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The i so the rma l  t r ans fo rma t ion  of h igh-manganese  a usteni te  was studied in [1-3]. In the p r e sen t  work  
the autoradiographic  method was used to study the dis tr ibut ion of carbon in austenit ic  manganese  s teel  (1.25% 
C, 13.0% Mn, 0.35% Si, 0~ S, and 0.07% P) in re la t ion  to the heat t r ea tmen t  conditions, and the phase  
t r ans fo rma t ions .  

Radioact ive carbon was added to the meta l  by diffusion sa tura t ion  f rom a gaseous med ium [4]. The 
autoradiographs  {on NIKFI film) were  made f r o m  the pol ished su r faces  of the s amp le s  at d i f ferent  exposures .  
The autoradiographic  data we re  supplemented by meta l lographic ,  magnet ic ,  and x - r a y  s t ruc tu ra l  ana lys i s .  

After  austeni t izing (1050~ water)  the samples  were  held 24 h at 200-800~ (50 ~ in tervals ) .  The data 
f r o m  meta l lographic  and autoradiographic  analysis  a re  shown in Fig. 1. At t e m p e r a t u r e s  below 250~ no 

Fig.  1o Effect  of t e m p e r a t u r e  on the i so the rmal  decompo-  
si t ion of manganese  austeni te  (held 24 h). a) 250~ b) 
550~ c) 750~ d) 850~ I) Mic ros t ruc tu re  (• 85); II) 
au torad iograph  (• 55). 

Cent ra l  Scientific R e s e a r c h  Insti tute of F e r r o u s  Metallurgy,  LFMISiS. Trans la t ed  f r o m  Metal lo-  
vedenie  i T e r m i c h e s k a y a  Obrabotka Metal[or,  No. 1, pp. 5-8, January ,  1969. 



Fig. 2. Effect  of holding t ime at 550~ on the i so thermal  
decomposi t ion of manganese  austenite ,  a) 15 min; b) 30 
rain; c) 24 h. I) Mic ros t ruc tu re  (• 85); II) autoradiograph 
(x 55). 

phase transformations were observed. At 250~ a carbide film is precipitated in the austenite grain bound- 
aries; thin carbide platelets grow from this film (a, I, Fig. I). The autoradiograph (a, If, Fig i) also shows 
carbon agglomerates in the boundaries and locally within the grains. Isothermal decomposition at the tem- 
perature of the maximum instability of manganese austenite (550~ results in the formation of a more sub- 
stantial carbide network in the boundaries and plates within the grains. Troostite nodules are formed in 
the grain boundaries (Io, I, Fig. i). The autoradiograph shows substantial accumulations of carbon in the 
grain boundaries as plates and troostite nodules (b, If, Fig. I). At 750~ the carbides in the grain bound- 
aries and within the grains coalesce. The austenite decomposes slowly (c, I, Fig. I). The autoradiograph 
shows a somewhat discontinuous accumulation of carbon in the grain boundaries and a substantial concen- 
tration in the 7 solid solution. At 800~ the coalescence of the carbide phase continues gradually, and on 
holding 24 h at 850~ no phase transformations are observed (d, I, Fig. i). The carbon is completely 
retained in the austenite, which is indicated by the uniform blackness of the autoradiograph (d, If, Fig. i) ~ 

The decomposition of manganese austenite is most intense at the temperature of its least stability, 
and after 15 rain holding the carbide is concentrated in the boundaries and has formed platelets within the 
grains (Fig. 2a). The phase transformations continue with longer holding time (Fig. 2b) and prolonged hold- 
ing (over 2 h) induces almost complete redistribution of the carbon between the y solid solution and the 
phases formed--carbide and ferrite (Fig. 2c). 

The variation of the magnetic properties is shown in Fig. 3. The occurrence of the magnetic phase 
after holding 4-6 h is more intensive at 500-600~ due to the profound structural changes in the manganese 
austenite. At higher and lower temperatures the reaction is slowed down, and below 400~ and above 700~ 
no magnetic phase was observed. The change in the austenite lattice constant with the holding time at 550 
and 600~ indicates that deearburizing of the y solid solution is most intense in the initial period (Fig. 4). 
With increasing holding time the martensite point M s increases and the Curie point decreases, which indi- 
cates impoverishment of the ~ solid solution in manganese. This process is also most intense in the initial 
holding period (Fig. 5). 
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Fig.  3. Var ia t ion  of the magnet ic  p r o p e r t i e s  of austenit ic  manganese  s tee l  
with holding t e m p e r a t u r e  and t ime.  

Fig.  4. Var ia t ion  of the lat t ice constant  of the 7 solid solution with the hold- 
ing t ime and t e m p e r a t u r e .  1) 550oc; 2) 600~ 

After  prolonged holding at  500 and 550"C additional magnet ic  phases  can be fo rmed  as the r e su l t  of 
cold t r e a t m e n t  (below Ms) (Fig. 6). 

Atoms of carbon in the austenit ic  manganese  s tee l  concent ra te  p re fe ren t i a l l y  in the gra in  boundar ies ,  
c rea t ing  an in terphase  heterogenei ty .  The t r ans fo rma t ion  begins with prec ip i ta t ion  in the grain  boundar ies .  
X - r a y  s t ruc tu ra l ,  meta l lographic ,  and autoradiographic  analysis  indicates that the ca rb ides  p rec ip i t a ted  
a re  of the cement i te  type (Fe, Mn)3C. As the var ia t ion  of the lat t ice constant  shows (Fig.4) ,  the fo rmat ion  
of the ca rb ides  substant ia l ly  deca rbu r i ze s  the ansteni te  ma t r ix .  At the s a m e  t ime,  the carb ide  is enr iched 
in manganese  and the Curie  point  d rops  sharp ly  (Fig. 5). Carbide  fo rmat ion  occurs  at 250-800~ At lower 
and higher t e m p e r a t u r e s  no phase  t r ans fo rma t ions  were  observed,  although the fo rmat ion  of carbide phase  
is poss ib le  at 950~ according  to [5]. 

