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©  Austenrtic  steel. 

@  A  steel  grade  of  austenitic  type,  extremely  resistant  par- 
ticularly  to  pitting  and  crevice  corrosion,  easily  weldable,  and 
of  high  material  strength,  is  characterized  by  having  the  fol- 
lowing  chemical  composition  in  percentages  by  weight: 

the  balance  substantially  consisting  only  of  iron,  impurities, 
and  accessory  elements  in  normal  concentrations. 



TECHNICAL  FIELD 

The  i n v e n t i o n  r e l a t e s   to  an  a u s t e n i t i c   s t e e l   grade ,   extremely  r e s i -  

s tan t   e s p e c i a l l y   to  p i t t i n g   and  c rev ice   c o r r o s i o n ,   e a s i l y   w e l d a b l e  

and  of  high  ma te r i a l   s t r e n g t h .   The  i nven t ion   concerns   also  the  u s e  

of  the  s t ee l   for  p roduc ts   on  which  are  made  exac t ing   demands  r e g a r -  

ding  general   c o r r o s i o n   and  e s p e c i a l l y   p i t t i n g   and  c r ev i ce   c o r r o s i o n ,  

w e l d a b i l i t y ,   and  s t r e n g t h .   The  s t ee l   is  developed  s p e c i f i c a l l y   f o r  

and  intended  for  use  wi th in   the  o f f - s h o r e   i n d u s t r y ,   e .g.   in  p i p i n g  

and  tanks,   and  in  o ther   environments   where  the  s t e e l   is  exposed  t o  

sea  water  or  to  o ther   c h l o r i d e - c o n t a i n i n g   l i q u i d s ,   such  as  in  t h e r m a l  

power  s t a t i o n s   where  sea  water  is  used  for  coo l ing ,   in  the  b l e a c h e r i e s  

of  the  f o r e s t   i n d u s t r y ,   in  scrubbers   etc.   Another  f i e l d   of  a p p l i c a t i o n  

is  vesse l s   and  tubes  and  heat  exchangers  for  n i t r i c   acid,   e s p e c i a l l y  

those  that   are  cooled  by  sea  w a t e r .  

BACKGROUND  ART 

Piping,   heat  exchangers ,   tanks  and  s i m i l a r   equipment  and  a p p a r a t u s  

are  mostly  made  of  a u s t e n i t i c   s tee l   with  18-21%  Ni  and  over  62  Mo 

when  there  is  a  demand  for  good  w e l d a b i l i t y ,   mechanical   s t r e n g t h ,   and 

very  high  r e s i s t a n c e   to  p i t t i n g   and  c rev ice   c o r r o s i o n .   The  o f f - s h o r e  

indus t ry   and  other   i n d u s t r i e s   or  p lan t s   where  sea  water  is  e n c o u n t e r e d  

are  examples  of  areas  where  such  demands  are  made.  Other  f i e l d s   o f  

a p p l i c a t i o n   are  wi th in   the  chemical  i n d u s t r y ,   e s p e c i a l l y   in  t h e  

chemical  b l e a c h e r i e s   of  the  f o r e s t   i n d u s t r y .   There  are  many  c o r r o -  
sion  r e s i s t a n t   a u s t e n i t i c   s t ee l   grades  that   meet  very  high  demands 

in  the  r e spec t s   ment ioned,   but  n e v e r t h e l e s s   there   is  a  demand  f o r  

even  b e t t e r   m a t e r i a l s .   At  the  same  time  it   is  de s i r ed   to  cut  t h e  

L o s t   of  m a t e r i a l s ,   for  which  the  cost  of  such  a l loys   as  n ickel   and 
Molybdenum  are  very  i m p o r t a n t .  

The  a l loy ing   expenses  may  be  reduced  by  the  use  of  f e r r i t i c   ELI-  

s t e e l s ,   which  are  also  h ighly   r e s i s t a n t   to  p i t t i n g   and  c revice   c o r r o -  



sion  in  sea  water  and  s i m i l a r   env i ronments ,   p rovided  they  con ta in   a t  

l e a s t   25%  Cr  and  at  l e a s t   3.5%  Mo.  A  se r ious   l i m i t a t i o n   of  these  ma- 

t e r i a l s   is  tha t   they  are  not  manufac tured   in  t h i c k e r   dimensions  t h a n  

about  3  mm.  If  the  m a t e r i a l   is  made  t h i c k e r   it   becomes  b r i t t l e   and 

u n w e l d a b l e .  

