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Three-dimensional Characterization and Analysis of Steel Microstructure by Serial Sectioning

Masato ENOMOTO

Synopsis :

In spite of well acknowledged needs for observing microstructure in three dimensions (3D), only sporadic attempts have been made of serial

sectioning and 3D visualization of opaque materials microstructure. This situation is changing due to rapid developments of computer hard-

ware and software for data collection and image analysis. This affords an opportunity of 3D characterization and quantification of mi-

crostructure with lesser amounts of effort, from which one can check assumptions made in 2D observations, compare results with stereologi-

cal analyses, precisely determine topological properties and distribution functions, and check more directly various theories in materials sci-

ence. In this report, recent studies in this area are reviewed with an emphasis on 3D visualization of steel microstructure. A combination of

serial sectioning and computer-aided visualization is likely to be used more frequently in materials research in the future.
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Fig. 1. (a) Schematic illustration and (b) procedure of serial sectioning.
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Fig. 2. 3D-reconstruction of grain boundary ferrite allotri-
omorph formed in an Fe-0.1wt%C-1.5wt%Mn
alloy, austenitized at 1200°C and isothermally re-
acted at 690°C for 10s.

Fig. 3. 3D-reconstructed image of ferrite precipitates at
austenite grain boundaries in an Fe—0.12wt%C-
3.28wt%Ni alloy austenitized at 1100°C for 30s
and isothermally reacted at 650°C for 2~35.!” The
length of the bottom side is about 100 um.
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Fig. 4. (a) 3D-reconstruction of degenerate ferrite formed
below the TTT-diagram bay in an Fe—0.28wt%C—
3wt%Mo alloy, austenitized and reacted at 550°C
for 10ks'®. (b) Appearance of degenerate ferrite
within the austenite matrix.
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one ferrite particle.
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Fig. 7. 3D-reconstructed image of acicular ferrite in a
specimen taken from the weld deposit, which was
austenitized at 1300°C and reacted at 570°C for
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3D-reconstructed image of intragranular fer-
rite idiomorphs formed in an Fe-0.09wt%C—
1.5wt%Mn alloy containing 0.011wt% S,
0.05wt% V and 0.0066 wt% N, austenitized
at 1250°C for 10 min and isothermally reacted
atd6§ro())°C for 40s. MnS particles are shown in
red.

Grain number
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Fig. 6. (a) 3D-reconstructed image of ferrite (sub)grains formed at an intragranular MnS particle in the same specimen as in Fig.
5. MnS particle is shown in red. (b) Distribution of orientations of ferrite
in the same alloy as in Fig. 5, but not the same ferrite grains as in Fig. 6a.

sub)grains formed at an intragranular inclusion
a~d indicate regions of different orientation in

Fig. 11. Spacial distribu-
tion of MnS par-
ticles in an Fe—
0.8wt%Mn-0.03
wt%S alloy, cold
rolled and held at
850°C for 48h.
(a) MnS particles
in the a-iron ma-
trix and (b) MnS
particles associ-
ated with grain
boundary faces,
edges and cor-
ners.>>
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Fig. 8. 3D-reconstructed image of an austenite grain con-
taining proeutectoid cementite laths in an Fe—
1.34wt%C-13.1wt%Mn alloy.””
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Fig. 9. (a) 3D-reconstructed image of an 18-faced grain in a cold rolled and recrystallized a-iron. The face numbers of the other
side are not shown.” (b) Grain surface area plotted against grain volume of about 800 grains in cold rolled and recrystal-
lized pure iron. The surface area of a spherical grain is shown by squares.
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Fig. 10. Comparison of measured grain radius distribution
with log-normal (solid curve), Hillert (dotted
curve) and Loaut (dashed curve) distributions.?”
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