
S T A I N L E S S  S T E E L S  

F r o m  the Edi tors .  Nitrogen is  used as an alloying e lement  in s tee ls  for  
va r ious  applicat ions.  In anstenit ic  c o r r o s i o n - r e s i s t a n t  s tee l s  it i s  an 
aus ten i t e - fo rming  e lement  and it  r educes  the amount of nickel  required,  
which is  in shor t  supply; the solid solution is  a lso  strengthened.  Genera l ly ,  
the ni t rogen content of austenit ic  c o r r o s i o n - r e s i s t a n t  s tee l s  depends on 
i ts  solubil i ty in the liquid s teel  at no rma l  a tmospher i c  p r e s s u r e .  In 
con t ra s t  to exist ing p rac t i ce ,  r e s e a r c h  is  being conducted at the 
Sc ien t i f i c -Resea rch  Inst i tute of F e r r o u s  Metal lurgy (TsNIIChERMET) and 
the E. O. Paton Inst i tute of E lec t r i c  Welding on the effect  of ni t rogen on 
the s t ruc tu re  and p r o p e r t i e s  of  c o r r o s i o n - r e s i s t a n t  s tee l s  at concen t ra -  
t ions f a r  exceeding the solubili ty of ni t rogen in a given steel.  These  
s tee l s  a r e  produced by means  of specia l  p l a s m a  arc  remel t ing.  Another  
method of adding ni t rogen to c o r r o s i o n - r e s i s t a n t  s tee l s  in amounts  l a r g e r  
than the l imi t  solubil i ty is  so -ca l l ed  c o u n t e r p r e s s u r e  cast ing in a ni t rogen 
a tmosphe re  (the Ba levsk i i - -Dumov method,  Bulgaria) .  Steels containing 
ni t rogen in amounts  l a r g e r  than i ts  no rmal  solubili ty a re  new m a t e r i a l s  
in pr inc ip le  with high s t rength  and specia l  c h a r a c t e r i s t i c s ,  which a r e  
pa r t i a l ly  desc r ibed  in the following a r t i c les .  
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We inves t iga ted  the effect  of heat  t r e a t m e n t  on the s t ruc tu re  and p r o p e r t i e s  of th ree  s tee l s  with high 
ni t rogen concent ra t ions  me l t ed  in a c o m m e r c i a l  p l a s m a  arc  furnace  with high ni t rogen p r e s s u r e  in the melt ing 
c h a m b e r  (Table 1). 

The s tee l s  were  t es ted  a f te r  hot deformat ion  of rounds 80 m m  in d i a m e t e r  and p la tes  8 m m  thick. 

The t e m p e r a t u r e  dependence of the n i t rogen solubili ty in the liquid me ta l  was ca lcula ted  by using the 
equation given in [1]. 
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Fig. 1. Micros t ruc tu r e  of steel  
09Kh25N16G7AR af te r  heating to 1250 ° 
and cooling in wa te r  (a), in a i r  (b), 
and in the furnace  (c, d). a-c)  300 x; 
d) 7000 x. 

As can be seen  f r o m  the data in Table  1, the ni t rogen content of the s tee l s  i s  50-100% higher  than the 
solubil i ty l imi t  of n i t rogen in the liquid meta l .  

Samples  w e r e h e a t - t r e a t e d  at 950-1250°C, with cooling in water ,  in a i r ,  and in the furnace.  Some 
samp le s  wa te r -quenched  f rom 1150 ° were  t e m p e r e d  at 850-650 ° for  1, 10, and 100 h, with cooling in wa te r  
and in a i r .  

Af ter  water  quenching f r o m  1150 ° no n i t r ide  phase  was prec ip i ta ted  in s tee ls  04Kh20G 2AN5 or 
03Khl9N10G6AM2. In s tee l  09Kh25N16G7AR, containing the l a r g e s t  amount of n i t rogen and carbon,  p rec ip i -  
t a t e s  of excess  phase  were  obse rved  even a f t e r  quenching f r o m  1250 ° (see Fig. 1). 

With quenching f r o m  1000 ° or  lower  the supe r sa tu ra t ed  solid solution decomposes  in all  s teels .  
P rec ip i t a t ion  of excess  phase  begins at p laces  m o s t  favorable  for  the fo rmat ion  of nuclei -- in the boundar ies  
of g ra ins ,  blocks,  and twins. Decomposi t ion  of the solid solution may  occur  not only with decreas ing  
quenching t e m p e r a t u r e s  but a l so  with dec reas ing  cooling ra tes .  Compar i son  of the m i c r o s t r u c t u r e  of s tee l  
09Kh25N16G7AR cooled at d i f ferent  r a t e s  indicates  that  with rapid  cooling p rec ip i t a t e s  of excess  phase  a re  
found only in g ra in  boundar ies  (Fig. la) .  With cooling in a i r  the t r an s fo rma t ion  extends some dis tance f r o m  
the gra in  boundar ies  (Fig. lb).  
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Fig. 2. Micros t ruc ture  of steel 
03Khl9N10G 6AM2 after  tempering 
at 750 ° for  I0 h (300 ×). 

With furnace cooling a s t ructure  s imi lar  to pear l i te  is formed in carbon steels and has been called 
"false ni trogenous pearli te" [2], al ternating with sections of pear l i te  and nitride platelets (Fig. lc), the 
ni trogenous pear l i te  occupying almost  the entire area.  

