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Carbo-Nitrided Steel with Excellent Rolling Contact Fatigue Strength

due to Hydrogen Embrittlement

Toshiya Kinami

Synopsis
Rolling contact fatigue phenomena due to hydrogen embrittlement is serious problem in bearings for automotive alternators
and in automotive transmission parts such as gears and CVT. When hydrogen, which is decomposed from lubricant oil, enters
into the surface of the parts in service, the rolling contact fatigue life decreases remarkably.
Carbo-nitriding improves the rolling contact fatigue strength due to hydrogen embrittlement by the hydrogen trapping of the
fine nitride particles such as CrN. The effect of Si and Mn contents on the rolling contact fatigue strength of 0.2C-2Cr carbo-
nitrided steel was investigated using the roller-pitting test, because not only CrN particles but also MnSiN, particles precipitated
by the carbo-nitriding.
(1) In case of IMn, the increase of Si content decreased the diffusible hydrogen content and the fatigue life, because the number
of total nitride particles decrease.
(2) In case of 0.3Si and 0.7Si, the increase of Mn content increased the diffusible hydrogen content and the fatigue life, because
hydrogen trapping fine MnSiN, particles increase.
(3) It was estimated that the improvement effect of CrN and MnSiN, particles was almost the same.
(4)The fatigue life of developed carbo-nitrided steel by decreasing Si content and increasing Mn and Cr contents was 10 times
longer than the conventional carburized steel.
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Table 1. Chemical compositions of steels (mass%).

Steel| C Si |Mn| P S | Cu| Ni | Cr
1 ]0.20(1.00|1.00|0.015|0.005|0.10 | 0.11 | 2.00
2 10.20(0.70|0.99|0.015|0.006 | 0.10 | 0.10 | 2.01
3 |0.20(0.26|1.00{0.015|0.006 | 0.09 | 0.10 | 2.00
4 10.20(0.26|0.30{0.016|0.005|0.10 | 0.11 | 2.00
5 10.20(0.70|1.40{0.015|0.006 | 0.10 | 0.10 | 2.00

Table 2. Characteristics of carbo-nitrided case.

Steel Surface Retained Surface C | Surface N
hardness(Hv) | austenite(%) | content(%) | content(%)
1 794 21.6 1.52 0.95
2 768 30.0 1.50 0.75
3 749 33.0 1.44 0.72
4 663 28.1 1.28 0.57
5 760 26.9 1.45 0.50
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Contact stress:3 GPa Slip ratio:-60 %
Lubriciant temp.:90 °C
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Fig. 1. Roller-pitting fatigue life due to hydrogen embrittlement.
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Fig. 2. Hydrogen evolution rate profiles.
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Fig. 3. Number of CrN and MnSiN, particles near
specimen surface area.
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Fig. 4. Relationship between diffusible hydrogen content
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