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@  Low  interstitial,  corrosion  resistant,  weldable  ferritic  stainless  steel  and  process  for  the  manufacture  thereof. 

A  low  interstitial,  corrosion  resistant,  weldable  ferritic 
stainless  steel  has  an  addition  of  between  0.05  and  0.50% 
by  weight  columbium  and/or  titanium  to  give  the  steel 
improved  toughness  when  the  maximum  achievable  cooling 
rate  is  limited.  The  steel  consists  of  the  following 
composition  by  weight  percent:  between  25.0  and  35% 
chromium,  between  3.6  and  5.6%  molybdenum,  between 
0.05  and  0.50%  of  columbium  and/or  titanium,  less  than 
3.0%  nickel,  less  than  2.0%  manganese,  less  than  2.0% 
silicon,  less  than  0.5%  aluminium,  less  than  0.5%  copper, 
less  than  0.050%  phosphorous,  less  than  0.050%  sulfur,  less 
than  0.01%  carbon,  less  than  0.02%  nitrogen,  the  carbon 
plus  nitrogen  content  being  less  than  0.025%,  and  the 
balance  iron.  A  process  is  also  disclosed  which  comprises 
air-cooling  a  steel  having  the  above  composition  from  the 
annealing  temperature  before  cold  rolling. 



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  low  i n t e r s t i t i a l ,  

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

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

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

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

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

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

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

and  c r e v i c e   c o r r o s i o n   r e s i s t a n c e   in   o r d e r   to   be  u s e d   i n  

c e r t a i n   c h e m i c a l   e n v i r o n m e n t s   as  f o r   e x a m p l e   in   p o w e r   p l a n t s  

e x p o s e d   to   s e a   w a t e r ,   and  p u l p   and  p a p e r   p r o c e s s   e q u i p m e n t .  

S t a i n l e s s   s t e e l   c o n t a i n i n g   29%  c h r o m i u m   and  4%  m o l y b d e n u m  

a r e   h i g h l y   r e s i s t a n t   to   c r e v i c e   c o r r o s i o n .   T h e s e   s t e e l s  

r e q u i r e   a  low  l e v e l   of  i n t e r s t i t i a l s ,   f o r   e x a m p l e   a  t o t a l  

c a r b o n   p l u s   n i r t o g e n   c o n t e n t   of  l e s s   t h a n   0 .025%  by  w e i g h t ,  

to   h a v e   good   p o s t - w e l d i n g   d u c t i l i t y   and  i n t e r g r a n u l a r  



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

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

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

g a u g e   w e l d e d   t u b i n g   s u c h   as  c o n d e n s e r   t u b i n g .   T h i s  

e q u i p m e n t   i s   o f t e n   a s s e m b l e d   t h r o u g h   a  w e l d i n g   p r o c e s s .   T h e  

s h a p e   and  s i z e   of  t h e   a s s e m b l e d   e q u i p m e n t   u s u a l l y   p r e v e n t s  

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

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

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

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

a l l o y   d e c r e a s e s   as  t h e   t h i c k n e s s   i n c r e a s e s   and  as  t h e   c o o l i n g  

r a t e   d e c r e a s e s .   T h i s   i s   i l l u s t r a t e d   in   F i g u r e   12  in   a  p a p e r  

by  H .E .   D e v e r a l l   e n t i t l e d   " T o u g h n e s s   P r o p e r t i e s   of   V a c u u m  

I n d u c t i o n   M e l t e d   H i g h - C h r o m i u m   F e r r i t i c   S t a i n l e s s   S t e e l s " ,  

p u b l i s h e d   in   ASTM  STP  706,   T o u g h n e s s   of  F e r r i t i c   S t a i n l e s s  

S t e e l s ,   R.A.  L u l a ,   E d . ,   A m e r i c a n   S o c i e t y   f o r   T e s t i n g   a n d  

M a t e r i a l s ,   1 9 8 O .  T h e   d e c r e a s e   in   t o u g h n e s s   d e c r e a s e s  

w e l d a b i l i t y   s u c h   t h a t   t h e   p l a t e ,   w h i c h   in   some  i n s t a n c e s   m a y  

be  i n c a p a b l e   of  b e i n g   w a t e r - q u e n c h e d   b e c a u s e   of  i t s   s i z e ,  

m i g h t   e x h i b i t   c r a c k i n g   d u r i n g   w e l d i n g .   Or,   i f   t h e   p l a t e   i s  

w a t e r - q u e n c h e d ,   t h e   c o o l i n g   r a t e   b e c a u s e   of  t h e   t h i c k n e s s   o f  

t h e   p l a t e   may  n o t   be  r a p i d   e n o u g h   to   a c h i e v e   s u i t a b l e   t o u g h -  

n e s s   s u c h   t h a t   t h e   p l a t e   may  e x h i b i t   c r a c k i n g   d u r i n g   w e l d i n g .  

