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@  Method  of  preventing  stress  corrosion  cracking  in  machines  or  machine  parts  made  of  austenitic  cast  iron. 
Austenitic  cast  iron  has  excellent  corrosion  resisting 

properties  and  has  been  preferentially  used  in  machines  or 
machine  parts  intended  for  handling  corrosive  fluids  such  as 
seawater.  Cases,  however,  have  been  reported  of  machines 
or  machine  parts  made  of  austenitic  cast  iron  failing  after 
they  had  been  put  to  prolonged  service  at  relatively  low 
temperatures.  The  present  inventors  have  located  stress 
corrosion  cracking  as  the  cause  of  this  failure.  The  present 
invention  therefore  provides  a  method  of  preventing  the 
occurrence  of  such  stress  corrosion  cracking  in  machines  or 
machine  parts  made  of  austenitic  cast  iron  by  subjecting 
them  to  cathodic  polarization,  such  cathodic  polarization 
preferably  being  such  that  the  applied  potential  is  at  least  50 
mV  more  base  (less  noble)  than  the  stabilized  natural 
potential. 





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  m e t h o d   of  p r e v e n t -  

ing   t h e   o c c u r r e n c e   of  s t r e s s   c o r r o s i o n   c r a c k i n g   in   m a c h i n e  

or  m a c h i n e   p a r t s   made  of  a u s t e n i t i c   c a s t   i r o n .  

A u s t e n i t i c   c a s t   i r o n ,   i . e . ,   ASTM  A  436  of  t h e   f l a k y  

g r a p h i t e   t y p e   or  ASTM  A  439  of  t he   n o d u l a r   g r a p h i t e   t y p e ,  

c o n t a i n i n g   1 3 . 5  -   22  wt%  of  Ni  ( a l l   p e r c e n t s   n o t e d   h e r e i n -  

a f t e r   a r e   by  w e i g h t )   e x h i b i t s   good  c o r r o s i o n   r e s i s t a n c e   i n  

s e a w a t e r   and  o t h e r   c o r r o s i v e   e n v i r o n m e n t s   c o n t a i n i n g   c h l o -  

r i d e   i o n s   ( C l - )   and  i s   p r e f e r e n t i a l l y   u s e d   in  p u m p s ,   v a l v e s  

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

u n c o n c e n t r a t e d   s e a w a t e r .  

The  r e s i s t a n c e   of  a u s t e n i t i c   c a s t   i r o n   to   g e n e r a l  

c o r r o s i o n   i s   s u c h   t h a t   t h e   c o r r o s i o n   r a t e   i s   o n l y   a b o u t   0 . 1  

m m / y e a r   in   s e a w a t e r   a t   o r d i n a r y   t e m p e r a t u r e s .   U n l i k e   m i l d  

s t e e l s   and  c a s t   i r o n ,   t h e   i n c r e a s e   in   t h e   r a t e   of  g e n e r a l  

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

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

t h e   s e a w a t e r   f l o w s   f a s t e r ,   t h e   r a t e   of  c o r r o s i o n   i s   e v e n  

s e e n   to   d e c r e a s e .   A d d i t i o n a l l y ,   a u s t e n i t i c   c a s t   i r o n   i s   n o t  

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

c o r r o s i o n   and  p i t t i n g   c o r r o s i o n   t h a t   a r e   common  to  s t a i n l e s s  

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

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

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

c o r r o s i v e   f l u i d s .  

C a s e s ,   h o w e v e r ,   h ave   been   r e p o r t e d   of   m a c h i n e s   o r  

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

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

a f t e r   t h e   s t a r t   of  s e r v i c e .   One  c a s e   of  s u c h   an  a c c i d e n t  

o c c u r r e d   in   pumps  made  of  a u s t e n i t i c   c a s t   i r o n   (ASTM  A  4 3 6 ,  

Type  2)  t h a t   were   h a n d l i n g   e n r i c h e d   s e a w a t e r   (7%  NaCl)  a t  

ca .   33°C .   The  p r e s e n t   i n v e n t o r s   made  e x t e n s i v e   s t u d i e s   o n  

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

of  d e f e c t s   in  t he   pump  m a t e r i a l ,   i t s   s t r e n g t h ,   s t r e s s   d u r i n g  

o p e r a t i o n   and  f a t i g u e ,   b u t   no  e x a c t   c a u s e   of  t h e   a c c i d e n t  



c o u l d   be  i d e n t i f i e d .  

