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It is known that manganese and chromium increase  the solubility of nitrogen in steel [1-2]. It has a'.so 
been reported [1] that increasing the nitrogen added to 0.7-0.8% does not increase its concentration in the 
metal ,  i .e. ,  some limit conce.ntration is reached for each steel,  depending on its composition. 

An attempt was made in this work, using the method of internal friction, to determine the charac te r  of 
the interaction between nitrogen and alloying elements in austenitic C r - N i - M n  steels.  The experiments were  
made with steels 03Kh18N10, 03KhlgN10AG3, 03Kh20N16AG6, and 03Khl9N7AG10. The nitrogen content of 
each steel was var ied  from the minimal value (0.005-0.008) to the maximum possible value for each steel. 
The nitrogen and manganese concentrations of the steels are  given in Table 1. 

The steels were  melted from electrolyticalb" pure materials  and carbony[ iron to obtain the lowest pos -  
sible concentration of carbon and impurities.  Steels not containing nitrogen were melted in vacuum induction 
furnaces,  and other steels,  in open electric are furnaces.  Nitrogen was added at the time of melting in the form 
of manganese nitride. 

With increasing manganese concentrat ions in the steel, the maximum amount of nitrogen dissolved in- 
c reases .  In stcel 03KhlSN10 the maximum amount of nitrogen was 0.16c:{, despite the fact that the amount of 
nitrogen addedwas  0.20%; in steel 03Khl9N10AG3 it was 0.24~, N (compared with 0.30°/~); in steel 03Kh20N16AG6 
it was 0.33% N (compared with 0.40~}0; in steel 03KhlgN7AG10 it was 0.38c~ N (compared with 0.45!~: added). 

Since the relaxation peaks from atoms of carbon and nitrogen a re  very close on the temperature  depen- 
dence of internal friction (TDIF) curves ,  the carbon concentration was held to the minimum in the experimental 
steels - not over 0.01-0.02~. 

A chemical  analysis was made af ter  quenching, i .e. ,  when the stcet had a purely austenitie s tructure.  

Experimental data concerning the eff¢~t of alloying elements on the kinetics of precipitation of nitrides 
and other phases in steels with nitrogen are  still inadequate. The effect of manganese has been studied in more  
detail. It is known that manganese slows down the decomposition of supersa tura ted  solid solutions of nitrogen 
in a iron. The interaction of nitrogen and manganese atoms is confirmed by the change and the position of the 
Shock peak on the relaxation spectrum. In the opinion of Nacken and Kuhlmann [3], nitrogen atoms a re  con-  
centra ted in oetahedra[ vacancies around manganese atoms,  which increases  the solubility of nitrogen in the a 
solid solution and inhibits nucleation of new phase (luring thermal aging. 

In austenitie steels containing nitrogen a change in the shape and height of the F inke l , sh tc in -Rozin  peak 
( F - R  peak) in relation to the manganese and nitrogen concentrations was observed [4]. 

The TDIF was measured  in an apparatus of the inverted torsion pendulum type on wire samptes 0.8 mm 
in diameter and 80 mm long at a frequency of ~1.5 Hz. The samples were previously water  quenched from 
1050°C (holding 15 min). 

For  all steels containing nitrogen we observed F - R  peaks on the TDIF curves  around 300 ° (Fig. 1) a s -  
sociated with migration of interst i t ial  nitrogen atoms in the field of elastic s t resses .  The size of the peak 
varies with changes in the nitrogen content of the steel. This relationship is clearly evident in the change of 
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Fig. i. Temperature dependence of internal 
friction for chromium steels. The heat numbers 
are given on the curves (see ]'able I). 

TABLE 1 

Heat 
Steel  

No.  

03KhlSNI0 

03KhlgN10- 
AG3 

03Kh20N 16- 
AG6 

03Khl.qN 7- 
AG10 

12 

13 
14 
15 
16 

O.~mp., ?0 

NI b~n 

0,0(15 0,98 
(:.r!9 0,90 
0.11 0 ,80  
( , 15 0 ,78  

(: 607 2,95 
( 1,: 2,05 
( ;  17 2 ,95  
: ,2~ 2,80 

0,006 6,15 
0,19 ,%h) 
0,2"; 6, I5 
0,;~ (i b, 

0,008 lO,O,U 
0,21 10,10 
0,26 I0,10 
0,3~ 9,99 

TDIF  for  s tee l  03Khl9N10AG3 (Fig. lb).  The  peak was highest  for samples  containing 0.24% N (Fig. lb ,  cu rve  
8). With decreas ing  ni trogen concent ra t ions  the in ternal  fr ict ion peak shif ts  to lower t empe ra tu r e s .  Two sub-  
peaks  forming  a single F - R  peak  w e r e  obse rved  for  s tee l  03Khl9N7AG10 (Fig. ld). With decreas ing concen-  
t ra t ions  of ni t rogen the height of this peak a lso  d e c r e a s e s ,  but the shape of the peak  remains  the same.  For  
the heat  not containing ni t rogen the peak  is a lmos t  absent  (Fig. lb ,  cu rve  5). 

Analys is  of the TDIF curves  indicates that with increas ing  manganese  concentra t ions  the internal  fr ict ion 
peak shifts  to higher  t e m p e r a t u r e s .  

On the basis  of l i t e ra ture  data and our  r e su l t s ,  we a t t empted  to explain the elevated solubility of ni trogen 
in austeni t ic  s tee ls  containing manganese .  

It is known that sca t t e r ing  of e lec t rons  in a field of ions in meta ls  is de te rmined  not by the s t rong Cot, tomb 
ion potential  Vc but the weake r  effect ive potential  (pseudopotential) Vp [5]. The  theory of pseudopotentiais  has 
come  to bc accep ted  in recent  y e a r s .  This  thcory makes  it poss ib le  to explain many physica l  and mechanical  
p r o p e r t i e s  of meta l s .  

F r o m  the pseudopotent ia l  theory it is known [5] that the following rela t ionship exis ts  between the radius 
of s t rongly bound e lec t ron shell  of an a tom R/sh and the pseudopotential  \1/ for  e lec t rons  with an azimuthal  quan-  
tum number  l 

z 
V / ~  , 

Rsh (1) 

whe re  Z is the ionic cha rge  (valency). 

F o r  e lements  f rom the s a m e  s e r i e s  in the per iodic  ruble the radius of the shell  R/sh dec reases  with in-  
c r ea s ing  o rde r  numbers .  Bes ides  iron a t o m s ,  the s tee ls  inves t igated contained a toms of c h r o m i u m ,  m a n -  
ganese ,  and nickel. It follows that 

Rtsh (Cr)> R'sh (Mn) > R/sh(Fe) > R/sh (Nl). (2) 

This  inequality for  the radii of the shcHs affects  the in teract ion of ni trogen a toms with a toms of al loying 
e lements  in two ways - through the s ize  of the shell  p r o p e r  and through the magnitude of the pseudopotential  of 
the ion. 

Iron fo rms  substi tut ional  solid solutions with manganese .  Since R/sh of manganese  is l a rge r  than R/sh of 
i ron,  the lat t ice constant  of iron i nc rea se s  when manganese  is d issolved,  and consequently the internal  pore  
a lso  i n c r e a s e s ,  which leads to an i nc rea se  in the solubility of ni t rogen in such a deformed lattice. 
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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) .  
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