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©  Alloy  resistant  to  corrosion. 
An  air-meltable,  castable,  weldable,  nonmagnetic  alloy 

resistant  to  corrosion  in  sulfuric  acid  over  a  wide  range  of 
acid  strengths.  The  alloy  consists  essentially  of  between 
about  18  and  about  22%  by  weight  nickel,  between  about 
16.8  and  19.2%  by  weight  chromium,  between  about  0.35 
and  about  1.95%  by  weight  molybdenum,  between  about  2.5 
and  about  3.9%  by  weight  copper,  between  about  3.2  and 
about  4.7%  by  weight  manganese,  between  about  0.35%  and 
0.80%  by  weight  niobium,  up  to  about  0.7%  by  weight 
titanium,  up  to  about  0.4%  by  weight  tantalum,  up  to  about 
0.01%  by  weight  boron,  up  to  about  0.5%  by  weight  cobalt, 
up  to  about  0.7%  by  weight  silicon,  up  to  about  0.08%  by 
weight  carbon,  up  to  about  0.6%  by  weight  of  a  rare  earth 
component  selected  from  the  group  consisting  of  cerium, 
lanthanum,  and  misch  metal,  up  to  about  0.15%  by  weight 
nitrogen,  and  between  about  51%  and  about  58%  by  weight 
iron.  The  nickel  content  exceeds  the  chromium  content  by 
about  0.85%  to  about  5.2%  by  weight. 



B a c k g r o u n d   of  t he   I n v e n t i o n  

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

r e s i s t a n t   a l l o y s   and  more   p a r t i c u l a r l y   to  low  s t r a t e g i c   m e t a l  

c o n t e n t ,   n o n m a g n e t i c ,   w o r k a b l e   a l l o y s   r e s i s t a n t   to  b o t h   o x i -  

d i z i n g   and  r e d u c i n g   s u l f u r i c   a c i d   s o l u t i o n s   o v e r   a  wide   r a n g e  

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

I t   i s   now  w e l l   r e c o g n i z e d   t h a t   a l l o y s   of  t h e   i r o n -  

n i c k e l - c h r o m i u m - m o l y b d e n u m - c o p p e r   t y p e s ,   w h i c h   o f f e r   good  r e -  

s i s t a n c e   to   b o t h   o x i d i z i n g   and  r e d u c i n g   s o l u t i o n s   of  s u l f u r i c  

a c i d ,   a r e   a l s o   q u i t e   r e s i s t a n t   to  r u s t i n g   and  to  a  wide   v a r i -  

e t y   of  c o r r o s i v e   m e d i a   and  c o n d i t i o n s .   Such  r e s i s t a n c e   h a s ,  

in  f a c t ,   b e e n   d e m o n s t r a t e d   f o r   a l l o y s   of  p r a c t i c a l l y   no  i r o n  

c o n t e n t   up  to  a l l o y s   of  c o n s i d e r a b l e   i r o n   c o n t e n t .   For  e x a m -  

p l e ,   an  a l l o y   known  c o m m e r c i a l l y   as  I l l i u m   R,  c o n s i s t i n g   n o m i -  

n a l l y   of   68%  n i c k e l ,   21%  c h r o m i u m ,   5%  m o l y b d e n u m ,   3%  c o p p e r ,  

1%  i r o n   and  s m a l l   a m o u n t s   of  o t h e r   e l e m e n t s   has  such   c o r r o s i o n  

r e s i s t a n t   p r o p e r t i e s .   A n o t h e r   a l l o y   c o m m e r c i a l l y   known  a s  

C a r p e n t e r   20,  c o n s i s t i n g   of  n o m i n a l l y   29%  n i c k e l ,   20%  c h r o -  

mium,   2.5%  m o l y b d e n u m ,   3.5%  c o p p e r ,   42%  i r o n ,   and  s m a l l  

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

f u l l y   a p p l i e d   in  a l l   s o r t s   of  c o r r o s i v e   c o n d i t i o n s   and  e x h i -  

b i t s   r e l a t i v e l y   good  r e s i s t a n c e   to   t h e   v a r i o u s   s u l f u r i c   a c i d  
s o l u t i o n s   n o t e d   a b o v e .   T h e r e   a r e   a  number   of  o t h e r   a l l o y s  
r a n g i n g   in  i r o n   c o n t e n t   b e t w e e n   t h e s e   two  w i t h   s i m i l a r   c o r r o -  
s i o n   r e s i s t a n c e   p r o p e r t i e s .  

I  h a v e   n o t e d   t h e s e   same  c h a r a c t e r i s t i c s   in  a  n u m b e r  

of  a l l o y s   of  my  own  i n v e n t i o n   w h i c h   a r e   of  t he   same  t y p e ,  

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

t i o n s   of  c e r t a i n   o t h e r   e l e m e n t s .   I t   i s   known  t h a t   such   a l l o y s  

g e n e r a l l y   t e n d   to  be  s u b s t a n t i a l l y   i n s e n s i t i v e   to  sea  w a t e r ,  

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

o t h e r   c o r r o s i v e   a t m o s p h e r e s .  



W h i l e   v a r i o u s   s t a i n l e s s   s t e e l s   r e s i s t   g e n e r a l   a t t a c k  

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

c o r r o s i v e   m e d i a ,   a  m a j o r i t y   of  them  a r e   s u s c e p t i b l e   to  a  p i t -  

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

c r a c k i n g   f a i l u r e s   in  c h l o r i d e   m e d i a   such   as  sea   w a t e r   or  t h e  

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

S u c h   f l u i d s   t y p i c a l l y   c o n t a i n   1 8 0 - 1 2 0 0   ppm  C l -   and  5 - 4 0 0   p p m  
Cu++.   I t   i s   now  w e l l   known  t h a t   a d d i t i o n s   of  t h e   o r d e r   0 . 5  

to   3%  by  w e i g h t   m o l y b d e n u m   can   a l t e r   t h e   p r o p e r t i e s   of  s t a n -  

d a r d   s t a i n l e s s   s t e e l s   in  a  m a n n e r   t h a t   r e m a r k a b l y   i n c r e a s e s  

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

c o r r o s i o n   c r a c k i n g   f a i l u r e s .   T h i s   has  b e e n   d e m o n s t r a t e d   r e -  

p e a t e d l y   f o r   many  s t a i n l e s s   s t e e l s .   The  m o s t   s u c c e s s f u l  

s t a i n l e s s   s t e e l   a t   p r e s e n t   f o r   s o l a r   h e a t i n g   a p p l i c a t i o n s   c o n -  

t a i n s   n o m i n a l l y   18%  c h r o m i u m ,   2%  m o l y b d e n u m   and  s m a l l   a m o u n t s  

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

t h i s   a l l o y   i s   of  f e r r i t i c   c r y s t a l   s t r u c t u r e   and  t h e r e f o r e  

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

For   v a r i o u s   s e r v i c e s ,   p a r t i c u l a r l y   c e r t a i n   m i l i t a r y  

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

t i o n   m a t e r i a l s   be  s u b s t a n t i a l l y   n o n m a g n e t i c .   T h u s ,   f o r   e x a m -  

p l e ,   to   p r o v i d e   i m m u n i t y   to  m a g n e t i c   d e t e c t i o n ,   i t   is  of  c r i t -  

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

n o n - m a g n e t i c   a l l o y s .   F i x e d   s i t e   m i s s i l e s   c a n ,   of  c o u r s e ,   b e  

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

f a i r l y   r e a d i l y   a c h i e v e d   by  s a t e l l i t e   r e c o n n a i s s a n c e .   T h e  

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

m o v a b l e   and  c a p a b l e   of  e v a d i n g   d e t e c t i o n .   A v a i l a b l e   l o c a t i n g  

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

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

T h e r m a l   s y s t e m s   a r e   u s e f u l   o n l y   in  s h a l l o w   w a t e r .  

