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Synopsis

In this study, a new method for predicting the nitrogen content of a carbonitrided surface using computational thermodynamics
with Thermo-Calc was developed. The nitrogen content of alloyed steel, which is in equilibrium between the steel surface and
the atmosphere, was predicted using the nitriding potentials and Thermo-Calc, and the experimental and calculated results were
compared using pure iron. For lower nitrogen levels, the accuracy of prediction was sufficient. However, for higher nitrogen
levels, the experimental nitrogen content was lower than the calculated value, which was attributed to pore formation. Through
a comparison of the described method with the conventional one, it was confirmed that our novel prediction method exhibits
sufficient accuracy to predict the nitrogen content following carbonitriding.
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Table 1. Chemical composition (mass%).

C Si Mn Cu Ni Cr
0.03 | 0.03 | 0.18 | 0.03 | 0.02 | 0.04

Mo
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Fig. 1. Carbonitriding condition.
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Table 2. Carbonitriding conditions.

No. CH;OH l\i2 Target C, | Measured | Target NH; | Measured | Measured K
(I/h) (m®/h) (mass%) |Cp (Mmass%) (ppm) NH, (ppm) H, (%) N
1 0.26 0.20 0.6 0.61 276 273 37.4 0.0012
2 0.36 0.05 0.6 0.58 350 271 50.5 0.0008
3 0.36 0.05 0.6 0.58 450 448 51.0 0.0012
4 0.36 0.05 0.6 0.59 604 607 52.1 0.0016
5 0.26 0.20 0.6 0.61 604 603 38.4 0.0025
6 0.36 0.05 0.6 0.58 850 845 50.5 0.0024
7 0.36 0.05 0.6 0.58 1250 1247 51.1 0.0034
8 0.26 0.20 0.6 0.59 1250 1245 37.6 0.0054
9 0.26 0.20 0.6 0.60 1250 1247 37.9 0.0053
10 0.36 0.05 0.6 0.59 1600 1599 50.6 0.0044
11 0.26 0.20 0.6 0.61 1811 1809 40.3 0.0071
12 0.36 0.05 0.6 0.59 1811 1800 52.3 0.0048
13 0.26 0.20 0.6 0.61 2500 2489 40.0 0.0098
14 0.36 0.05 0.6 0.59 2929 2926 53.6 0.0075
15 0.26 0.20 0.6 0.59 3019 3066 41.2 0.0116
16 0.26 0.20 0.6 0.60 0 0 37.0 0
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Fig. 2. An example of gas trend during a carbonitriding process: No. 11. (a) CO gas content, %, (b) CO, gas content, %, (c)
Carburizing potential, K¢, (d) Carbon potential in the atmosphere, mass%, (e) NH; gas content, ppm, (f) H, gas
content, %, (g) Nitriding potential, K.
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Fig. 4. Relationship between H, gas content and

nitrogen content in the foil.
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nitrogen content in the foil.
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Fig. 6. Relationship between the calculated nitrogen
content and the experimental nitrogen content.
This calculation does not take the influence
of alloying elements on nitrogen activity into

account.
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Fig. 7. Carbon and nitrogen distribution within the
foil using EPMA. (a) Carbon, (b) Nitrogen, (c)
Backscattered electron image (Treatment No.
11).
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Fig. 8. Relationship between the calculated and
experimental nitrogen content. This calculation
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content (0.6 mass%) on the nitrogen activity.
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Fig. 10. Relationship between the calculated nitrogen
content (using the previous study’s method')
and the experimental nitrogen content. This
calculation takes into account the influence of

carbon content (0.6 mass%) on nitrogen activity.
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