Another  p r a c t i c e   in  order  to  reduce  costs   is  to  r ep l ace   n i cke l   by 

manganese  p a r t l y   or  wholly  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 .   There  a r e  

r e p o r t s   that   manganese  may  inc rease   the  c o n t r i b u t i o n   of chromium  t o  

r e s i s t a n c e   compared  to  s t e e l s   with  no  manganese  s u b s t i t u t i o n .   The 

known  types  of  manganese  s u b s t i t u t e d   s t e e l s   are  c o n s i d e r a b l y   l e s s  

c o r r o s i o n   r e s i s t a n t ,   however,  than  said  a u s t e n i t i c   and  f e r r i t i c   s t e e l  

grades ,   and  are  no  use fu l   a l t e r n a t i v e   to  the  l a t t e r   in  those  e n v i r o n -  

ments  where  the  p r e sen t   s t ee l   is  in tended  to  be  u s e d .  

The  fo l lowing   l i t e r a t u r e   r e f e r e n c e s   are  in tended  to  i l l u s t r a t e   t h e  

p resen t   s t a t e   of  the  a r t .   In  the  comparat ive   i n v e s t i g a t i o n s   to  be  

p re sen ted   below  r e f e r e n c e   will   be  made  to  data  from  these  r e f e r e n c e s .  

L i t e r a t u r e   r e f e r e n c e s :  

(1)  Kohl  H,  Rabens t e ine r   G,  Hoehor t l e r   G,  VEW:  S t a i n l e s s  

S tee l s   with  High  S t rength   and  High  Corros ion  R e s i -  

s t ance .   Alloys  for  the  e i g h t i e s .  

(2)  Glazkova  S  A,  Shapiro  M  B:  The  R e s i s t a n c e   of  a  CrNi -  

Steel   Type  18-12-Mo  to  Loca l ized   Corros ion   in  C h l o r i d e  

S o l u t i o n s .   Zashch.  Metal lov  15  (3),  May-June  1979,  p 
3 2 0 - 3 2 4 .  

(3)  Bock  H  E:  K o r r o s i o n s v e r h a l t e n   eines  s e e w a s s e r b e s t ä n d i g e n ,  

n i c h t m a g n e t i s i e r b a r e n   CrNiMo-Stahles  hoher  F e s t i g k e i t .  
Arch.  EisenhUttenwes .   44  (1973)877 .  

(4)  Brigham  R  J,  Tozer E  W:  Loca l ized   Corros ion   R e s i s t a n c e  

of  Mn-Subs t i t u t ed   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 :   E f f e c t  

of  Mo  and  Cr.  Corr.  32 (1976 )274 .  



(5)  Le tcher   B  F:  An  A u s t e n i t i c   S t a i n l e s s   Steel   of  Improved 

S t r eng th   and  Corrosion  Res i s t ance   (F i r th   Brown  Rex 

734).  Report  from  F i r th   Brown  L t d .  

DISCLOSURE  OF  INVENTION 

A  primary  o b j e c t - o f   the  i nven t ion   is  to  provide  a  s t ee l   grade  which 

has  the  r equ i red   combinat ion  of  p r o p e r t i e s   for  use  in  welded  c o n -  

s t r u c t i o n s   in  h ighly   c o r r o s i v e   env i ronments ,   in  sp i t e   of  having  a 

lower,  r a t he r   than  h igher ,   content   of  expensive  a l loy  metals   t h a n  

comparat ive  conven t iona l   a u s t e n i t i c   s t e e l s .   S p e c i f i c a l l y ,   an  o b j e c t  

is  to  provide  a  s t ee l   with  extremely  high  r e s i s t a n c e   to  p i t t i n g   and 

c rev ice   c o r r o s i o n .   A  p r e f e r r e d   object   is  to  provide  a  s t ee l   of  h i g h  

r e s i s t a n c e   in  other   environments   a l so ,   such  as  in  HN03.  Typical   f i e l d s  

of  a p p l i c a t i o n   are  as  i n d i c a t e d   in  the  p r e a m b l e .  