S e a - b e d   s e n s o r s   may  be  e v a d e d .   S o n a r   has   a l r e a d y   been   d e v e l -  

o p e d   to   n e a r   t h e   l i m i t   of  p r a c t i c a l   p o s s i b i l i t y .   P r e s e n t  

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



to  be  l i m i t e d   by  t u r b u l e n c e   and  t e m p e r a t u r e   e f f e c t s   in  t h e  

o c e a n .   H o w e v e r ,   u n l e s s   an  o r d i n a r y   s t e e l   s u b m a r i n e   is  v e r y  

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

m a g n e t i c   m e t a l   c a u s e s   a  d i s t u r b a n c e   in  t h e   e a r t h ' s   m a g n e t i c  
f i e l d   w h i c h   can   be  d e t e c t e d   by  s e n s i t i v e   a p p a r a t u s .   As  t h i s  

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

more   and  more   v u l n e r a b l e   to   a t t a c k   from  a i r b o r n e   m i s s i l e s   o r  
f r o m   enemy  k i l l e r   s u b m a r i n e s .  

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

a l u m i n u m ,   z i r c o n i u m ,  t i t a n i u m   and  o t h e r s   a r e   w e l l - k n o w n ,   b u t  

t h e   g r e a t e s t   m e t a l l i c   m a s s   of  t h e   h u l l ,   d e c k s ,   b u l k h e a d s   a n d  

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

s u c h   m a t e r i a l s .   For   e x a m p l e ,   t i t a n i u m   a l l o y s   h a v e   r e m a r k a b l e  

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

u se   in  h u l l   c o n s t r u c t i o n   a t   a n y t h i n g   bu t   e n o r m o u s   c o s t ,   i f   a t  

a l l .   I n t e g r i t y   of  w e l d s   in  so  v a s t   a  s t r u c t u r e   as  an  a t o m i c  

s u b m a r i n e   i s   n o t   f e a s i b l e   a t   p r e s e n t .  

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

c u b i c   c r y s t a l   s t r u c t u r e ,   may  and  g e n e r a l l y   do  p o s s e s   r e l a t i v e -  

l y   low  m a g n e t i c   p e r m e a b i l i t i e s   of  t he   o r d e r   of  1 . 2   g a u s s /  

o e r s t e d   or  l e s s ,   as  c o m p a r e d   to  maximum  p e r m e a b i l i t i e s   f o r  

v a r i o u s   i r o n   m a t e r i a l s   r a n g i n g   f rom  a b o u t   100  to  1 5 , 0 0 0 .  

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

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

1 . 0 0 3   to   1 . 0 0 7   a t   200  o e r s t e d s   can  be  c o n s i d e r e d   s u b s t a n t i a l l y  

n o n m a g n e t i c ,   p e r m e a b i l i t i e s   of  a b u t   1 . 0 1   c h a r a c t e r i z e   v e r y  

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

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

c o n s t r u c t i o n   of  n a v a l   v e s s e l s   s u c h   as  m i n e - s w e e p e r s   or  a t o m i c  

m i s s i l e - f i r i n g   s u b m a r i n e s .  

L a n g e ,   H o w e l l s ,   and  B u k o w s k i   a t   t h e   U . S .   N a v a l   R e -  

s e a r c h   L a b o r a t o r y ,   as  f a r   b a c k   as  1958 ,   r e p o r t e d   d e v e l o p m e n t  

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

s t e e l s   of  a b o u t   0.4%  c a r b o n ,   18%  m a n g a n e s e ,   4%  c h r o m i u m ,   a n d  

0.1%  n i t r o g e n   in  a c t u a l   s u b m a r i n e   c o n s t r u c t i o n .   H o w e v e r ,   s u c h  

a l l o y s   h a v e   p r o v e n   u n s a t i s f a c t o r y   due  to  c r a c k i n g   in  s e r v i c e .  



A  l o n g   l i s t   of  p r e c i p i t a t i o n - h a r d e n i n g   s t a i n l e s s  

s t e e l s   is   now  a v a i l a b l e .   T h e s e   i n c l u d e   a l l o y s   of  good  m e c h a n -  

i c a l   and  f a b r i c a t i n g   p r o p e r t i e s   b u t   a l l   e x h i b i t   s u b s t a n t i a l  

m a g n e t i s m .  

Mos t   s t a n d a r d   g r a d e s   of  w r o u g h t   s t a i n l e s s   s t e e l s  

d e v e l o p   p e r m e a b i l i t i e s   up  to   5,  10 ,   e v e n   20  g a u s s / o e r s t e d ,  

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

i n s t a b i l i t y   l e a d i n g   to  t he   f o r m a t i o n   of  f e r r i t e ,   t h e   a m o u n t s  

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

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

g r a d e s   of  c a s t   s t a i n l e s s   s t e e l s   may  d i s p l a y   c o n s i d e r a b l e   m a g -  
n e t i s m   due  to   t h e   p r e s e n c e   of  a m o u n t s   of  f e r r i t e   or  c a r b i d e s  

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

P o s t   and  E b e r l y   r e p o r t e d   in   t h e   t r a n s a c t i o n s   of  t h e  

A m e r i c a n   S o c i e t y   f o r   M e t a l s   of  1947   m a t h e m a t i c a l   r e l a t i o n s h i p s  

b e t w e e n   t h e   e l e m e n t s   in  a u s t e n i t i c   s t a i n l e s s   s t e e l s   s u c h   t h a t  

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

num,  c a r b o n   and  m a n g a n e s e .   S c h a e f f l e r   in   1948  e x t e n d e d   t h e  

k n o w l e d g e   to   i n c l u d e   s i l i c o n ,   n i o b i u m ,   and  n i t r o g e n ,   and  s u b -  

s e q u e n t   w o r k e r s   h a v e   r e c o g n i z e d   t h a t   up  to  a  few  p e r c e n t   o f  

c o p p e r   i s   m i l d l y   a u s t e n i t i z i n g .   F r a n k s ,   B i n d e r   and  T h o m p s o n  

e x t e n d e d   t h e   l i m i t s   to  i n c l u d e   up  to   a b o u t   22%  m a n g a n e s e   i n  

r e p o r t s   in   v a r i o u s   p u b l i c a t i o n s   i n c l u d i n g   t h e   1954  T r a n s a c -  

t i o n s   of  t h e   ASM  and  U . S .   P a t e n t   No.  2 , 2 2 5 , 4 4 0 .  

T h y s s e n   R o h r e n w e r k e   A k t i e n - g e s e l l s c h a f t   r e v e a l e d   i n  

B r i t i s h   P a t e n t   No.  1 , 0 6 2 , 6 5 8 ,   a l l o y s   c o n t a i n i n g   i r o n ,   n i c k e l ,  

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

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

to   m a i n t a i n   n o n m a g n e t i s a b i l i t y .  

In  1 9 2 4 ,   G u s t a v   Tammann  of  G e r m a n y   s u g g e s t e d   h i s  

r u l e   of   e i g h t s   d e s c r i b i n g   t h e   e f f e c t s   upon   c o r r o s i o n   r e s i s -  

t a n c e   of  a d d i t i o n s   of  a t o m i c   f r a c t i o n s   of  1 / 8 ,   2 / 8 ,   4 / 8 ,   o r  

7 / 8   of  a  n o b l e   or  r e s i s t a n t   e l e m e n t   a l l o y e d   w i t h  a   b a s e r   o r  



l e s s   n o b l e   or  n o n - r e s i s t a n t   e l e m e n t   in  v a r i o u s   m e d i a .   U n d e r  

t h i s   c o n c e p t ,   one  e x p e c t s   t h e   v e r y   p o o r   r e s i s t a n c e   in  a  g i v e n  

c o r r o s i v e   med ium  f o r   l e s s e r   or  n o n - r e s i s t a n t   e l e m e n t s ,   b u t  

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

t h e   more   n o b l e   or  more   r e s i s t a n t   e l e m e n t   a d d i t i o n s   r e a c h  

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

i n c r e a s e s   b e t w e e n   t h e s e   a m o u n t s   h a v e   v i r t u a l l y   no  e f f e c t ,   b u t  

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

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

In  p r a c t i c e   t h e r e   a r e   v e r y   few  a l l o y s   of  i r o n   a n d  

n i c k e l   b a s e   w h i c h   c o n t a i n   o v e r   a b o u t   38%  c h r o m i u m   by  w e i g h t ,  

f o r   h i g h e r   c h r o m i u m   l e v e l s   t e n d   to  r e s u l t   in  s e v e r e   e m b r i t t l e -  

m e n t   p r o b l e m s .   A l s o ,   t h e r e   i s   g e n e r a l l y   l i t t l e   i f   any  i m -  

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

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

c o n d i t i o n s   in  w h i c h   c h r o m i u m   l e v e l s   o v e r   a b o u t   22  to   24%  a r e  

w a r r a n t e d ,   t h o u g h   l e v e l s   up  to   27  or  28%  by  w e i g h t   a r e   r e g u -  

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

p l e t e d   in  t h e   f o r m a t i o n   of  c a r b i d e s ,   n i t r i d e s ,   or  o t h e r   c o m -  

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

p u r p o s e s .  