After  the prec ip i ta t ion  of carb ides  in the grain  boundar ies  but before  the fo rmat ion  of a continuous 
f i lm,  p la te le t s  begin to grow f r o m  the cement i te  p rec ip i t a t e s  within the gra ins  at all t e m p e r a t u r e s  tes ted  
(Figs.  1, 2). Below 400 and above 700~ these  p la te le ts  (like the p rec ip i t a t e s  in the gra in  boundaries)  a re  
cement i te .  The p la te le ts  f o rm ed  at high t e m p e r a t u r e s  lose their  ac icu la r  f o r m  due to coa lescence  (d, I, 
Fig.  1). 
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Fig.  5. Var ia t ion  of m a r t e n s i t e  points M s a~d Curie  point of carbide  (Fe, Mn)~C 
with the holding t ime and t e m p e r a t u r e  of austeni t ic  manganese  s tee l .  1} 450~ 
2) 550~ - - - -  ) Mar tens i te  point; ~ ) Cur ie  point  of (Fe, MnhC. 

Fig.  6. Var ia t ion of sa tura t ion  magnet iza t ion  of austeni t ic  manganese  s tee l  on 
cooling af ter  prolonged holding (90 h). 1) At 500~ 2) at  550~ 



At 400-700~ the p la te le ts  appear  a f te r  a few minutes and have a specia l  c h a r a c t e r .  The x - r a y  s t r u c -  
tura l  analysis  showed the lines of the s - p h a s e  and cementi te ,  the intensi ty of the lines increas ing .  Mea-  
s u r e m e n t s  by means  of a magnet ic  mic roba lance  showed an intense i nc rea se  of magnet izabi l i ty  in this t e m -  
p e r a t u r e  range  (Fig.3) .  The pla te le ts  a r e  of complex nature and consis t  of a l te rna te  l ayers  of f e r r i t e  and 
cement i te .  T roos t i t e  nodules grow af ter  the p la te le ts  a re  fo rmed .  This  reac t ion  occurs  by the m e c h a n i s m  
that is normal  for  eutect ic  s t ruc tu re s ,  occurs  gradual ly,  and is accompanied by intensive fo rmat ion  of 
f e r r i t e  and cement i te .  At the s ame  t ime there  is decarbur iza t ion  of the y solid solution and diffusion of 
manganese  into the carbide,  which is indicated by the reduct ion of the Curie  point.  The reduction of the 
lat t ice constant  leads us to conclude that the carbon content of the austenite  does not exceed 0.05-0.15%, 
i .e. ,  p rac t i ca l ly  all the carbon is concentra ted In the carbide phase .  The amount of manganese  in the c a r -  
bide r eaches  18-22%, which ag rees  with the data in [2]. The manganese  diffuses into the carbide f r o m  the 
surrounding austenite,  since manganese ,  unlike carbon,  does not diffuse to any substant ial  d is tance.  

Thus,  i so the rma l  decomposi t ion  at  400~700~ produces  the following reac t ion:  

(1,25% C) -+ T (0.05 - -  0.15%C) + [~ + (Fe, Mn)a el, 

where  [(~ + (Fe, Mn)aC ] is eutectoid.  

During cooling to room t empera tu re ,  hexagonal c lose-packed  ~ -mar t ens i t e  is fo rmed  in the d e c a r -  
bur ized  austenite  at 100~ [7, 8]. This phase  has been observed by x - r a y  s t ruc tu ra l  and d i la tomet r ic  anal -  
ys is  [7]. The fo rmat ion  of e - m a r t e n s i t e  is poss ib le  in autstenit ic  manganese  s tee ls  with carbon concen t ra -  
tions below 0.7-0.8% [6]. On fur ther  cooling, beginning with Ms~ , a - m a r t e n s i t e  is fo rmed .  The maxtens i te  
point Ms ~ l ies below room t empera tu re ,  its posi t ion for  un t rans fo rmed  austenite  depending on the concen-  
t ra t ions  of carbon and manganese ,  which in turn depend on the holding t empe ra tu r e  and t ime.  The t r a n s -  
fo rma t ion  begins af ter  cooling below M~ and gradual ly  ceases  toward M~ (Fig. 6). After  heating to room 
t e m p e r a t u r e  the samples  re ta in  the inc rease  in magnet ic  phase ,  which points to an i r r e v e r s i b l e  react ion.  

Thus, ~ - m a r t e n s i t e  f o r m s  below Ms e and a - m a r t e n s i t e  begins to fo rm below M~. These  complex m a r -  
tensi te  phases ,  consis t ing of e -  and a - m a r t e n s i t e ,  a re  fo rmed  f r o m  decarbur ized  austenite  by the reac t ion  

"f (0,05 --  0.15~ C) - ~ z + c~ ( martens ite), 

The reac t ion  slows down and ceases  toward points M~ and M~. The t e m p e r a t u r e  of these points is 
be low--100~ (Fig. 6) [81. 
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