T h e r e f o r e ,   b e t t e r   t o u g h n e s s   m u s t   be  a c h i e v e d   by  some  o t h e r  

means   w h e r e   w a t e r - q u e n c h i n g   i s   i m p r a c t i c a l   or   w h e r e   w a t e r -  

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

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

a s s e m b l e d   s t r u c t u r e .  

Even  i f   t h e   f i n a l   p r o d u c t   i s   to   be  of  l i g h t   g a u g e ,   t h e  



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

t h i c k e r   s l a b s   and  b a n d s   d u r i n g   p r o c e s s i n g .   The  c o o l i n g  

r a t e s   of  t h e s e   h e a v i e r  s e c t i o n   s i z e s   i s   s l o w .   W a t e r - q u e n c h i n g  

w o u l d   s p e e d   up  t h e   c o o l i n g   p r o c e s s ,   h o w e v e r   w a t e r - q u e n c h i n g  

i s   o f t e n   i m p o s s i b l e   or   i m p r a c t i c a l   due   to   s h a p e   and  s i z e .  

As  t h e   t h i c k n e s s   of  t h e   p r o d u c t   s e c t i o n   i n c r e a s e s ,   t h e  

t o u g h n e s s   as  m e a s u r e d   by  C h a r p y   i m p a c t   t r a n s i t i o n   t e m p -  

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

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

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

f r a c t u r e   w h i c h   o c c u r s   from  t h e   i m p a c t   i s   50  p e r c e n t   s h e a r  

( d u c t i l e )   and  50  p e r c e n t   c l e a v a g e   ( b r i t t l e ) .  

The  t o u g h n e s s   of   t h e   29%  c h r o m i u m  -   4%  m o l y b d e n u m  

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

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

h i g h   a l l o y   c o n t e n t .   The  t o u g h n e s s   of  t h e   29%  c h r o m i u m  -   4% 

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

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

e v e r ,   in   many  c a s e s   t h e   w a t e r - q u e n c h i n g   p r o c e s s   i s   n o t   p o s s -  

. i b l e   or  p r a c t i c a l   to   u s e ,   so  a  m e t h o d   i s   n e e d e d   to   i m p r o v e  

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

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

A  29%  c h r o m i u m  -   4%  m o l y b d e n u m   f e r r i t i c   s t a i n l e s s  

s t e e l   w i t h   a  maximum  c a r b o n   p l u s   n i t r o g e n   c o n t e n t   of  0 . 0 2 5 %  

is   d i s c l o s e d   in  U n i t e d   S t a t e s   P a t e n t   No.  3 , 9 2 9 , 4 7 3 .   U n i t e d  

- S t a t e s   P a t e n t   No.  3 , 9 3 2 , 1 7 4   i s   a  m o d i f i c a t i o n   to   w h i c h   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   a r e   a d d e d   to   a c h i e v e   t h e   same  r a n g e  

of  c o r r o s i o n   p r o p e r t i e s   as  U n i t e d   S t a t e s   P a t e n t   No.  3 , 9 2 9 , 4 7 3 .  

H o w e v e r   t h e s e   p a t e n t s   do  n o t   t e a c h   t h e   u s e   of  c o l u m b i u m   o r  

t i t a n i u m .  



U n i t e d   S t a t e s   P a t e n t   No.  3 , 8 0 7 , 9 9 1   t e a c h e s   t h e   a d d i -  

t i o n   of  b e t w e e n   13  and  29  t i m e s   t h e   a m o u n t   of  n i t r o g e n   or   b e t -  

ween   0 .065%  and   0 .363%  c o l u m b i u m   to  a  s t e e l   of   1%  m o l y b d e n u m   f o r  

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

t h e   a i r - c o o l e d   c o n d i t i o n .   U n i t e d   S t a t e s   P a t e n t   3 , 9 5 7 , 5 4 4  

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

@ to  t h e   e q u a t i o n   % T i / 6  +   %CB/8 =   (%C +  %N).  The  m o l y b d e n u m  