At  t h e   o t h e r   end  of  t h e   c h r o m i u m   r a n g e ,   t he   a t o m i c  

f r a c t i o n s   of  1 / 1 6   or  1 / 8   p r o v i d e   o n l y   e n o u g h   p a s s i v a t i n g   p r o -  
t e c t i o n   to   be  u s e f u l   in  v e r y   s p e c i a l   or  r e l a t i v e l y   weak  c o r -  

r o s i v e   m e d i a .   A b o u t   4  to   6%  by  w e i g h t   c h r o m i u m   was  once   u s e d  

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

f o o d   j u i c e s .   H o w e v e r ,   e v e n   t h e   11  to  12%  c h r o m i u m   r a n g e   i s  

n o t   e f f i c a c i o u s   in  mos t   s e v e r e l y   c o r r o s i v e   s u b s t a n c e s .   T h e  

m a j o r   d r o p   in  c o r r o s i v e   r a t e   in  m o s t   h i g h l y   c o r r o s i v e   s u b -  

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

3 / 1 6   or  1 /4   a t o m i c   f r a c t i o n   l e v e l s   of  c h r o m i u m .  

In  U .S .   P a t e n t   Nos .   3 , 7 5 9 , 7 0 4   and  3 , 8 9 3 , 8 5 1   I  d i s -  

c l o s e d   a l l o y s   of  e x c e l l e n t   g e n e r a l   c o r r o s i o n   r e s i s t a n c e   but   o f  

p a r t i c u l a r l y   good  r e s i s t a n c e   to  wide   r a n g e s   of  s u l f u r i c  a c i d  



c o n c e n t r a t i o n s   and  t e m p e r a t u r e s ,   w i t h   c h r o m i u m   l e v e l s   of  33  t o  

42%  by  w e i g h t ,   or  a t   a p p r o x i m a t e l y   t h e   3 /8   a t o m i c   f r a c t i o n .  

J o h n s o n   U . S .   P a t e n t   No.  3 , 7 5 8 , 2 9 6   a l s o   t e a c h e s   s u l f u r i c   a c i d  

r e s i s t a n c e   a l l o y s   of  t h i s   g e n e r a l   l e v e l   of  c h r o m i u m .   L a t e r   I  

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

um  l e v e l s   of  2 3 . 3   to   30%  by  w e i g h t   in  C u l l i n g   U . S .   P a t e n t   N o s .  

3 , 9 4 7 , 2 6 6   and  4 , 1 3 5 , 9 1 9 .   The  l a t t e r   was  a c t u a l l y   s u p e r i o r   t o  

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

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

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

U . S . ,   t h i s   m e t a l   i s   in  s u c h   d e m a n d   r e l a t i v e   to   t h e   s u p p l y   t h a t  

i t   i s   a l m o s t   as  s t r a t e g i c a l l y   c r i t i c a l   a t   t i m e s   as  a r e   n i c k e l  

a n d   c h r o m i u m ,   b o t h   of  w h i c h   d e p e n d   a l m o s t   e n t i r e l y   upon  i m -  

p o r t s .   U . S .   c o p p e r   d e p o s i t s   a r e   v i r t u a l l y   e x h a u s t e d   so  t h a t  

e v e n   t h i s   e l e m e n t   i s   o f t e n   in  s h o r t   s u p p l y .   N i o b i u m   is  a l s o  

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

t a n i u m   and  t a n t a l u m .   A l l o y s   of  p a t e n t   4 , 1 3 5 , 9 1 9   w e r e   a c t u a l l y  

e q u a l   or  s u p e r i o r   to   p a t e n t   3 , 9 4 7 , 2 6 6   d e s p i t e   e f f e c t i v e   r e d u c -  

t i o n s   of  a b o u t   5%  in  n i c k e l   c o n t e n t ,   4%  in  c h r o m i u m   c o n t e n t ,  

2%  in  m o l y b d e n u m   c o n t e n t   and  s m a l l e r   a m o u n t s   o f   c o p p e r   a n d  

n i o b i u m .  

T h e r e   h a s   r e m a i n e d   t h e   need   to  f u r t h e r   r e d u c e   t h e  

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

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

m a i n t a i n i n g   e x c e l l e n t   c o r r o s i o n   r e s i s t a n c e .   The  l i s t   of  U . S .  

a n d  f o r e i g n  p a t e n t s   d i s c l o s i n g   a l l o y s   of  a b o u t   20%  or  m o r e  

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

i s   v e r y   l o n g ,   y e t   t e s t s   d i s c l o s e   many  of  them  to  be  e i t h e r  

q u i t e   i n f e r i o r   to  my  p r i o r   i n v e n t i o n s ,   or  to   c o n t a i n   e x t r e m e l y  

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

m e c h a n i c a l   l i m i t a t i o n s   s u c h   as  e x t r e m e   b r i t t l e n e s s ,   or  to  h a v e  

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

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



S u m m a r y  o f   t h e   I n v e n t i o n  

Among  t h e   s e v e r a l   o b j e c t s   of  t h e   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 ,   may  be  n o t e d   t h e   p r o v i s i o n   of  i m p r o v e d   a l l o y s   r e -  

s i s t a n t   to  b o t h   o x i d i z i n g   and  r e d u c i n g   s u l f u r i c   a c i d   s o l u -  

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

s u l f u r i c   a c i d   o v e r   a  w ide   r a n g e   of  c o n c e n t r a t i o n s   and  t e m p e r a -  

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

s u l f u r i c   a c i d   c o n t a i n i n g   o x i d i z i n g   c o n t a m i n a n t s ,   s u c h   as  n i -  

t r i c   a c i d ;   t h e   p r o v i s i o n   of  s u c h   a l l o y s   w h i c h   can   be  c a s t   o r  

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

and  h i g h   d u c t i l i t y   so  t h a t   t h e y   may  be  r e a d i l y   r o l l e d ,   f o r g e d ,  

w e l d e d ,   and  m a c h i n e d ;   t h e   p r o v i s i o n   of  such   a l l o y s   w h i c h   m a y  
be  e c o n o m i c a l l y   f o r m u l a t e d   w i t h   r e l a t i v e l y   low  p r o p o r t i o n s   o f  

s t r a t e g i c   m e t a l s   s u c h   as  n i c k e l ,   c h r o m i u m   and  m o l y b d e n u m ;   t h e  

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

f i c i e n t l y   low  so  t h a t   t h e y   may  be  f o r m u l a t e d   f rom  s u c h   r e l a -  

t i v e l y   l o w - c o s t   raw  m a t e r i a l s   as  s c r a p s ,   f e r r o   a l l o y s   or  o t h e r  

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

a r e   s u b s t a n t i a l l y   n o n m a g n e t i c ,   i . e .   f o r   m i l i t a r y   and  n a v a l   a p -  

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

of  such   a l l o y s   t h a t   do  n o t   r e q u i r e   h e a t   t r e a t m e n t   a f t e r   w e l d -  

i ng   to  a v o i d   i n t e r g r a n u l a r   a t t a c k ;   and  t h e   p r o v i s i o n   of  s u c h  

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

s t r e s s   c o r r o s i o n   c r a c k i n g   f a i l u r e s .  