The  s t u d i e s   m e n t i o n e d   above   d i d   n o t   c o v e r   s t r e s s  

c o r r o s i o n   c r a c k i n g   ( h e r e u n d e r   a b b r e v i a t e d   to   SCC)  as  a  p o s s i -  

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

r e l a t i v e l y   low  s t r e s s .   T h e r e   a re   no t   r e p o r t e d   c a s e s   of  SCC 

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

v i c i n i t y   pf   o r d i n a r y   t e m p e r a t u r e s .   The  o c c u r r e n c e   of  SCC  i n  

b o i l i n g - 4 2 %   MgCl2,   b o i l i n g - 2 0 %   NaCl  and  NaOH  a t   90%  of  t h e  

y i e l d   s t r e s s   has   b e e n   r e p o r t e d   in  E n g i n e e r i n g   P r o p e r t i e s   a n d  

A p p l i c a t i o n s   of  t h e   N i - R e s i s t s   and  D u c t i l e   N i - R e s i s t s   ( I N C O ) .  

The  g e n e r a l   u n d e r s t a n d i n g   has   been   t h a t   a u s t e n i t i c   c a s t   i r o n  

has   h i g h   SCC  r e s i s t a n c e   in  a  c h l o r i d e   e n v i r o n m e n t .   A l l o y s  

h a v i n g   t h e   a u s t e n i t i c   s t r u c t u r e   such   as  C r - N i   a u s t e n i t i c  

s t a i n l e s s   s t e e l   a r e   w e l l   known  to  be  s u s c e p t i b l e   to  SCC  i n  

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

t h e   o c c u r r e n c e   of  SCC  a t   t e m p e r a t u r e s   l o w e r   t h a n   50°C.   SCC 

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

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

s t r u c t u r e   to  h y d r o g e n   e m b r i t t l e m e n t   i s   l o w .  

The  p r e s e n t   i n v e n t o r s   made  v a r i o u s   s t u d i e s   to  u n r a v e l  

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

f a i l u r e   in   s e a w a t e r   and  o t h e r   c o r r o s i v e   e n v i r o n m e n t s .   As  a  

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

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

The  p r e s e n t   i n v e n t i o n ,   t h e r e f o r e ,   p r o v i d e s   a  m e t h o d  

f o r   p r e v e n t i n g   t h e   o c c u r r e n c e   of  SCC  in   m a c h i n e s   or  m a c h i n e  

p a r t s   made  of  a u s t e n i t i c   c a s t   i r o n   w h i c h   a r e   i n t e n d e d   f o r  

h a n d l i n g   s a l t   w a t e r ,   or  any  t y p e   of  t h e   s o l u t i o n s   t h a t  

c o n t a i n   c h l o r i d e   i o n s   C1-  such   as  s e a w a t e r ,   e n r i c h e d   s e a -  

w a t e r   and  d i l u t e d   s e a w a t e r .   T h i s   m e t h o d   i s   c h a r a c t e r i z e d  

by  c a t h o d i c   p o l a r i z a t i o n   of  t he   m a c h i n e   or  m a c h i n e   p a r t   o f  

i n t e r e s t .  

F i g .   1  shows   a p p l i e d   s t r e s s  v s .   r u p t u r e   t i m e   c h a r a c -  

t e r i s t i c   c u r v e s   f o r   a u s t e n i t i c   c a s t   i r o n   s p e c i e s ,   Type  2  a n d  

Type  D-2 ,   s u b m e r g e d   in  7%  NaCl  s o l u t i o n   a t   3 3 ° C ;  

F i g .   2  shows  a p p l i e d   p o t e n t i a l   v s .   r u p t u r e   t i m e  



c h a r a c t e r i s t i c   c u r v e s   f o r   t h e   same  a u s t e n i t i c   c a s t   i r o n  

s p e c i e s ;  

F i g .   3  shows   a  f l o w   r a t e   v s .   n a t u r a l   p o t e n t i a l   c u r v e  

f o r   Type  D-2  c a s t   i r o n   s u b m e r g e d   in  3%  NaCl  s o l u t i o n   a t  

2 5 ° C ;  

F i g .   4  shows  a p p l i e d   p o t e n t i a l   v s .   r u p t u r e   t i m e  

c h a r a c t e r i s t i c   c u r v e s   f o r   Type  D-2  c a s t   i r o n   in  f l o w i n g  

NaCl  s o l u t i o n ;  

F i g .   5  i s   a  s k e t c h   of  two  a n o d e   m e t a l   p i e c e s   a t t a c h e d  

to  a  t e s t   p i e c e   h a v i n g   a  t a p e r e d   d i a m e t e r   of  3  mm  in  t h e  

m i d d l e   p o r t i o n ;   a n d  

F i g .   6  i s   a  s k e t c h   of  t h e   same  t e s t   p i e c e   h a v i n g   a  

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

p e r s e d   in  a  r e s i n .  

