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Effect of Fine Precipitates on Rolling Contact Fatigue Phenomena
due to Hydrogen Embrittlement of Carburized and Carbo-Nitrided
Steels

Toshiya Kinami and Kazuyoshi Kimura

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 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. In this study the effect of fine
precipitates in carburized or carbo-nitrided layer on rolling contact fatigue life was investigated under testing conditions of
hydrogen embrittlement.

(D)The rolling contact fatigue life of the carburized 1 % chromium steel (JIS-SCr420) decreased remarkably.

(2)The effect of alloy addition was found to improve the rolling contact fatigue life of the carburized steel. That is, the life
elongated by 0.4 % vanadium addition. On the other hand, 0.7 % molybdenum steel remained at a short life.

(3)The rolling contact fatigue life improved by the carbo-nitriding process, regardless of alloy addition.

(4)The fine precipitates were observed in the surface layer of the specimens that the rolling contact fatigue life improved. The 60
nm carbide in the case of the vanadium addition carburized steel and the 100-200 nm nitride in the case of the carbo-nitrided
steel were observed.

(5) The hydrogen evolution rate of the specimens observed the fine precipitates increased at about 180 °C .

In conclusion, it was presumed that the rolling contact fatigue life under testing conditions of hydrogen embrittlement improved
by the hydrogen trapping of the fine precipitates.
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Table 1. Chemical compositions of steels (mass%).

Steel C Si Mn P S Cu Ni Cr Mo v
A 0.20 0.25 0.82 0.015 0.005 0.11 0.10 1.11 0.69 0.40
B 0.20 0.25 0.79 0.016 0.005 0.10 0.10 1.10 0.01 0.40
© 0.20 0.25 0.79 0.016 0.005 0.10 0.10 1.10 0.70 =
D 0.20 0.24 0.79 0.015 0.007 0.09 0.08 1.10 <0.01 =
E 0.20 0.25 0.80 0.015 0.005 0.10 0.10 2.03 0.01 =
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Fig.1. Hardness distribution across the section of specimens. (a) and (b) are respectively for carburized and carbo-
nitrided specimens for rolling contact faitgue test. (C) is for specimens for roller-pitting fatigue test.
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Fig.2. Carbon and nitrogen profiles of roller-pitting fatigue test specimens of carbo-nitrided steels A (a) and C (b).
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Fig.3. Rolling contact fatigue life of the carburized

specimens after hydrogen charging.
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Fig.4. Optical micrographs under contact surface of the carburized steel A (a) and C (b) specimens after rolling contact

fatigue failure. Nf : Number of cycles to failure (cycle).
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Fig.12. SEM micrograph (a) and EDX analysis (b) of nitride particles of carbo-nitrided steel C roller-pitting fatigue specimen.
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% chromium).
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