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

r e c t e d   to  an  a i r - m e l t a b l e ,   c a s t a b l e ,   w o r k a b l e ,   n o n - m a g n e t i c  

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

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

b e t w e e n   a b o u t   18  and  a b o u t   22%  by  w e i g h t  n i c k e l ,   b e t w e e n   a b o u t  

1 6 . 8   and  19.2%  by  w e i g h t   c h r o m i u m ,   b e t w e e n   a b o u t   0 . 3 5   a n d  

a b o u t   1 .95%  by  w e i g h t   m o l y b d e n u m ,   b e t w e e n   a b o u t   2 .5   and  a b o u t  

3.9%  by  w e i g h t   c o p p e r ,   b e t w e e n   a b o u t   3 .2   and  a b o u t   4.7%  by  b y  

w e i g h t   m a n g a n e s e ,   b e t w e e n   a b o u t   0 . 3 5   and  a b o u t   0 .80%  by  w e i g h t  



n i o b i u m ;   up  to  a b o u t   0.7%  by  w e i g h t   t i t a n i u m ,   up  to  a b o u t   0 . 4 %  

by  w e i g h t   t a n t a l u m ,   up  to  a b o u t   0 .01%  by  w e i g h t   b o r o n ,   up  t o  

a b o u t   0.5%  by  w e i g h t   c o b a l t ,   up  to  a b o u t   0.7%  by  w e i g h t   s i l i -  

c o n ,   up  to  a b o u t   0.08%  by  w e i g h t   c a r b o n ,   up  to   a b o u t   0.6%  b y  

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

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

0 .15%  by  w e i g h t   n i t r o g e n ,   and  b e t w e e n   a b o u t   51%  and  a b o u t   58% 

by  w e i g h t   i r o n .   The  n i c k e l   c o n t e n t   e x c e e d s   t h e   c h r o m i u m   c o n -  

t e n t   by  b e t w e e n   a b o u t   0 .85%  and  a b o u t   5.2%  by  w e i g h t .  

O t h e r   o b j e c t s   and  f e a t u r e s   w i l l   be  in  p a r t   a p p a r e n t  

and  in   p a r t   p o i n t e d   o u t   h e r e i n a f t e r .  

D e s c r i p t i o n   o f  t h e   P r e f e r r e d   E m b o d i m e n t  

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 ,   a l l o y s   a r e  

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

t h a n   t h o s e   of  my  e a r l i e r   U . S .   P a t e n t   No.  4 , 1 3 5 , 9 1 9 .   H o w e v e r ,  

d e s p i t e - t h e   low  s t r a t e g i c   m e t a l   c o n t e n t   of  t h e   a l l o y s   of  t h e   r 
i n v e n t i o n ,   t h e s e   a l l o y s   a r e   h i g h l y   r e s i s t a n t   to  c o r r o s i o n   b y  

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

r e d u c i n g   and  in   t he   o x i d i z i n g   r a n g e s .   T h e s e   a l l o y s   r e t a i n  

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

show  e f f e c t i v e   c o r r o s i o n   r e s i s t a n c e   in  t h e   p r e s e n c e   of  s u l -  

f u r i c   a c i d   c o n c e n t r a t i o n s   of  2 0 - 7 0 % ,   an  e n v i r o n m e n t   in  w h i c h  

r a p i d   f a i l u r e   i s   f r e q u e n t l y   e x p e r i e n c e d   in  a l l o y s   s p e c i f i c a l l y  

d e s i g n e d   f o r   u se   in  e i t h e r   d i l u t e   or  c o n c e n t r a t e d   a c i d .   T h i s  

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

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

n i t r i c   a c i d .  

I t   h a s   a l s o   b e e n   f o u n d   t h a t   t h e   a l l o y s   of  t he   i n v e n -  

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

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

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

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



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

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

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

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

n o t   r e q u i r e   h e a t   t r e a t m e n t   bu t   i s   r e a l i z e d   in  t h e   a s - c a s t   c o n -  

d i t i o n   of  t h e   a l l o y .   T h e s e   a l l o y s   no t   o n l y   p o s s e s s   low  h a r d -  

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

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

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

t i o n a l   age  h a r d e n i n g   c o n d i t i o n s ,   no  p r e c i p i t a t i o n ,   p h a s e  

c h a n g e s   or  s i g n i f i c a n t   c h a n g e s   in  h a r d n e s s   a r e   o b s e r v e d .  

The  e s s e n t i a l   c o m p o n e n t s   of  t h e   a l l o y s   of  t h e   i n v e n -  

t i o n   a r e :  

T h e s e   a l l o y s   a r e   s p e c i f i c a l l y   d e s i g n e d   to  c o n t a i n   n i c k e l ,  

c h r o m i u m ,   and  m o l y b d e n u m   c o n t e n t s   b e l o w   23%,  20%,  and   2%  r e -  

s p e c t i v e l y   by  w e i g h t ,   t he   l o w e r   l i m i t s   of  p r e s e n t   s u c c e s s f u l  

c o m m e r c i a l   a l l o y s   f o r   such   s e r v i c e ,   and  to  c o n t a i n   i r o n   o f  

g r e a t e r   t h a n   50%  by  w e i g h t .   N o r m a l l y ,   t h e   a l l o y s   of   t h e   i n -  

v e n t i o n   w i l l   a l s o   c o n t a i n   c a r b o n ,   up  to  a  maximum  of  a b o u t  

0 .08%  by  w e i g h t .  



O p t i o n a l l y ,   t he   a l l o y s   of  t he   i n v e n t i o n   may  f u r t h e r  

c o n t a i n :  

In  t h e   f i e l d   of  d e v e l o p m e n t   of  h e a t - r e s i s t a n t   a s  

w e l l   as  of  c o r r o s i o n - r e s i s t a n t   a l l o y s ,   i t   has   b e e n   f o u n d   t h a t  

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

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

a  g i v e n   a p p l i c a t i o n .   S t a t e d   a n o t h e r   way,  as  a l l o y s   come  c l o s -  

er  to   t h e i r   l i m i t s   of   a p p l i c a t i o n ,   t h e   more   c a r e f u l l y   t h e i r  

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

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

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

m e n t s   m i n i m i z e d   to   l i m i t   m a g n e t i c   p e r m e a b i l i t y .   To  my  k n o w l -  

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

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

and  w o r k a b i l i t y   s h o w n .  

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

m e d i a   i s   w i d e l y   r e c o g n i z e d .   In  p e r f o r m i n g   n u m e r o u s   c o r r o s i o n  

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

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

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

t r o l l e d .   In  t h e   p r e s e n t   i n v e n t i o n ,   t h e s e   e l e m e n t s   a r e   b a l -  

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

r e s u l t s   in  s u p e r i o r   c o r r o s i o n   r e s i s t a n c e .   T e s t   m e l t s   c o n t a i n -  

ing   13-14%  by  w e i g h t   c h r o m i u m   r e s u l t e d   n o t   o n l y   in  l o w e r e d  

r e s i s t a n c e   to   o x i d i z i n g   c o n d i t i o n s   as  e x p e c t e d   b u t   a l s o ,  

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



l e v e l   of  a b o u t   1 7 . 5   to  18%  min imum  is   g e n e r a l l y   r e q u i r e d   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 s   and  of  a b o u t   17 .5%  or  more   i n  

h i g h e r   a l l o y s ,   i t   is  n o t e w o r t h y   t h a t   a l l o y s   of  t h e   p r e s e n t   i n -  

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

ou t   l o s s   of  p r o p e r t i e s .   H i g h e r   c h r o m i u m   l e v e l s   t h a n   a b o u t  

19.2%  n o t   o n l y   r e s u l t   in  some  l o s s   in  c o r r o s i o n   r e s i s t a n c e   i n  

a l l o y s   of  t h i s   i n v e n t i o n ,   b u t   s u c h   a l l o y s   a l s o   b e g i n   to  d e v e l -  

op  m a g n e t i s m   i f   o t h e r   f e r r i t i z e r s   a r e   a l l   to  t h e   h i g h   s i d e   o f  

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

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

h i g h e r   t h a n   t h e   c h r o m i u m   c o n t e n t   by  a t   l e a s t   a b o u t   0.85%  b u t  

by  no  more   t h a n   a b o u t   5.2%  to  m a i n t a i n   t h e   h i g h   l e v e l   of  c o r -  

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

c o n t e n t   i s   a  c h a r a c t e r i s t i c   n o t a b l e   in  t h o s e   a l l o y s   more  r e -  
s i s t a n t   to  p i t t i n g   a t t a c k ,   to   c r e v i c e   c o r r o s i o n   and  to   s t r e s s  

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

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

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

bu t   s t i l l   c o n t a i n i n g   n i c k e l   l e v e l s   q u i t e   a  b i t   l o w e r   t h a n  

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

i o n s .   E s p e c i a l l y   f a v o r a b l e   r e s i s t a n c e   to   c o r r o s i o n   i s  

a c h i e v e d   w h e r e   t h e   n i c k e l   c o n t e n t   of  t h e   a l l o y s   e x c e e d s   t h e  

c h r o m i u m   c o n t e n t   by  b e t w e e n   a b o u t   0.87%  and  a b o u t   4 . 7 4 % .  

