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Estimation of Nitrogen Concentration Distribution for Carbonitrided SUJ2 Steel

Chikara OHKI

Synopsis : We have been investigating the nitrogen penetration mechanism carbonitriding into high carbon chromium bearing steel JIS-SUJ2 on car-

bonitriding processes. Assuming that the penetration mechanisms of nitrogen and carbon are the same, we developed a calculation method in

order to estimate nitrogen concentration distribution profiles, which are based on our through experimental data. In our method, the depen-

dencies on carbon activity, partial pressures of H, and undecomposed NH;, and diffusion coefficient of nitrogen are taken into consideration.

It was confirmed that the nitrogen concentration distribution profiles predicted by our method agreed well with the experiment results under

various conditions. Hence, we deduce that our method is effective in a practical range on carbonitriding processes.
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Table 1. Chemical compositions of JIS-SUJ2 tested (wt%).
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Fig. 1. Dimensions of test specimen and scanning position
and direction for EPMA line analysis.
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Table 2. Experimental conditions.

Experimental Partial pressure (atm) ! * Duration (5)
Number Undecomposed NH3 H» a urahon 1
1) 0.0015 0.320 1.03 1800
2) 0.0015 0.320 1.03 4500
3) 0.0007 0.331 1.03 9000
4) 0.0007 0.327 1.03 4500
5) 0.0010 0.332 0.88 9000
6) 0.0010 0.332 0.88 4500
7 0.0027 0.332 1.03 4500
8) 0.0027 0.381 1.03 9000
9) 0.0010 0.620 0.98 9000
10) 0.0021 0.160 0.98 9000
11) 0.0026 0.3563 0.89 9000
12) 0.0020 0.621 0.97 4500
13) 0.0021 0.623 0.97 9000

1) measured values at 25 ‘C and 1 atm
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Carbonitriding

1800, 4500, 9000s

0.Q.
Fig. 2. Heat pattern.
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Fig. 3. Nitrogen concentration distribution profile of experimental numbers 1)-4).
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Fig. 4. Relationship between carbon activity a} and sur-
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Table 3. Equilibrium constant K.

Experimental Surface nitrogen Nitrogen penetration Kx
Number concentration (wt%) content (10 ¢g/mm?)
1) 0.458 1.97 0.0062
2) 0.696 3.82 0.0063
5) 0.597 5.76 0.0057
6) 0.495 3.25 0.0057
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Fig. 5. Nitrogen concentration distribution profile of experimental numbers 5), 6).
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Fig. 6. Nitrogen concentration distribution profile of experimental numbers 7), 8).
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Fig. 7. Nitrogen concentration distribution profile of experimental numbers 2), 9)-11).
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Fig. 9. Relationship between undecomposed NH, and sur-
face nitrogen concentration.
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Table 4. Theoretical values of maximum surface nitrogen
concentration N; when K,=0.018.

Partial pressure (atm) ! . o
Undecomposed NH3 H. ac No (wt%)

0.0007 0.331 1.03 0.15
0.0015 0.354 1.03 0.32
0.0022 0.376 1.03 0.39
0.0027 0.381 1.03 0.50

1) measured values at 25 C and 1 atm
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Fig. 10. Relationship between treating time and surface ni-
trogen concentration in case of a=1.03.
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