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(w)  Use  of  treated  niobium  or  tantalum  as  a  connector,  such  a  connector  and  a  cathodic  protection  system  using  such  a 
connector. 
The  use  of  niobium  or  tantalum  treated  in  a  manner 

known  per  se  by  pickting  and  anodisation  as  a  connector  in  a 
saline  solution.  Also  an  electrical  connector  formed  of 
niobium  or  tantalum  having  been  treated  by  pickling  and 
o x i d a 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 h e   use  of  t r e a t e d  

n i o b i u m   or  t a n t a l u m   as  a  c o n n e c t o r   and  such   a  . 
c o n n e c t o r   and  has   p a r t i c u l a r   r e f e r e n c e   to  t h e  

t r e a t m e n t   of  n i o b i u m   or  t a n t a l u m   to  i m p r o v e   i t s  

r e s i s t a n c e   to  a  p r e v i o u s l y   unknown  c r e v i c e   c o r r o s i o n  

a t t a c k .  

I t   has   a l r e a d y   been   p r o p o s e d   to  use  n i o b i u m   a s  

a  c o n n e c t o r ,   p a r t i c u l a r l y   f o r   use  in  a  s a l i n e   s o l u t i o n  

s u c h   as  s e a w a t e r .   Such  a  c o n n e c t o r   is   d e s c r i b e d   i n  

d e t a i l   in  B r i t i s h   p u b l i s h e d   A p p l i c a t i o n   No  2  001  8 0 7 A .  

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

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

r e a s o n s .   The  p u r p o s e   of  the   c o n n e c t o r   is  to  p e r m i t   a  

d i s m a n t l a b l e   c o n n e c t i o n   to  be  made  in  an  e l e c t r i c a l  

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

an  i m p r e s s e d   c u r r e n t   c a t h o d i c   p r o t e c t i o n   s y s t e m .  

The  e l e c t r i c a l   c o n n e c t o r   p r o p o s e d   in  P a t e n t  

S p e c i f i c a t i o n   No  2  001  807A  has   a  n u m b e r   of  d i s t i n c t  



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

i t   is   e a s i l y   d i s m a n t l a b l e   and  a s s e m b l a b l e   and  b y  

c o m p a r i s o n   to  p r e v i o u s   c o n n e c t o r s   is   c o m p a r a t i v e l y  

i n e x p e n s i v e .   N i o b i u m   is  c h o s e n   as  a  p a r t i c u l a r l y  

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

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

c o n n e c t e d   and  o p e r a t e d   as  an  a n o d e   in  a  s a l i n e  

s o l u t i o n ,   such   as  s e a w a t e r ,   w i t h o u t   c o r r o d i n g   a t  

a n o d i c   v o l t a g e s   l e s s   t h a n   a p p r o x i m a t e l y   100  v o l t s .  

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

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

i n s u l a t i n g   n i o b i u m   o x i d e   f i l m   a t   a p p l i e d   v o l t a g e s   o f  

up  to   100  v o l t s .   Above  t h a t   v o l t a g e ,   known  as  t h e  

b r e a k d o w n   v o l t a g e ,   t he   f i l m   f a i l s   and  t he   m a t e r i a l  

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

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

s e l f - p a s s i v a t i n g   a t   v o l t a g e s   b e l o w   t he   b r e a k d o w n  

v o l t a g e .   U n e x p e c t e d l y ,   h o w e v e r ,   i t   was  found   t h a t  

when  c o n n e c t o r s   f o r m e d   of  n i o b i u m   were   t e s t e d   t h e y  

c o u l d ,   in  c e r t a i n   c o n d i t i o n s ,   c o r r o d e   r a p i d l y .   Why 

t h i s   s h o u l d   h a p p e n   was  no t   to   be  f o u n d   in  a n y  
l i t e r a t u r e   known  to  t h e   a p p l i c a n t s .   An  a n s w e r   to  t h e  

p r o b l e m   has   now  b e e n   f o u n d   and  b a s i c a l l y   t he   s o l u t i o n ,  

w h i c h   f o r m s   one  f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n ,   i s  

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

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

to  form  ah  o x i d e   f i l m   on  t he   s u r f a c e   of  the   n i o b i u m .  