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

t a n c e   to  p i t t i n g   and  s t r e s s   c o r r o s i o n   c r a c k i n g   b u t ,   in  t h e  

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

low  l e v e l s  o f   m o l y b d e n u m .   For  s e r v i c e   in  h a l i d e   ion   and  o t h e r  



h i g h l y   c o r r o s i v e   e n v i r o n m e n t s ,   i t   ha s   b e e n   found   p e r f e r a b l e   t o  

r e s t r i c t   t h e   r a n g e s   of  c h e m i c a l   e l e m e n t s   to  t h e   f o l l o w i n g  

r a n g e s :  

For   e v e n   b e t t e r   r e s i s t a n c e   to   t h e   w i d e s t   r a n g e   o f  

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

v e n t i o n   s h o u l d   be  e v e n   f u r t h e r   r e s t r i c t e d   to  t he   f o l l o w i n g  

r a n g e s   of   p r o p o r t i o n s :  

In   an  e s p e c i a l l y   p r e f e r r e d   e m b o d i m e n t   of  t h e   i n -  

v e n t i o n ,   t h e   n i c k e l   c o n t e n t   of  t h e   a l l o y   e x c e e d s   t h e   c h r o m -  

ium  c o n t e n t   by  b e t w e e n   a b o u t   2 .18%  and  a b o u t   4.11%  b y  



w e i g h t   w i t h   o t h e r   c o m p o n e n t s   in  t he   f o l l o w i n g   r a n g e s   o f  

p r o p o r t i o n s :  

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

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

M a n g a n e s e ,   w h i c h   has   b e e n   d i s c l o s e d   in  a p p r o x i m a t e l y  

t h e   d e f i n e d   r a n g e   in  my  p r i o r   p a t e n t s   3 , 9 4 7 , 2 6 6   and  4 , 1 3 5 , 9 1 9 ,  

i s   u s e f u l   n o t   o n l y   as  an  a u s t e n i t i z e r   b u t   a l s o   as  an  a i d   i n  

c o r r o s i o n   r e s i s t a n c e .   A d d i t i o n a l l y ,   m a n g a n e s e   is  a  d e o x i d i z -  

ing  e l e m e n t   t h o s e   p r e s e n c e   h e l p s   e n s u r e   t he   p r o v i s i o n   of  g a s -  

f r e e   s o u n d   m e t a l   i n g o t s .   In  a d d i t i o n ,   m a n g a n e s e   in  t h e   d e -  

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



c o l d   r o l l i n g   or  c o l d   f o r m i n g .   H o w e v e r ,   when  c h r o m i u m   c o n t e n t  

e x c e e d s   a b o u t   17%,  m a n g a n e s e   c o n t e n t   o v e r   a b o u t   8%  t e n d   t o  

p r o m o t e   m a g n e t i s m   in  t h e s e   a l l o y s   d u r i n g   c o l d   w o r k i n g .   A t  

a b o u t   19%  c h r o m i u m   m a n g a n e s e   c o n t e n t   a b o v e   a b o u t   4.7%  t e n d   t o  

do  t h e   s ame .   The  m a n g a n e s e   c o n t e n t s   in  a l l o y s   of  t h i s   i n v e n -  

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

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

C o p p e r   i s   an  e s s e n t i a l   c o m p o n e n t   of  t h e   a l l o y s   of  t h e  

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

e x c e e d   a b o u t   3.9%  or  c o r r o s i o n   r e s i s t a n c e   b e g i n s   to  d e t e r i o -  

r a t e ,   p a r t i c u l a r l y   in  p i t t i n g   t y p e   a t t a c k .  

M o l y b d e n u m   l e v e l s   b e l o w   2%  a r e   n o t a b l e   in  t he   a l l o y s  

of   t h i s   i n v e n t i o n ,   p a r t i c u l a r l y   s i n c e   c o n t e n t s   of   2%  to  a b o u t  

8.5%  a r e   s p e c i f i e d   in  m o s t   o t h e r   s u l f u r i c   a c i d   r e s i s t a n t   a l -  

l o y s .   M o l y b d e n u m   c o n t e n t   in  t h e   a l l o y s   of   t h e   p r e s e n t   i n v e n -  

t i o n   may  be  e v e n   s l i g h t l y   l o w e r   t h a n   in  p a t e n t   4 , 1 3 5 , 9 1 9 .   A t  

l e a s t   a b o u t   6.35%  by  w e i g h t   m o l y b d e n u m   i s   b e n e f i c i a l   in  r e -  

s i s t i n g   p i t t i n g   a t t a c k ,   c r e v i c e   c o r r o s i o n ,   and  s t r e s s   c o r r o -  

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

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

1 .95%  by  w e i g h t ,   r e s i s t a n c e   to   v a r i o u s   c o n c e n t r a t i o n   of  s u l -  

f u r i c   a c i d   and  to  o x i d i z i n g   s o l u t i o n s   c o n t a i n i n g   s u l f u r i c   a c i d  

b e g i n s   to  d e t e r i o r a t e .   M o l y b d e n u m   i s   a l s o   a  much  s t r o n g e r  

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

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

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

N i o b i u m   i s   t h e   c a r b i d e   s t a b i l i z e r   of  c h o i c e   in  a l l o y s  

o f   t h i s   i n v e n t i o n   to  p r e v e n t   i n t e r g r a n u l a r   a t t a c k   even   w i t h o u t  

h e a t   t r e a t m e n t .   I t   i s   e f f e c t i v e   in  a m o u n t s   o v e r   a b o u t   e i g h t  

t i m e s   t he   c a r b o n   c o n t e n t ,   b u t   a  n i o b i u m   c o n t e n t   o v e r   a b o u t   1% 

by  w e i g h t   has   an  a d v e r s e   e f f e c t   on  r e s i s t a n c e   to   p i t t i n g   i n  

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

f e r r i t i z e r   and  is   l i m i t e d   in  a l l o y s   of  t h i s   i n v e n t i o n   to  m a i n -  

t a i n   n o n m a g n e t i c   p r o p e r t i e s .  



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

s t a b i l i z e r   bu t   i s   much  c o s t l i e r ,   s c a r c e r   and  a b o u t   h a l f   as  e f -  

f e c t i v e   as  n i o b i u m   on  a  w e i g h t   p e r c e n t   b a s i s .   The  a l l o w a b l e  

t a n t a l u m   c o n t e n t   of  a b o u t   0.'4%  in  a l l o y s   of  t h i s   i n v e n t i o n  

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

t a n t a l u m ,   b u t   m a i n t a i n s   t he   l a t t e r   a t   a  s u f f i c i e n t l y   low  l e v e l  

to  o b v i a t e   d i f f i c u l t i e s   in  m a i n t a i n i n g   s t a b l e   a u s t e n i t e ,   g o o d  

w o r k a b i l i t y ,   and  n o n m a g n e t i c   p r o p e r t i e s .  

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

a b i l i t y   in  a l l o y s   of  t h i s   t y p e ,   b u t   i t   has   an  a d v e r s e   e f f e c t  

on  r e s i s t a n c e   to   p i t t i n g   when  p r e s e n t   a b o v e   a b o u t   0 . 7 % .  

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

c a r b o n   i s   c o m m o n l y   p r e s e n t   as  a  c o m p o n e n t   w h i c h   can   be  t o l e -  

r a t e d   to  t h e   e x t e n t   of  a b o u t   0 .08%  by  w e i g h t .   A  s m a l l   a m o u n t  

of  c a r b o n   may  be  b e n e f i c i a l   in  e n h a n c i n g   t he   f a b r i c a b i l i t y   o f  

t h e   a l l o y .   A u s t e n i t i c   s t e e l s   w i t h   low  c a r b o n   and  n i t r o g e n  

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

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

b e n e f i c i a l   in  f e r r i t i c   s t a i n l e s s   s t e e l s   in  t h a t   r e g a r d .   T h e  

l a t t e r   t y p e   of  a l l o y s   a r e   b e s t   a t   a b o u t   0.02%  c a r b o n   as  c o m -  

p a r e d   to  0.08%  p e r m i s s i b l e   in  a l l o y s   of  t h i s   i n v e n t i o n .  

