mesh  a n o d e .   I n  

e i t h e r   c a s e ,   t h e r e   w i l l   be  a  r e d u c t i o n   in  t h e   c o n c e n t r a t i o n   o f  

h a r m f u l   r e a c t i o n   p r o d u c t s   to   w h i c h   t h e   c o n c r e t e   is  e x p o s e d .   T h e  

m a t e r i a l   i s   p r e f e r a b l y   one  o b t a i n e d   by  a p p l y i n g   a  s h a p e a b l e   ( e . g .  

l i q u i d   or  m o l t e n )   c o m p o s i t i o n   and  t h e n   c a u s i n g   or  p e r m i t t i n g   t h e  

c o m p o s i t i o n   t o   s o l i d i f y .   In  one   e m b o d i m e n t ,   a  l a y e r   of  s u c h  

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

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

t a c t   t h e r e w i t h ,   p r e f e r a b l y   t h r o u g h   t h e   use   of  t h e   same  or  a  d i f -  

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

p l a c e ,   and  t h e   m a t e r i a l   is   t h e n   a p p l i e d   to   t h e   a n o d e   and  t h e  

c o n c r e t e ;   t h e   a n o d e   can  be  in  d i r e c t   c o n t a c t   w i t h   t h e   c o n c r e t e ,  

or  s e p a r a t e d   f r o m   t h e   c o n c r e t e ,   e . g .   w i t h   t he   a i d   of  i n s u l a t i n g  

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



be  f o r   e x a m p l e   b a s e d   on  P o r t l a n d   Cemen t   c o n c r e t e ,   a s p h a l t  

c o n c r e t e ,   p l a s t e r   or  an  o r g a n i c   p o l y m e r ,   w i t h ,   i f   r e q u i r e d ,   a  

s u f f i c i e n t   a m o u n t   of  an  a d d i t i v e   to   a c h i e v e   t h e   d e s i r e d   e l e c t r o -  

n i c   or  i o n i c   c o n d u c t i v i t y .   The  m a t e r i a l   s h o u l d   be  s e l e c t e d  

h a v i n g   r e g a r d   to   t h e   s u r f a c e   b e i n g   t r e a t e d ;   f o r   e x a m p l e   d i f f e r e n t  

c o m p o s i t i o n s   may  be  p r e f e r r e d   f o r   a  h o r i z o n t a l   s u r f a c e   and  f o r   a  

v e r t i c a l   c o l u m n .   The  m a t e r i a l   can   be  a p p l i e d   in  any  c o n v e n i e n t  

way;  f o r   e x a m p l e   a  c o n d u c t i v e   c e m e n t   or  m o r t a r   can  be  s p r a y e d  

o n t o   t h e   c o n c r e t e   s u r f a c e   to   w h i c h   t h e   a n o d e   is   a t t a c h e d .  

The  n o v e l   a n o d e s   can   a l s o   be  u s e d   to  p r e p a r e   p r e - c a s t   p a n e l s  

f o r   i n c o r p o r a t i o n   i n t o   s t r u c t u r e s .   The  anode   can   be  i n c o r p o r a t e d  

in  any  r e l a t i v e l y   c o n d u c t i v e   m a t e r i a l ,   eg .   one  of  t h e   m a t e r i a l s  

u s e d   to   s e c u r e   an  a n o d e   to   a  c o n c r e t e   s u r f a c e   as  d e s c r i b e d   a b o v e .  

R e f e r r i n g   now  to  t h e   d r a w i n g ,   F i g u r e s   1  to   4  show  s u c c e s s i v e  

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

c a t h o d i c   p r o t e c t i o n .   A  mass   of  c o n c r e t e   2  c o n t a i n s   r e i n f o r c i n g  

b a r s   1.  A  l a y e r   of  a  more   c o n d u c t i v e   c o n c r e t e   3  is   l a i d   on  t o p  

of  t h e   c o n c r e t e   1.  An  a n o d e   c o m p r i s i n g   a  mesh  of  c a r b o n   f i b e r  

y a r n s   4,  t i e d   t o g e t h e r   a t   t h e   c r o s s - o v e r   p o i n t s ,   is   p l a c e d   on  t o p  

of  l a y e r   3;  a  p l a t i n u m - c o a t e d   bus  w i r e   5  makes  c o n t a c t   w i t h   t h e  

y a r n s   4  r u n n i n g   in  one  d i r e c t i o n .   A  f u r t h e r   l a y e r   6  of  c o n d u c -  

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

f i l l e r ,   is   l a i d   on  t o p   of  t h e   a n o d e .  



