
According  to Eq. (1-), the pseudopotentiat  of manganese  is s m a l l e r  than that of i ron ,  both because  of the 
lower valency and the l a rge r  radius  R2sh . Consequently,  the ampl i tude of sca t te r ing  in the field of the m a n -  
ganese  ion is s m a l l e r  than in the field of the i ron ion. T h e r e f o r e ,  when iron a toms  a r e  r ep laced  with m a n -  
ganese  a toms  the diffusion of ni t rogen ions in the  lat t ice improves  and the solubility i nc reases .  Chromium 
a toms  have  a s i m i l a r  effect. 

The  anomalous  curves  of the F - R  peak  can be explained on this bas i s .  The l a r g e r  the quantity of m a n -  
ganese  and ch romium in the s teel ,  the l a rge r  the number  of ni t rogen a toms  they hold around them. Nitrogen 
a toms v ib ra te  not only in posi t ions with i ron but a lso  with manganese  and chromium.  The  interact ions  of ni -  
t rogen with these  e lements  a r e  s i m i l a r ,  but the act ivat ion energies  of the p r o c e s s e s  differ. Superposed on 
each other ,  the re laxat ion spec t ra  give a b road  F - R  peak. In s tee l  03Kh20N16AG6 the in teract ion of ni t rogen 
with manganese  is so la rge  that it leads to an anomalous  shape of the F - R  peak (more  a plateau).  In s tee l  
03Khl9N7AG10, with 10% Mn, the F - R  peak is divided into two distinct subpeaks.  

CONCLUSIONS 

I. It was shown by experiments with four austenitie Cr-Ni stainless steels that with increasing man- 
ganese concentrations the solubility of nitrogen increases. 

2. With increasing concentrations of manganese the shape of the F-R peak on the T DIF curves is dis- 
tor ted-  broadened, transformed into a plateau, or divided into two subpeaks (for steel with 10~c Mn). 

3. Using the theory of pseudopotentiats, we attempted to explain the anomalous form of the TDIF curves 
and also the character of the interaction between manganese and nitrogen atoms in austenitic C r -Ni  steels. 
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D E T E R M I N I N G  T H E  L I M I T S  OF R E G U L A T I N G  T H E  

C A R B O N  P O T E N T I A L  D U R I N G  C A R B U R I Z 1 N G  

R.  E.  G l i n e r  UDC 621.785.52.062:001.24 

Due to the introduction of modern  methods of regulating the carbon concentrat ion on the su r face  of c a r -  
bu r i zed  s tee l ,  it is n e c e s s a r y  to de te rmine  the l imits  of regulat ing the carbon potential  during carbur iz ing .  
F o r  this purpose  it is neces sa ry  to es tabl ish  specif ic re la t ionships  

xl .  1, C s u r = f ( C l i m  , C i , T,  =), (1) 

where  x H is the depth of carbur iz ing;  Csur  is the su r face  concentrat ion of carbon (the pr incipal  indicator  of the 
quality of carbur iz ing) ;  r and T a r e  the ca rbur iz ing  t ime and t empera tu re ;  C i is the original  (before earbur iz ing)  
carbon content of the steel;  CUre is the carbon potential  of the working a tmosphe re ,  numer ica l ly  equal to the 
l imit  concentra t ion of ca rbon  in the s tee l ,  which can be achieved in a given a t m o s p h e r e  with "through" c a r -  
burizing of a thin sample  (technological p a r a m e t e r s  of carbur iz ing) .  

Gorki  Automobi le  Factory .  T r a n s l a t e d  f rom Metaliovedenie i Te rmicheskaya  Obrabotka Metaliov, No. 
8, pp. 74-75, August,  1977. 
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Fig. 1. Variat ion of 0su r (calculated) with carbur iz ing time. The values 
of K (h -1/2) a re  given on the curves .  

Fig. 2. Variation of x H (calculated) with carburiz ing time. The values 
of Clim a r e  given on the curves .  

Experimental studies of these relationships involve a large number of laborious experiments and are  
l imited by actual possibi l i t ies  in the variat ion of the carbur iz ing conditions. Therefore ,  it is expedient to solve 
this problem by means of calculations c o r r e c t e d  by the resul ts  of experimental  studies of separa te  carbur iz ing 
conditions. 

This work was done at the Gorki Automobile Factory in associat ion with the introduction of automatic 
control  of the carbon potential in carbur iz ing  equipment from the Aichelin Company. A part ial  solution of the 
diffusion equation was used, which can be presented  in the form: 

o;, =f(Bi.,., Ti, ), (2) 

where Cx - -  C i 

0 x = Bi x =: --~- x = Hx;  
Cli m -- C i D 

Ti, = li Y b ~  = ~ V T ,  

where  Bi x is the Blot number; Ti T is the Tikhonov number. 