N i t r o g e n   may  a l s o   be  p r e s e n t   as  an  i m p u r i t y   in  a l l o y s  

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

The  maximum  of  a b o u t   0 .15%  by  w e i g h t   i s   n o t   d i f f i c u l t   to  m a i n -  

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

t u a l l y   b e n e f i c i a l   to  t h e   d u c t i l i t y   and  f a b r i c a b i l i t y .   N i t r o -  

gen  is  an  a u s t e n i t i z i n g   e l e m e n t ,   bu t   c a r b i d e s   and  n i t r i d e s   a r e  

m a g n e t i c   and  s h o u l d   no t   be  p r e s e n t   in  g r e a t   a m o u n t s .   In  t h e  

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

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

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

Minor   p r o p o r t i o n s   of  r a r e   e a r t h   c o m p o n e n t s   such   a s  

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

t h e   a l l o y s   of  t h e   i n v e n t i o n .   Such  p r o p o r t i o n s   may  c o n t r i b u t e  



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

s h o u l d   no t   c o n s t i t u t e   more  t h a n   a b o u t   0.6%  by  w e i g h t   of  t h e  

a l l o y .   Many  of   t he   r a r e   e a r t h   m e t a l s   a r e   v e r y   s t r o n g l y   p a r a -  

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

of  1  x  1 0 - 3   to   5  x  1 0 - 3 ,   b u t   t h e   v e r y   s m a l l   p r o p o r t i o n s   o f  

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

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

S i l i c o n   can   be  t o l e r a t e d   in  t h e   a l l o y s   of  t h i s   i n v e n -  

t i o n   up  to  a b o u t   0.7%  by  w e i g h t   w i t h o u t   a d v e r s e   e f f e c t   on  t h e  

c o r r o s i o n   r e s i s t a n c e .   H i g h e r   p r o p o r t i o n s   of  s i l i c o n   a r e   u n -  

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

f e r r i t e - f o r m i n g   e l e m e n t   w h i c h   h a s   a  v e r y   a d v e r s e   e f f e c t   on  t h e  

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

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

w o r k a b i l i t y   and  t h u s   may  o p t i o n a l l y   be  i n c l u d e d .   H o w e v e r ,  

when   p r e s e n t   a t   a m o u n t s   s i g n i f i c a n t l y   in  e x c e s s   of  0 .01%  b y  

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

d a m a g i n g   w o r k a b i l i t y ,   w e l d a b i l i t y   and  m a c h i n a b i l i t y .  

C o b a l t   is   t y p i c a l l y   p r e s e n t   as  an  i m p u r i t y   in  n i c k e l  

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

up  to   a b o u t   0.5%  by  w e i g h t   c o b a l t .  

D e s p i t e   t h e i r   h i g h   i r o n   c o n t e n t ,   t h e   a l l o y s   of   t h e   i n -  

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

1 . 0 0 3   in   m a g n e t i z i n g   f i e l d   s t r e n g t h s   f r o m   5  o e r s t e d s   up  to   2 0 0  

o e r s t e d s .   Even   w i t h   c o l d   r e d u c t i o n s   in  t h i c k n e s s   of  t h e   o r d e r  

of   50%,  t h e   p e r m e a b i l i t y   r e m a i n s   b e l o w   1 . 0 0 6 .  

W h i l e   t h e   g o a l s   of  t h e   work  in  d e v e l o p i n g   t h e   a l l o y s  

of   t h i s   i n v e n t i o n   w e r e   s p e c i f i c a l l y   to  o b t a i n   t h e   d e s i r e d   p r o -  

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

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

no  c o m p o n e n t   may  d e v i a t e   s i g n i f i c a n t l y   f rom  t h e   s p e c i f i e d  

r a n g e   w i t h o u t   m a j o r   l o s s   in  c o r r o s i o n   r e s i s t a n c e .   G e n e r a l   e f -  

f e c t s   of  s u c h   d e v i a t i o n s   a r e   n o t e d   as  f o l l o w s :  



a)  Low  c h r o m i u m   a n d / o r   h i g h   m o l y b d e n u m   c o n t e n t s ,   d e p e n d -  

ing  upon  t h e   e x t e n t   of  d e v i a t i o n   f rom  the   s p e c i f i e d  

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

in  mos t   c o n c e n t r a t i o n s   of  s u l f u r i c   a c i d   w i t h   our   w i t h -  

ou t   n i t r i c   a c i d   a d d i t i o n s   a t   80°C  or  b o i l i n g   t e m p e r a -  

t u r e s .  

b)  D e l e t e r i o u s   e f f e c t s   of  low  n i c k e l   c o n t e n t s   a r e   m o s t  

a p p a r e n t   a t   h i g h e r   t e m p e r a t u r e s   of  t he   v a r i o u s   c o r r o -  

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

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

e r a l l y   o v e r   60%  H 2 S 0 4 .  
c)  E x c e s s i v e l y   h i g h   n i o b i u m   b e h a v e s   s o m e w h a t   l i k e   c h r o m -  

ium  in  i t s   e f f e c t   upon  g e n e r a l   s u l f u r i c   a c i d   r e s i s -  

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

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

t u r e s ,   and  in  s o l u t i o n s   of  l e s s   t h a n   40%  s u l f u r i c   a c i d  

a t   80°C  i f   a b s e n t   a l t o g e t h e r .   Of  c o u r s e ,   n i o b i u m   i s  

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

d)  Low  or  h i g h   c o p p e r   c o n t e n t s   r e d u c e   r e s i s t a n c e   in  c o n -  

c e n t r a t e d   a c i d s   and  in  v e r y   h o t   or  b o i l i n g   s o l u t i o n s .  

e)  Low  or  h i g h   m a n g a n e s e   c o n t e n t s   a r e   p a r t i c u l a r l y   bad  i n  

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

t a n c e   to   c o n c e n t r a t i o n s   b e l o w   50%  s u l f u r i c   a c i d   a t  

l o w e r   t e m p e r a t u r e s .  

f)  W h i l e   t h e   m o l y b d e n u m   c o n t e n t   of  t h e   a l l o y s   of  t h i s   i n -  

v e n t i o n   i s   q u i t e   a  b i t   l o w e r   t h a n   t h o s e   of  m o s t   e s -  

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

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

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

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

g)  I f   t h e   d i f f e r e n c e   b e t w e e n   n i c k e l   and  c h r o m i u m   c o n t e n t  

d o e s   no t   f a l l   w i t h i n   t he   r e q u i r e d   r a n g e ,   r e s i s t a n c e   i n  

any  of  t h e   s o l u t i o n s   at   t e m p e r a t u r e s   f rom  80°C  t o  

b o i l i n g   w i l l   s u f f e r .  



The  f o l l o w i n g   e x a m p l e s   i l l u s t r a t e   t he   i n v e n t i o n .  

E x a m p l e   1 

One  h u n d r e d   p o u n d   h e a t s   of  s e v e r a l   d i f f e r e n t   a l -  

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

of  t h e   h e a t s   was  a i r - m e l t e d   in  a  1 0 0 - p o u n d   h i g h   f r e q u e n c y  

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

f o r t h   in   T a b l e   I,   w i t h   t h e   b a l a n c e   in  e a c h   i n s t a n c e   b e i n g  

e s s e n t i a l l y   i r o n .  

S t a n d a r d   p h y s i c a l   t e s t   b l o c k s   and  c o r r o s i o n   t e s t   b a r s  

w e r e   p r e p a r e d   f rom  e a c h   h e a t .   U s i n g   t he   as  c a s t   n o n - h e a t - t r e a t e d  

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

a l l o y s   w e r e   t h e n   m e a s u r e d .   The  r e s u l t s   of  t h e s e   m e a s u r e m e n t s   a r e  

s e t   f o r t h   in  T a b l e   I I .  