In  o r d e r   to   c h e c k   f o r   t h e   p o s s i b i l i t y   of  t h e   o c c u r -  

r e n c e   of  SCC  in  a u s t e n i t i c   c a s t   i r o n ,   t h e   p r e s e n t   i n v e n t o r s  

made  t h e   f o l l o w i n g   SCC  t e s t .   The  c h e m i c a l   c o m p o s i t i o n   o f  

e a c h   of  t h e   t e s t   s p e c i m e n s   and  t h e i r   t e n s i b l e   s t r e n g t h e s  

( r u p t u r e   s t r e s s e s   in  t h e   a t m o s p h e r e )   a r e   shown  in  T a b l e   1 .  

The  same  t e s t   was  c o n d u c t e d   on  f o u r   s a m p l e s   of  f e r r i t i c   c a s t  

i r o n   and  one  s a m p l e   of  a u s t e n i t i c   s t a i n l e s s   s t e e l .  

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

a n n e a l e d   ( h e a t i n g   a t   635°C  f o r   5  h o u r s   f o l l o w e d   by  f u r n a c e  

c o o l i n g )   in  o r d e r   to  r e l i e v e   any  r e s i d u a l   s t r e s s .   T h e  

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

s t r e s s e s   to   a  t e s t   p i e c e   (5  mm')  s u b m e r g e d   in  7%  NaCl   a t  

33°C.   The  two  s a m p l e s   of   Type  2  and  Type  D-2  we re   a l s o  

t e s t e d   in   3%  N a C l ,   1%  NaCl  and  n a t u r a l   s e a w a t e r   a t   2 5 ° C  

by  a p p l y i n g   80%  of  t he   t e n s i l e   s t r e n g t h   of  t h e   r e s p e c t i v e  

s a m p l e s .   The  r e s u l t s   a r e   shown  in  T a b l e   2 .  







As  one  can  see   f rom  T a b l e   2,  a l l   s a m p l e s   of  t h e   a u s -  

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

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

t h e   a t m o s p h e r e .   T h i s   was  o b v i o u s l y   t h e   r e s u l t   of  t h e   SCC 

t h a t   was  c a u s e d   by  t h e   i n t e r a c t i o n   of  t h e   c o r r o s i v e   a t t a c k  

of  t h e   a q u e o u s   NaCl  s o l u t i o n s   and  t h e   a p p l i e d   s t r e s s .   T y p e  

2  and  Type  D-2  a l s o   d e v e l o p e d   SCC  in  t h e   3%  N a C l ,   1%  N a C l  

and  n a t u r a l   s e a w a t e r   a t   2 5 ° C .   From  t h e s e   r e s u l t s ,   one  c a n  

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

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

The  f e r r i t i c   c a s t   i r o n   s p e c i e s ,   J I S   FC20,   J IS   FCD45,  E S S I F  

and  E S 5 1 ,   as  w e l l   as  t h e   a u s t e n i t i c   s t a i n l e s s   s t e e l   J I S   SCS 

14  d i d   n o t   f a i l   in  a  2 , 0 0 0 - h o u r   p e r i o d   and  n o t   a  s i n g l e   t i n y  

c r a c k   d e v e l o p e d   in  t h e   t e s t   p i e c e s .  

The  a b o v e   o b s e r v a t i o n   t h a t   a u s t e n i t i c   c a s t   i r o n  

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

t e m p e r a t u r e s   w h e r e a s   f e r r i t i c   c a s t   i r o n   and  a u s t e n i t i c  

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

c o v e r e d   by  t h e   p r e s e n t   i n v e n t o r s .   I t   was  q u i t e   s u r p r i s i n g  

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

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

w a t e r   a t   o r d i n a r y   t e m p e r a t u r e s   or  in   i t s   v i c i n i t y .  