These  equations [1] make it possible to use graphs,  and the values of D and a (diffusion coefficient and 
proport ionali ty coefficient charac te r iz ing  the intensity of the interaction of the surface and the earbur iz ing 
a tmosphere)  found from experimental  data make it possible to compare  the calculated resul ts  with specific 
technological conditions. 

Experimentally determined values of H and K a r e  sufficient for analysis  of relationship (1). 

The values of H were  determined by l a y e r - b y - l a y e r  chemical analysis  of ca rbur ized  samples [1]. 

To find the value of K wc determined (by means of chemical  analysis) the values of Csu r and C i for 
samples ca rbur i zed  with fixed CUm and T 

Csur -- C i 
0sur-- Cli m --C i =f(Ti) (3) 

and from the well-known graph of relationship (3) we determined the corresponding values of Ti; Knowing z 
and Ti,  and using Eq. (2), we determined the value of K charac te r iz ing  the given carburiz ing conditions. 

Figure  1 shows auxiliary graphs calculated from the graph of relationship (3) for relationship 

0 sur = f (9  (4 )  

for different values of K. The existence of previously plotted graphs simplifies finding these values. 

The results  of such analyses made at the Gorki Automobile Factory  lead to the conclusion that for c a r -  
burizing in an endothermat a tmosphere  with C [im = 0.9-1.3% and T = 900-920°C of various carbon,  low-alloy, 
and medium--alloy steels  with Ci = 0.1-0.3% one can take 

K =0.Sh -I'~ and 1 1 = 2  m m  - I .  

Using these values and relationship (2), we calculated the values of xft for different T and Clim, and from 
the results  plotted graphs to find the values of Cli m from the given values of XH and r (Fig. 2). 
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TABLE 1 

Treat. 
No .  

0,8--0,9 

x H, film 

0,7--0,9 
0,7--1,0 

~,h 0~l r  

0,56 
0,6'2 
0,56 

Limit valu¢~ Clim, % 

optimal 

1,27----1,40 

4 6 0 , ~  --  
5 0,9--I~0 1,0-1,2 7 0,64 

6 0,8--0,9 6 0,62 1,17--1,30 

1,0--1,3 
1,3--1,5 
1,6--1,8 
1,9--2,1 

0,62 
0,68 
0,70 
0,~ 

0,9--I.0 

xH Csur 

0,7--1,I 1,27"1,44 
0,6--0,7 1,17--1,33 
0,7--1,4 1,27--1,44 

0,9--1,3 1,33--1,49 
0,7--I,I 1,28--1,43 

0,9--1,3 1,17--1,33 

0,9--I,5 1,33--I,49 
0,9--I,3 1,22--1,37 
1,0--1,4 1,20--I,34 
1,2--1,5 1,17--I,30 

12 
15 

1,33--1,49 
1,22--1,30 
1,20--1,34 
1,20--1,30 

Note .  C i = 0.~]o,  K :  0 . 5  h'X/2o H = 2 mm -I  

R e l a t i o n s h i p  (3), p r e s e n t e d  in the  f o r m  

C sut - (1 -- 8sut) C i (5) 
C lira = 0 sut ' 

m a k e s  i t  p o s s i b l e  to s o l v e  a s i m i l a r  p r o b l e m  for  g iven  Csu  r and  T. 

On the  b a s i s  of the  r e q u i r e m e n t s  and  the  a c c e p t e d  t e chno logy ,  l e t  us a s s i g n  m i n i m a l  and  m a x i m u m  va lues  

fo r  C s u r ,  XH, T, K, a n d H .  

F r o m  the  g r a p h s  in F ig .  2 l e t  us d e t e r m i n e  the r a n g e  of c o n t r o l  C l i m  e n s u r i n g  g iven  va lues  of XH in 

t i m e  T. 

F r o m  the  g r a p h  in F ig .  1 we  f i n d 0 s u  r f o r  the  g iven  % and f r o m  Eq. (5) we  c a l c u l a t e  the  l i m i t  va lues  Cl i  m 
fo r  g iven  va lue s  of Csu  r .  

C o m p a r i n g  the v a l u e s  found by th is  m e t h o d ,  w e  f ind  the  l i m i t  va lue s  C l im e n s u r i n g  g iven  va lue s  of XH 
and  Csu  r. If  the r a n g e s  o b t a i n e d  s e p a r a t e l y  fo r  each  of t h e s e  va lue s  do not  o v e r l a p ,  then i t  is  n e c e s s a r y  to c o r -  
r e c t  the  o r i g i n a l  v a l u e s  (see  T a b l e  1). 
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