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

t h e   a p p l i c a n t s   i t   h a s   b e e n   f o u n d   t h a t   such   a  

p r e - t r e a t m e n t   is   known  p e r   se  b u t   has   o n l y   b e e n  

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



f o r   e x a m p l e   in  t he   t r e a t m e n t   of  s u p e r c o n d u c t o r   c a v i t y  

r e s o n a t o r s .  

T h u s ,   in  B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No 

1  335  165  t h e r e   is   d e s c r i b e d   the   t r e a t m e n t   of  t h e  

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

r e s o n a t o r   by  p i c k l i n g   in  a  m i x t u r e   of  n i t r i c   a c i d   a n d  

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

r e s o n a t o r   s u r f a c e   in  an  a q u e o u s   ammonia   s o l u t i o n .  

T h e r e   is   no  i n d i c a t i o n ,   h o w e v e r ,   f rom  t h i s   p r i o r  

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

p a r t i c u l a r l y   s u i t a b l e   f o r   use  as  a  c o n n e c t o r   in  a  

s a l i n e   s o l u t i o n   or  t h a t   such   a  m a t e r i a l   would   b e  

r e s i s t a n t   to  c o r r o s i o n .   I t   is  a p p a r e n t ,   t h e r e f o r e ,  

t h a t   t he   i n v e n t o r s   have   d i s c o v e r e d   an  u n e x p e c t e d  

p r o p e r t y   of  n i o b i u m   when  t r e a t e d   in  a  m a n n e r   k n o w n  

p e r   s e .   The  f a c t   t h a t   the   n i o b i u m   i s ,   when  in  u s e ,  
c o n n e c t e d   as  an  a n o d e   and  y e t   can  s u f f e r   f r o m  

c o r r o s i o n ,   i n c r e a s e s   the   n o v e l t y   of  the   i n v e n t i o n  

i n s o f a r   as  a  p r e - t r e a t m e n t   c o m p r i s i n g   p i c k l i n g   a n d  

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

l a t e r   d a t e .  

I t   has   a l s o   been   f o u n d ,   as  a  r e s u l t   of  w o r k  

c a r r i e d   o u t   by  t he   i n v e n t o r s ,   t h a t   p i c k l i n g   a l o n e   i s  

n o t   s u f f i c i e n t ,   nor   is  a n o d i s a t i o n   a l o n e   s u f f i c i e n t .  

T h u s ,  i t   is   n e c e s s a r y   to  have  the   c o m b i n a t i o n   of  s t e p s  

b e f o r e   t he   b e n e f i c i a l   e f f e c t s   of  t he   i n v e n t i o n   a re   t o  

be  f o u n d .  

I t   i s ,   of  c o u r s e ,   w e l l - k n o w n   to  a n o d i s e  

n i o b i u m ,   as  is  d e s c r i b e d ,   f o r   e x a m p l e ,   in  B r i t i s h  

P a t e n t   S p e c i f i c a t i o n   No  1  228  939  or   US  P a t e n t  

S p e c i f i c a t i o n   No  3  496  076 ,   and  i t   is  a l s o   known  t o  

p i c k l e   and  s u b s e q u e n t l y   a n o d i s e   n i o b i u m   f o r   use  as  a  

s u p e r c o n d u c t i n g   c a v i t y   r e s o n a t o r   as  is  d e s c r i b e d   i n  



B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No  1  335  165  r e f e r r e d   t o  

a b o v e .  

I t   a p p e a r s   t h a t   t he   p a r t i c u l a r   p r o b l e m  

a s s o c i a t e d   w i t h   t h e   use   of  n i o b i u m   as  a  c o n n e c t o r  

o c c u r s   when  t he   n i o b i u m   is  l o c a t e d   in  a  s a l i n e  

s o l u t i o n   and  is  c o n n e c t e d   a n o d i c a l l y .   T h u s ,   w h e n  

n i o b i u m   is  i n s e r t e d   in  a  c o l d   s a l i n e   s o l u t i o n   b u t   i s  

n o t   c o n n e c t e d   as  an  a n o d e   i t   does   n o t   c o r r o d e .  