A  f u r t h e r   ob jec t   of  the  i nven t ion   is  to  provide  a  s t e e l   which  is  ea sy  

to  weld  with  a  low  energy  input  without   any  c o n s i d e r a b l e   loss  of  i t s  

co r ro s ion   r e s i s t i n g   p r o p e r t i e s   in  the  weld  or  in  the  h e a t - a f f e c t e d  

zone .  

A  p r e f e r r e d   ob jec t   is  also  to  provide  a  s t ee l   with  a  g r e a t e r   m e c h a n i -  

cal  s t r e n g t h   than  conven t iona l   a u s t e n i t i c   molybdenum  a l loyed   s t e e l s .  

These  and  other   ob jec t s   may  be  a t t a i n e d   by  making  a  s t e e l   grade  of  

the  fo l lowing  chemical  composi t ion   in  pe rcen tages   by  w e i g h t :  

Max.  0.03  C 

0.1-2  S i  

8-15  Mn 

15-30  Cr 

12-20  Ni 

3.5-10  Mo 

.35-.55  N 

the  res t   is  s u b s t a n t i a l l y   only  i ron,   i m p u r i t i e s ,   and  a c c e s s o r y  

elements  in  normal  c o n c e n t r a t i o n s .  



It   is  d e s i r a b l e   to  keep  the  carbon  content   as  low  as  p o s s i b l e .   Nor -  

mal ly ,   the  c a r b o n  c o n t e n t   is  t h e r e f o r e   maximally  0.02%,  p r e f e r a b l y  

maximally  0.015%.  The  ro les   of  manganese  and  n i t r o g e n   in  the  s t e e l  

are  complex.  The  manganese  p a r t l y   func t ions   as  an  a u s t e n i t i z i n g  

agent ,   p a r t l y   aids  in  d i s s o l v i n g   n i t r o g e n   in  the  s t e e l .   Cer ta in   i n -  

d i c a t i o n s   suggest  that   the  manganese   in  th is   a l loy   d i r e c t l y   i n -  

f l uences   the  co r ros ion   p r o p e r t i e s   f avourab ly .   The  n i t r o g e n   works  a s  

an  a u s t e n i t i z i n g   agent  and  adds  to  the  c o r r o s i o n   r e s i s t a n c e   as  w e l l .  

In  order  to  create   a  complete ly   a u s t e n i t i c   s t r u c t u r e ,   a  r e q u i r e d  

amount  of  n icke l   is  added  in  a d d i t i o n   to  manganese  and  n i t r o g e n .   A 

s y n e r g i s t i c   e f f ec t   of  molybdenum  and  n i t r o g e n   as  r egards   r e s i s t a n c e  

to  p i t t i n g   and  c revice   c o r r o s i o n   is  also  a t t a i n e d   with  the  s t e e l  

accord ing   to  the  i n v e n t i o n .   In  other   words,  the  n i t r o g e n   s t r e n g t h e n s  

the  f a v o u r a b l e   e f f e c t   of  the-molybdenum.   Chromium  is  a  f u n d a m e n t a l  

element  for  r e s i s t a n c e   to  general   co r ro s ion   and  also  enhances  the  r e -  
s i s t a n c e   to  other  types  of  c o r r o s i o n .  

A  p r e f e r r e d   c h a r a c t e r i s t i c  o f   the  s t e e l   is  that   i t s   so  ca l l ed   PRE 

value  (=  %Cr  +  3.3X  %  Mo  +  16X  %N)  is  at  l e a s t   41,  p r e f e r a b l y   f rom 
4 1 - 4 5 .  

It  is  s u i t a b l e   to  inc lude   in  the  s tee l   14-17  Ni,  9-11  Mn,  18-23  Cr ,  
4-8  Mo,  0 .38-0 .48   N  and  a  maximum  of  0 .015C.  

