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Austenitic steels are  surface hardened mainly by nitriding and mechanical s t rain hardening [1], in which 
case  the thickness of the hardened layer does not exceed 0.2-0.3 mm. 

In this connection it is of in teres t  to surface harden austenttic steels by heat t reatment ,* with changes in 
the depth of the hardened layer within wide limits. The same metastable austenitic steels of the F e - N i - T i  
system (2-4% Ti) used for phase strain hardening in [1] were  used in this work. A hard  surface layer on 
austenitic steels is obtained due to the martensi t ic  t ransformat ion to the desired depth and subsequent aging 
of the martensi te .  The permeabil i ty  of the sample increases  due to the ratio of the volumes of the f e r r o -  
magnetic surface layer and the paramagnet ic  austenitic core.  It can be assumed  that for mass ive  par t s ,  in 
which this rat io is small ,  the total change of the magnetic field would be negligible. 

The s implest  method of surface  hardening of metastabte steels, is cold t reatment  of the surface.  How- 
ever ,  the thickness and hardness  of the layer  cannot be str ict ly control led in this case. To obtain high hard-  
ness (HRC 45) it is necessary  to have a fairly large amount of mar tens i te  (over 405;.). Consequently. it is 
necessary  that the surface  be cooled far  below hi s or that the i sothermal  7 - -  a t ransformat ion occur. How- 
ever ,  this leads to development of the martensi t ic  t ransformat ion in deep layers of the par t  due to the high 
thermal  conductivity of metals and alloys. Fu r the rmore ,  the distribution of martensi te  in the surface layer 
is uneven because of the tempera ture  gradient.  

In the method of hardening proposed the martensi t ic  t ransformat ion in the surface  layer  results  not from 
the creat ion of a tempera ture  gradient  but f rom the complete and even cooling of the piece af ter  pre l iminary  
preparat ion of the s t ruc ture  of the core  and the surface  layer. 

The preparat ion of the s t ruc ture  consis ts  of a substantial reduction of M s of the entire piece (stabiliza- 
tion) in the range of negative tempera tures  and subsequent raising of Ms (destabilization) only in the surface  
layer (by means of heating by high-frequency current ,  for example). Fur ther  cooling of the piece to t empera -  
tures between the M s of the sur face  and the core  leads to a martensi t ic  t ransformat ion only" in the destabilized 
surface  layer despite the identical tempera ture  of the surface and the core.  

The use of p rec ip i ta t ion-harden ing  F e - N i - T i  steels for surface  hardening permits  additional hardening 
of the surface by aging of the 'mar tens i te  (a hardness  >HRC 60 can be obtained [2]). 

The austenitic co re  is hardened either by aging or by phase s train hardening, and the thickness of the 
hardened layer  is control led by changing the frequency of the cur ren t  and the solutioning time. 

This method can be used after  intensive stabilization of austenite in the f irst  s tages of aging of F c - N i - T i  
alloys [3]. Figure  1 shows the effect of the aging tempera ture  and time for ca rbon- f ree  steels N2TI'3, N21T3M3, 
and N21T3M2 on the position of M s. The stabilizing effect of aging is so large that M s drops more  than 100°C. 
Aging at 475 ° for 6 h of steels N27T3 and N21T3M3 quenched from 1100 ° permi ts  retention of the stability of 
austenite down to tempera tures  below -196  ° (original 3I s = -80°).  The austenite is stabilized, and holding for 
3 h at - 6 0  to - 1 9 6  ° does not lead to the martensi t ie  t ransformat ion,  whereas 40-50~;~ mar tens i te  is formed 
during cold t rea tment  of the quenched steels.  With increasing amounts of titanium in the steel up to 4-57c the 
quantity of 3 phase precipi ta ted during aging increases  and also stabilization - holding for 1 h at 450-500 ° is 
sufficient for complete stabilization of "~ phase. 

*Inventor's certificate No. 449940. 
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Fig .  1 

F ig .  1. P o s i t i o n  of M s for  s t e e l s  N27T3 (a), 
a t  475 and  500 ° . 
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Fig .  2 Fig .  3 

N21T3M3 (b), and N21T3M2 (c) in relation to aging time 

Fig .  2. M e c h a n i c a l  p r o p e r t i e s  of s t e e l  N21T3M2 a f t e r  p h a s e  s t r a i n  h a r d e n i n g  a t  d i f f e r en t  t e m p e r a -  
t u r e s  and  subsequen t  ag ing  a t  500 ° . ".-;) P h a s e  s t r a i n  h a r d e n i n g  a t  800°; x) a t  850 ° . 

F ig .  3. Effect  of phrase s t r a i n  h a r d e n i n g  a t  850 ° (a) and  800 ° (b) a n d  ag ing  t ime  on M s of s t e e l  N21T3M2. 
Aging t e m p e r a t u r e s  a r e  g iven  on the c u r v e s .  

A c c o r d i n g  to [4], the  s t a b i l i z i n g  e f fec t  of 7 '  p h a s e  in s t e e l s  with 23-26% Ni and 2-5% Ti  is  due to r e d u c -  
t ion of the c r i t i c a l  s i z e  of c ~ - p h a s e n u c l e i .  A l s o ,  the  r e d u c t i o n  of M s a f t e r  ag ing  can  be  e x p l a i n e d  by the b a r r i e r  
e f fec t  of the  p r e c i p i t a t i n g  p a r t i c l e s  o r  the  c r e a t i o n  of s t r e s s  f i e lds  p r e v e n t i n g  nuc lea t ion  of m a r t e n s i t e  [5]. 
S t a b i l i z a t i o n  was  a s s o c i a t e d  with  an  i n c r e a s e  of the e n e r g y  spen t  on the  f o r m a t i o n  of m a r t e n s i t e  in [6] when 
p a r t i c l e s  of T' p h a s e  with a fcc l a t t i c e  unde rgo  the t r a n s f o r m a t i o n  a long  with a u s t e n i t e  and  a r e  t r a n s f o r m e d  to 
a new m e t a s t a b l c  cond i t i on  with a bcc l a t t i c e .  