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

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

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

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

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

i n t e r s t i t i a l s   i s   low.   M o l y b d e n u m   i m p r o v e s   p i t t i n g   and  c r e v i c e  

c o r r o s i o n   r e s i s t a n c e , b u t   a c c o r d i n g   to   U n i t e d   S t a t e s   P a t e n t  

4 , 1 1 9 , 7 6 5   i f   m o l y b d e n u m   i s   p r e s e n t   in   an  a m o u n t   of   o v e r  3 . 5 %   a n d  

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

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

t i o n .   U n i t e d   S t a t e s   P a t e n t   4 , 1 1 9 , 7 6 5   a d d s   f r o m   2% -   4 . 7 5 %  

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

n i c k e l   m u s t   be  r e g u l a t e d   c a r e f u l l y   so  as  to   i m p r o v e   n o t c h   t o u g h -  

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

o t h e r   p r o p e r t i e s .  

A  f i n a l   r e f e r e n c e   i s   a  p a p e r   e n t i t l e d   " F e r r i t i c   S t a i n l e s s  

S t e e l   C o r r o s i o n   R e s i s t a n c e   and  Economy"   by  Remus  A.  L u l a .   T h e  

p a p e r   a p p e a r e d   on  p a g e s   2 4 - 2 9   of   t h e   J u l y   1976  i s s u e   of   M e t a l  

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

l e s s   s t e e l   of  t h e   p r e s e n t   i n v e n t i o n .  

For   t h e   r e a s o n s   n o t e d   h e r e i n a b o v e ,   t h e   p r e s e n t   i n v e n t i o n  

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



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

low  i n t e r s t i t i a l ,   c o r r o s i o n   r e s i s t a n t ,   w e l d a b l e   f e r r i t i c  

s t a i n l e s s - s t e e l   w i t h   a  h i g h   m o l y b d e n u m   c o n t e n t  w h i c h   e x h i b i t s  

i m p r o v e s   t o u g h n e s s   in  h e a v i e r   s e c t i o n   t h i c k n e s s   when  t h e  

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

A  f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  low  i n t e r s t i t i a l ,   c o r r o s i o n   r e s i s t a n t ,   w e l d a b l e  

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

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

e i t h e r   c o l u m b i u m   or   t i t a n i u m .  

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

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

and  w e l d a b l e   a t   room  t e m p e r a t u r e .   The  i m p r o v e m e n t   of  t h e  

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

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

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

or   i m p r a c t i c a l .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  low  i n t e r s t i t i a l ,  

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

i m p r o v e d   t o u g h n e s s   c h a r a c t e r i z e d   in  t h a t   i t   c o n s i s t s   o f ,   b y  

w e i g h t   p e r c e n t :   2 5 . 0 % - 3 5 . 0 %   c h r o m i u m ,   3 . 6 % - 5 . 6 %   m o l y b d e n u m ,  

l e s s   t h a n   3%  n i c k e l ,   l e s s   t h a n   2%  m a n g a n e s e ,   l e s s   t h a n   2 . 0 %  

s i l i c o n ,   l e s s   t h a n   0.5%  a l u m i n u m ,   l e s s   t h a n   0 .50%  c o p p e r ,  

l e s s   t h a n   0 . 050%  p h o s p h o r u s ,   l e s s   t h a n   0 .05%  s u l f e r ,   l e s s   t h a n  

0 .01%  c a r b o n ,   l e s s   t h a n   0 .02%  n i t r o g e n ,   t h e   sum  of  t h e   c a r b o n  

and  n i t r o g e n   b e i n g   l e s s   t h a n   0 . 0 2 5 % ,   0 . 0 5 - 0 5 0 %   o f  

c o l u m b i u m   a n d / o r   t i t a n i u m ,   a n d  t h e   b a l a n c e   of  i r o n .  

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

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



w h e r e i n   s a i d   s t e e l   i s   h o t   r o l l e d ,   a n n e a l e d   and  c o l d - r o l l e d  

to   s t r i p   t h i c k n e s s ,   c h a r a c t e r i z e d   in   t h a t   t h e   p r o c e s s  

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

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

o f ,   by  w e i g h t   p e r   c e n t :   2 5 . 0 %  -   35.0%  c h r o m i u m ,   3 . 6 %  -   5 . 6 %  

m o l y b d e n u m ,   l e s s   t h a n  3 . 0 %   n i c k e l ,   l e s s   t h a n   2.0%  m a n g a n e s e ,  

l e s s   t h a n   2 . 0 %  s i l i c o n ,   l e s s   t h a n   0.5%  a l u m i n u m ,   l e s s   t h a n  

