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In order to obtain higher car efficiency, the mechanical condition of bearings for
cars becomes much severer. One of the big problems to be solved in car bearings
under severe conditions is Rolling Contact Fatigue(RCF). In this thesis,
hydrogen is focused on as an important cause to initiate RCF and a tribochemical
formation of hydrogen and hydrogen permeation into bearing steel during
lubrication were investigated from the viewpoit of surface chemistry.

Synthetic hydrocarbon oil can be decomposed by the effect of a catalytic activity
of nascent steel surface formed at mechanical contacts. Hydrogen evolved as a
decomposition product was detected with a quadrupole mass spectrometer. It
was found that the hydrogen formation can be controlled by the molecular
structure of oils, additives, surface roughness and hardness of steel. Alkyl phenyl
ether is more stable than hydrocarbon oil for tribochemical decomposition.
Mixture of organic phosphate and calcium additive is effective to suppress the
decomposition of hydrocarbon oil.

Hydrogen permeation into steel was investigated by a tracer method with
deuterium using TOF-SIMS. After lubrication tests by a four-ball tester under
deuterium atmosphere, the cross-section of an upper ball was investigated by
TOF-SIMS. Deuterium was found to be higher concentration than natural
abundance of deuterium at 100 — 200 x m underneath the friction track of tested
ball. Hydrogen permeation can be suppressed by the addition of sodium nitrite
which is known as an additive to obtain a long life for RCF.

It is concluded that formation of hydrogen as a cause of RCF can be controlled
by the molecular structure of synthetic oils, appropriate additives, surface
roughness and hardness of steel, and that hydrogen permeation into bearing

steel can be suppressed by the boundary film formed from additives.
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