S t ab i l i z i ng  ag ing ,  p a r t i c u l a r l y  in s t e e l s  with a high t i t an ium con ten t ,  can  be  a h a r d e n i n g  t r e a t m e n t  a t  the 
s a m e  t i m e .  T h e  c o r e  of the  p i e e c  can  be  h a r d e n e d  to a s t i l l  g r e a t e r  ex ten t  by p h a s e  s t r a i n  h a r d e n i n g  and  aging.  
P h a s e  s t r a i n  h a r d e n i n g  of a u s t c n i t e  o c c u r s  in the s t e e l s  i n v e s t i g a t e d  due to the  d i r e c t  m a r t c n s i t i c  "F - -  a t r a n s -  
f o r m a t i o n  dur ing  coo l i ng  in l iqu id  n i t r o g e n  of s t e e l s  p r e v i o u s l y  quenched  f rom 1100 ° and  the r e v e r s e  cz ~ T 
t r a n s f o r m a t i o n  dur ing  hea t i ng  to 800-850 °. 

F i g u r e  2 shows  the m e c h a n i c a l  p r o p e r t i e s  of s t e e l  N21T3M2 h a r d e n e d  by p h a s e  s t r a i n  h a r d e n i n g  in reLa-  
t ion to the  h e a t i n g  t e m p e r a t u r e  dur ing  the ~ ~ 7 t r a n s f o r m a t i o n  ( t e m p e r a t u r e  of p h a s e  s t r a i n  ha rden ing )  and 
s u b s e q u e n t  ag ing  t i m e  at  500 ° . T h e  y i e l d  s t r e n g t h  of a u s t e n i t e  can  be  r a i s e d  to 80 k g f / m m  2. C o n s i d e r a b l e  
s t a b i l i z a t i o n  of a u s t e n i t e  i s  o b s e r v e d  in s t e e l  N21T3M2 (Fig.  3), which p e r m i t s  the  s u r f a c e  h a r d e n i n g  t r e a t -  
men t  to be  conduc ted .  

T h e  s e c o n d  s t a g e  of h a r d e n i n g  c o n s i s t s  of d c s t a b i l i z a t i o n  of the s u r f a c e  l a y e r  and  the m a r t e n s i t i c  t r a n s -  
f o r m a t i o n  in the  s u r f a c e  l a y e r .  1 )es tab i l i za t ion  of a u s t e n i t e  o c c u r s  with so lu t ion  of p r e v i o u s l y  p r e c i p i t a t e d  ~' 
p h a s e  in the s u r f a c e  l a y e r ,  for  which  p u r p o s e  i t  is  h e a t e d  to t e m p e r a t u r e s  exceed ing  800-850 ° by means  of 
h igh-f rc<tuency c u r r e n t .  T h e  s i m p l e s t  cond i t i ons  fo r  s u r f a c e  hea t  t r e a t m e n t  of s t e e l  N21T3M2 a r e  a s  fo l lows:  

1) S t a b i l i z a t i o n  of a u s t c n i t e  (aging a t  475 ° for  3 h of s t e e l  quenched  f r o m  1100°). 

2) D e s t a b i l i z a t i o n  of the  s u r f a c e  l a y c r  a s  the  r e s u l t  of induct ion  h a r d e n i n g  ( c u r r e n t  frc<tucncy 3 kIlz).  

3) M a r t e n s i t i c  t r a n s f o r m a t i o n  of the s u r f a c e  l a y e r  - coo l ing  to - 1 2 0  ° (holding 3 h). In th is  c a s e  50% m a r -  
t e n s i t e  is  f o r m e d  in the s u r f a c e  l a y e r , w h i l e  the  c o r e  r e m a i n s  a u s t e n i t i c .  

4) Aging a t  450 ° fo r  1 h. 

T h e  h a r d n e s s  of the s u r f a c e  l a y e r  a f t e r  this  t r e a t m e n t  is  IIRC 48 a n d  the depth of the l a y e r  is  4 mm.  T h e  
s t r u c t u r e  of the  m a r t e n s i t e  in the  s u r f a c e  l a y e r  and  the a u s t e n i t c  in the c o r e  is  shown in Fig .  4. T h c h a r d n e s s  
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Fig. ~. M i e r o s t r u e t u r e o f  s teeIN21T3M2 
(x500). a) Austenite in core;  b) mar tens i te  in 
surface  layer .  

is constant throughout the entire layer. The boundary zone where the transition from martensite to austenite 
occurs, the hardness decreasing to the original level, is 0.5 mm deep. 

It is possible to eliminate the cold treatment if the composition of the steel is selc~zted so that M s is at 
60-100 °, while stabilization aging makes it possible to lower M s to negative temperatures. 

CONCLUSIONS 

1. A method is proposed for surface hardening of austenitic steels (N2Tf3, N21T3M2, and others) that 
includes stabilization of austenite throughout the entire piece due to aging, destabilization of the surface Layer 
by heating with high-frequency current, the martensitie transformation in the surface layer during cooling of 
the piece to temperatures between M s of the surface layer and Ms of the core, and aging of the martensitc. 

2. This treatment produced a hardened layer 4 mm thick with a hardness of HRC 48 on austenitic steel 
N21T3M2. 
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