F i g u r e   5  s h o w s   an  a n o d e   w h i c h   c o m p r i s e s   a  mesh  of  c a r b o n  

f i b e r   y a r n s   4  and   w h i c h   has   b e e n   p l a c e d   on  t h e   u p p e r   s u r f a c e   of  a  

m a s s   of  c o n c r e t e   2  c o n t a i n i n g   r e i n f o r c i n g   b a r s   1.  The  a n o d e   h a s  

b e e n   s e c u r e d   to   t h e   c o n c r e t e   by  m e a n s   of  c o n d u c t i v e   g r o u t   6  a l o n g  

t h e   l i n e s   of  t h e   m e s h .  

F i g u r e   6  s h o w s   a  c o n d u c t i v e   s t r a n d   c o m p r i s i n g   a  m e t a l ,   e g .  

c o p p e r ,   c o r e   41  s u r r o u n d e d   by  a  c o n d u c t i v e   p o l y m e r   l a y e r   4 2 .  

F i g u r e  7   i s   s i m i l a r   t o   f i g u r e   6,  b u t   a l s o   shows  g r a p h i t e   f i b e r s  

43  p a r t i a l l y   e m b e d d e d   in  t h e   c o n d u c t i v e   p o l y m e r   l a y e r   42  a n d  

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

F i g u r e   8  s h o w s   an  a n o d e   in  w h i c h   t h e   c o n d u c t i v e   s t r a n d s   4  a r e  

j o i n e d   t o g e t h e r   by  i n s u l a t i n g   c l i p s   4 4 .  

F i g u r e   9  s h o w s   a  c o n c r e t e   s t r u c t u r e   2  w h i c h   c o n t a i n s   r e i n -  

f o r c i n g   r o d s   1  and   a r o u n d   w h i c h   i s   b e i n g   w r a p p e d   a  mesh  a n o d e   4 .  

F i g u r e   10  s h o w s   a  p r e f o r m e d   p a n e l   in  w h i c h   an  a n o d e   4  and  b u s  

w i r e   5  a r e   e m b e d d e d   w i t h i n   a  l a y e r   8  of  c o n d u c t i v e   m a t e r i a l .   T h e  

p a n e l   a l s o   i n c l u d e s   an  i n n e r   l a y e r   9  of  a  c o n d u c t i v e   a d h e s i v e   f o r  

s e c u r i n g   t h e   p a n e l   to   a  s u b s t r a t e ,   and  a  l a y e r   7  w h i c h   may  be  a  

s t r u c t u r a l   e l e m e n t   or  s i m p l y   a  p r o t e c t i v e   c o v e r i n g ,   and  w h i c h   m a y  

be  e l e c t r i c a l l y   c o n d u c t i v e   or  n o n - c o n d u c t i v e .   The  p a n e l   can  a l s o  



i n c l u d e   a  f u r t h e r   l a y e r   ( n o t   i l l u s t r a t e d )   wh ich   is  b o n d e d   to  t h e  

l a y e r   7  and  is   a  t r a f f i c - w e a r i n g   l a y e r .  



1.  An  a n o d e   s u i t a b l e   f o r   u s e   in  t h e   c a t h o d i c   p r o t e c t i o n   o f  

c o r r o d i b l e   s u b s t r a t e s ,   c h a r a c t e r i z e d   by  c o m p r i s i n g   a  p l u r a l i t y   o f  

e l o n g a t e   s t r a n d s   w h i c h   a r e   j o i n e d   to  e a c h   o t h e r   to   form  a  

f l e x i b l e   open   m e s h ,   a t   l e a s t   some  of  t h e   s t r a n d s   b e i n g   e l e c t r i -  

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

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

t h e   m e s h .  