In  o r d e r   to   f u r t h e r   s t u d y   t h e   b e h a v i o r   of  SCC  i n  

a u s t e n i t i c   c a s t   i r o n ,   s a m p l e s   of  Type  2  and  Type  D-2  w e r e  

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

r u p t u r e   t i m e   u s i n g   t e s t   p i e c e s   w i t h   a  d i a m e t e r   of  1 2 . 5   mm. 

T h i s   d i a m e t e r   was  g r e a t e r   t h a n   t h a t   of  t he   s a m p l e s   u s e d   i n  

t h e   t e s t   c o n d u c t e d   to  o b t a i n   t h e   d a t a   shown  in  T a b l e s   1  a n d  

2.  The  r e a s o n   f o r   s e l e c t i n g   such   i n c r e a s e d   d i a m e t e r   w a s  

t h a t   i t   was  n e c e s s a r y   to   o b t a i n   d a t a   t h a t   w o u l d   be  a p p l i -  

c a b l e   to   l a r g e - s i z e   e q u i p m e n t   such   as  l a r g e   pumps  in   c o n s i d -  

e r a t i o n   of  t h e   " s i z e   e f f e c t " ,   i . e . ,   t h e  f a c t   t h a t   l a r g e r  

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

in  7%  NaCl  a t   33°C,   and  t h e   t e s t   m e t h o d   was  t he   same  as  u s e d  

f o r   o b t a i n i n g   t he   d a t a   shown  in  T a b l e s   1  and  2 .  

The  t e s t   r e s u l t s   a r e   shown  in  F i g .   1,  f rom  w h i c h   o n e  

can  see   t h a t   b o t h   Type  2  and  Type  D-2  f a i l e d   in  s h o r t e r  

p e r i o d s   u n d e r   i n c r e a s i n g   s t r e s s e s .   Type  2  f a i l e d   a t   2 , 0 0 0  



h o u r s   u n d e r   a  s t r e s s   of  5  kgf /mm2  w h i c h   was  o n l y   20%  of  i t s  

t e n s i l e   s t r e n g t h   w h e r e a s   Type  D-2  f a i l e d   a t   7 , 0 0 0   h o u r s  

u n d e r   a  s t r e s s   of  10  kgf /mm2  w h i c h   was  23%  of  i t s   t e n s i l e  

s t r e n g t h .   S u r p r i s i n g l y   e n o u g h ,   SCC  o c c u r r e d   in  a u s t e n i t i c  

c a s t   i r o n   even   u n d e r   v e r y   low  s t r e s s e d ,   s u g g e s t i n g   t h e  

p o s s i b i l i t y   t h a t   m a c h i n e s   or  m a c h i n e   p a r t s   made  of  a u s t e n i -  

t i c   c a s t   i r o n   w o u l d   f a i l   d u r i n g   s e r v i c e   in  s a l t   w a t e r .  

S e v e r a l   m e t h o d s   a re   a v a i l a b l e   f o r   p r e v e n t i n g   t h e   SCC-  

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

t e n i t i c   c a s t   i r o n .   One  i s   to  make  a  m a c h i n e   or  m a c h i n e   p a r t  

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

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

e i t h e r   has   r e d u c e d   c a p a b i l i t i e s   or  r e q u i r e s   an  i n c r e a s e d  

w a l l   t h i c k n e s s .   A n o t h e r   m e t h o d   i s   to  i n s u l a t e   t h e   m a c h i n e  

or  m a c h i n e   p a r t   f rom  t he   c o r r o s i v e   e n v i r o n m e n t   by  p r o v i d i n g  

a  l i n i n g .   H o w e v e r ,   n o t   o n l y   d o e s   t h e   l i n i n g   add  to   t h e   c o s t  

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

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

w i t h   t h e   u se   of  t h e   l i n i n g   i s   t h a t   t h e   u n i q u e   c o r r o s i o n  

r e s i s t i n g   p r o p e r t i e s   of  a u s t e n i t i c   c a s t   i r o n   a r e   n o t  

u t i l i z e d   to   t h e   f u l l e s t   e x t e n t ,   and  l o w e r   g r a d e   m a t e r i a l s  

s u c h   as  common  c a s t   i r o n   may  be  u s e d   as  t h e   s u b s t r a t e   i f  

t h e y   a r e   l i n e d .   A  t h i r d   way  i s   to   u s e   an  a u s t e n i t i c   c a s t  

i r o n   h a v i n g   a  h i g h e r   Ni  c o n t e n t   b e c a u s e   t h e   d a t a   in  T a b l e   2 

shows  t h a t   s u c h   c a s t   i r o n   had  l o n g e r   r u p t u r e   p e r i o d s .  

