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Background   of  the  I n v e n t i o n :  

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 r o c e s s   for  p r e v e n t i n g  

a d h e s i o n   of  mar ine   o r g a n i s m s   to  a  me ta l   s t r u c t u r e   such  a s  

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

r e f e r r e d   to  as  p r e v e n t i o n   of  f o u l i n g )   and  p r e v e n t i n g   c o r r o s i o n  

of  s a id   m e t a l   s t r u c t u r e .  

A d d i t i o n a l l y ,   s i n c e   i t   is  a  s t r u c t u r e   coming  i n t o  

c o n s t a n t   c o n t a c t   wi th   s e a w a t e r ,   the  f o l l o w i n g   d e s c r i p t i o n  

w i l l   be  made  by  way  of  e x a m p l e ,   wi th   r e f e r e n c e   to  the  c a s e  

where  the  s t r u c t u r e   is  used  in  s e a w a t e r .  

H e r e t o f o r e ,   a  method  of  p r e v e n t i n g   f o u l i n g   of  a  s t r u c -  

t u r e   has  been  e x c l u s i v e l y   d e p e n d i n g   on  the  use  of  a n t i - f o u l i n g  

p a i n t .   This   a n t i - f o u l i n g   p a i n t   i n c l u d e s ,   for  e x a m p l e ,   m e t a l s  

such  as  c u p r o u s   ox ide   and  o r g a n i c   t i n ,   by  g r a d u a l   e l u t i o n   o f  

which ,   the  o b j e c t   of  p r e v e n t i n g   f o u l i n g   has  been  a t t a i n e d .  

These  a n t i - f o u l i n g   p a i n t s   have  been,   however ,   not   f r e e  

from  d r a w b a c k s   in  t h a t   an  u n d e r w a t e r   s t r u c t u r e   ( s t r u c t u r e  

used  in  w a t e r )   have  been  r e q u i r e d   to  be  docked  at  eve ry   1  -   2 

y e a r s   for  r e p a i n t i n g .   E s p e c i a l l y ,   in  the  case   of  a  s h i p ,  

m e t a l s   such  as  c u p r o u s   ox ide   e l u t e s   t o g e t h e r   w i th   r o s i n  

for  c u r b i n g   the  e l u t e d   amount  and  a  s k e l e t o n   r e m a i n i n g  

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

r e s u l t s   in  g r a d u a l   r e d u c t i o n   of  the  a n t i - f o u l i n g   e f f e c t   a n d  

in  a d d i t i o n ,   due  to  t h i s   s k e l e t o n ,   the  s u r f a c e   r o u g h n e s s   o f  

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

Due  to  t h a t ,   i t   has  been  c o n c e i v e d   to  cover   the  h u l l  

wi th   an  a n t i - f o u l i n g   and  a n t i - c o r r o s i o n   m e t a l   m a t e r i a l .   A t  

p r e s e n t ,   smal l   s h i p s   whose  h u l l s   are  made  of  Cu-Ni  for  p r e v e n t i n g  



f o u l i n g   are  being  b u i l t   in  Europe ,   which  has  been  i n t r o d u c e d  

in  l i t e r a t u r e s   and  the  l i k e .   However,  in  t h i s   c a s e ,   when  s t e e l  

and  Cu-Ni  are  e l e c t r i c a l l y   c o n n e c t e d   in  s e a w a t e r ,   the  s t e e l  

is  c o r r o d e d   s e v e r e l y   due  to  e l e c t r i c   c o r r o s i o n .   This   l e a d s   t o  

c o u n t e r m e a s u r e s   such  as  c o v e r i n g   the  e n t i r e   submerged  ( s u b -  

mar ine)   p a r t   of  the  s t r u c t u r e   wi th   Cu-Ni  or  c o m p l e t e l y  

e l e c t r i c a l l y   i n s u l a t i n g   Cu-Ni  from  the  s t e e l   segment .   N o t  

only   in  the  case  of  a  s h i p ,   but  in  the  case   of  a  s t r u c t u r e  

used  in  s e a w a t e r ,   d e p e n d i n g   on  whe ther   the  me ta l   c o v e r i n g   t h e  

s u r f a c e   of  such  s t r u c t u r e   is  base  or  noble   as  compared  w i t h  

the  a n t i - f o u l i n g   me ta l   m a t e r i a l ,   i t   is  d e c i d e d   whether   t h e  

ship   or  the  s t r u c t u r e   used  in  s e a w a t e r   is  exposed   to  t h e  

danger   of  c o r r o s i o n   or  c o r r o s i o n   of  the  a n t i - f o u l i n g   m e t a l  

m a t e r i a l   is  e x p e d i t e d .   G e n e r a l l y ,   however ,   a  me ta l   which  i s  

base  as  compared  with  the  a n t i - f o u l i n g   me ta l   m a t e r i a l   is  u s e d  

in  the  s t r u c t u r a l   m a t e r i a l   of  a  sh ip   and  o t h e r   s t r u c t u r e s   a n d  

c o m p l e t e   i n s u l a t i o n   between  the  two  or  c o m p l e t e   c o v e r i n g   o f  

the  s u r f a c e   of  the  sh ip   or  o t h e r   s t r u c t u r e s   wi th   the  a n t i -  

f o u l i n g   m e t a l   m a t e r i a l   is  the  i n d i s p e n s a b l e   r e q u i r e m e n t .  

However,  in  such  c a s e ,   if  t h e r e   is  an  i n c o n v e n i e n c e   and  t h e  

a n t i - f o u l i n g   me ta l   and  the  s t r u c t u r e   are  e l e c t r i c a l l y   s h o r t -  

c i r c u i t e d ,   c o r r o s i o n   is  a b n o r m a l l y   e x p e d i t e d .  

Due  to  t h i s ,   i t   is  c o n c e i v a b l e   to  cover   the  s u r f a c e   of  a 

s t r u c t u r e   ( h e r e i n a f t e r   a  ship  and  a  s t r u c t u r e   used  in  s e a w a t e r  

s h a l l   be  r e f e r r e d   to  by  t h i s   name  en  masse)  wi th   a  me ta l   t h a t  

is  base  as  compared  wi th   the  a n t i - f o u l i n g   me ta l   such  as,   f o r  

example ,   z inc  and  a lumin ium  a l l o y s   or  equip   the  s t r u c t u r e   w i t h  

a  d e v i c e   c a p a b l e   of  s u p p l y i n g   an  e l e c t r i c   c u r r e n t   from  o u t s i d e .  



However ,   in  such  c a s e ,   the  f o l l o w i n g   i n c o n v e n i e n c e   i s  

c a u s e d .  