H o w e v e r ,   when  c o n n e c t e d   as  an  a n o d e ,   in  c e r t a i n  

c i r c u m s t a n c e s   i t   ha s   b e e n   found   t h a t   c o r r o s i o n   c a n  

o c c u r .   To  t h e   b e s t   of  the   i n v e n t o r s '   k n o w l e d g e   t h i s  

f a c t   was  n e v e r   known  p r i o r   to  the  m a k i n g   of  t h e  

p r e s e n t   i n v e n t i o n .  

In  US  P a t e n t   S p e c i f i c a t i o n   No  3  730  856  t h e r e  

is   d e s c r i b e d   a  m e t h o d   of  a n o d i s i n g   t i t a n i u m   or  n i o b i u m  

to  r e m o v e   s u r f a c e   ion   c o n t a m i n a t i o n   so  as  to  i m p r o v e  

t h e   c o r r o s i o n   r e s i s t a n c e   of  c h e m i c a l   p l a n t   w h e r e   t h e  

m e t a l   s u r f a c e s   a r e   in  c o n t a c t   w i t h   h y d r o g e n .   H o w e v e r ,  

t h e r e   is   no  r e f e r e n c e   to  the   p a r t i c u l a r   a d v a n t a g e s   t o  

be  o b t a i n e d   f rom  u s i n g   p i c k l e d   and  a n o d i s e d   n i o b i u m   a s  

a  c o n n e c t o r   in  a  s a l i n e   e n v i r o n m e n t .  

I t   has   a l s o   b e e n   p r o p o s e d  -   s e e ,   f o r   e x a m p l e ,  

B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No  1  430  185 ,   to  r e d u c e  

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

by  a b r a d i n g   and  p i c k l i n g   in  h y d r o f l u o r i c   and  n i t r i c  

a c i d   m i x t u r e s   to  r e m o v e   ion  s u r f a c e   c o n t a m i n a t i o n .  

H o w e v e r ,   t h i s   s p e c i f i c a t i o n   does   no t   p o i n t   o u t   t h e  

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

In  US  P a t e n t   S p e c i f i c a t i o n   No  3  876  1 3 6  

n i o b i u m   ( i e   c o l u m b i u m )   is  used   in  p l a c e   of  t i t a n i u m  

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

a t t a c k .   The  s p e c i f i c a t i o n   does   n o t   d raw  t h e  

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



n i o b i u m   is  n e c e s s a r y .   In  o t h e r   w o r d s ,   f rom  t h i s  

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

i t s e l f   r e s i s t a n t   to  c r e v i c e   c o r r o s i o n   w i t h o u t   the   n e e d  

f o r   any  t r e a t m e n t   of  i t .  

In  US  P a t e n t   S p e c i f i c a t i o n   No  3  469  975  i t   i s  

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

is  c o m p l i c a t e d   by  the   c o m p l e t e   u n p r e d i c t a b i l i t y   o f  

s u s c e p t i b i l i t y   (o f   m a t e r i a l s )   to  c r e v i c e   c o r r o s i o n .  

T h i s   r e f e r e n c e   is  to  be  found   in  c o l u m n   2,  l i n e s   1  t o  

3,  of  the   s p e c i f i c a t i o n .   In  l i n e s   27  to   32  t h e r e   i s  

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

m a t e r i a l s  t o   c r e v i c e   c o r r o s i o n .  