H o w e v e r ,   even   s u c h   h i g h   Ni  a u s t e n i t i c   c a s t   i r o n   i s   s u s c e p t i -  

b l e   to  SCC,  and  a d d i t i o n a l l y ,   t h e   i n c l u s i o n   of  much  N i  

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

T h e r e f o r e ,   t h e   b e s t   way  i s   to   d i r e c t l y   p r e v e n t   t h e  

o c c u r r e n c e   of  SCC  in  a u s t e n i t i c   c a s t   i r o n ;   i f   t h i s   i s   p o s s i -  

b l e ,   t h e   m a c h i n e s   or  m a c h i n e   p a r t s   made  of  a u s t e n i t i c   c a s t  

i r o n   can  be  u s e d   in   s a l t   w a t e r   w i t h o u t   e x p e r i e n c i n g   SCC-  

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

can  be  r e a l i z e d   s i n c e   t he   p o s s i b i l i t y   of  a  d r o p   in  r u p t u r e  

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

The  m e c h a n i s m   b e h i n d   SCC  in  a u s t e n i t i c   c a s t   i r o n   m u s t  

f i r s t   be  u n r a v e l l e d   in  o r d e r   to   d e v i s e   a  m e t h o d   f o r   i t s  

p r e v e n t i o n .   Two  t y p e s   of  SCC  a r e   g e n e r a l l y   known:   a n  



e x a m p l e   of  t h e   f i r s t   t y p e   of  SCC  i s   t h a t   w h i c h   o c c u r s   i n  

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

in  t h i s   t y p e   of  SCC,  t h e   a n o d i c   r e a c t i o n   c a u s e s   p r o g r e s s i v e  

c r a c k i n g ;   an  e x a m p l e   of  t h e   s e c o n d   t y p e   of  SCC  i s   t h a t   w h i c h  

o c c u r s   in  h i g h - s t r e n g t h   s t e e l s   in   an  e n v i r o n m e n t   c o n t a i n i n g  

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

f o r m e d   by  c a t h o d i c   r e a c t i o n   e n t e r s   t h e   s t r u c t u r e   to  c a u s e  

i t s   e m b r i t t l e m e n t .   In  a  s p e c i a l   c a s e ,   t h e   two  t y p e s   of   SCC 

c o m b i n e   to  a c c e l e r a t e   c r a c k i n g .   W i t h   a  v i e w   to  u n r a v e l l i n g  

t h e   m e c h a n i s m   b e h i n d   SCC  in  a u s t e n i t i c   c a s t   i r o n ,   t h e  

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

Two  s e t s   of  Type  2  and  Type  D-2  s a m p l e s   were   p r o v i d e d ;  

one  s e t   of  s a m p l e s   was  s u b j e c t e d   to   an  SCC  t e s t   w h i l e   t h e y  

were   h e l d   a t   v a r y i n g   a p p l i e d   p o t e n t i a l s ,   and  t h e   o t h e r   s e t  

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

had  a  d i a m e t e r   of  3  mm.  Type  2  s a m p l e s   we re   s u b j e c t e d   to   a  

s t r e s s   of  15  k g f / m m 2   and  Type  D-2  s a m p l e s   were   s u b j e c t e d   t o  

a  s t r e s s   of  3 4 . 7   k g f / m m 2 .   The  s a m p l e s   we re   s u b m e r g e d   in   7% 

NaCl  a t   33°C .   The  r u p t u r e   t i m e s   as  a  f u n c t i o n   of  a p p l i e d  

p o t e n t i a l   v s .   SCE  ( s a t u r a t e d   c a l o m e l   e l e c t r o d e )   were   m e a s -  

u r e d   and  a r e   shown  in  F i g .   2.  In  t h e   t e s t   c o n d u c t e d   u n d e r  

t h e   n a t u r a l   p o t e n t i a l s   of  t h e   s a m p l e s ,   Type  2  f a i l e d   a t   4 

h o u r s ,   w i t h   t h e   n a t u r a l   p o t e n t i a l   v a r y i n g   f rom  -430   mV  t o  