A  p r e f e r r e d   c h a r a c t e r i s t i c   of  the  s t ee l   according  to  the  i n v e n t i o n  

is  tha t   the  chromium  e q u i v a l e n t   ( a c c o r d i n g   to  S h a e f f l e r )   is  at  l e a s t  

24,  and  the  n icke l   e q u i v a l e n t   is  at  l e a s t   25,  the  r a t i o   of  t h e  

chromium  equ iva len t   to  the  n icke l   equ iva l en t   being  no  more  t han  

0.9,  p r e f e r a b l y   no  more  than  0 . 8 .  

I t   i s  a l so   important   that   the  s t ee l   is  n o n - s t a b i l i z e d ,   which  means  t h a t  

i t   does  not  contain  any  s i g n i f i c a n t ,   i n t e n t i o n a l   a d d i t i o n s   of  n i o b i u m ,  

tan ta lum,   t i t an ium  or  z i rconium.   The  t o t a l   amount  of  these  elements  must  

n o t   exceed  0.1  %.  Higher  amounts  would  have  a  too  d e t r i m e n t a l   e f f e c t   upon 

the  c o r r o s i o n   r e s i s t a n c e ,   because  these  elements  r e a d i l y   combine  not  o n l y  

with  carbon  b u t  a l s o   with  n i t r o g e n   p resen t   in  the  s t e e l   t o  f o r m  n i t r i d e s ,  

such  tha t   the  e f f e c t i v e   n i t r o g e n   content   would  be  r e d u c e d .  



A  p r e f e r r e d   composi t ion   of  the  s t e e l   according  to  the  i n v e n t i o n   i s  

the  f o l l o w i n g :  

Max.  0.015  C 

0 .2 -1 .5   S i  

9-11  Mn 

max.  0.008  S,  p r e f e r a b l y   max.  0.005  S 

19-22  Cr 

14-17  Ni 

4-5  Mo 

0 .38 -0 .48   N 

Max  0.1  (Nb  +  Ta  +  Ti  +  Zr )  

the  r e s t   s u b s t a n t i a l l y   c o n s i s t i n g   of  iron  and  u n a v o i d a b l e  

i m p u r i t i e s .  

Aside  from  the  elements  ment ioned,   copper  may  be  inc luded  up  to  no 

more  than  3%.  The  p o s s i b l e   e f f e c t s   of  inc luding  copper  in  the  s t e e l  

according  to  the  i nven t ion   has  not  been  subject   to  i n v e s t i g a t i o n ,  

however.  It   is  conce ivab le   tha t   i t   may  improve  c o r r o s i o n   r e s i s t a n c e  

in  s t rong  ac ids .   According  to  the  p r e f e r r e d   embodiment,  the  c o p p e r  

content   should  be  l imi t ed   to  a  max.  of  0.5%. 

Copper  at  c o n c e n t r a t i o n s   less   than  0.5X  is  included  in  the  t e r m  

"accessory   e lements" ,   s i g n i f y i n g   such  elements  as  may  be  found  i n  

secondary  metal  or  be  t r a ce s   of  process   meta l lurgy   a d d i t i o n s .   Among 

the  former  type  of  elements  may  be  mentioned  coba l t .   This  is  an  e x -  

pensive  element .   Wilful  a d d i t i o n s   of  this   element  should  t h e r e f o r e  

be  avoided.   Cobalt  also  has  the  drawback  of  becoming  r a d i o a c t i v e  

when  sub j ec t ed   to  r a d i a t i o n ,   which  makes  cobalt   a l loyed  m a t e r i a l   im- 
0  p e r m i s s i b l e   for  such  pa r t s   of  nuc lea r   power  s t a t i o n s   as  are  exposed  

to  r a d i a t i o n .   The  cobal t   con ten t   t h e r e f o r e   should  be  r e s t r i c t e d   t o  

a  max.  of  0.5%.  Among  t r a ce s   of  elements  added  for  p rocess   m e t a l l u r g y  

reasons  may  be  mentioned  aluminium  and  calcium.  Niobium,  vanadium 

and  t i t an ium  should  not  be  p re sen t   at  l eve ls   exceeding  those  of  im- 
5  p u r i t i e s .  