W i t h o u t   h e a t   t r e a t m e n t ,   t h e   c o r r o s i o n   t e s t   b a r s  

w e r e   m a c h i n e d   i n t o   3 . 8 1   cm  d i a m e t e r   by  0 . 6 3 5   cm  t h i c k   d i s c s ,  

e a c h   h a v i n g   a  0 . 3 1 7 5   cm  d i a m e t e r   h o l e   in  t he   c e n t e r .   C a r e   w a s  

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

on  t h e   d i s c s .   T w e l v e   to  14  d i s c s   w e r e   o b t a i n e d   f o r   e a c h   a l l o y .  

T h e s e   d i s c s   w e r e   u s e d   in  t h e   c o m p a r a t i v e   c o r r o -  

s i o n   t e s t s ,   d e s c r i b e d   h e r e i n a f t e r ,   c o m p a r i n g   the   p e r f o r m a n c e  

of   t h e   a l l o y s   of  t h e   i n v e n t i o n   w i t h   a  number   of  a l l o y s   w h i c h  

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

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

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

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

t e s t s   a r e   s e t   f o r t h   in  T a b l e   I I I .  



In  t h e   a b o v e   t a b l e ,   C a r p e n t e r   20  c o n f o r m s   to  P a r s o n ' s  

U . S .   p a t e n t   2 , 1 8 5 , 9 8 7   and  C a r p e n t e r   20Cb3  is   a  w e l l - k n o w n   c o m m e r -  

c i a l   a l l o y   w h i c h   c o r r e s p o n d s   to  S c h a r f s t e i n   U .S .   p a t e n t   3 , 1 6 8 , 3 9 7 .  

E x a m p l e   2 

U s i n g   t h e   d i s c   s a m p l e s   of   E x a m p l e   1,  c o r r o s i o n   t e s t s   w e r e  

r u n   in  10%,  25%  40%,  50%,  60%,  70%,  93%  and  97%  by  w e i g h t   s u l f u r i c  

a c i d   s o l u t i o n s   a t   80°C  ( 1 7 6 ° F ) .  

In  c a r r y i n g   o u t   t h e s e   t e s t s ,   e a c h   of  t he   d i s c s   w a s  

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

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



w a t e r   and  d r i e d .   Each   c l e a n ,   d ry   d i s c   was  w e i g h e d   to  the  n e a r e s t  

1 0 , 0 0 0 t h   of  a  gram  and  t h e n   s u s p e n d e d   in  a  b e a k e r   by  a  p i e c e   o f  

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

a t t a c h e d   to  a  g l a s s   rod   w h i c h   r e s t e d   on  t o p   of  t he   b e a k e r .   S u f f i -  

c i e n t   s u l f u r i c   a c i d   s o l u t i o n   was  t h e n   a d d e d   to  t he   b e a k e r   so  t h a t  

t h e   e n t i r e   s a m p l e   was  i m m e r s e d .   The  t e m p e r a t u r e   of  the   a c i d   w a s  

t h e r m o s t a t i c a l l y   c o n t r o l l e d   a t   80°C  by  means   of  a  w a t e r   b a t h   a n d  

e a c h   b e a k e r   was  c o v e r e d   w i t h   a  w a t c h   g l a s s   to  m i n i m i z e   e v a p o r a t i o n .  

A f t e r   p r e c i s e l y   6  h o u r s ,   t h e   s a m p l e   d i s c s   were   r e m o v e d  

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

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

b r i s t l e   b r u s h   and  t a p   w a t e r .   T h o s e   s a m p l e s   on  w h i c h   the   c o r r o s i o n  

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

c l e a n e d   w i t h   a  1 :1   s o l u t i o n   of  h y d r o c h l o r i c   a c i d   and  w a t e r .   A f t e r  

t h e   c o r r o s i o n   p r o d u c t s   had  b e e n   r e m o v e d ,   e a c h   d i s c   was  a g a i n  

w e i g h t e d   to   t he   n e a r e s t   1 0 , 0 0 0 t h   of  a  g r a m .   The  c o r r o s i o n   r a t e   o f  

e a c h   d i s c ,   in  i n c h e s   p e r   y e a r ,   was  c a l c u l a t e d   by  t h e   f o l l o w i n g  

f o r m u l a   in  a c c o r d a n c e   w i t h   ASTM  s p e c i f i c a t i o n s   G l - 6 7 .  

w h e r e  

R i p y   =  c o r r o s i o n   r a t e   in  i n c h e s   p e r   y e a r  
W o  =   o r i g i n a l   w e i g h t   of  s a m p l e  

Wf  =  f i n a l   w e i g h t   of  s a m p l e  
A  =  a r e a   of  s a m p l e   in  s q u a r e   c e n t i m e t e r s  

T  =  d u r a t i o n   of  t e s t   in  y e a r s  

D  =  d e n s i t y   of  a l l o y   in  g / c c  

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

T a b l e   I V .  





E x a m p l e   3 

S i n c e   o x i d i z i n g   c o n t a m i n a n t s   a r e   o f t e n   p r e s e n t   i n  

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

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

s i s t a n c e   to  c o r r o s i o n   in  s u c h   e n v i r o n m e n t s .   U s i n g   t h e  

m e t h o d   d e s c r i b e d   in  E x a m p l e   2,  c o m p a r a t i v e   c o r r o s i o n   t e s t s  

w e r e   c o n d u c t e d   in   10%,  25%,  40%,  and  50%  s u l f u r i c   a c i d   s o -  

l u t i o n s ,   e a c h   c o n t a i n i n g   5%  n i t r i c   a c i d   a t   80°C.   The  r e -  

s u l t s   of  t h e s e   t e s t s   a r e   s e t   f o r t h   in  T a b l e   V .  



E x a m p l e   4 

U s i n g   t h e   m e t h o d   d e s c r i b e d   in  E x a m p l e   2,  c o m p a r a -  
t i v e   c o r r o s i o n   t e s t s   w e r e   c o n d u c t e d   in  b o i l i n g   10%,  25%,  a n d  

40%  s u l f u r i c   a c i d - w a t e r   s o l u t i o n s ,   and  in  b o i l i n g   10%  and  25% 

s u l f u r i c   a c i d - w a t e r   s o l u t i o n s ,   t h e   l a s t   two  c o n t a i n i n g   5%  n i -  

t r i c   a c i d .   R e s u l t s   of  t h e s e   t e s t s   a r e   s e t   f o r t h   in  T a b l e   V I .  

In  v i e w   of  t h e   a b o v e ,   i t   w i l l   be  s e e n   t h a t   t he   s e v -  

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

r e s u l t s   a t t a i n e d .  



As  v a r i o u s   c h a n g e s   c o u l d   be  made  in  t he   a b o v e   p r o d -  

u c t s   w i t h o u t   d e p a r t i n g   f r o m ' t h e   s c o p e   of  t h e   i n v e n t i o n ,   i t   i s   i n -  

t e n d e d   t h a t   a l l   m a t t e r   c o n t a i n e d   in  t he   a b o v e   d e s c r i p t i o n   s h a l l  

be  i n t e r p r e t e d   as  i l l u s t r a t i v e   and  no t   in  a  l i m i t i n g   s e n s e .  