-490   mV.  Type  D-2  f a i l e d   a t   23  h o u r s ,   w i t h   t h e   n a t u r a l  

p o t e n t i a l   v a r y i n g   f rom  - 4 6 0   mV  to  - 5 5 0   mV.  The  r u p t u r e  

t i m e s   of  b o t h   Type  2  and  Type  D-2  w e r e   a p p r e c i a b l y   r e d u c e d  

when  t h e y   w e r e   h e l d   a t   p o t e n t i a l s   more   n o b l e   t h a n   t h e  

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

were   c o n s i d e r a b l y   p r o l o n g e d   by  s e t t i n g   t h e   s a m p l e s   a t   p o t e n -  

t i a l s   more  base  ( less   noble)  than  the  n a t u r a l   p o t e n t i a l s .   At  -570  mV, 
n e i t h e r   Type  2  no r   Type  D-2  c r a c k e d   e v e n   a f t e r   350  h o u r s .  

At  more  b a s e   - 8 0 0   mV,  no  c r a c k   o c c u r r e d   in  e i t h e r   t y p e   o f  

s a m p l e s   a f t e r   420  h o u r s .   T h e s e   d a t a   show  t h a t   t h e   SCC  i n  

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

( A c t i v e   P a t h   C o r r o s i o n   C r a c k i n g  -   APC-Type )   w h i c h   i s   a c c e l -  

e r a t e d   by  a n o d i c   p o l a r i z a t i o n   and  i n h i b i t e d   by  c a t h o d i c  

p o l a r i z a t i o n .  

In  o r d e r   to   f u r t h e r   d e l v e   i n t o   t h e   c o n d i t i o n s   f o r  



p r o v i d i n g   t he   c a t h o d i c   p o l a r i z a t i o n   t h a t   i s   n e c e s s a r y   t o  

p r e v e n t   t he   o c c u r r e n c e   of  SCC  in  a u s t e n i t i c   c a s t   i r o n ,   t h e  

p r e s e n t   i n v e n t o r s   i n v e s t i g a t e d   t h e  b e h a v i o r   of  SCC  in  T y p e  

D-2  s a m p l e s   s u b m e r g e d   in  f l o w i n g   3%  NaCI  a t   25°C .   F i g .   3 

shows   t h e   r e l a t i o n s h i p   b e t w e e n   t he   f l o w   r a t e   of  t h e   N a C l  

s o l u t i o n   and  the   n a t u r a l   p o t e n t i a l   a t   48  h o u r s .   As  one  c a n  

see   f rom  t h e   f i g u r e ,   t h e   n a t u r a l   p o t e n t i a l   was  i n i t i a l l y  

- 5 3 0   mV  when  t he   NaCl  s o l u t i o n   was  n o t   f l o w i n g ,   b u t   t h e  

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

and  a t   f l o w   r a t e s   of  0 .5   m / s e c   and  h i g h e r ,   t h e   p o t e n t i a l  

r e m a i n e d   s u b s t a n t i a l l y   c o n s t a n t   a t   a b o u t   - 4 4 0   mV.  T h e  

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

w i t h   t he   f l o w   r a t e   of  5  m / s e c   s e l e c t e d   as  a  t y p i c a l   v a l u e  

s i m u l a t i n g   the   f l o w i n g   s t a t e   of  t h e   NaCl  s o l u t i o n .   F i g .   4 

shows   t h e   a p p l i e d   p o t e n t i a l   v s .   r u p t u r e   t i m e   f o r   Type  D - 2  

u n d e r   a n  a p p l i e d   s t r e s s   of  34 .7   k g f / m m 2 .   As  one  can  see  f r o m  

F i g .   4,  when  no  c o n t r o l   was  e f f e c t e d   o v e r   t h e   p o t e n t i a l ,  

Type  D-2  f a i l e d   a t   28  h o u r s ,   w i t h   i t s   n a t u r a l   p o t e n t i a l  

v a r y i n g   f rom  - 4 1 0   mV  to  -435   mV.  When  Type  D-2  was  h e l d  

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

e x t e n d e d   and  no  c r a c k   o c c u r r e d   a t   - 4 9 0   mV  e v e n   a f t e r   1 , 2 0 0  

h o u r s .   In  o t h e r   w o r d s ,   t h e   n a t u r a l   p o t e n t i a l   of  Type  D - 2  

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

when  t h e   s o l u t i o n   was  s t a n d i n g ,   b u t   a t   t h e   same  t i m e ,   t h e  

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

SCC  a l s o   became   more   n o b l e .   T h e s e   o b s e r v a t i o n s   a r e   a s s o c i -  

a t e d   w i t h   t he   b e h a v i o r   of  SCC  in  NaCl  s o l u t i o n s   b u t   i t   w i l l  

be  r a d i a l l y   u n d e r s t o o d   t h a t   t he   same  a p p l i e s   to   s e a w a t e r .  