Namely,   as  shown  in  F ig .   1  of  the  a c c o m p a n y i n g   d r a w i n g s ,  

where  a  s t r u c t u r e   1  c o v e r e d   wi th   an  a n t i - f o u l i n g   m e t a l   3  v i a  

an  i n s u l a t e d   l a y e r   2  c o n t a c t s   s e a w a t e r   4  at  the  s u r f a c e   of  t h e  

a n t i - f o u l i n g   me ta l   3,  t h e r e   is  a  p o r t i o n   5  t h a t   c a n n o t   be  

c o v e r e d   where  the  i n s u l a t e d   l a y e r   is  d e f e c t i v e ,   such  as ,   f o r  

e x a m p l e ,   an  uneven  p o r t i o n   of  the  welded  s e g m e n t ,   and  when  f r o m  

one  r e a s o n   or  a n o t h e r ,   for  e x a m p l e ,   due  to  an  o u t e r   f o r c e ,   t h e  

a n t i - f o u l i n g   m e t a l   3  c o n t a c t s   the  s t r u c t u r e   1  to  p r o d u c e   a  

s h o r t - c i r c u i t e d   p o r t i o n   6,  from  the  a b o v e - r e f e r r e d   d e f e c t i v e  

p o r t i o n   5,  a  g a l v a n i c   c u r r e n t   i g  f l o w s   to  the  a n t i - f o u l i n g  

m e t a l ,   e x p e d i t i n g   c o r r o s i o n   of  the  s t r u c t u r e   1  at  a  r a p i d  

s p e e d .  

To  p r e v e n t   t h i s ,   i t   is  n e c e s s a r y   to  r e d u c e   the  p o t e n t i a l  

of  the  a n t i - f o u l i n g   m e t a l   to  t h a t   of  the  s t r u c t u r e   1  to  t h e r e b y  

e l i m i n a t e   the  p o t e n t i a l   d i f f e r e n c e .   For  t h a t   end,  by  e q u i p p i n g  

an  anode  c o n s i s t i n g   of  a  base  m e t a l ,   for  example ,   a  z inc   a n o d e  

7  e l e c t r i c a l l y   c o n t a c t i n g   the  s t r u c t u r e   1,  t h e r e b y   c a u s i n g   a 

c u r r e n t   i   to  f low  from  the  z inc   anode  7  to  the  a n t i - f o u l i n g  

m e t a l   3,  i t   is  p o s s i b l e   to  p r e v e n t   i t   in  p r i n c i p l e .  

However ,   in  such  c a s e ,   the  a n t i - f o u l i n g   m e t a l   3  is  n e g a -  

t i v e l y   p o l a r i z e d ,   t h a t   s t o p s   s u p p l y   of  a n t i - f o u l i n g   ion  n e c e s s a r y  

for  p r e v e n t i n g   f o u l i n g   ( the  a n t i - f o u l i n g   me ta l   c o r r o d e s   w h i l e  

s l i g h t l y   r e l e a s i n g   m e t a l   i o n s ,   a l l o w i n g   m a r i n e   o r g a n i s m s   t o  

s t a r t   a d h e r i n g .   In  a d d i t i o n ,   as  shown  in  F ig .   1,  when  t h e  

s u r f a c e   of  the  s t r u c t u r e   is  c o v e r e d   w i th   a  l a r g e   s h e e t   of  a n  

a n t i - f o u l i n g   me ta l   (meaning  i t   is  e l e c t r i c a l l y   c o n n e c t e d   t o  



the  s u r f a c e ) ,   even  if  one  p l a c e   is  s h o r t - c i r c u i t e d   no  m a t t e r  

what  l o c a t i o n   be tween  the  s t r u c t u r e   1  and  the  a n t i - f o u l i n g   m e t a l  

3  i t   may  be,  the  e n t i r e   s u r f a c e   of  the  a n t i - f o u l i n g   me ta l   r u n s  

in to   such  i n c o n v e n i e n c e ,   m o r e o v e r ,   f l o w i n g   a  c u r r e n t   to  t h e  

e n t i r e   s u r f a c e   of  the  a n t i - f o u l i n g   m e t a l ,   and  so,  t h e r e   is  a n  

i n c o n v e n i e n c e   t h a t   a  huge  q u a n t i t y   of  z inc   has  to  be  e q u i p p e d .  

On  the  o t h e r   hand,  however ,   when  a  s t r u c t u r e   c o n s i s t i n g  

of  such  naked  me ta l   is  in  s e a w a t e r ,   what  is  d i f f e r e n t   from  a 

p a i n t e d   me ta l   s t r u c t u r e   such  as  the  c o n v e n t i o n a l   ship   a n d  

u n d e r w a t e r   s t r u c t u r e ,   is  a  very  low  e l e c t r i c a l   r e s i s t a n c e   ( o r  

e l e c t r o c h e m i c a l   r e s i s t a n c e )   of  the  s u r f a c e   t h a t   c o n t a c t s   s e a -  

w a t e r .   This  has  a  very   i m p o r t a n t   s i g n i f i c a n c e   at  p r e s e n t   when 

use  of  e l e c t r i c a l   ene rgy   has  d e v e l o p e d   r e m a r k a b l y .   N a m e l y ,  

a lmos t   a l l   s t e e l   s t r u c t u r e s   where  a  sh ip   comes  a l o n g s i d e   s u c h  

as  quay  ( w h a r f ) ,   d o l p h i n   and  a n o t h e r   sh ip   has  been  e l e c t r i c a l l y  

made  c o r r o s i o n - r e s i s t i n g ,   in  the  v i c i n i t y   of  which  an  e l e c t r i c  

f i e l d   (or  f i e l d s )   due  to  f low  of  a  c u r r e n t   ( c a l l e d   a  s t r a y  

c u r r e n t )   has  been  formed.   In  a d d i t i o n ,   a n o t h e r   e l e c t r i c   f i e l d  

is  formed  due  to  a  c u r r e n t   l e a k e d   from  a  r a i l w a y   t r a c k .  

When  t h e r e   is  a  naked  me ta l   w i t h i n   such  e l e c t r i c   f i e l d s ,  

a  c u r r e n t   f lows  in  a  p o r t i o n   at  a  high  p o t e n t i a l   and  flow  o u t  

from  a  p o r t i o n   at  a  low  p o t e n t i a l .   The  p o r t i o n   from  w h i c h  

the  c u r r e n t   f lows  c o r r o d e s .   On  the  o t h e r   hand,  the  p o r t i o n   t o  

which  the  c u r r e n t   f lows  in  is  n e g a t i v e l y   p o l a r i z e d   and  c o r r o s i o n  

of  the  me ta l   is  c u r b e d ,   but  the  me ta l   l o s e s   the  e f f e c t   o f  

c u r b i n g   ( a d h e s i o n   of)  o r g a n i s m s .  