0.5%  c o p p e r ,   l e s s   t h a n   0.5%  p h o s p h o r u s ,   l e s s   t h a n   0 . 0 5 %  

s u l f e r ,   l e s s   t h a n   0 .01%  c a r b o n ,   l e s s   t h a n   0 .02%  n i t r o g e n ,  

t h e   sum  of   t h e   c a r b o n   and  n i t r o g e n   b e i n g   l e s s   t h a n   0 . 0 2 5 % ,  

0 . 0 5 %  -   0 .50%  of  c o l u m b i u m   a n d / o r   t i t a n i u m ,   and  t h e   b a l a n c e  

i r o n ,   so  as  to   p r o d u c e   a  s t e e l   w i t h   a  C h a r p y   i m p a c t  

t r a n s i t i o n   t e m p e r a t u r e   of  b e l o w   - 1 7 . 8 ° C   (O°F)  as  c o l d - r o l l e d  

to   a  t h i c k n e s s   of  1 . 5 7 5 m m ( 0 . 0 6 2   i n c h e s ) .  

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

r e s p e c t i v e   a m o u n t s   of  28 .5%  to  30.5%  and  3.75%  to   4 . 7 5 % .  

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

a m o u n t   of  0 .05%  to   0 . 2 0 % .   M a n g a n e s e   and  s i l i c o n   a r e   e a c h  

u s u a l l y   p r e s e n t   in  a m o u n t s   of  l e s s   t h a n   1%.  A l u m i n u m ,   c o p p e r ,  

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

t h a n   0 .1%.   C a r b o n   and  n i t r o g e n   a r e   p r e s e n t   p r e f e r a b l y   i n  

a m o u n t s   of  l e s s   t h a n   0 . 008%  and  0 .016%  r e s p e c t i v e l y .  

The  a d v a n t a g e s   of  t h e   s t e e l   of  t h i s   i n v e n t i o n   w i l l   b e  

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

of  s e v e r a l   a s p e c t s   of  t h e   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   a  low  i n t e r s t i t i a l   f e r r i t i c   s t a i n l e s s   s t e e l   h a v i n g   a  

c h r o m i u m   c o n t e n t   of  b e t w e e n   25.0%  and  35.0%  and  a  m o l y b d e n u m  

c o n t e n t   of  b e t w e e n   3.6%  and  5 .6%.   A  s m a l l   a m o u n t  o f   c o l u m b i u m  

or  t i t a n i u m   of  b e t w e e n   0 .05%  and  0.20%  i s   a d d e d   to   t h e   s t e e l  



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

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

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

to  t h e   c o m p o s i t i o n s   g i v e n   in   T a b l e   I .  





The  i n g o t s   w e r e   c o n d i t i o n e d ,   h e a t e d   to   a  t e m p e r a t u r e   o f  

1 1 2 1 ° C ( 2 0 5 0 ° F )   and  h o t   r o l l e d   to   a  s t r i p   a b o u t   3 . 5 5 6 m m  

( 0 . 1 4 0   i n . )   t h i c k .   The  h o t   r o l l e d   b a n d   was  a n n e a l e d   a t   a  

t e m p e r a t u r e   of  1 0 1 0 ° C ( 1 8 5 0 ° F ) ,   and  w a t e r - q u e n c h e d   a n d  

c o l d   r o l l e d   to   a  t h i c k n e s s   of  1 . 5 7 5 m m ( 0 . 0 6 2   i n . ) .   T h e  

s t r i p   was  t h e n   a n n e a l e d   a t   a  t e m p e r a t u r e   of  1 0 1 0 ° C ( 1 8 5 0 ° F ) ,  

w a t e r - q u e n c h e d   and  TIG  w e l d e d .  

F o u r   s e t s   of  t r a n s v e r s e   C h a r p y   V - n o t c h   i m p a c t  

s u b s i z e   s p e c i m e n s   w e r e   t a k e n ,   two  f r o m   t h e   h o t   r o l l e d   b a n d  

and   t h e   o t h e r s   f rom  t h e   1 . 5 7 5 m m ( 0 . 0 6 2   i n . )   t h i c k   s t r i p s .  

A f t e r   a n n e a l i n g   t h e   s p e c i m e n s   a t   a  t e m p e r a t u r e   of  1 0 1 0 ° C  

( 1 8 5 0 ° F ) ,   t h e   s p e c i m e n s   w e r e   e i t h e r   w a t e r - q u e n c h e d   or   a i r -  

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

n e s s   c h a r a c t e r i s t i c s .   The  r e s u l t s   of  t h e   t e s t s   a r e :  

shown  in  T a b l e   I I .  