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

w e l l - k n o w n   f o r   m a t e r i a l s   such   as  s t e e l  -   s e e ,   f o r  

e x a m p l e ,   a  p a p e r   p u b l i s h e d   by  W  D  F r a n c e   J r   in  a  

s y m p o s i u m   p r e s e n t e d   at   the   S e v e n t y - F o u r t h   A n n u a l  

M e e t i n g   of  t he   A m e r i c a n   S o c i e t y   f o r   T e s t i n g   a n d  

M a t e r i a l s ,   27  J u n e   to  2  J u l y   1 9 7 1 ,   p u b l i s h e d   as  ASTM 

S p e c i a l   T e c h n i c a l   P u b l i c a t i o n   516,   p a g e s   164  to   1 9 6  -  

t h e r e   was  n o  i n d i c a t i o n   t h a t   n i o b i u m   was  a  m a t e r i a l  

w h i c h   c o u l d   s u f f e r   such   a  c o r r o s i o n .   F u r t h e r m o r e ,   i n  

a  p u b l i c a t i o n   by  the   C e n t r e   B e l g e   d ' E t u d e   de  l a  

C o r r o s i o n   p u b l i s h e d   in  B r u s s e l s ,   J u n e   1 9 5 7 ,   r e f e r e n c e  

NZ.55   J V M . 1 4 4 ,   e n t i t l e d   " 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   o f  

N i o b i u m "   b y - J   Van  M u y l d e r ,   N  de  Z o u b o r   and  M  P o u r b a i x  

i t   is  s t a t e d   t h a t   the   r e s i s t a n c e   of  n i o b i u m   t o  

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

a i r ,   o x y g e n   and  w a t e r ,   t h a t   i t   is  n o t  a t t a c k e d   b y  

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

n i t r i c   a c i d s   or  t h e i r   m i x t u r e s ,   t h a t   aqua   r e g i a   has   no  

a c t i o n   and  t h a t   t he   same  is  t r u e   of  c a u s t i c   a l k a l i  

s o l u t i o n s .   B e c a u s e   i t   is  so  i n e r t   to  r e a c t i v e  

c h e m i c a l s   i t   is  n e c e s s a r y   to  use  f u s e d   c a u s t i c   a l k a l i s  



or   a l k a l i n e   c a r b i d e s   or  t h e i r   c o m p l e x   s o l u t i o n s   t o  

a t t a c k   i t .  

The  p a p e r   g o e s   on  to  say  t h a t   h y d r o f l u o r i c  

a c i d   a t t a c k s   n i o b i u m   o n l y   s l o w l y   b u t   t he   r a t e   o f  

a t t a c k   can  be  i n c r e a s e d   i f   the   n i o b i u m   is   t o u c h e d   w i t h  

p l a t i n u m .   A l t e r n a t i v e l y ,   the   r a t e   of   a t t a c k   can  b e  

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

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

f l u o r i d e s   or   o x y - f l u o r i d e s .  

The  p a p e r   c o n c l u d e s   by  s a y i n g   t h a t   t he   k n o w n  

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

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

w h i c h   f o r m s   on  t h e   m e t a l   c o n s t i t u t e s   an  e f f e c t i v e  

p r o t e c t i v e   o x i d e .   The  p a p e r   ends   by  s t a t i n g   t h a t   i n .  

t h e   a b s e n c e   of  c o m p l e x i n g   s u b s t a n c e s   t he   m e t a l   n i o b i u m  

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

T h u s ,   c o n t r a r y   to  the   p r i o r   a r t   d i s c u s s e d  

a b o v e ,   i t   has   b e e n   f o u n d   t h a t   t he   t r e a t m e n t   of  n i o b i u m  

known  p e r   se  can   g i v e   u n e x p e c t e d   i n c r e a s e s   in  t h e  

r e s i s t a n c e   of  n i o b i u m   to  c r e v i c e   c o r r o s i o n ,  

p a r t i c u l a r l y   when  a n o d i c a l l y   c o n n e c t e d   as  a n  

e l e c t r i c a l   c o n n e c t o r   in  a  s a l i n e   s o l u t i o n .  