1.  An  a i r - m e l t a b l e ,   c a s t a b l e ,   w e l d a b l e ,   n o n m a g n e t i c  

a l l o y   r e s i s t a n t   to  c o r r o s i o n   in  s u l f u r i c   a c i d   o v e r   a  wide   r a n g e  

of   a c i d   s t r e n g t h s ,   c o n s i s t i n g   e s s e n t i a l l y   of  b e t w e e n   a b o u t   18  a n d  

a b o u t   22%  by  w e i g h t   n i c k e l ,   b e t w e e n   a b o u t   1 6 . 8   and  a b o u t   19.2%  b y  

w e i g h t   c h r o m i u m ,   b e t w e e n   a b o u t   0 . 3 5   and  a b o u t   1 .95%  by  w e i g h t  

m o l y b d e n u m ,   b e t w e e n   a b o u t   2 . 5   and  a b o u t   3.9%  by  w e i g h t   c o p p e r ,  
b e t w e e n   a b o u t   3 . 2   and  a b o u t   4 .7%  by  w e i g h t   m a n g a n e s e ,   b e t w e e n  

a b o u t   0 . 3 5   and  a b o u t   0 .80%  by  w e i g h t   n i o b i u m ,   up  to  a b o u t   0.7%  b y  

w e i g h t   t i t a n i u m ,   up  to  a b o u t   0 .4%  by  w e i g h t   t a n t a l u m ,   up  to  a b o u t  

0 .01%  by  w e i g h t   b o r o n ,   up  to  a b o u t   0.5%  by  w e i g h t   c o b a l t ,   up  t o  

a b o u t   0.7%  by  w e i g h t   s i l i c o n ,   up  to  a b o u t   0 .08%  by  w e i g h t   c a r b o n ,  

up  to   a b o u t   0.6%  by  w e i g h t   of  a  r a r e   e a r t h   c o m p o n e n t  s e l e c t e d  

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

up  to   a b o u t   0 .15%  by  w e i g h t   n i t r o g e n ,   and  b e t w e e n   a b o u t   51  a n d  

a b o u t   58%  by  w e i g h t   i r o n ,   and   w h e r e i n   t h e   n i c k e l   c o n t e n t   e x c e e d s  

t h e   c h r o m i u m   c o n t e n t   by  b e t w e e n   a b o u t   0 . 8 5   and  a b o u t   5.2%  b y  

w e i g h t   ( b a s i s ,   t h e   e n t i r e   a l l o y ) .  

2.  An  a l l o y   as  s e t   f o r t h   in  c l a i m   1  w h e r e i n   t h e   n i c k e l  

c o n t e n t   e x c e e d s   t h e   c h r o m i u m   c o n t e n t   by  b e t w e e n   a b o u t   0 . 8 7   a n d  

a b o u t   4 .74%  by  w e i g h t   ( b a s i s ,   t h e   e n t i r e   a l l o y ) .  

3.  An  a l l o y   as  s e t   f o r t h   in  c l a i m   2  w h e r e i n   t h e   n i c k e l  

c o n t e n t   i s   b e t w e e n  a b o u t   1 8 . 6 6 %   and  a b o u t   21 .58%  by  w e i g h t ,   t h e  

c h r o m i u m   c o n t e n t   is   b e t w e e n   a b o u t   1 6 . 8 4   and  a b o u t   19 .01%  b y  

w e i g h t ,   t h e   m o l y b d e n u m   c o n t e n t   i s   b e t w e e n   a b o u t   0 . 5 2   and  a b o u t  

1 .93%  by  w e i g h t ,   t he   c o p p e r   c o n t e n t   is   b e t w e e n   a b o u t   2 . 5 1   a n d  

a b o u t   3 .24%  by  w e i g h t ,   t h e   m a n g a n e s e   c o n t e n t   i s   b e t w e e n   a b o u t  

3 . 2 9   and  a b o u t   4 .54%  by  w e i g h t ,   t h e   n i o b i u m   c o n t e n t   is   b e t w e e n  

a b o u t   0 . 4 5   and  a b o u t   0.68%  by  w e i g h t   and  t h e   i r o n   c o n t e n t   is  b e -  

t w e e n   a b o u t   5 1 . 0 5   a n d - a b o u t   5 5 . 1 4 %   by  w e i g h t .  



4.  An  a l l o y   as  s e t   f o r t h   in  c l a i m   1  w h e r e i n   t he   n i c k e l  

c o n t e n t   is   b e t w e e n   a b o u t   1 8 . 6 6   and  a b o u t   21 .58%  by  w e i g h t ,   t h e  

c h r o m i u m   c o n t e n t   is  b e t w e e n   a b o u t   1 6 . 8 4   and  a b o u t   18 .76%  b y  

w e i g h t ,   t h e   m o l y b d e n u m   c o n t e n t   is  b e t w e e n   a b o u t   0 . 5 2   and  a b o u t  

1 .93%  by  w e i g h t ,   t he   c o p p e r   c o n t e n t   is  b e t w e e n   a b o u t   2 . 8 2   a n d  

a b o u t   3.18%  by  w e i g h t ,   t h e   m a n g a n e s e   c o n t e n t   i s   b e t w e e n   a b o u t  

3 . 3 0   and  a b o u t   3.70%  by  w e i g h t ,   t h e   n i o b i u m   c o n t e n t   i s   b e t w e e n  

a b o u t   0 . 5 6   and  a b o u t   0 .68%  by  w e i g h t ,   t h e   i r o n   c o n t e n t   i s   b e t w e e n  

a b o u t   5 1 . 0 5   and  55 .13%  by  w e i g h t   and  t he   n i c k e l   c o n t e n t   e x c e e d s  

t h e   c h r o m i u m   c o n t e n t   by  b e t w e e n   a b o u t   1 . 8 2   and  a b o u t   4.11%  b y  

w e i g h t   ( b a s i s ,   t he   e n t i r e   a l l o y ) .  

5.  An  a l l o y   as  s e t   f o r t h   in  c l a i m   1  w h e r e i n   t h e   n i c k e l  

c o n t e n t   i s   b e t w e e n   a b o u t   1 8 . 6   and  a b o u t   21 .6%  by  w e i g h t ,   t h e  

c h r o m i u m   c o n t e n t   is   b e t w e e n   a b o u t   1 7 . 2 0   and  a b o u t   18 .76%  b y  

w e i g h t ,   t h e   m o l y d e n u m   c o n t e n t   i s   b e t w e e n   a b o u t   0 . 5 2   and  a b o u t  

1 .93%  by  w e i g h t ,   t he   c o p p e r   c o n t e n t   is  b e t w e e n   a b o u t   2 . 8 2   a n d  

a b o u t   3 .17%  by  w e i g h t ,   t h e   m a n g a n e s e   c o n t e n t   i s  b e t w e e n   a b o u t  

3 . 3 0   and  a b o u t   3.51%  by  w e i g h t ,   t h e   n i o b i u m   c o n t e n t   i s   b e t w e e n  

a b o u t   0 . 5 6   and  a b o u t   0 .66%  by  w e i g h t ,   t he   s i l i c o n   c o n t e n t   is   b e -  

t w e e n   a b o u t   0 . 3   and  a b o u t   0.5%  by  w e i g h t ,   t he   c a r b o n   c o n t e n t   i s  

b e t w e e n   a b o u t   0 . 0 3   and  a b o u t   0 .05%  by  w e i g h t ,   t h e   i r o n   c o n t e n t   i s  

b e t w e e n   a b o u t   5 1 . 0 5   and  a b o u t   55 .13%  by  w e i g h t ,   and  t he   n i c k e l  

c o n t e n t   e x c e e d s   t he   c h r o m i u m   c o n t e n t   by  b e t w e e n   a b o u t   2 . 1 8   a n d  

a b o u t   4 .11%  by  w e i g h t   ( b a s i s ,   t h e   e n t i r e   a l l o y ) .  

6.  An  a l l o y   as  s e t   f o r t h   in  c l a i m   1  w h e r e i n   t he   c a r b o n  

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

c o n t e n t .  



7.  An  a i r - m e l t a b l e ,   c a s t a b l e ,   w e l d a b l e ,   n o n m a g n e t i c  

a l l o y   r e s i s t a n t   to  c o r r o s i o n   in  s u l f u r i c   a c i d   o v e r   a  wide   r a n g e  

of  a c i d   s t r e n g t h s ,   c o m p r i s i n g   a p p r o x i m a t e l y   21.0%  by  w e i g h t  

n i c k e l ,   a p p r o x i m a t e l y   17.5%  by  w e i g h t   c h r o m i u m ,   a p p r o x i m a t e l y  

1.2%  by  w e i g h t   m o l y b d e n u m ,   a p p r o x i m a t e l y   3.1%  by  w e i g h t   c o p p e r ,  

a p p r o x i m a t e l y   3.7%  by  w e i g h t   m a n g a n e s e ,   a p p r o x i m a t e l y   0.6%  b y  

w e i g h t   n i o b i u m ,   a p p r o x i m a t e l y   0.3%  by  w e i g h t   s i l i c o n ,   a p p r o x i -  

m a t e l y   0 .03%  by  w e i g h t   c a r b o n ,   and  t h e   b a l a n c e   e s s e n t i a l l y   i r o n .  
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