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

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

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

e f f e c t s   on  t o u g h n e s s   of  s l o w   c o o l i n g .   A l t h o u g h   t h e   i m p a c t  



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

h i g h e r   t h a n   t h o s e   of  t h e   w a t e r - q u e n c h e d   s p e c i m e n s   i t   can   b e  

s e e n   f rom  T a b l e   I I   t h a t   t h e   d i f f e r e n c e   in   i m p a c t  

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

1 . 5 7 5 m m ( 0 . 0 6 2   i n . )   t h i c k   s t e e l s t r i p   i s   l e s s   t h a n   3 8 ° C  

( 1 0 0 ° F ) .   W h e r e a s   t h e   d i f f e r e n c e   in   i m p a c t   t r a n s i t i o n  

t e m p e r a t u r e   f o r   p r i o r   a r t   c o m p o s i t i o n s   i s   1 1 5 ° C ( 2 4 0 ° F ) .  

H o w e v e r ,   in   s i t u a t i o n s   w h e r e   w a t e r - q u e n c h i n g   i s  

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

a c h i e v e d   by  w a t e r - q u e n c h i n g   of  h e a v y   t h i c k n e s s   s e c t i o n s  

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

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

t o u g h n e s s .   The  i m p a c t   t r a n s i t i o n   t e m p e r a t u r e   of   t h e   1 . 5 7 5 m m  

( 0 . 0 6 2   i n . )   s t e e l   s t r i p   of   a  c o m p o s i t i o n   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n   i s   b e l o w   - 1 7 . 8 ° C ( 0 ° F )   w h e r e a s   t h a t   o f  

p r i o r   a r t   c o m p o s i t i o n   A  i s   5 4 ° C ( 1 3 0 ° F ) .   I t   i s  

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

a  s t e e l   s t r i p   be  b e l o w   room  t e m p e r a t u r e   so  t h a t   t h e  

s t e e l   s t r i p   w i l l   n o t   c r a c k   upon   w e l d i n g .   S t e e l s   of   p r i o r  

a r t   c o m p o s i t i o n s   had  to   be  w a t e r - q u e n c h e d   b e f o r e   c o l d  

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

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

us  to   a c h i e v e   good  t o u g h n e s s   c h a r a c t e r i s t i c s   by  a i r - c o o l i n g  

t h e   s t e e l   b e f o r e   c o l d - r o l l i n g   i n s t e a d .  

C o r r o s i o n   t e s t s   w e r e   a l s o   p e r f o r m e d   on  t h e   1 . 5 7 5 m m  

( 0 . 0 6 2   i n . )   t h i c k   s t r i p   in  t h e   as  w e l d e d   c o n d i t i o n   and  o n  

t h e   b a s e   m e t a l   s p e c i m e n s   w h i c h   w e r e   h e a t   t r e a t e d   a t   1 2 3 2 0 C  

( 2 2 5 0 0 F )   and  a i r - c o o l e d   to   s i m u l a t e   t h e   h e a t   a f f e c t e d   z o n e  

upon   w e l d i n g   a  h e a v i e r   t h i c k n e s s .   The  s p e c i m e n s   25.4mm  x  



50.8mm (1  i n .   x  2  i n . )   w e r e   e x p o s e d   to   a  b o i l i n g   s o l u t i o n  

of  f e r r i t i c   s u l f a t e - 5 0 %   s u l f u r i c   a c i d   f o r   120  h o u r s  

a c c o r d i n g   to   ASTM  A262  P r a c t i c e   B  f o r   i n t e r g r a n u l a r  

c o r r o s i o n   t e s t i n g .   The  c o r r o s i o n   r a t e s   a r e   g i v e n   in  T a b l e   I I I .  

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

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

in  T a b l e   I V .  