Fur ther   c h a r a c t e r i s t i c s   and  advantages  of  the  s t e e l   according  t o  

the  inven t ion   wil l   appear  from  the  f o l l o w i n g  a c c o u n t   of  e x p e r i m e n t s  

and  i n v e s t i g a t i o n s   c a r r i e d   o u t .  

DESCRIPTION  OF  EXPERIMENTS  AND  INVESTIGATIONS  CARRIED  OUT 

The  composi t ion  of  each  s t e e l   sample  made  and  i n v e s t i g a t e d   is  p r e s e n -  
ted  in  Table  1,  group  1.  S tee l s   Nos.  1-15  were  manufactured  as  m e l t s  

with  a  weight  of  2  kg.  Of  these ,   those  with  a  t o t a l l y   a u s t e n i t i c  

s t r u c t u r e   ( a f t e r   r o l l i n g   and  s o l u t i o n   h e a t i n g )   were  sub jec ted   t o  

f u r t h e r   i n v e s t i g a t i o n s ,   e s p e c i a l l y   r ega rd ing   t h e i r   c o r r o s i o n   p r o p e r -  
t i e s .   In  order  to  eva lua te   the  i n i t i a l   i n v e s t i g a t i o n s ,   a  melt  o f  

50  kg  was  then  manufac tu red ,   s t ee l   No.  16.  Groups  2  and  3  of  Table  1 

p resen t   data  for  commercia l ly   a v a i l a b l e   s t e e l s   t e s t e d ,   as  well  a s  

f igu res   from  the  l i t e r a t u r e   concerning  other   s t e e l s ,   see  the  r e f e r e n -  

ce  l i s t   on  pp.  2 - 3 .  

The  B  charges  ( s t e e l s   Nos.  1-15)  were  forged  to  30  mm  square  s e c t i o n  

and  ro l led   to  s t r i p s   of  3  mm  th i ckness   and  then  s o l u t i o n   h e a t e d  

(1100°C/1h/H2O).   No  no tab le   problems  of  poor  hot  s t a t e   d u c t i l i t y  

were  e n c o u n t e r e d .  





Since  the  purpose  of  the  i nven t ion   is  to  develop  a  manganese  s u b s t i -  

tuted  s t e e l ,   s t r u c t u r a l   s t u d i e s   were  ca r r i ed   out  only  on  the  s t e e l s  

Nos.  1-6.  These  s tud ie s   r evea led   that   only  s t e e l s   Nos.  3  and  6  were 

comple te ly   a u s t e n i t i c .   S t e e l s   Nos.  1,4  and  5  con ta ined   σ-phase,   w h i l e  

s t e e l   No. 2  conta ined  6 - f e r r i t e .   Fully  a u s t e n i t i c   s t e e l s   3  and  6 

were  t e s t e d   in  a  f i r s t   run  for  local   cor ros ion   r e s i s t a n c e   and  mechan i -  

cal  s t r e n g t h .   Table  2  show  s t r eng th   data  for  the  two  s t e e l s   3  and 

6  t e s t e d   and  for  a  number  of  grades  of  n i t rogen   a l loyed   s t ee l   commer- 

c i a l l y   a v a i l a b l e   and/or  r epo r t ed   in  the  l i t e r a t u r e .  



To  s t a r t   with,   the  r e s u l t s   of  comparat ive  s t u d i e s   of  co r ros ion   r e -  
s i s t a n c e   of  s t e e l s   Nos.  3   and  6  and  of  commercial  s t e e l s   17-23  w i l l  
be  p resen ted   below.  



