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i§3)  Process  for  improving  the  corrosion  resistance  of  a  ferrous  metal  body. 

Ferrous  metal  surfaces  are  protected  against  corrosion 
by  providing  the  metal  (11)  with  a  flash  coating  (12)  of  copper 
followed  by  coating  the  structure  with  a  corrosion  inhibiting 
layer  wholly  or  partially  comprising  a  water  soluble  glass.  A 
plant  for  providing  the  coating  treatment  is  also  described. 



T h i s   i n v e n t i o n   r e l a t e s   to  c o r r o s i o n   i n h i b i t i o n  

and  in   p a r t i c u l a r   to  t h e   p r e v e n t i o n   or  i n h i b i t i o n   o f  

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

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

s u c h   c o r r o s i o n   p r o t e c t i o n .  

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

of  r e i n f o r c i n g   member   in   a  v a r i e t y   of  b u i l d i n g   a n d  

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

u s e d   in   t h e   f o r m   of  r o d s   or  w i r e s   w h i c h   a r e   e m b e d d e d  

in   c o n c r e t e   to  fo rm  a  s t r u c t u r e   h a v i n g   b o t h   t e n s i l e  

and  c o m p r e s s i v e   s t r e n g t h .   Such  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   a r e   e m p l o y e d   e . g .   in   t h e   c o n s t r u c t i o n   o f  

r o a d w a y s ,   b r i d g e s ,   t u n n e l s   and  b u i l d i n g s .   I n  

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

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

a p p l y i n g   t e n s i o n   to  t h e   r e i n f o r c i n g   m e t a l   ' s k e l e t o n '  

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

s t r u c t u r e .  

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

s t r u c t u r e s   i s   t h a t   of  c o r r o s i o n   and  c o n s e q u e n t  

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

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

t h e   m e t a l   i s   in   c o n t a c t   w i t h   or  e m b e d d e d   in   a  b u i l d i n g  

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

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

a l k a l i n e   when  f r e s h l y   m i x e d   w i t h   w a t e r   and  a r e   h i g h l y  

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

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



of  w a t e r   r e m a i n   in   c o n t a c t   w i t h   t h e   m e t a l ,   t h i s   a t t a c k  

c o n t i n u e s   t h r o u g h o u t   t h e   l i f e   of  t h e   c o m p o s i t e   s t r u c t u r e .  

In  some  c a s e s   t h i s   can   l e a d   to  t h e   u l t i m a t e   f a i l u r e   o f  

t h e   r e i n f o r c e m e n t .  

W h e r e a s   c o m p o s i t e   s t r u c t u r e s   of   t h i s   t y p e   a r e  

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

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

. n e c e s s i t a t i n g   e v e n t u a l   r e p l a c e m e n t   w h i c h   can   b e  

d i f f i c u l t   and  c o s t l y .   Where   t h e   c o m p o s i t e   s t r u c t u r e  

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

of  one   or   more   r e i n f o r c i n g   m e m b e r s   c an   l e a d   t o  

c a t a s t r o p h i c   f a i l u r e   w i t h   t h e   p a r t i a l   or   c o m p l e t e  

c o l l a p s e   of  t h e   s t r u c t u r e .  

V a r i o u s   t e c h n i q u e s   f o r   p r e v e n t i n g   f e r r o u s   m e t a l  

c o r r o s i o n   h a v e   b e e n   i n v e s t i g a t e d .   One  of  t h e   b e s t  

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

w i t h   a  l a y e r   of  z i n c ,   t h e   p r o c e s s   b e i n g   known  a s  

g a l v a n i s i n g .   T h i s   p r o c e s s   p r o v i d e s   an  e f f e c t i v e  

d e g r e e   of   c o r r o s i o n   i n h i b i t i o n   b u t ,   as  t h e   z i n c  

c o a t i n g   i s   r e l a t i v e l y   t h i c k ,   t h e   p r o c e s s   i s   t o o   c o s t l y  

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

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

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

w h i c h   a c t s   as  a  s a c r i f i c i a l   a n o d e .   In  an  a t t e m p t   t o  

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

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

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

a l l y   i n e r t   i n   many  c o r r o s i v e   e n v i r o n m e n t s .   H o w e v e r   i t  

has   b e e n   f o u n d   n e c e s s a r y   to   e m p l o y   a  r e l a t i v e l y   t h i c k ,  

and  t h e r e f o r e  e x p e n s i v e ,   c o p p e r   l a y e r   to   a v o i d   t h e  

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

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

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

and  a g a i n   l e a d s   to  e l e c t r o l y t i c   c o r r o s i o n . .  

The  o b j e c t   of   t h e   i n v e n t i o n   i s   to   m i n i m i s e   or   t o  

o v e r c o m e   t h e s e   d i s a d v a n t a g e s .  