The  p r e s e n t   i n v e n t i o n   i s   b a s e d   on  t h e   a b o v e   f i n d i n g s  

and  i s   c h a r a c t e r i z e d   by  p r e v e n t i n g   t h e   o c c u r r e n c e   of  SCC  i n  

a u s t e n i t i c   c a s t   i r o n   by  means   of  c a t h o d i c   p o l a r i z a t i o n .   T h e  

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

SCC  is   p r e f e r a b l y   more   b a s e   t h a n   a b o u t   - 5 7 0   mV  in  t he   c a s e  

of  a  s t a n d i n g   s a l t   w a t e r   in  t he   v i c i n i t y   of  o r d i n a r y   t e m p e r -  

a t u r e s ,   and  i s   p r e f e r a b l y   more  b a s e   t h a n   a b o u t   -490   mV  i f  

t h e   s a l t   w a t e r   i s   f l o w i n g .   H o w e v e r ,   e v e n   i f   t h e s e   p o t e n -  

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

be  s i g n i f i c a n t l y   e x t e n d e d   by  means   of  c a t h o d i c   p o l a r i z a t i o n .  



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

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

t e m p e r a t u r e ,   f l o w   r a t e   and  t h e   i m m e r s i o n   t i m e .   In  t h e  

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

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

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

p o t e n t i a l   on  SCC.  T h e r e f o r e ,   a n o t h e r   e x p e r i m e n t   was  c o n -  

d u c t e d   to  m e a s u r e   t h e   n a t u r a l   p o t e n t i a l s   a t   48  h o u r s   w h i c h  

was  c o n s i d e r e d   s u f f i c i e n t l y   l o n g   f o r   t h e i r   s t a b i l i z a t i o n .  

The  r e s u l t s   a r e   shown  in  T a b l e   3,  w h i c h   a l s o   l i s t s   t h e  

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

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

The  above   d a t a   show  t h a t   a l t h o u g h   t h e   n a t u r a l   p o t e n -  

t i a l s ,   and  h e n c e ,   t h e   c o n d i t i o n s   f o r   c a t h o d i c   p o l a r i z a t i o n  

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

ing   upon  t h e   s p e c i f i c   e n v i r o n m e n t ,   t h e   d e v e l o p m e n t   of  SCC 

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

p o l a r i z a t i o n   to  such   an  e x t e n t   t h a t   t h e   a p p l i e d   p o t e n t i a l   i s  

a t   l e a s t   50  mV  more  b a s e   t h a n   t h e   s t a b i l i z e d   n a t u r a l   p o t e n -  

t i a l   f o r   t h e   e n v i r o n m e n t   c o n c e r n e d .   Even   i f   t h e   d i f f e r e n -  

t i a l   p o t e n t i a l   i s   l e s s   t h a n   50  mV,  t h e   l i f e   of   a u s t e n i t i c  

c a s t   i r o n   can  be  s i g n i f i c a n t l y   e x t e n d e d   by  means   of  c a t h o d i c  

p o l a r i z a t i o n .  

C a t h o d i c   p o l a r i z a t i o n   can   be  r e a l i z e d   e i t h e r   by  t h e  

i m p r e s s e d   c u r r e n t   m e t h o d   ( f o r c e d   d r a i n a g e   m e t h o d )   u s i n g   a  

r e c t i f i e r ,   b a t t e r y   or  a  dc  g e n e r a t o r ,   or  by  t h e   g a l v a n i c  

a n o d e   m e t h o d   u s i n g   t h e   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   d i s -  

s i m i l a r   m e t a l s .   The  f o r m e r   m e t h o d   has   t h e   a d v a n t a g e   t h a t   a  



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

v a n i c   a n o d e   m e t h o d   may  be  made  of  any  of  t he   m e t a l l i c  

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

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

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

r e s i n s .   T h e s e   m a t e r i a l s   m a y  b e   u s e d   e i t h e r   a l o n e   or   i n  

c o m b i n a t i o n .  

