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Selective Visualization Techniques
for Surface and Microstructure of Steel Products
by Scanning Electron Microscopy
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Abstract:

JFE Steel has developed observation techniques utilizing scanning electron microscopy (SEM) and their application
to steel products. An appropriate selection of SEM conditions and detectors achieves selective imaging of surface
information such as the chemical state, topography, mean atomic number, and crystallography. Elemental analyses
under low primary electron energy improve spatial resolution and moreover enable characterization of chemical
states. A combination of these techniques improves understanding of the relationship between the microstructures

and important properties of steel products and can serve as a lodestar for the design and development of novel

materials.
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(b) By in-lens secondary electron (SE) detector
Arrows indicate the sliding direction of the steel sheet.
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Photo 1 Plan view secondary electron (SE) images of the tool
surface after a sliding test of a galvannealed (GA) steel
sheet'? (The primary energy of incident electron
(Ep) was 1keV from the same area.)
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(b) Filtering energy: 100-300 eV

BE2 HAERICKLYEEICELBERRS € REmED
IZ)I/ZF T4 )b — LI EEBFBEME (SEM) &
hSEENM 'Y ASHBEBFIXIVF— (E)=15keV)

Photo 2 Subtracted images of energy filtered scanning electron
microscopy (SEM) images of the cross-section of
thermally-oxidized carbon steel'® (The images were
obtained by subtracting the image intensities of
different filtering voltages from the same area. The
primary energy of incident electron (Ep) was 1.5 keV)
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Fig.1 Schematic diagram showing the take-off angle and
accelerating voltage dependencies of the backscattered
electron (BSE) contrast of the cross-section of the heat-
treated low carbon steel®?
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Photo 3 Backscattered electron (BSE) images of the cross
section of heat-treated low carbon steel obtained with
different take-off angles(6s)®? (The primary energy
of incident electron (Ep) was 5 keV from the same
area.)
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The insets are enlarged images of a martensite.
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Photo 4 Backscattered electron (BSE) images of a complex
phase steel taken at different take-off angles (6s) from
the same area'® (The primary energy of incident
electron (Ep) was 15 keV. Kaoru Sato, Hitoshi
Sueyoshi and Katsumi Yamada, Characterization of
complex phase steel using backscattered electron
images with controlled collection angles, Microscopy,
2015, Vol. 64, No. 5, 300, by permission of The
Japanese Society of Microscopy.)
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(c) Mo-L transition edge sensor (TES) spectra
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Fig.2 Secondary electron (SE) images and Mo-L transition
edge sensor (TES) spectra of fine carbides in a high
strength steel'” (The primary energy of incident
electron (Ep) was 5 keV.)
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Fig.3 Backscattered electron (BSE) image and Fe-L transition
edge sensor (TES) spectra of cross-section of hot-rolled
steel” (The primary energy of incident electron (Ep) was
5keV.)
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