A c c o r d i n g   to  t h e   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  

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

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

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

s u r f a c e   and  an  e x t e r n a l   l a y e r   w h o l l y   or  p a r t i a l l y  

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

p r o p e r t i e s .  

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

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

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

c o a t i n g   of  c o p p e r   to  t h e   s u r f a c e ,   and  c o v e r i n g   t h e  

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

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

c o m p r i s e s   a  w a t e r   s o l u b l e   g l a s s .  

E m b o d i m e n t s   of  t h e   i n v e n t i o n   w i l l   now  be  d e s c r i b e d  

w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g s   in   w h i c h : -  

F i g u r e   1  i s   a  s c h e m a t i c   d i a g r a m   of  a  p l a n t   f o r  

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

and  F i g u r e   2  is   a  c r o s s - s e c t i o n   of  a  f e r r o u s   m e t a l  

body   p r o d u c e d   by  t h e   p l a n t   of   F i g u r e   1 .  

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

shown  in   F i g u r e   1  i s   i n t e n d e d   f o r   t h e   t r e a t m e n t   o f  

e . g .   s t e e l   r o d   or   w i r e ,   or  w i r e   p r o d u c t s ,   in   c o n t i n u o u s  

l e n g t h s .   I t   w i l l   h o w e v e r   be  c l e a r   to  t h o s e   s k i l l e d   i n  

t h e   a r t   t h a t   t h e   p r o c e s s   can   be  r e a d i l y   a d j u s t e d   to  t h e  

t r e a t m e n t   of  f e r r o u s   m e t a l s   in   o t h e r   f o r m s   s u c h   as  t u b e  

and  s h e e t .  

.The  w i r e   or  w i r e   p r o d u c t   11  to   be  t r e a t e d   i s   f e d  

f rom  a  s t o r a g e   r e e l   12  t h r o u g h   an  e l e c t r o p l a t i n g   b a t h   13  

w h e r e   a  f l a s h   c o a t i n g   21  ( F i g .   2)  of  c o p p e r   i s   d e p o s i t e d  

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

c u r r e n t   i s   f ed   to  t h e   w i r e   p r o d u c t   11  v i a   one   or  m o r e  

b r u s h   c o n t a c t s   14,  t h e   c u r r e n t   b e i n g   f ed   v i a   t h e   w i r e  

t h r o u g h   t h e   e l e c t r o l y t i c   s o l u t i o n   in   t h e   b a t h . 1 3   to  a  

c o p p e r   a n o d e   15.  The  t h i c k n e s s   of  t h e   e l e c t r o d e p o s i t e d .  



c o p p e r   c o a t i n g   21  can  be  d e t e r m i n e d   by  c o n t r o l l i n g  

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

t h e   p l a t i n g   b a t h   13  and  t h e   e l e c t r o p l a t i n g   c u r r e n t .  

T y p i c a l l y   t h i s   t h i c k n e s s   w i l l   be  in   t h e   r a n g e   0 . 0 1   t o  

1  m i c r o n   a l t h o u g h   t h e   t h i c k n e s s   of  t h e   c o p p e r   l a y e r  

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

A f t e r   t h e   e l e c t r o d e p o s i t i o n   s t a g e   t h e   w i r e   1 1  

p a s s e s ,   p r e f e r a b l y   v i a   a  w a s h i n g   and  d r y i n g   s t a t i o n   16  

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

s t a t i o n   17  w h e r e   t h e   c o p p e r   c o a t e d   w i r e   i s   p r o v i d e d  

w i t h   an  o u t e r   c o r r o s i o n   i n h i b i t i n g   c o a t i n g   22  ( F i g .   2 )  

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

h o u s i n g   c o r r o s i o n   i n h i b i t i n g   p r o p e r t i e s .   T y p i c a l l y  

t h e   g l a s s   i s   of  t h e   p h o s p h o r u s   p e n t o x i d e   t y p e   a n d  

may  c o m p r i s e   p h o s p h o r u s   p e n t o x i d e / z i n c   o x i d e / a l u m i n a  

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

g l a s s ,   s u c h   g l a s s e s   b e i n g   d e s c r i b e d   i n   ou r   p u b l i s h e d  

U n i t e d   K ingdom  s p e c i f i c a t i o n   No.  2 3 7 9 0 / 7 7   ( C . F . D r a k e  

58)  and  o u r   c o p e n d i n g   a p p l i c a t i o n s   No.  7 9 3 9 5 4 4  

( C . F . D r a k e - A . M a r i e s - P . F . B a t e s o n   7 3 - 2 - 1 )   and  No.  8 0 1 1 2 9 7  

( A . M a r i e s - P . F . B a t e s o n   3 - 2 ) .   A d v a n t a g e o u s l y   t h e   g l a s s  
i s   a p p l i e d   as  a  p o w d e r   d i s p e r s e d   in   a  p a i n t   r e s i n ,  

b u t   o t h e r   c o a t i n g   t e c h n i q u e s   may  a l s o   be  e m p l o y e d .  