E x a m p l e  

The  e f f e c t s   of  c a t h o d i c   p o l a r i z a t i o n   on  SCC  u s i n g   t h e  

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

T h e r e f o r e ,   in  t h i s   e x a m p l e ,   t h e   e f f e c t s   of  c a t h o d i c   p o l a r i -  

z a t i o n   by  t h e   g a l v a n i c   a n o d e   m e t h o d   we re   i n v e s t i g a t e d .   E a c h  

of  t h e   t e s t   p i e c e s   (Type  D-2)  u s e d   had  a  m i d d l e   p o r t i o n   w i t h  

a  d i a m e t e r   of  3  mm,  as  shown  a t   1  in   F i g .   5  or  6.  They  w e r e  

s u b m e r g e d   in  7%  NaCl  a t   33°C  and  p l a c e d   u n d e r   an  a p p l i e d  

s t r e s s   of  30  k g f / m m 2 .  

F i g .   5  i l l u s t r a t e s   a  t e s t   p i e c e   to  w h i c h   a n o d e   m e t a l  

p i e c e s   2  (30  x  30  x  10  mm)  w e r e   a t t a c h e d .   F i g .   6  shows   a  

t e s t   p i e c e   p r o v i d e d   w i t h   an  a n o d i c   c o a t   3  f o r m e d   f rom  a  

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

in  a  r e s i n .  

In  t h e   t e s t ,   t h e   f o l l o w i n g   s i x   a n o d e   m e t a l s   w e r e   u s e d :  

f e r r i t i c   c a s t   i r o n   J IS   FC20,   m i l d   s t e e l   J IS   SS  41,  p u r e   i r o n ,  

a l u m i n u m ,   z i n c   and  m a g n e s i u m .   The  f o l l o w i n g   two  p a i n t   c o m -  

p o s i t i o n s   w e r e   u s e d :   z i n c   p a i n t   and  a l u m i n u m   p a i n t .   T h e  

z i n c   p a i n t   c o n t a i n e d   36  vol%  of  z i n c   in   an  e p o x y   r e s i n  

w h e r e a s   t h e   a l u m i n u m   p a i n t   c o n t a i n e d   45  vol%  of  a l u m i n u m   i n  

an  epoxy   r e s i n .   The  t e s t   r e s u l t s   a r e   shown  in  T a b l e   4 .  



A c c o r d i n g   to  T a b l e   4,  t h e   s a m p l e s   t h a t   we re   n o t  

s u b j e c t e d   to   c a t h o d i c   p o l a r i z a t i o n   f a i l e d   a t   25  h o u r s   b u t  

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

a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   d i d   n o t   f a i l   e v e n   a f t e r   5 0 0  

h o u r s .   T h e s e   r e s u l t s   w e r e   o b t i a n e d   in   7%  NaCl  a t   33°C  a n d  

i t   w i l l   be  r e a d i l y   u n d e r s t o o d   t h a t   s i m i l a r   r e s u l t s   can  b e  

o b t a i n e d   in   s e a w a t e r .   P o w d e r s   of   a n o d i c   m e t a l l i c   m a t e r i a l  

may  be  d i s p e r s e d   n o t   in  r e s i n s   b u t   in  s o d i u m   s i l i c a t e ,   a n d  

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



1.  A  m e t h o d   of  p r e v e n t i n g   the   o c c u r r e n c e   of  s t r e s s  

c o r r o s i o n   c r a c k i n g   in  a  m a c h i n e   or  m a c h i n e   p a r t   made  o f  

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

m e t h o d   b e i n g   c h a r a c t e r i z e d   by  s u b j e c t i n g   s a i d   m a c h i n e   o r  

m a c h i n e   p a r t   to  c a t h o d i c   p o l a r i z a t i o n .  

2.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1  w h e r e i n   s a i d   m a c h i n e   o r  

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

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

3.  A  m e t h o d   a c c o r d i n g   to   C l a i m   1  or  2  w h e r e i n   s a i d  

m a c h i n e   or  m a c h i n e   p a r t   made  of  a u s t e n i t i c   c a s t   i r o n   i s   a  

pump,   v a l v e   or  p i p e .  

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

w h e r e i n   s a i d   c a t h o d i c   p o l a r i z a t i o n   i s   such   t h a t   t h e   a p p l i e d  

p o t e n t i a l   of  s a i d   m a c h i n e   or  m a c h i n e   p a r t   i s   a t   l e a s t   50  mV 

more   b a s e   ( l e s s   n o b e l )   t h a n   i t s   n a t u r a l   p o t e n t i a l .  
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