Crevice  c o r r o s i o n  

Crevice  co r ros ion   p o t e n t i a l ,  E s p  
S tee l   grade  No. 6  immediate ly   proved  to  be  h igh ly   s u p e r i o r   to  mos t  

s t a i n l e s s   s t e e l s   ever  t e s t e d   by  the  a p p l i c a n t .   While  the  best   r e s u l t  

of  the  r e f e r ence   m a t e r i a l s   was  an  Esp  of  +105  mV,  s t e e l   No. 6  had  n o t  

been  a t t acked   at  Esp  =  +785  mV.  At  that  l e v e l ,   the  t e s t   had  to  b e  

d i s c o n t i n u e d ,   because  the  clamps  holding  the  specimens  were  s e v e r e l y  

corroded  (they  were  made  of  s t ee l   grade  NU  SS  904L).  This  means  t h a t  

the  s t ee l   grade  t e s t ed   can  be  considered  f u l l y   r e s i s t a n t   to  sea  w a t e r  

at  room  t e m p e r a t u r e .  

S tee l   No. 3  were  not  nea r ly   as  r e s i s t a n t   as  s t e e l   No. 6  and  ended  up 
somewhat  below  the  r e s u l t   of  s t e e l   No.  20,  in  s p i t e   of  having  e q u a l  

con ten t   of  chromium  and  n i c k e l   and  a  molybdenum  con ten t   only  1.5  and 

a  n i t r o g e n   content   only  0.21%  lower  than  tha t   of  s t e e l   No.  6 .  



C r i t i c a l  c r e v i c e  c o r r o s i o n  t e m p e r a t u r e ,   CCT 

At  t h e  c o m p a r a t i v e   CCT  t es t   in  FeCl3,  s t ee l   No. 6  was  atacked  o n l y  

when  the  t empera tu re   reached  45°C.  Next  to  the  best   va lue ,   40°C,  was 

reached  by  s t e e l   No.  22,  the  res t   of  the  CCT  values   being  below  room 

t empera tu re ,   pos s ib ly   with  exc lus ion   of  s t ee l   No.  21,  which  was  r e -  

s i s t a n t   up  t o  3 0 ° C .  

C r i t i c a l  p i t t i n g  t e m p e r a t u r e ,   CPT 

This  tes t   was  also  c a r r i e d   out  in  FeCl3.  Table  3  i n d i c a t e s   that   s t e e l  

No.  22  had  the  h ighes t   CPT  value ,   75°C,  followed  by  e x p e r i m e n t a l  

s tee l   No.  6,   65°C.  In  comparison  with  the  r e s i s t a n c e   to  c r e v i c e  

c o r r o s i o n ,   expe r imen ta l   s t ee l   No. 6  is  less  r e s i s t a n t   to  p i t t i n g .  

This  may  be  a  r e s u l t   of  the  number  of  i n c l u s i o n s   in  small  l a b o r a t o r y  

charges ,   which  is  g r e a t e r   t h a n  t h a t   of  m a t e r i a l   made  at  p r o d u c t i o n  

c o n d i t i o n s .   The  slag  s i t u a t i o n   may  be  more  s i g n i f i c a n t   to  p i t t i n g  

than  to  c rev ice   c o r r o s i o n .  

Corrosion  i n  a  s y n t h e t i c  s c r u b b e r  s o l u t i o n  

Only  s t e e l s   Nos.  6  and  22  were  una t tacked   at  50°C. 

In  order  to  eva lua te   f u r t h e r   the  co r ros ion   p r o p e r t i e s   of  the  s t e e l  

according  to  the  i nven t ion   a  l a b o r a t o r y   charge  of  50  kg,  sample 

No.  16,  was  produced,   of  the  same  nominal  compos i t ion   as  s t e e l  

No. 6.   This  m a t e r i a l   also  was  forgable   and  r o l l a b l e   wi thout   p r o -  
blems  and  was  s i m i l a r l y   h ighly   co r ros ion   r e s i s t a n t .   The  r e s u l t s   o f  



a  f i e l d   t r i a l ,   l a b o r a t o r y   c o r r o s i o n   t e s t s ,   and  a  f i r s t   t e s t   for  w e l d a -  

b i l i t y   wi l l   be  r epor t ed   b e l o w .  

