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Effect of Surface Nitrogen Content on Rolling Contact Fatigue

Phenomena Due to Hydrogen Embrittlement

Toshiya KINAMI

Synopsis

Rolling contact fatigue phenomena due to hydrogen embrittlement is a serious problem in bearings for automotive alternators

and in automotive transmission parts such as gears and CVTs. When hydrogen, which is decomposed from lubricant oil, enters

into the surface of parts in service, the rolling contact fatigue life decreases remarkably.

Carbo-nitriding improves the rolling contact fatigue strength due to hydrogen embrittlement by hydrogen trapping of fine
nitride particles such as CrN. In this study, the effect of surface nitrogen content on the rolling contact fatigue strength was
investigated using carburized and carbo-nitrided 0.2C-0.26Si-1Mn-2Cr steels.

The fatigue life and nitrogen particle number increased with increases of the surface nitrogen content up to 0.3 %. In the

region of surface nitrogen content of 0.3 % or more, the fatigue life and nitrogen particle number saturated. The hydrogen
evolution rate profile trapped by nitride was estimated from the difference between carbo-nitrided and carburized profiles at the
same heating rate. The trap activation energy of hydrogen evolution from trapping sites for fine nitride particles was obtained as
32 kJ/mol. It was presumed that the hydrogen was trapped in the strain field around the nitride.
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g. 1. Relationship between roller-pitting fatigue life and
surface nitrogen content.
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Table 1. Characteristics of test specimens in carburized and carbo-nitrided conditions.
Heat Ammonia Roller-pitting test specimen Hydrogen analysis specimen
treatment (vol%) Surface Retained Surface Surface Surface Surface Surface
hardness(Hv) |austenite(vol%) | Carbon(%) |Nitrogen(%) |hardness(Hv)| Carbon(%) [Nitrogen(%)

Carburized - 736 19.0 0.83 0.05 729 0.94 0.06
Carbo-Nitrided 5 742 33.4 0.85(1.17) 0.64 755 1.33 0.51
Carbo-Nitrided 2 728 32.5 1.01(1.13) 0.33 756 1.27 0.15

(' ): maximum value of Carbon content
& :White structure

50 pm
(a) (b) (c)

Fig. 2. Optical micrograph under contact surface of roller-pitting fatigue failure specimens.
(a) Carburized one (Nf=1.8x10° and carbo-nitrided ones with surface nitrogen
content (b) 0.33 % (Nf=4.4x10° and (c) 0.64 % (Nf=5.8x10°).

(b)

() B

N ' Si
Fig. 3. FE-EPMA elemental-mapping showing nitride particles of roller-pitting specimen surface in the case of surface

nitrogen content (a) 0.64 %, (b) 0.33 % and (c) 0.05 %.
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and surface nitrogen content.
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Fig. 5. Hydrogen evolution rate profiles of heating rate
(a) 50 °C/h, (b) 100 °C/h and (c) 200 °C/h.
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Fig. 6. Effect of current density on hydrogen evolution
rate profiles of carbo-nitrided with surface
nitrogen content (a)0.15 % and (b)0.51 %.
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