The  p a t t e r n   of  t h i s   s i t u a t i o n   is  shown  in  F ig .   2,  w h i c h  

i l l u s t r a t e s   a  case  whe re in   t h e r e   is  a  me ta l   p l a t e   8  ( l e n g t h   Lm) 



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

at  a  d e g r e e   of  p o t e n t i a l   g r a d i e n t   of  V  v o l t / L m ,   w h e r e i n   a 

c u r r e n t   of  1  A  f l o w s .   In  such  c a s e ,   the  c u r r e n t   f lows  i n  

p o r t i o n   A  of  the  me ta l   3  and  f lows  out  from  p o r t i o n   B. 

At  t h i s   t ime ,   at  p o r t i o n   A  and  p o r t i o n   B,  g e n e r a l l y   t h e  

f o l l o w i n g   r e a c t i o n s   take   p l a c e .  

P o r t i o n   A: 

P o r t i o n   B: 

E x p l a i n i n g   now  wi th   r e g a r d   to  the  case   of  u s ing   c o p p e r  

as  a  me ta l   p l a t e ,   the  e f f e c t   of  t h i s   me t a l   of  p r e v e n t i n g  

a d h e s i o n   of  mar ine   o r g a n i s m s   (to  the  s u r f a c e   t h e r e o f )   is  d u e  

to  copper   ion  p r o d u c e d   upon  c o r r o s i o n   of  c o p p e r ,   f o r m a t i o n   o f  

m e t a l l i c   copper   ion  due  to  the  e q u a t i o n   (2)  is  p r e f e r a b l e   f r o m  

the  v i e w p o i n t   of  a n t i - f o u l i n g   e f f e c t ,   however ,   the  r e a c t i o n  

o c c u r r i n g   at  the  p o r t i o n   A  has  n o t h i n g   to  do  wi th   f o r m a t i o n  

of  copper   ion,   f o r m a t i o n   of  OH  ( h y d r o x y l   group  ion)  c u r b s  

c o r r o s i o n   of  c o p p e r ,   which  is  a  phenomenon  t h a t   is  not  p r e f e r -  

ab le   from  the  v i e w p o i n t   of  c u r b i n g   a d h e s i o n   of  ( m a r i n e )  

o r g a n i s m s .  

In  g e n e r a l ,   in  a  me t a l   p l a t e   in  s e a w a t e r ,   i t   is  p r e f e r a b l e  

t h a t   the  r e a c t i o n   p o i n t s   of  the  e q u a t i o n s   (1)  and  (2)  o c c u r  

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

and  when  t h i s   c o n d i t i o n   is  met,  the  me ta l   p l a t e   would  be  

u n i f o r m l y   c o r r o d e d ,   which  me ta l   p l a t e   may  be  s a id   to  be  a  

very   p r e f e r a b l e   me ta l   m a t e r i a l   from  the  v i e w p o i n t   of  p r e v e n t i n g  



f o u l i n g .   One  more  r e q u i r e m e n t   n e c e s s a r y   for  the  me ta l   m a t e r i a l  

to  meet  is  t h a t   i t  s h o u l d   have  a  c o r r o s i o n   v e l o c i t y   to  a n  

e x t e n t   of  g e n e r a t i n g   me ta l   ion  e f f e c t i v e   for  p r e v e n t i n g   f o u l -  

ing.   E x c e s s i v e   e l u t i o n   is  not  p r e f e r a b l e   from  the  v i e w p o i n t  

of  the  d u r a b i l i t y .  

Even  if  a  me ta l   p l a t e   or  m a t e r i a l   which  meets   s u c h  

r e q u i r e m e n t s   and  is  very   e f f e c t i v e   for  p r e v e n t i n g   f o u l i n g ,   i s  

o b t a i n e d ,   i t   may  be  s a id   to  be  a  f a t e   of  a  sh ip   t h a t   is  i s  

used  under  the  a f o r e m e n t i o n e d   e n v i r o n m e n t   of  the  s u r f a c e   o f  

the  sea  s u b j e c t e d   to  the  e l e c t r i c   f i e l d s .  

When  an  e x c e l l e n t   c o n d u c t i v e   me ta l   m a t e r i a l   is  used  f o r  

a  l a r g e   and  long  o b j e c t   such  as  s h i p ,   r e a s o n s   for  o b s t r u c t i n g  

un i fo rm  d i s s o l u t i o n   of  a  me ta l   i n c l u d e   the  f o l l o w i n g ,   a s i d e  

from  the  a f o r e s a i d   e x t e r n a l   r e a s o n s .  

(a)  G e n e r a t i o n   of  m a c r o c e l l   c u r r e n t  

Between  remote   p o s i t i o n s   c o n t a c t i n g   the  r e s p e c t i v e   p a r t s  

of  the  h u l l   where  t h e r e   are  l a r g e   d i f f e r e n c e s   such  as  u n u n i -  

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

d i f f e r e n c e   and  a  d i f f e r e n c e   in  a  f low  r a t e   in  s e a w a t e r ,   t h e  

r e a c t i o n s   of  the  a b o v e - r e f e r r e d   e q u a t i o n s   (1),   (2)  would  o c c u r .  

(b)  The  sh ip   p r o p e l l e r   c o n s i s t s   of  a  copper   a l l o y ,   a n d  

in  o rde r   to  p r e v e n t   g a l v a n i c   c o r r o s i o n   c o a c t i n g   wi th   the  h u l l  

( c o n s i s t i n g   of  s t e e l ) ,   i t   is  n e c e s s a r y   to  p r a c t i c e   e l e c t r i c a l  

p r e v e n t i o n   of  c o r r o s i o n   by  a  c u r r e n t - f l o w i n g   anode  (z inc)   o r  

an  e x t e r n a l   power  sou rce   sys t em,   but  t h i s   would  g e n e r a t e  

d i s t r i b u t i o n   of  p o t e n t i a l s   on  the  h u l l .  

(c)  When  a  sh ip   a n c h o r s ,   as  shown  in  Fig.   3,  upon  l o w e r -  

ing  an  a n c h o r ,   a  c u r r e n t   would  be  g e n e r a t e d   from  a n t i - c o r r o s i o n  



zinc  p r o v i d e d   at  the  s t e r n .  

In  Fig.   3,  r e f e r e n c e   numera l   9  shows  a  s t e e l   h u l l ,  

numera l   7  a n t i - c o r r o s i o n   z i n c ,   numera l   11  a  copper   a l l o y  

p r o p e l l e r   and  numera l   12  a  s t e e l   a n c h o r .   As  w i l l   be  s e e n  

in  F ig .   3,  a  p o t e n t i a l   d i f f e r e n c e   of  about   400  mv  between  t h e  

a n t i - c o r r o s i o n   z inc  7  and  the  anchor   12  c a u s e s   a  c u r r e n t   t o  

flow  in  the  d i r e c t i o n   of  a r r o w s .  