The  f i e l d   t r i a l   was  c a r r i e d   out  in  the  c h l o r o d i o x i d e   s tage  of  a  

paper  mi l l   b leachery .   The  samples,   which  were  small  p ieces   of  s t e e l  

p l a t e ,   were  placed  s t and ing   up  in  one  corner   of  the  i n l e t   box  of  t h e  

f i l t e r .   Half  of  the  p l a t e s   were  p a r t i a l l y   immersed  in  the  pulp  s u -  

spens ion ,   the  upper  ha l f   being  in  the  gas  phase.  The  environment  i n  

these  f i l t e r s   is  so  c o r r o s i v e   that   there  has  not  been  s a t i s f a c t o r y  

s o l u t i o n   to  the  m a t e r i a l s   problem  up  to  now.  E a r l i e r   exposures  have  

shown  that   only  t i t an ium  r e s i s t s   a t t a c k .   Some  t y p i c a l   env i ronmen t  

pa ramete r s   are  the  f o l l o w i n g :  

Redox  p o t e n t i a l   650  mV/SCE 

Amount  of  ac t ive   c h l o r i n e   in  f i l t r a t e   7  mg/ l  

pH  3 . 8  

Chlor ide   220  mg/ l  

Temperature  73°C 

The  samples  were  of  the  s t e e l   grade  No.  16  according   to  the  i n v e n -  

t ion  and  the  compar i son   m a t e r i a l s   24  and  25.  All  samples  had  been  

ground  and  p ickled  in  10%  HNO3  +  1%  HF,  10  min  at  600C,  p r io r   t o  

e x p o s u r e .  

The  r e s u l t s   are  p re sen ted   in  Table  4 .  

S tee l   No.  16  had  the  lowest  weight  loss  in  g/m2h  and  the  lowest  p i t  

depth,   while  s t ee l   No.  25  had  the  h ighes t   weight  loss  and  g r e a t e s t  

p i t   depth.   The  exposure  confirmed  the  l a b o r a t o r y   data  p r e s e n t e d  
above  on  the  2  kg  samples  of  s t e e l   No.  6 .  

The  c o r r o s i o n   t e s t   c a r r i e d   out  in  the  l a b o r a t o r y   of  the  c o r r o s i o n  

p r o p e r t i e s   of  s t e e l   No.  16  are  summarized  in  Table  5.  The  s t ee l   was 
MIG  welded  with  an  e l e c t r o d e   of  the  type  Avesta  P12.  E s p e c i a l l y  

noteworthy  is  tha t   there   were  no  co r ros ion   a t t a c k s ,   n e i t h e r   in  t h e  

weld  nor  in  the  heat  a f f e c t e d   zone.  There  were  no  problems  a s s o -  



c i a t e d   with  the  welding  i t s e l f .   The  s t ee l   could  be  welded  with  a 

very  low  heat  input ,   0.235  kJ/mm.  The  weld  was  of  a  high  q u a l i t y ,  

smooth,  wi thout   s p a t t e r   or  p o r e s .  

In  order  to  eva lua te   also  the  f e a t u r e s   of  the  s t ee l   of  i nven t ion   p r o -  
duced  on  a  camnercial  scale   b a s i s ,   there  was  produced  a  f ive  tons  h e a t ,  

s t ee l   No.  35,  table  1,  group  1.  Three  ingots  were  c a s t e d .   The  i n g o t s  

were  forged  and  hot  r o l l e d   to  p l a t e s   with  5  and  12  mm  t h i c k n e s s e s  

wi thout   problem.  The  su r f aces   a f t e r   r o l l i n g   were  in  good  c o n d i t i o n .  

T r i a l s   made  showed  that  a f t e r   hot  or  cold  r o l l i n g ,   the  s t e e l   c o u l d  

be  heat  t r e a t e d   by  hea t ing   to  11000C,  followed  by  quenching  in  w a t e r  

so  as  to  obta in   a  pure  r e c r y s t a l i z e d   a u s t e n i t i c   s t r u c t u r e   w i t h o u t  

p r e c i p i t a t e s   and  with  the  d e s i r e d   co r ros ion   p r o p e r t i e s .   The  h e a t  

t r e a t e d   5  mm-plate  also  was  cold  r o l l e d   to  3  mm  and  1  mm  t h i c k n e s s e s  

wi thout   p rob lem.  