By  t h e   p r e s e n t   i n v e n t i o n   t h e r e   is   p r o v i d e d   t h e  

u s e   of  n i o b i u m   or  t a n t a l u m ,   h a v i n g   b e e n   t r e a t e d   in  a  

m a n n e r   known  p e r   se  by  p i c k l i n g   to  r e m o v e  

c o n t a m i n a t i o n   and  s u r f a c e   o x i d e   f i l m s ,   a n d  

s u b s e q u e n t l y   f o r m i n g   an  o x i d e   f i l m   on  i t s   s u r f a c e ,   a s  

a  c o n n e c t o r   in  a  s a l i n e   s o l u t i o n .   The  p r e s e n t  

i n v e n t i o n   a l s o   p r o v i d e s   f o r   the   use   of  n i o b i u m   i n  

w h i c h   t h e   o x i d e   i s   f o r m e d   by  a n o d i s a t i o n   in  a  m a n n e r  

known  p e r   s e .   The  c o n n e c t o r   may  be  u s e d   w h e n  

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



s a l i n e   s o l u t i o n   may  be  an  a q u e o u s   s a l i n e   s o l u t i o n   a n d  

the   n i o b i u m   may  be  p o l a r i s e d   at   a  v o l t a g e   in  the   r a n g e  
3 0 - 1 0 0   v o l t s .   The   p r e s e n t   i n v e n t i o n   f u r t h e r   p r o v i d e s  

a  n i o b i u m   or  t a n t a l u m   member  e x p o s e d ,   in  u s e ,   to  a  

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

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

s u b s e q u e n t l y   h a v i n g   f o r m e d   on  i t s   s u r f a c e   an  o x i d e  

f i l m .  

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

c a t h o d i c   p r o t e c t i o n   s y s t e m   i n c o r p o r a t i n g   such   a  

c o n n e c t o r .  

By  way  off  e x a m p l e   the   t r e a t m e n t   of  n i o b i u m   a n d  

t he   a d v a n t a g e s   t o   be  o b t a i n e d   t h e r e b y   w i l l   b e  

d e s c r i b e d   b e l o w .  

A  p i e c e   o f   e x t r u d e d   n i o b i u m   was  p a r t i a l l y  

c o v e r e d   w i t h   a  p i e c e   of  p l a s t i c s   t a p e   and  was  i n s e r t e d  

in  a  h o t   s a l i n e   s o l u t i o n   and  c o n n e c t e d   as  an  a n o d e   a t  

50  v o l t s .   I t   was   f o u n d   t h a t   a f t e r   a  s h o r t   p e r i o d   o f  

t ime   w h i t e   n i o b i u m   o x i d e   c o r r o s i o n   p r o d u c t s   were   to  b e  

f o u n d   a d j a c e n t  t h e   p i e c e   of  p l a s t i c s   t a p e .   Two 

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

f o l l o w i n g   m a n n e r .   A  f i r s t   p i e c e   was  t r e a t e d   by  a  

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

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

n i t r i c   a c i d   and  t h e n   w a s h e d   in  w a t e r .   The  m a t e r i a l  

was  t h e n   a g a i n  w r a p p e d   in  t a p e   and  c o n n e c t e d   as  a n  

a n o d e   a t   44  v o l t s   in  a  s a l i n e   s o l u t i o n   c o n t a i n i n g  

2 5 0 g / l   NaCl  a t   a  pH  of   2.  A g a i n ,   c o r r o s i o n   p r o d u c t s  

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

The  s e c o n d   p i e c e   of  n i o b i u m   was  t h e n   p i c k l e d  

in  a  h y d r o f l u o r i c   a c i d   and  n i t r i c   a c i d   m i x t u r e   t o  

r e m o v e   40  m i c r o n s   of  n i o b i u m ,   washed   in  w a t e r   a n d  



s u b s e q e n t l y   a n o d i s e d   in  an  ammonium  s u l p h a t e   s o l u t i o n  

at   40  v o l t s   to  fo rm  an  a n o d i c   f i l m   on  the   s u r f a c e   o f  

t he   n i o b i u m .  

T h i s   s a m p l e   was  t h e n   p a r t i a l l y   w r a p p e d   w i t h   a  

p l a s t i c s   t a p e   and  t r e a t e d   in  t he   m a n n e r   of   the   f i r s t  

s a m p l e   m e n t i o n e d   a b o v e .   T h i s   p i e c e   of  n i o b i u m ,   w h i c h  

had  b e e n   t r e a t e d   in  a c c o r d a n c e   w i t h   the   p r e s e n t  

i n v e n t i o n ,   was  f o u n d   to  s u f f e r   no  a t t a c k   w h a t s o e v e r .  

