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Development of Ultra-fine Grained Stainless Steel by Nitrogen Absorption Treatment for Gaskets
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ABSTRACT

Desirable attributes for a material used in a cylinder
head gasket are the strength required to from a
combustion gas seal and sufficient fatigue strength such
that the gasket may operate properly during engine
operation. The high combustion pressure characteristic
of diesel engines in particular creates a severe
environment for the gaskets, necessitating the
achievement of high levels of strength and fatigue in the
material. In order to satisfy these requirements, a method
of exploiting the difference in the solubility limit of the
nitrogen in the martensite and austenite structures that
form the composite structure of SUS301L stainless steel
to enable the precipitation of Cr,N by means of the
application of an aging treatment to supersaturated
nitrogen was examined. The achievement of high
workability and refinement of the grains are effective in
increasing fatigue strength. Workability was increased by
employing a nitrogen absorption treatment in the
intermediate annealing process to produce an austenite
structure as the surface structure. In addition, the pinning
effect of the precipitated Cr,N during annealing refined
the grains.

These innovations have enabled the development of
a gasket displaying approximately 40% higher seal
ability and an approximately 20% increase in fatigue
limit in fatigue tests than those of a gasket formed from
conventional materials.
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Fig. 1 lllustration of cylinder head gasket
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Fig. 2 Distribution of stress in section of bead-formed
sheet
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Fig. 3 Relationship between Vickers hardness and
aging temperature in NAR-301L HS1
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Fig. 4 TEM image of NAR-301L HS1 after aging
treatment

Fig. 5 Identification of precipitates by electron beam
diffraction pattern
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Fig. 6 Relationship between volume of martensite
and Vickers hardness after aging treatment
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Fig. 7 Production process of NAR-301L HS1
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Fig. 8 Optical microscope image of surface structure
after intermediate annealing process
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Fig. 9 Result of nitrogen content by EPMA
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Fig. 10 TEM images of surface and internal structure after final annealing process

B : Austenitel]
0
M : Martensite

Fig. 11 Phase identification in surface structure after final annealing by EBSP analysis
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Fig. 13 Result of gasket fatigue test
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