The  quench  annealed  hot  r o l l e d   p l a t e   showed  the  fo l lowing  mechan ica l  

p r o p e r t i e s :  

As  f a r  a s   co r ros ion   t e s t i n g   was  concerned,   specimens  from  both  5  and 

12  mm  p l a t e s   were  t e s t ed   in  v a r i o u s   envi ronments .   General ly   s p e a k i n g ,  

the  r e s u l t s   were  c o n s i s t e n t   with  those  made  on  l a b o r a t o r y   melts  and 

r epo r t ed   above.  



1.  Steel   grade  of  a u s t e n i t i c   type,  ex t remely   r e s i s t a n t   p a r t i c u l a r l y  

to  p i t t i n g   and  crevice   c o r r o s i o n ,   e a s i l y   weldable ,   and  of  high  ma- 

t e r i a l   s t r eng th ,   c  h  a  r  a  c  t  e  r  i  z  e  d   in  that  it  has  t h e  

fo l lowing   chemical  composi t ion  in  pe r cen t ages   by  we igh t :  

the  balance  s u b s t a n t i a l l y   c o n s i s t i n g   only  of  iron,  i m p u r i t i e s ,   and 

accessory   elements  in  normal  c o n c e n t r a t i o n s .  

2.  Steel   grade  according  to  claim  1,  c  h  a  r  a  c  t  e  r  i  z  e  d   i n  

that  i t s   so  c a l l ed   PRE  value  (=  %Cr  +  3.3  x  %Mo  +  16  x  %N)  is  at  l e a s t  

41,  p r e f e r a b l y   from  41  to  45 .  

3.  Steel   grade  according  to  claim  1 ,  c  h  a  r  a  c  t  e  r  i  z  e  d   i n  

that  it  con ta ins   14-17  Ni .  

4.  Steel   grade  according  to  claim  1 ,  c  h  a  r  a  c  t  e  r  i  z  e  d   i n  

that   i t   con ta ins   9-11  Mn. 

5.  Steel   grade  according  to  claim  1 ,  c  h  a  r  a  c  t  e  r  i  z  e  d   i n  

that   i t   con ta ins   18-23  Cr.  

6.  Steel   grade  according  to  claim  1 ,  c  h  a  r  a  c  t  e  r  i  z  e  d   i n  

that  it  con ta in s   4-8  Mo. 

7.  Steel   grade  according  t o  c l a i m  1 ,  c  h  a  r  a  c  t  e  r  i  z  e  d   i n  

that   i t   con ta ins   0 .38-0 .48  N. 

8.  Steel   grade  according  to  any one  of  the  claims  1-7,  c  h  a  r  a  c  -  



t  e  r  i  z  e  d   in  tha t   i t   con ta ins   no  more  than  0.02  C  and  a  t o t a l  

of  not  more  than  0.1 %  of  niobium,  t an ta lum,   t i t a n i u m   and  z i r c o n i u m .  

9.  Steel   grade  according  to  any  one  of  the  p r e c e d i n g  c l a i m s ,  

c  h  a  r  a  c  t  e  r  i  z  e  d   in  that   i t s   Cr  e q u i v a l e n t   (=  %Cr  +  %Mo  + 

1.5  x  %Si  +  0.5  x  xNb)  is  at  l e a s t   24,  tha t   i t s   Ni  e q u i v a l e n t   (=  %Ni 

+  0.5  x  %Mn  + 30  (%C  +  %N))  is  at  l e a s t   25,  and  that   the  quo t i en t   Cr 

eq. /Ni   eq.  is  less   than  or  equal  to  0.9,  p r e f e r a b l y   less   than  o r  

equal  to  0 . 8 .  

10.  Steel   grade  accord ing   to  any  one  of  the  claims  1-9,  c  h  a  r  a  c  -  

t  e  r  i  z  e  d   in  tha t   i t   has  the  fo l lowing   c o m p o s i t i o n  

the  balance  being  s u b s t a n t i a l l y   only  iron  and  unavoidab le   i m p u r i t i e s .  
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