By  way  of  c o m p a r i s o n   t h i r d   and  f o u r t h   s a m p l e s  

of  e x t r u d e d   n i o b i u m   were   m e r e l y   a n o d i s e d   in  a q u e o u s  
NaCl  c o n t a i n i n g   2 0 g / l   and  2 2 0 g / l   NaCl  a t   40  v o l t s   a n d  

c o v e r e d   w i t h   p l a s t i c s   t a p e .   T h e s e   s a m p l e s   were   t h e n  

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

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

i n v e n t i o n ,   was  a l s o   f o u n d   to  c o r r o d e .  

I t   can   t h u s   be  s e e n   t h a t   the   c o m b i n a t i o n   o f  

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

f o r m e d   by  a i r   o x i d a t i o n   of  t h e   n i o b i u m  -   l e a d s   t o  

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

n i o b i u m   when  u sed   as  a  c o n n e c t o r ,   p a r t i c u l a r l y   as  a n  
e l e c t r i c a l   c o n n e c t o r   in  a  s a l i n e   s o l u t i o n ,   such   a s  

s e a w a t e r .   I t   w i l l   be  r e a l i s e d   t h a t   ho t   w a t e r   was  u s e d  

to  a c c e l e r a t e   t h e   e f f e c t   of  c o r r o s i o n .   T a n t a l u m  

b e h a v e s   in  a  s i m i l a r   m a n n e r   to  n i o b i u m ,   h a v i n g   a  

s i m i l a r   n o r m a l   b r e a k d o w n   p o t e n t i a l .  

The  c o n n e c t o r s   w e r e   p a r t i c u l a r l y   u s e f u l   f o r  

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



1.  Use  of  n i o b i u m   or  t a n t a l u m ,   h a v i n g   b e e n  

t r e a t e d   in  a  m a n n e r   known  p e r   se  by  p i c k l i n g   to  r e m o v e  

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

f o r m i n g   an  o x i d e   f i l m   on  i t s   s u r f a c e ,   as  a  c o n n e c t o r  

in  a  s a l i n e   s o l u t i o n .  

2.  Use  of  n i o b i u m   as  c l a i m e d   in  C l a i m   1  in  w h i c h  

t h e   o x i d e   is  f o r m e d   by  a n o d i s a t i o n   in  a  m a n n e r   k n o w n  

p e r   s e .  

3.  Use  of  n i o b i u m   as  c l a i m e d   in  C l a i m   1  o r  
C l a i m   2  in  w h i c h   the   c o n n e c t o r   is   a n o d i c a l l y   p o l a r i s e d  

in  t he   s a l i n e   s o l u t i o n .  

4.  Use  of  n i o b i u m   as  c l a i m e d   in  a n y  o n e   o f  

C l a i m s   1  to   3  in  w h i c h   the   s a l i n e   s o l u t i o n   is  a n  

a q u e o u s   s a l i n e   s o l u t i o n   and  in  w h i c h   the   n i o b i u m   i s  

a n o d i c a l l y   p o l a r i s e d   a t   a  v o l t a g e   in  the   r e g i o n   o f  

1 0   to   100  v o l t s .  

5.  An  e l e c t r i c a l   c o n n e c t o r   i n c l u d i n g   a  n i o b i u m   o r  

t a n t a l u m   member   e x p o s e d ,   in  u s e ,   to  a  s a l i n e   s o l u t i o n  

and  h a v i n g   b e e n   t r e a t e d   by  p i c k l i n g   to  r e m o v e  

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

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

6.  An  e l e c t r i c a l   c o n n e c t o r   as  c l a i m e d   in  C l a i m   5 

in  w h i c h   t he   o x i d e   f i l m   is  f o r m e d   by  a n o d i s a t i o n .  

7.  A  c a t h o d i c   p r o t e c t i o n   s y s t e m   i n c o r p o r a t i n g   a n  
e l e c t r i c a l   c o n n e c t o r   as  c l a i m e d   in  C la im   6  or   C l a i m   7 .  


	bibliography
	description
	claims

