<EI%§E$

4258 Vol.27 (2022) No.7

Fe—Cr—Nb—Mo R 715/ hFSEICBITH
EER{ESYITH ESRE{EEDIEBEZIR

Precipitation of Intermetallic Phases and Mutual Effects with
High Temperature Oxidation in the Fe—Cr—Nb—-Mo Ferrite Alloys
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Fig.2 A set of schematic drawings showing the TCP structure of
C14 Laves phase, which is composed of the orderly stacking
of various atomic layers on basal (0001)cis, i.e. for instance,
the triple-layer “aA a” and the single-layer “a”. Equivalent
units of “a Aa—a” and “B B B—a” denoted as “4” and “B”
are stacked repeatedly as “—A—B—A—B—" yields the
hexagonal C14 structure. On the other hand, if the units of
“aAa—a’, “BBB—b” and “y Cy—c”, having equivalent
unit but different atoms position each other, are stacked
repeatedly as “—A—B—C—A—B—C—", it results in the
cubic C15. Moreover, “—A—B—C—B—A—" stacking is
known as the C36. (Online version in color.)
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Fig.1 Schematic drawing of the isothermal sections at 800°C of (a) the Fe — Cr—Nb and (b) the Fe — Cr—Mo

ternary phase diagrams 3. (Online version in color.)
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Fig.3 Typical microstructure developments focusing on the precipitation behavior of
the C14 Laves phase in the a-Fe matrix of an Fe-20Cr-0.5Nb-2Mo alloy aged at
800°C for (a,d) 1 h, (b,e) 24 h, and (c,f) 168 h. Observations were conducted
using (a-c) SEM-BEI and (d-f) TEM-BFI, respectively. (Online version in color.)
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Fig.4 Changes in solute concentrations of Nb and Mo in the a-Fe

matrix as a function of aging time at 800°C for up to 336 h,
which was measured on the Fe-20Cr-0.5Nb-2Mo alloy aged
at 800°C for various aging duration in Ar gas atmosphere.
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Fig.5 Microstructure and crystallography analyses for the C14 Laves phase growth mechanism, which was conducted
for the Fe-20Cr-0.5Nb-2Mo alloy aged at 800°C for 24 h: (a) a bright field image of a C14 Laves phase particle
precipitated interior of the a-Fe matrix showing the habit plane (0001)c, (b) a dark field image showing terraces
and ledges of a plate shaped C14 Laves phase particle and a high density of stacking faults (SF) on basal (0001)c1s,
(c) selected area diffraction pattern indicating the orientation relationship between a-Fe and C14 Laves phase, and
(d) a schematic explaining the so-called double-terraced ledge mechanism for the growth of the C14 Laves phase

precipitation particle. (Online version in color.)
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Fig.6 (a) A lattice image observed using the high resolution TEM for the Fe-20Cr-0.5Nb-2Mo alloy aged at 800°C for 24
h. The unit disconnection (6°, /) of a step, which is attributed to the lateral motion for the growth of a terrace, is
shown, where b is the burgers vector of a disconnection, and # is a unit step height. (b) A set of bright field images
showing morphology of C14 Laves phase precipitation particles. High angle grain boundaries (HAGB, >15°), low
angle grain boundaries (LAGB, a few degrees <15°), and interior of grains are preferable and possible nucleation
sites in the a -Fe matrix, where G1 through G4 stands for just a numbering for grains.
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Fig.7 Typical microstructure, observed using SEM-BEI, of Fe-20Cr-0.5Nb-2Mo alloys (at%) after oxidizing and
aging heat treatment at 800°C for (a) 24 h, (b) 72 h, and (c) 336 h. (d) A BEI showing microstructure
observed for the inclined cross-section from the surface (left) to the depth about 10 um from the surface
(right) , and (e) a schematic drawing along the vertical section of a specimen together with a viewing direction
for (d) . Chemical compositions quantitatively measured using EPMA for each phase are summarized in a
table. (f) Chemical composition of each phase is summarized as a table.(Online version in color.)
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Fig.8 Oxidation mass gain of Fe-20Cr-0.5Nb-2Mo alloys (at%) after
oxidizing and aging heat treatments at 750°C, 800°C, and
850°C, for durations up to 336 h.(Online version in color.)
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Composition (at%) EDS
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phase

Fig.9

Cr,0; scale|66.6|31.8| 1.0 | 0.3 | 0.3
| xChi 0.7 |21.0|62.5| 3.5 |[12.3
|| .Fe matrix| 0.6 (19.5|77.4| 02 | 25
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(a) Surface morphology of Fe-20Cr-0.5Nb-2Mo alloy after oxidizing and aging heat treatment at 800°C

for 1004 h. Faceted Cr20s grains having the habit plane (001)c,.0; terrace are formed and coarsened
abnormally large. (b) A bright field image of the vertical section near the surface showing a large
faceted Cr,O, grain which forms, during aging and oxidizing at 800°C for 240 h, on a coarsened x
phase grain precipitated just beneath Cr,O; scale consisting of poly-crystals. Chemical compositions
quantitatively measured using EPMA for each phase are summarized in a table.(Online version in color.)
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