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Grain Boundary Engineering for Longer Lifetime of Ferritic Stainless Steel

YANG WEITAO

Summary

Ferritic stainless steels, namely iron (Fe) — chromium (Cr) alloys have been extensively applied as
oxidation- and corrosion-resistant structural materials. The reliability and lifetime of structural
materials is dominated by the fatigue fracture and the corrosion. Recently, the grain boundary
engineering for control of fatigue fracture and intergranular corrosion in the face centered cubic (fcc)
metallic materials with low stacking fault energy, such as austenitic stainless steels and nickel based
superalloy has been achieved by introducing high fraction of coincidence site lattice (CSL) boundaries
which show superior resistance for fatigue fracture and intergranular corrosion. However, even the
fundamental guideline for the grain boundary control in body centered cubic (bcc) metallic materials
has not been obtained yet.

This thesis aims to clarify grain boundary microstructure effective for suppressing fatigue fracture
and to obtain guidelines for grain boundary control process in ferritic stainless steel.

This thesis consists of six chapters as follows.

In chapter 1, the background, the related prior researches, the objectives and the contents of this
thesis are shown.

In chapter 2, the experimental procedures which related to the whole contents of this study, such
as the selection of specimen, the classification of grain boundaries, the evaluation method of grain
boundaries and the fractal analysis, are shown.

In chapter 3, the effect of grain boundary character and grain boundary geometrical configuration
on nucleation of intergranular fatigue crack in SUS430 ferritic stainless steel was quantitatively
investigated to reveal the elementary process of high cycle fatigue fracture. The grain boundary
microstructure in the pre- and post-fatigued specimen was evaluated by scanning electron
microscopy/ electron backscatter diffraction (SEM/EBSD) technique. Fatigue crack nucleation
occurred mainly at grain boundaries at the low stress amplitude level. On the other hand, nucleated
fatigue cracks were propagated immediately to perpendicular to the stress direction at the high
stress amplitude level, regardless of the microstructure. In the case of low stress amplitude level,
Intergranular fatigue cracks preferentially nucleated at high-angle random boundaries, although the

fatigue cracks never nucleated at low-angle boundaries. Fatigue cracks nucleated at low-X



coincidence site lattice (CSL) boundaries only when the trace of grain boundaries on the specimen
surface was parallel to persistent slip bands (PSBs). Fatigue crack nucleation was hardly affected by
the geometrical arrangements between the trace of grain boundary on the specimen surface and the
stress axis. The grain boundary engineering for control of intergranular fatigue cracking was
discussed on the basis of the results of the grain boundary character-dependent intergranular fatigue
crack nucleation.

In chapter 4, the effect of grain boundary microstructure, such as the spatial distribution and the
connectivity of grain boundaries with different character, on the process of fatigue crack propagation
in SUS430 ferritic stainless steel was investigated using the technique combined in-situ observations
of crack propagation with EBSD measurements. The ratio of intergranular fracture to the overall
fracture path increased with decreasing stress intensity factor range. Particularly, the ratio of
Intergranular fracture reached about 60 %, when the stress intensity factor range was less than 40
MPa m'?% The intergranular fatigue cracks mainly propagated along random boundaries, and the
deflection of intergranular crack path occurred at grain boundary triple junctions, owing to the
further propagation along random boundary ahead. Moreover, when the fatigue crack propagation
along random boundaries was inhibited by a triple junction composed of CSL boundaries, the
branching of fatigue crack occurred at a triple junction behind and the crack subsequently
propagated along another random boundary. The propagation of fatigue crack was inhibited for a
while by crossing CSL boundaries and triple junctions. The possible grain boundary microstructure
for control of fatigue crack propagation in SUS430 stainless steel was discussed based on the
observed results.

In chapter 5, the grain boundary engineering for precise control of the fatigue fracture and the
Intergranular corrosion in SUS430 ferritic stainless steel was investigated based on fractal analysis of
the spatial distribution of corrosion-susceptive random boundaries. The SUS430 specimens subjected
to cold rolling to 95 % in the reduction ratio and subsequent annealing at 1073 K possessed the {111}
and {112} recrystallization texture. The fraction of random boundaries was decreased by development
of {111} and {112} recrystallization texture, owing to Introduction of high fraction of low-angle
boundaries. The spatial distribution of random boundaries was in fractal nature and their fractal
dimensions were ranged from 1.25 to 1.36, depending on the fraction of random boundaries and the
average grain size.

In chapter 6, the findings in this study were summarized and the prospects and the problems in

the future were suggested.
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