A  l a r g e - s i z e   sh ip   such  as  a  c rude   o i l   t a n k e r ,   a  b u l k  

c a r r i e r   or  the  l i k e   has  a  sh ip   l e n g t h   e x t e n d i n g   as  long  a s  

200  -   300  m,  so  a  s l i g h t   p o t e n t i a l   g r a d i e n t   of  1  mv/m  w i l l  

b r ing   about   a  p o t e n t i a l   d i f f e r e n c e   of  0.1  v  over  a  l e n g t h   o f  

100  m,  and  in  such  a  case   a  f l o w - i n   and  f l o w - o u t   c u r r e n t   o f  

10µA/cm2  has  been  o b s e r v e d   by  a c t u a l   m e a s u r e m e n t .  

By  t h i s ,   the  c o r r o s i o n   v e l o c i t y   of  copper   at  a  p a r t   f r o m  

where  the  c u r r e n t   f lows  out  ( p o r t i o n   B  of  Fig .   2)  is  c a l c u l a t e d  

as  f o l l o w s :   Assuming  t h a t   the  c u r r e n t   of  1  µA/cm2  f lows  i n  

a  day,  i t   w i l l   wear  the  p l a t e   t h i c k n e s s   by  6.1  x  10-5  mm. 

This  amounts   in  a  year   to  6.1  x  1 0   -5/(µA/cm2)  D  x  10  µA/cm2 

x  365  days .   That  i s ,   the  c o r r o s i o n   v e l o c i t y   is  equa l   to  0.22  mm/ 

y e a r .   Assuming  now  t h a t   n a t u r a l   c o r r o s i o n   v e l o c i t y   in  t h e  

a b s e n c e   of  a  f low  of  the  c u r r e n t   is  0.005  mm/year ,   then  we 

o b t a i n :  

This   means  a c c e l e r a t i o n   of  about   40  t i m e s .  

As  m e n t i o n e d   above ,   e x i s t e n c e   of  even  such  a  s l i g h t   p o t e n -  

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

whose  h u l l   is  c o v e r e d   wi th   a  naked  me ta l   p l a t e   or  p l a t e s .  



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

Fig .   1  is  a  c r o s s - s e c t i o n   view  of  a  model  of  an  o u t e r  

p l a t e ,   showing  the  mode  of  a  s h o r t - c i r c u i t   a c c i d e n t   and  p r e -  

v e n t i o n   of  c o r r o s i o n   of  a  s t r u c t u r e   used  in  s e a w a t e r .   F ig .   2 

is  a  c r o s s - s e c t i o n   view  of  a  model  of  an  o u t e r   p l a t e ,   s h o w i n g  

the  r o u t e   of  a  s t r a y   c u r r e n t   in  a  me ta l   p l a t e   w i t h i n   s e a w a t e r  

having  a  p o t e n t i a l   g r a d i e n t .   F ig .   3  is  a  s ide   e l e v a t i o n   v i e w  

of  a  sh ip   showing  one  example  of  the  r o u t e   of  a  c u r r e n t   ( s t r a y  

c u r r e n t )   g e n e r a t e d   in  the  h u l l   of  the  s h i p .   F ig .   4  is  a  

s c h e m a t i c   s ide   e l e v a t i o n   view  of  a  sh ip   a c c o r d i n g   to  a  f i r s t  

embodiment   of  the  p r e s e n t   i n v e n t i o n .   F ig .   5  is  a  f r a g m e n t a r y  

view  of  F ig .   4  t aken   a long  l i n e   V -  V  as  viewed  in  the  d i r e c -  

t i on   of  a r r o w s .   F ig .   6  is  a  s c h e m a t i c   s ide   e l e v a t i o n   v i e w  

of  a  sh ip   a c c o r d i n g   to  a  second  embodiment   of  the  p r e s e n t  

i n v e n t i o n   (where in   a  p a r t   of  the  a n t i - f o u l i n g   me ta l   p l a t e   i s  

o m i t t e d ) .   F ig .   7  is  a  c r o s s - s e c t i o n   view  of  a  model  of  a n  

o u t e r   p l a t e   for  e x p l a i n i n g   c o r r o s i o n   caused   by  a  s h o r t - c i r c u i t  

between  a  broad  a n t i - f o u l i n g   me ta l   p l a t e   and  a  s t r u c t u r a l  

( c o n s t r u c t i o n )   m a t e r i a l   as  wel l   as  p r e v e n t i o n   of  such  c o r r o s i o n .  

F ig .   8  is  a  c r o s s - s e c t i o n   view  of  a  model  of  an  o u t e r   p l a t e  

for  e x p l a i n i n g   the  s t a t e   at  the  time  of  a  s h o r t - c i r c u i t  

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

Fig .   9  is  a  c r o s s - s e c t i o n   view  of  a  model  of  an  o u t e r   p l a t e  

for  e x p l a i n i n g   the  e f f e c t   of  the  p r e s e n t   i n v e n t i o n .  

1  . .   S t r u c t u r e ,   2  . .   I n s u l a t e d   l a y e r ,   3  . .   A n t i - f o u l i n g  

m e t a l ,   4  . .   Water  ( s e a w a t e r   or  f r e s h   w a t e r ) ,   6  . .  S h o r t -  

c i r c u i t e d   p o r t i o n ,   7  . .   Zinc  a n o d e  



D e t a i l e d   D e s c r i p t i o n   of  the  I n v e n t i o n :  

An  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  p r o v i d e   a 

p r o c e s s   for  p r e v e n t i n g   f o u l i n g   and  c o r r o s i o n   of  a  s t r u c t u r e  

t h a t   has  e l i m i n a t e d   the  a f o r e s a i d   d r awbacks   of  the  c o n v e n -  

t i o n a l   p r o c e s s e s .   The  g i s t   of  the  p r e s e n t   i n v e n t i o n   r e s i d e s  

in  a  p r o c e s s   for  p r e v e n t i n g   f o u l i n g   and  c o r r o s i o n   of  a  s t r u c -  

t u r e   which  c o m p r i s e s   c o v e r i n g   the  w a t e r - c o n t a c t i n g   s u r f a c e   o f  

an  u n d e r w a t e r   s t r u c t u r e   e q u i p p e d   wi th   an  e l e c t r i c a l   c o r r o s i o n  

i n h i b i t i n g   means  or  e l e c t r o c h e m i c a l   c o r r o s i o n   i n h i b i t i n g   m e a n s  

wi th   a  p l u r a l i t y   of  a n t i - f o u l i n g   me ta l   t i l e s   in  such  a  m a n n e r  

t h a t   sa id   me ta l   t i l e s   c o n t a c t   s a id   w a t e r - c o n t a c t i n g   s u r f a c e  

via   an  e l e c t r i c a l   i n s u l a t e d   l a y e r   in  the  v e r t i c a l   d i r e c t i o n  

of  s a id   w a t e r - c o n t a c t i n g   s u r f a c e   but  do  not  c o n t a c t   one  a n o t h e r  

in  the  d i r e c t i o n   of  the  w a t e r - c o n t a c t i n g   s u r f a c e .  