At smal l  magnifications ni trogenous pear l i te  has the form of platelets;  in the electron microscope  it 
can be seen that these platelets  are  colonies of finely d ispersed nitr ide precipi ta tes  (Fig. ld). 

Examination of the mic ros t rue tu re  af ter  tempering at 850-650 ° showed that the lower tempera ture  limit 
for the format ion of ni trogenous pearl i te  is above 650 ° for  all three steels heated ~ 1 h. 

At lower t empera tu res  and shor te r  heating t imes  the dispers i ty  of the s t ructure  increases .  The d i s :  
tance between par t ic les  becomes indistinguishable in a light microscope  and nitrogenous pearl i te  appears to 
be a solid mass  {Fig. 2). The format ion of this s t ruc ture  is s imi lar  to the formation of sorbite during high- 
t empera tu re  tempering of quenched carbon steels.  

Tempering of the steels  at 650 ° for 1, 10, and 100 h leads to precipitat ion of nitride phase only in grain  
boundaries,  which was determined f rom their  inc rease  in thickness.  

The distribution of nitrogen between the solid solution and ni tr ides in the high-nitrogen steel af ter  dif- 
ferent  heat t r ea tments  was determined by electrolyt ic  solution of the samples by the method given in [3]. 

With r is ing quenching t empera tu res  the amount of ni trogen in nitr ides dec reases  and its concentrat ion 
in the solid solution inc reases  (Table 2). With a i r  hardening the quantity of ni tr ides inc reases  sharply, which 
is also conf i rmed by metal lographic  analysis.  

The x - r a y  analysis  of res idues  showed that the excess  phase consis ts  of Cr23C 6 and Cr2N part icles .  This 
agrees  with data in [4] on chromium nitr ides in Fe - -Cr - -N  alloys, where it was shown that chromium forms  
two ni tr ides with ni trogen -- CrN and Cr2N , and CrN forming in steels  with < 13% Cr. 

Tensile tes ts  at room tempera tu re  of steel 03Khl9N10G6AM2 with 0.54-0.81% N showed that the strength 
of the steel i nc reases  proport ionately  with the nitrogen content (Fig. 3). 
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Fig. 3. Mechanical properties (at 20 °) of steel 03KhI9- 
NIOG 6AIVi2 with different amounts of nitrogen (indicated 
on the curves) in relation to quenching temperature. 
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The quenching t e m p e r a t u r e  is  of cons iderab le  impor tance  in this case .  The opt imal  t e m p e r a t u r e  for  
h igh-ni t rogen s tee l s  m a y  be 1150 °, where  with some reduct ion of the s t rength due to solution of ni t r ide  phases  
and an i n c r e a s e  of the g ra in  s ize  the ductil i ty of the s tee l  is  high. 

The mechan ica l  p r o p e r t i e s  and la t t ice  constants  of austeni te  in s tee l  03Khl9N10G6AM2 with different  
amounts  of n i t rogen were  de te rmined  on s am p le s  wate r -quenched  f rom 1200 °, when p rac t i ca l ly  al l  the ni t rogen 
is  found in the solid solution. With 0.54% N the la t t ice  constant  of austeni te  is  3.5998 A, and the s t rength 
c h a r a c t e r i s t i c s  i n c r e a s e  correspondingly .  

The c o r r o s i o n  r e s i s t a n c e  of Cr - -Ni  austeni t ic  s teels ,  s tabi l ized and espec ia l ly  unstabil ized,  i s  highest  
a f t e r  quenching f r o m  the t e m p e r a t u r e  at  which the solution of c h r o m i u m  ca rb ides  is  mos t  comple te  or  at 
which ca rbon  is  m o s t  comple te ly  combined in t i tanium or  niobium carbide.  As much as 0.25% N has  no 
not iceable  effect  on the c o r r o s i o n  r e s i s t a n c e  of these  s tee l s  [5]. 

In t e rc rys t a l l i ne  c o r r o s i o n  t e s t s  (ICC) of h igh-ni t rogen s tee l s  showed that  the s tee l s  a r e  not suscept ible  
to ICC in the quenched condition ( tests  by the AM method,  GOST 6032-58). 

Sensit izing of s tee l  03Khl9N10G6AM2 with 0.54 and 0.8% N at  650 ° for  10 and 100 h did not induce 
suscept ib i l i ty  to ICC in the s tee l  with 0.54% N but did induce ICC in the s tee l  with a higher  ni t rogen content 
a f t e r  100 h. Th is  i s  due to the fo rma t ion  of a dense network of finely d i spe r sed  n i t r ides  in the gra in  boundar ies  
a f t e r  prolonged temper ing .  

C O N C L U S I O N S  

1. Alloying of austeni t ic  s t a in less  s tee l s  with as much as 0.8% N makes  it  poss ib le  to r a i s e  the ul t imate  
s t rength  to 100 k g f / m m  2 and the yie ld  s t rength to 70 k g f / m m  2. 

2. With slow cooling f r o m  1250 ° the s t ruc tu re  of these  s tee ls  i s  of the ni t rogenous pear l i t e  type. 

3. High-ni t rogen austenl t ic  Cr - -Ni  s ta in less  s tee l s  and Cr - -Ni - -Mn s tee ls  a r e  not suscept ible  to ICC 
a f te r  quenching ( tests  by the AM method,  GOST 6032-58). Sensitizing of the s tee l  with > 0.54% N induces 
suscept ib i l i ty  to ICC. 
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