2.  An  a n 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   e a c h   o f  

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

e s s e n t i a l l y   of  c a r b o n a c e o u s   f i b e r s .  

3.  An  a n 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   e a c h   o f  

t h e   e l e c t r i c a l l y   c o n d u c t i v e   s t r a n d s   is   f l e x i b l e   and  c o m p r i s e s  

(a )   a  c o n t i n u o u s   e l o n g a t e   m e t a l   c o r e ,   a n d  

(b)  an  e l o n g a t e   e l e m e n t   w h i c h   e l e c t r i c a l l y   s u r r o u n d s  

t h e   c o r e ,   w h i c h   is   in  e l e c t r i c a l   c o n t a c t   w i t h  

t h e   c o r e ,   and  w h i c h   i s   c o m p o s e d   of  an  o r g a n i c  

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

d i s p e r s e d   in  t h e   p o l y m e r .  



4.  An  a n o d e   a c c o r d i n g   to  any  one  of  C l a i m s   1  to  3,  c h a r a c t e r i z e d  

in  t h a t   t h e   m i n i m u m   d i m e n s i o n   of  t h e   a p e r t u r e s   is  a t   l e a s t   1  i n c h  

( 2 . 5   cm) ,   p r e f e r a b l y   a t   l e a s t   2  i n c h   ( 5 . 1   c m ) .  

5.  An  a n o d e   a c c o r d i n g   to  any  one  of  C l a i m s   to  4,  c h a r a c t e r i z e d  

in  t h a t   t h e   maximum  d i m e n s i o n   of  t h e   a p e r t u r e s   is  a t   m o s t   4  i n c h  

( 1 0 . 2   c m ) ,   p r e f e r a b l y   a t   mos t   8  i n c h   ( 2 0 . 3   c m ) .  

6.  A  m e t h o d   of  c a t h o d i c a l l y   p r o t e c t i n g   a  c o r r o d i b l e   s u b s t r a t e   b y  

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

c a t h o d e   and  an  a n o d e ,   c h a r a c t e r i z e d   in  t h a t   t h e   a n o d e   i s   an  a n o d e  

as  c l a i m e d   in  any   one  of  C l a i m s   1  to   5 .  

7.  A  m e t h o d   a c c o r d i n g   to  C l a i m   6  c h a r a c t e r i z e d   in  t h a t   t h e  

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

c o n c r e t e ,   and  t h e   a n o d e   is  s e c u r e d   to   a  s u r f a c e   of  t h e   mass   o f  

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

is  a t   l e a s t   as  c o n d u c t i v e   as  t h e   c o n c r e t e .  

8.  A  m e t h o d   a c c o r d i n g   to  C l a i m   7  c h a r a c t e r i z e d   in  t h a t   s a i d  

m a t e r i a l   is   b a s e d   on  P o r t l a n d   C e m e n t   c o n c r e t e ,   a s p h a l t   c o n c r e t e ,  

p l a s t e r ,   or  a  p o l y m e r .  

9.  A  m e t h o d   a c c o r d i n g   to  C l a i m   7  or  8  c h a r a c t e r i z e d   in  t h a t   t h e  

a n o d e   is  s e c u r e d   to   a  s u b s t a n t i a l l y   h o r i z o n t a l   u p p e r   s u r f a c e   o f  

t he   mass  of  c o n c r e t e .  



10.  A  m e t h o d   a c c o r d i n g   to   C l a i m   7  or  8,  c h a r a c t e r i z e d   in  t h a t   t h e  

a n o d e   i s   s e c u r e d   to   a  s u b s t a n t i a l l y   h o r i z o n t a l   l o w e r   s u r f a c e   o f  

t h e   mass   of  c o n c r e t e   or  to   a  s u r f a c e   of  t h e   mass   of  c o n c r e t e  

w h i c h   i s   s u b s t a n t i a l l y   i n c l i n e d   to   t he   h o r i z o n t a l .  
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