I t   is  to  be  no ted   t h a t   the  a b o v e - r e f e r r e d   e l e c t r i c a l  

c o r r o s i o n   i n h i b i t i n g   means  i n v o l v e s   a  method  of  p r e v e n t i n g  

c o r r o s i o n   of  a  s t r u c t u r e   by  a p p l y i n g   a  DC  v o l t a g e   be tween  a 

p a r t   i n t e n d e d   to  make  a n t i - c o r r o s i v e   ( s t r u c t u r e )   and  s e r v i n g  

as  a  c a t h o d e   and  a  g r a p h i t e   or  c a s t   i ron   p i e c e   s e r v i n g   as  a 

dummy  anode ,   or  by  a p p l y i n g   a  DC  v o l t a g e   to  a  p l a t i n u m - p l a t e d  

t i t a n i u m   e l e c t r o d e   or  an  i n s o l u b l e   anode  such  as  Pb/Ag  a l l o y  

anode  to  make  the  s t r u c t u r e   a n t i - c o r r o s i v e ,   and  the  m e a n s  

a l s o   i n c l u d e s   an  a u t o m a t i c   p o t e n t i a l   c o n t r o l   d e v i c e   f o r  

a u t o m a t i c a l l y   m a i n t a i n i n g   the  p o t e n t i a l   of  the  s t r u c t u r e .  

In  a d d i t i o n ,   the  a b o v e - r e f e r r e d   e l e c t r o c h e m i c a l   c o r r o s i o n  

i n h i b i t i n g   means  i n v o l v e s   a  method  of  c o n t a c t i n g   wi th   t h e  

s t r u c t u r e ,   a  me ta l   e x h i b i t i n g   a  p o t e n t i a l   base r   than  t h a t   o f  

the  m a t e r i a l   of  the  s t r u c t u r e   (for  example ,   for  a  s t e e l  



s t r u c t u r e ,   Zn,  Al,  Mn  and  t h e i r   a l l o y s   and  pure   Fe)  to  form  a n  

e l e c t r i c   c i r c u i t   of  s t r u c t u r e / w a t e r / b a s e   m e t a l ,   and  as  a  r e s u l t  

the  base  me ta l   m e l t s   i n s t e a d   of  the  s t r u c t u r e ,   whereby  c o r r o -  

s ion   of  the  s t r u c t u r e   is  p r e v e n t e d .  

The  a b o v e - r e f e r r e d   u n d e r w a t e r   s t r u c t u r e   means  a l l   s t r u c -  

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

mar ine   s t r u c t u r e s .   The  a b o v e - r e f e r r e d   w a t e r - c o n t a c t i n g   s u r f a c e  

means  the  s u r f a c e   of  the  s t r u c t u r a l   member  c o n t a c t i n g   ( o r  

a d a p t e d   to  c o n t a c t )   s e a w a t e r   or  f r e s h   w a t e r .  

H e r e i n b e l o w ,   the  p r e s e n t   i n v e n t i o n   w i l l   be  e x p l a i n e d  

t h r o u g h   a n a l y s i s   of  the  p o i n t s   of  p r o b l e m s .  

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

may  be  a p p r o x i m a t e d  b y   the  f o l l o w i n g   e q u a t i o n   a c c o r d i n g   to  t h e  

r e s u l t s   of  my  s t u d y .  

where:   i  is  a  c u r r e n t   d e n s i t y   (A/cm2) 

E  is  a  p o t e n t i a l   g r a d i e n t   per  u n i t   l e n g t h   (V/100  cm) 

L  is  a  l e n g t h   of  a  m e t a l   p l a t e  

rc  is  an  e l e c t r o c h e m i c a l   r e a c t i o n   r e s i s t a n c e   (Ω-cm) 

of  the  e q u a t i o n   (1)  (n 1)  i  

where:   n  is  an  o v e r v o l t a g e   (V)  of  an  a n t i - f o u l i n g   m e t a l  

i  i s  a  c u r r e n t   d e n s i t y   (A/cm2) 

As  would  be  a p p a r e n t   from  the  e q u a t i o n   (3),   in  o r d e r   t o  

d e c r e a s e   a  ha rmfu l   c u r r e n t ,   i t   is  e f f e c t i v e   to  i n c r e a s e   rc  o r  

d e c r e a s e   L,  bu t ,   s i n c e   rc  is  d e p e n d e n t   upon  p h y s i c a l   p r o p e r t i e s  

of  a  m e t a l ,   the  p r a c t i c a l  m e t h o d   of  s e t t l i n g   is  to  d e c r e a s e   L .  

S p e c i f i c a l l y ,   i t   is  to  use  an  a n t i - f o u l i n g   m e t a l   on  t h e  



o u t e r   s u r f a c e   of  a  h u l l ,   not  in  a  huge  form,  but  in  many  s m a l l  

cut   f o r m s .  

The  c o r r o s i o n   c u r r e n t   d e n s i t y   in  of  a  me ta l   p l a t e   is  g i v e n  

as  f o l l o w s   when  i t   has  a  l e n g t h   L  and  being  cut   to  n  s m a l l  

p l a t e s .  

From  the  e q u a t i o n s   (3) ,   (4) ,   a  d e c r e a s i n g   r a t i o  f   of  t h e  

c u r r e n t   d e n s i t y   is  g iven   as  f o l l o w s .  

Thus,   i t   is  p o s s i b l e   to  r e d u c e   the  c u r r e n t   d e n s i t y   to  1 / n .  

What  v a l u e   shou ld   be  s e l e c t e d   as  the  va lue   of  t h i s   n  i s  

an  i m p o r t a n t   p r o b l e m .   When  the  v a l u e   of  n  is  made  too  l a r g e ,  

i t   would  e x c e s s i v e l y   s h o r t e n   the  l e n g t h   of  one  s ide   of  a n  

a n t i - f o u l i n g   m e t a l ,   b r i n g i n g   about   d i s a d v a n t a g e s   such  a s  

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

to  i n c r e a s e   of  cut   p o r t i o n s   ( s e a l i n g   of  j o i n t s   would  be  

r e q u i r e d   t h e r e f o r )   and  i n c r e a s e d   f r i c t i o n a l   r e s i s t a n c e   due  t o  

i n c r e a s e   of  j o i n t s .   G e n e r a l l y ,   i t   is  p r a c t i c a l l y   p r e f e r a b l e  

to  s e l e c t   the  va lue   of  n  such  t h a t   i   may  have  the  upper  l i m i t  

of  the  p e r m i s s i b l e   c u r r e n t   d e n s i t y   at  abou t   the  same  c o r r o s i o n  

v e l o c i t y   as  the  n a t u r a l   c o r r o s i o n   v e l o c i t y   by  t a k i n g   i n t o  

a c c o u n t   the  i n f l u e n c e   over  the  l i f e   of  the  a n t i - f o u l i n g   m e t a l  

and  the  f o u l i n g   p r e v e n t i n g   e f f e c t .   (The  c o r r o s i o n   v e l o c i t y  

d o u b l e s . )  