T h u s ,   f o r   e x a m p l e ,   t h e   g l a s s   may  be  a p p l i e d   as  a  f i n e  

p o w d e r   f r o m   a  f l u i d i z e d   bed  f o l l o w e d   by  f u s i o n   of  t h e  

g l a s s   to  p r o v i d e   a  u n i f o r m   s u r f a c e   l a y e r .   O t h e r   c o a t i n g  
m e t h o d s   w i l l   be  a p p a r e n t   to  t h o s e   s k i l l e d   in   t h e   a r t .  

F i n a l l y   t h e   c o a t e d   w i r e   11  i s   wound  on  to   a  s t o r a g e  

r e e l   1 8 .  

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

m a n u f a c t u r e d   by  t h e   p l a n t   of   F i g u r e   1  may  be  e m p l o y e d  

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

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

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

i n h i b i t e d   m e t a l   p r o d u c t   i s   in   t h e   f o rm  of  r o d s   or   w i r e s  



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

c e m e n t   and  c o n c r e t e  s t r u c t u r e s ;   t h e   c o r r o s i o n  

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

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

c o n t i n u e s   t h i s   p r o t e c t i o n   f o r   an  e x t e n d e d   p e r i o d  

w h i l e   t h e   s t r u c t u r e   i s   in   s e r v i c e .  

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

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

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

p i p e l i n e s   e . g .   f o r   gas  or  o i l .  



1.  A  f e r r o u s   m e t a l   body   h a v i n g   a  c o r r o s i o n  

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

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

w i t h   t h e   m e t a l   s u r f a c e   and  an  e x t e r n a l   l a y e r   w h o l l y  

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

i n h i b i t i n g   p r o p e r t i e s .  

2.  A  m e t a l   body   as  c l a i m e d   in   c l a i m   1 ,  

c h a r a c t e r i s e d   in   t h a t   s a i d   c o r r o s i o n   i n h i b i t i n g  

m a t e r i a l   c o m p r i s e s   a  w a t e r   s o l u b l e   g l a s s .  

, 3 .   A  m e t a l   body   as  c l a i m e d   in   c l a i m   2 ,  

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

a  p o w d e r   d i s p e r s e d   in   a  p a i n t   r e s i n .  

4.  A  m e t a l   body   as  c l a i m e d   in   c l a i m   2  or  3 ,  

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

p e n t o x i d e / z i n c   o x i d e / a l u m i n a   g l a s s .  

5.  A  m e t a l   body   as  c l a i m e d   in   c l a i m   1,  2,  3  o r  

4,  c h a r a c t e r i s e d   in   t h a t   s a i d   c o p p e r   l a y e r   i s   a n  

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

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

l a y e r   i s   f r om  0 . 0 1   to  1  m i c r o n   t h i c k .  

7.  A  m e t a l   body   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  6  and  in   t h e   f o rm  of   a  w i r e   or  a  w i r e  

p r o d u c t .  

8.  A  c e m e n t   or   c o n c r e t e   s t r u c t u r e   r e i n f o r c e d  

w i t h   a  w i r e   or   w i r e   p r o d u c t   a s ' c l a i m e d   in   c l a i m   6 .  

9.  A  m e t h o d   of  i n h i b i t i n g   c o r r o s i o n   of   a  

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

of   c o p p e r   to  t h e   s u r f a c e ,   and  c o v e r i n g   t h e   c o p p e r  
w i t h   a  c o r r o s i o n   i n h i b i t i n g   c o a t i n g .  

10.  A  m e t h o d   as  c l a i m e d   in   c l a i m   9,  c h a r a c t e r i s e d  

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

w a t e r   s o l u b l e   g l a s s .  



11.  A  m e t h o d   as  c l a i m e d   in   c l a i m   9  or  1 0 ,  

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

d e p o s i t e d .  

12.  A  m e t h o d   as  c l a i m e d   in   c l a i m   9,  10  or  1 1 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   c o p p e r   c o a t i n g   i s   f r om  0 . 0 1  

to  1  m i c r o n   t h i c k .  

13.  A  m e t h o d   as  c l a i m e d   in   c l a i m   9,  10,   11  or  1 2 ,  

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

fo rm  of  a  p o w d e r   d i s p e r s e d   in   a  p a i n t   r e s i n .  

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

made  by  t h e   m e t h o d   of   a n y  o n e   of  c l a i m s   9  to  1 3 .  
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