1.  A  low  i n t e r s t i t i a l ,   c o r r o s i o n   r e s i s t a n t ,  

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

c h a r a c t e r i z e d   in   t h a t   i t   c o n s i s t s   o f ,   by  w e i g h t   p e r c e n t :  

2 5 . 0 % - 3 5 . 0 %   c h r o m i u m ,   3 . 6 % - 5 . 6 %   m o l y b d e n u m ,   l e s s   t h a n   3 . 0 %  

n i c k e l ,   l e s s   t h a n   2.0%  m a n g a n e s e ,   l e s s   t h a n   2.0%  s i l i c o n ,  

l e s s   t h a n   0.5%  a l u m i n u m ,   l e s s   t h a n   0 .50%  c o p p e r ,   l e s s   t h a n  

0 .050%  p h o s p h o r o u s ,   l e s s   t h a n   0 .05%  s u l f e r ,   l e s s   t h a n   0 . 0 1 %  

c a r b o n ,   l e s s   t h a n   0 .02%  n i t r o g e n ,   t h e   sum  of  t h e   c a r b o n   a n d  

n i t r o g e n   b e i n g   l e s s   t h a n   0 . 0 2 5 % ,   0 . 0 5 % - 0 . 5 0 %   of   c o l u m b i u m  

a n d / o r   t i t a n i u m ,   and  t h e   b a l a n c e   of   i r o n .  

2.  A  low  i n t e r s t i t i a l ,   c o r r o s i o n   r e s i s t a n t ,   w e l d a b l e  

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

to  c l a i m   1  w i t h   a  c h r o m i u m   c o n t e n t   of  f r o m   28.5%  to   3 0 . 5 % .  

3.  A  low  i n t e r s t i t i a l ,   c o r r o s i o n   r e s i s t a n t ,   w e l d a b l e  

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

c l a i m   1  or  2,  w i t h   a  m o l y b d e n u m   c o n t e n t   of  f r o m   3.75%  t o  

4 . 7 5 %  

4.  A  low  i n t e r s t i t i a l ,   c o r r o s i o n   r e s i s t a n t ,   w e l d a b l e  

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

c l a i m   1,  2  or   3,  w i t h   0 . 0 5 % - 0 . 2 0 %   of  c o l u m b i u m   a n d / o r  

t i t a n i u m .  

5.  A  l o w ,   i n t e r s t i t i a l ,   c o r r o s i o n   r e s i s t a n t ,   w e l d a b l e  

f e r r i t i c   s t a i n l e s s   s t e e l   w i t h   i m p r o v e d   t o u g h n e s s   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 i t h   0 . 0 5 % - 0 . 2 0 %  

c o l u m b i u m .  

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

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

a n n e a l e d a n d   c o l d - r o l l e d   to   s t r i p   t h i c k n e s s ,   c h a r a c t e r i z e d   i n  



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

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

s t e e l   c o n s i s t i n g   e s s e n t i a l l y   o f ,   by  w e i g h t   p e r   c e n t :   2 5 . 0 %  

35.0%  c h r o m i u m ,   3 . 6 % - 5 . 6 %   m o l y b d e n u m ,   l e s s   t h a n   3 . 0 %  

n i c k e l ,   l e s s   t h a n   2.0%  m a n g a n e s e ,   l e s s   t h a n   2.0%  s i l i c o n ,  

l e s s   t h a n   0.5%  a l u m i n u m ,   l e s s   t h a n   0.5%  c o p p e r ,   l e s s   t h a n  

0.5%  p h o s p h o r o u s ,   l e s s   t h a n   0 .05%  s u l f e r ,   l e s s   t h a n   0 . 0 1 %  

c a r b o n ,   l e s s   t h a n   0 .02%  n i t r o g e n ,   t h e   sum  of  t h e   c a r b o n   a n d  

n i t r o g e n   b e i n g   l e s s   t h a n   0 . 0 2 5 % , 0 . 0 5 %  -   0.50%  of  c o l u m b i u m  

a n d / o r   t i t a n i u m ,   and  t h e   b a l a n c e   i r o n ,   so  as  to   p r o d u c e   a  

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

b e l o w   - 1 7 . 8 ° C ( 0 ° F )   as  c o l d - r o l l e d   to   a  t h i c k n e s s   o f  

1 . 5 7 5 m m ( 0 . 0 6 2   i n c h e s ) .  

7.  A  p r o c e s s   f o r   m a k i n g   a  low  i n t e r s t i t i a l ,  

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

i m p r o v e d   t o u g h n e s s   a c c o r d i n g   to  c l a i m   6,  w i t h   t h e  

a d d i t i o n a l   s t e p   of  w e l d i n g .  

8.  A  low  i n t e r s t i t i a l ,   c o r r o s i o n   r e s i s t a n t ,   w e l d a b l e ,  

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

i n g   to   t h e   p r o c e s s   of  c l a i m   6  or  7 .  




	bibliography
	description
	claims
	search report