When  the  e n t i r e   l e n g t h   of  a  sh ip   is  L,  the  l e n g t h   of  o n e  

cut   out  p i e c e   of  a n t i - f o u l i n g   me ta l   is  l,  the  r a t i o   of  t h e  



p e r m i s s i b l e   c u r r e n t   d e n s i t y   ( d e n s i t y   of  c o r r o s i o n   c u r r e n t   ( i n ) /  

n a t u r a l   c o r r o s i o n   c u r r e n t   d e n s i t y   (io)  i s  k   and  the  p o t e n t i a l  

d i f f e r e n c e   over  the  e n t i r e   h u l l   l e n g t h   is  VL  v o l t ,   the  f o l l o w -  

ing  e q u a t i o n   (6)  is  f u l f i l l e d .  

For  example ,   when  k  =  1,  r c  ≈   104Ω--cm,  VL =  0.4  v o l t  

and  io  ≈   0.25  x  10-4  A / c m 2 ,  

the  l e n g t h  l  o f   one  cut   out  p i e c e   of  a n t i - f o u l i n g   me ta l   a n d  

the  i n f l u e n c e   of  the  h u l l   l e n g t h   t h e r e o v e r   become  as  f o l l o w s .  

Hull   l e n g t h   (L  cm)  Length   of  an  a n t i - f o u l i n g   me ta l   p i e c e  
(l  cm) 

The  n u m e r i c a l   v a l u e s   shown  above  are  p r e s e n t e d   for  e x p l a i n -  

ing  the  t r e n d   when  t h e r e   is  a  p o t e n t i a l   d i f f e r e n c e   of  0.4  V 

between  the  both  ends  of  a  h u l l   l e n g t h   from  the  bow  to  t h e  

s t e r n .   A c t u a l l y ,   however ,   d e p e n d i n g   on  the  f i t t i n g   p o s i t i o n  

and  number  of  a n t i - f o u l i n g   z inc   p i e c e s ,   the  h u l l   l e n g t h   a n d  

the  p r o p e l l e r   as  shown  in  F ig .   3,  the  p o t e n t i a l   g r a d i e n t   v a r i e s .  

And  i t   is  n e c e s s a r y   to  d e c i d e   the  l e n g t h  k   a f t e r   t a k i n g   i n t o  

a c c o u n t   t h e s e   f a c t o r s .  

The  a f o r e s a i d   e x p l a n a t i o n   is  l i m i t e d   to  the  s e t u p   in  t h e  

l e n g t h w i s e   d i r e c t i o n   of  the  sh ip   on ly ,   however ,   the  same 

t h e o r y   is  a p p l i c a b l e   to  a  s e tup   in  the  w i d t h w i s e   d i r e c t i o n  

( c r o s s - s e c t i o n a l   d i r e c t i o n )   of  the  sh ip   as  w e l l .   H o w e v e r ,  

if  i t   is  t aken   i n to   a c c o u n t   t h a t   the  l e n g t h   in  the  w i d t h w i s e  



d i r e c t i o n   of  the  sh ip   is  only   a  f r a c t i o n   of  the  l e n g t h   f r o m  

the  bow  to  the  s t e r n ,   and  a l s o   if  the  p e r i o d   d u r i n g   which  i t  

is  i n f l u e n c e d   by  a  p o t e n t i a l   g r a d i e n t   is  t aken   i n to   a c c o u n t ,  

then  the  cause   due  to  the  sh ip   per  se  as  m e n t i o n e d   in  (b)  a b o v e ,  

s u s t a i n s   e x t r e m e l y   l o n g e r   than  the  e x t e r n a l   cause   such  as  q u a y  

( w h a r f ) ,   pon toon   and  m o o r i n g .   Namely,   as  compared  wi th   t h e  

moor ing   p e r i o d   which  is  n o r m a l l y   s e v e r a l   days ,   what  is  due  t o  

the  sh ip   per  se  a lways   e x i s t s   i r r e s p e c t i v e   of  s a i l i n g   o r  

a n c h o r i n g ,   and  f u r t h e r ,   the  d e g r e e   of  i n f l u e n c e   in  the  w i d t h -  

wise  d i r e c t i o n   is  a l m o s t   zero  compared  wi th   t h a t   in  t h e  

l e n g t h w i s e   d i r e c t i o n   from  the  s t r u c t u r e   of  a  s h i p .   From  t h e s e  

r e a s o n s ,   t h e r e   is  no  s t r i c t   r e s t r i c t i o n   wi th   r e s p e c t   to  t h e  

l e n g t h  k   as  compared  to  t h a t   in  the  w i d t h w i s e   d i r e c t i o n .  

Taking  t h e s e   p o i n t s   i n t o   a c c o u n t ,   embodiments   of  an  a n t i -  

f o u l i n g   sh ip   c o v e r e d   wi th   a n t i - f o u l i n g   me ta l   p l a t e s   ( t i l e s )  

are  shown  in  F ig .   4,  F ig .   5  and  F ig .   6 .  

F ig .   4  shows  an  embodiment   whe re in   a n t i - f o u l i n g   m e t a l  

t i l e s   14A  each  having   a  t h i c k n e s s   of  0 . 2  -   0.3  mm  and  a  l e n g t h  

of  &  cm  are  f i t t e d   in  the  l e n g t h w i s e   d i r e c t i o n   of  a  h u l l   9 

v ia   a  gap  space  15,  which  is  cut   in  the  w i d t h w i s e   d i r e c t i o n  

at  a  p o r t i o n   16  shown  in  F ig .   5.  I t   is  n e c e s s a r y   to  make  t h e  

i n t e r v a l   at  the  j o i n t   15  of  the  a n t i - f o u l i n g   me ta l   t i l e s   14 

and  at  the  gap  16  as  na r row  as  p o s s i b l e   ( l e s s   than  s e v e r a l   mm) 

and  s e a l   i t   wi th   a  w a t e r - p r o o f   i n s u l a t i n g   m a t e r i a l .   The  a n t i -  

f o u l i n g   me ta l   p l a t e   14A  is  a d h e r e d   to  the  h u l l   9  w i th ,   f o r  

example ,   an  a d h e s i v e   via   a  p r o p e r   i n s u l a t e d   l a y e r   1 8 .  

F ig .   6  shows  an  embodiment   w h e r e i n   me ta l   p l a t e s   cut   i n t o  

smal l   p i e c e s   a l s o   a long  a  l e n g t h w i s e   d i r e c t i o n   of  the  s h i p ,  



are  f i t t e d   on  the  s u r f a c e   of  the  h u l l .   I t   is  p o s s i b l e   t o  

p r o p e r l y   s e l e c t   the  p r o c e s s e s   shown  in  t h e s e   e m b o d i m e n t s  

a c c o r d i n g   to  the  s i ze   of  a  s h i p .  

Now,  when  the  h u l l   and  the  a n t i - f o u l i n g   me ta l   p l a t e   a r e  

s h o r t - c i r c u i t e d   from  some  r e a s o n   or  a n o t h e r ,   a  g a l v a n i c   c u r r e n t  

f lows  between  the  h u l l   and  the  a n t i - f o u l i n g   m e t a l ,   and  t h e  

h u l l   is  c o r r o d e d   as  m e n t i o n e d   p r e v i o u s l y .   Here,   a  f u r t h e r  

d e t a i l e d   e x p l a n a t i o n   w i l l   be  g i v e n .   In  such  c a s e ,   by  p r o v i d -  

ing  a n t i - c o r r o s i o n   z inc   p l a t e   7  shown  in  Fig .   1,  the  c u r r e n t  

i   f lows  i n to   the  a n t i - f o u l i n g   me ta l   p l a t e   so  as  to  r e d u c e  

the  p o t e n t i a l   of  the  a n t i - f o u l i n g   me ta l   p l a t e   to  t h a t   of  t h e  

h u l l   to  p r e v e n t   c o r r o s i o n .   However,  when  the  a n t i - f o u l i n g  

me ta l   p l a t e   is  not  d i v i d e d   to  f i n e   p l a t e s   or  t i l e s ,   a  h u g e  

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

to  p r e v e n t   c o r r o s i o n .   This  is  a  very   i m p o r t a n t   p rob lem  f r o m  

the  v i e w p o i n t   of  the  s a f e t y   of  the  s h i p ,   and  by  c u t t i n g   t h e  

a n t i - f o u l i n g   me ta l   p l a t e   i n to   many  f i n e   p l a t e s   or  t i l e s ,   i t  

s u f f i c e s   to  supp ly   the  c u r r e n t   to  an  e l e c t r i c a l l y   s h o r t -  

c i r c u i t e d   me ta l   p l a t e   on ly .   S ince   t h i s   can  be  done  wi th   a 

smal l   q u a n t i t y   of  the  c u r r e n t ,   the  aim  is  e a s i l y   a t t a i n a b l e .  

When  the  a n t i - f o u l i n g   me ta l   p l a t e   is  not  cut   i n to   many  f i n e  

p l a t e s   or  t i l e s ,   a  s e r i o u s   r e s u l t   would  occur   r e g a r d l e s s   o f  

at  what  one  l o c a t i o n   the  a n t i - f o u l i n g   me ta l   may  c o n t a c t   t h e  

h u l l .   However,   when  the  a n t i - f o u l i n g   me ta l   p l a t e   is  cut   t o  

many  smal l   p l a t e s   or  t i l e s ,   i t   is  p o s s i b l e   to  e l i m i n a t e   s u c h  

d a n g e r .   That  i s ,   many  smal l   p l a t e s   of  the  same  shape  a r o u n d  

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

c o n d u c t o r s   b e t t e r   than  s e a w a t e r   and  s e rve   to  r educe   the  p o t e n -  

t i a l   q u i c k l y .  



The  mode  of  o p e r a t i o n   w i l l   be  e x p l a i n e d   in  more  d e t a i l  

w i th   r e f e r e n c e   to  F ig .   7  and  F ig .   8 .  

F ig .   7  is  a  s i m p l i f i e d   i l l u s t r a t i o n   where  the  a n t i - f o u l i n g  

m e t a l   p l a t e   t h a t   is  not   cut   to  many  smal l   p l a t e s   or  t i l e s   i s  

s h o r t - c i r c u i t e d   to  the  h u l l ,   in  which  r e f e r e n c e   numera l   9  d e n o t e s  

a  h u l l ,   n u m e r a l   13  d e n o t e s   an  e l e c t r i c a l   i n s u l a t e d   l a y e r ,  

n u m e r a l   14  d e n o t e s   an  a n t i - f o u l i n g   m e t a l ,   n u m e r a l  7   d e n o t e s   a  

m e t a l   t h a t   is  base r   than   the  m e t a l   of  the  h u l l   wi th   r e s p e c t   t o  

a  p o t e n t i a l   such  as,   for   e x a m p l e ,   z i n c ,   a l u m i n i u m   or  the  l i k e ,  

n u m e r a l   17  d e n o t e s   a  s h o r t - c i r c u i t e d   p o r t i o n   of  the  a n t i -  

f o u l i n g   m e t a l   14  and  the  h u l l   9,  and  numera l   18  d e n o t e s   a 

d e f e c t i v e   p o r t i o n   of  p a i n t i n g   or  the  l i k e   of  the  h u l l .   I n  

such  c a s e ,   from  the  m e t a l   t h a t   is  b a s e r   than  the  s t e e l   c o n s t i -  

t u t i n g   the  h u l l ,   for  e x a m p l e ,   Zn  7,  a  c u r r e n t   i   f lows   i n t o  

the  a n t i - f o u l i n g   m e t a l   14  to  work  so  as  to  curb   g e n e r a t i o n   o f  

ig  (a  c o r r o s i o n   c u r r e n t   f l o w i n g   from  the  d e f e c t i v e   p a i n t e d  

p o r t i o n   of  the  h u l l   18  to  the  a n t i - f o u l i n g   me ta l   14) .   H o w e v e r ,  

a  huge  q u a n t i t y   of  the  c u r r e n t   is  r e q u i r e d   t h e r e f o r   and  d e p e n d -  

ing  on  the  r e l a t i v e   p o s i t i o n s   of  the  s h o r t - c i r c u i t e d   p o r t i o n  

7  and  the  d e f e c t i v e   p a i n t e d   p o r t i o n   18  of  the  h u l l ,   i t   is  n o t  

p o s s i b l e   to  s top   i  .  

F ig .   8  shows  a  case   of  r e p l a c i n g   the  a n t i - f o u l i n g   m e t a l  

p l a t e   14  of  F ig .   7  by  many  d i v i d e d   smal l   p l a t e s   14A,  where  a  

c u r r e n t   i p  c o r r e s p o n d i n g   to  the  a r ea   of  the  s h o r t - c i r c u i t e d  

p o r t i o n   17  on ly   of  the  a n t i - f o u l i n g   m e t a l   14B  is  s u f f i c i e n t .  

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

m e t a l   p l a t e s   14A  which  have  l o w  e l e c t r i c a l   r e s i s t a n c e s   f r o m  

s e a w a t e r   which  has  a  high  e l e c t r i c a l   r e s i s t a n c e ,   thus   q u i c k l y  



r e d u c e s   the  p o t e n t i a l   of  the  a n t i - f o u l i n g   me ta l   14B  a n d  

e l i m i n a t e s   the  c u r r e n t   i9  g e n e r a t e d   from  the  d e f e c t i v e  

p o r t i o n   1 8 .  

As  m e n t i o n e d   above ,   the  p r o c e s s   a c c o r d i n g   to  the  p r e s e n t  

i n v e n t i o n   i n v o l v e s   c o v e r i n g   the  w a t e r - c o n t a c t i n g   s u r f a c e   of  a  

me ta l   ship   or  a  s t r u c t u r e   c o n t a c t i n g   water   wi th   many  s m a l l  

a n t i - f o u l i n g   meta l   p l a t e s   or  t i l e s   which  are  cut   out  from  a 

l a r g e   a n t i - f o u l i n g   me ta l   p l a t e   via   an  e l e c t r i c a l   i n s u l a t e d  

l a y e r ,   so  t h a t   by  keep ing   a  sh ip   or  a  s t r u c t u r e   used  in  s e a -  

water   in  c o n s t a n t   c o n t a c t   wi th   a  me ta l   t h a t   is  base r   than  t h e  

me ta l   c o n s t i t u t i n g   the  w a t e r - c o n t a c t i n g   s u r f a c e   of  the  s h i p  

or  the  s t r u c t u r e ,   the  p r o c e s s   makes  i t   p o s s i b l e   to  p r e v e n t  

abnormal   c o r r o s i o n   of  the  a n t i - f o u l i n g   me ta l   m a t e r i a l   a n d  

i n c o m p l e t e   fou l   p r e v e n t i n g   e f f e c t   when  t h e r e   is  a  p o t e n t i a l  

g r a d i e n t ,   and  at  the  same  t ime ,   to  p r e v e n t   o c c u r r e n c e   o f  

abnormal   c o r r o s i o n   of  the  h u l l   due  to  a c c i d e n t a l   c o n t a c t  

between  the  a n t i - f o u l i n g   me ta l   m a t e r i a l   and  the  s t r u c t u r e   o r  

the  sh ip   h u l l .  

I n s t e a d   of  a  me t a l   e x h i b i t i n g   a  base  p o t e n t i a l ,   a n  

i n s o l u b l e   anode  such  as  p l a t i n u m - p l a t e d   t i t a n i u m   e l e c t r o d e   o r  

a  l e a d - s i l v e r   a l l o y   e l e c t r o d e   and  a  DC  power  sou rce   may  be  

used,   and  even  when  an  a u t o m a t i c   p o t e n t i a l   c o n t r o l   d e v i c e   f o r  

a u t o m a t i c a l l y   keep ing   the  p o t e n t i a l   of  the  s t r u c t u r e   is  u s e d ,  

i t s   f u n c t i o n a l   e f f e c t   is  the  same  in  p r i n c i p l e .  

To  p r a c t i c e   more  e f f i c i e n t l y   the  p r e s e n t   i n v e n t i o n ,   i t  

is  p r e f e r a b l e   to  f i t  t h e   a f o r e s a i d   base  me ta l   in  such  a  manne r  

as  to  s u r r o u n d   a  ship  or  s t r u c t u r e   used  in  s e a w a t e r .   This   i s  

because   by  so  do ing ,   as  shown  in  Fig .   9,  a  b y - p a s s   e f f e c t   f o r  



a  s t r a y   c u r r e n t   ig  t h a t   is  f l o w i n g   when  the  s t r u c t u r e   i s  

exposed   to  the  e l e c t r i c   f i e l d   on  the  s u r f a c e   of  the  sea ,   i s  

b r o u g h t   a b o u t ,   and  at  the  same  t ime ,   an  e f f e c t   of  making  e v e n  

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

a b o u t .  

The  f o r e g o i n g   e f f e c t   is  not  l i m i t e d   to  a  huge  o u t f i t  

l i k e   a  sh ip   o n l y ,   but  i t   is  a l s o   s i m i l a r l y   e f f e c t i v e   to  a  huge  

w a t e r g a t e   or  a  c o a s t a l   s t r u c t u r e   which  is  l a r g e   in  the  d i r e c -  

t i o n   of  the  d e p t h   t o o .  

I t   goes   w i t h o u t   s a y i n g   t h a t   means  of  c o v e r i n g   an  a n t i - f o u l i n g  

m e t a l   is  not  r e s t r i c t e d   to  a d h e s i o n   of  p l a t e s   or  t i l e s   o n l y ,  

but  s a id   m e t a l   p l a t e s   or  t i l e s   may  b e  f l a m e   s p r a y e d   or  p l a t e d  

as  w e l l .  



1.  A  p r o c e s s   for  c o v e r i n g   a  s t r u c t u r e   wi th   a n t i - f o u l i n g  

me ta l   p l a t e s   which  c o m p r i s e s   c o v e r i n g   the  w a t e r - c o n t a c t i n g  

s u r f a c e   of  an  u n d e r w a t e r   s t r u c t u r e   e q u i p p e d   wi th   e l e c t r i c a l  

f o u l i n g   i n h i b i t i n g   means  or  e l e c t r o c h e m i c a l   f o u l i n g   i n h i b i t i n g  

means  wi th   a  p l u r a l i t y   of  a n t i - f o u l i n g   me ta l   t i l e s   in  such  a  

manner  t h a t   sa id   me ta l   t i l e s   c o n t a c t   sa id   w a t e r - c o n t a c t i n g  

s u r f a c e   via   an  e l e c t r i c a l   i n s u l a t e d   l a y e r   in  the  d i r e c t i o n  

p e r p e n d i c u l a r   to  sa id   w a t e r - c o n t a c t i n g   s u r f a c e   but  do  n o t  

c o n t a c t   one  a n o t h e r   in  the  d i r e c t i o n   of  the  w a t e r - c o n t a c t i n g  

s u r f a c e .  

2.  An  u n d e r w a t e r   s t r u c t u r e ,   which  c o m p r i s e s   at  l e a s t   o n e  

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

f o u l i n g   i n h i b i t i n g   means  e q u i p p e d   on  s a id   s t r u c t u r e   w h i c h  

c o n t a c t s   w a t e r ,   an  e l e c t r i c a l l y   i n s u l a t e d   l a y e r   p r o v i d e d   on  

the  s u r f a c e   of  the  o u t e r   p l a t e   of  a  submerged  p o r t i o n   of  s a i d  

s t r u c t u r e   to  shut   of f   the  c o n d u c t i o n   be tween  s a id   o u t e r   p l a t e  

and  w a t e r ,   and  a  p l u r a l i t y   of  a n t i - f o u l i n g   me ta l   t i l e s   p r o v i d e d  

on  sa id   e l e c t r i c a l l y   i n s u l a t e d   l a y e r   so  as  not  to  c o n t a c t   o n e  

a n o t h e r .  
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