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Sub-Nano World in Steels Clarified with Cs-Corrected STEM
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Abstract:

A decade has already passed since Cs-corrected scanning transmission electron microscope (Cs-corrected (S)
TEM) technology was launched into a market of electron microscopy in 2005. JFE Steel recognized this technology
from its early stage and pressed ahead with the world’s first installation in the steel research field focusing on the
possibilities as one of the absolute necessities for sub-nano analysis. In this paper, JFE Steel applied Cs-corrected
STEM from 2006 to study on nano-sized MC (M: Metallic elements, C: Carbon) carbide in high strength steels, ultra
thin passive films formed on type 304 stainless steels and grain boundary segregations on Fe and Ni based alloys. The
elemental analyses within sub-nanometer resolution using Cs-corrected STEM have given necessary and sufficient

compositional information for considering fine precipitation behavior and corrosion resistance corresponding to each

material.
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Photo 1 High resolution transmission electron microscopy
(HRTEM) image of nanometer-sized MC (M:
Metallic elements, C: Carbon) and its electron
diffraction pattern
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Photo 2 High resolution scanning transmission electron
microscopy (HRSTEM)-bright field (BF) image
of a thin platelet MC (M: Metallic elements, C:
Carbon)

Arrows indicate steps of crystal plane during
ripening by post heat treatment.

BEE 3 HEXtETEFERR MCRILYIOEAEDL S DES
fREE STEM- ERIRESIREF R

Photo 3  Cross-sectional High resolution scanning transmission

electron microscopy (HRSTEM)-annular dark field

(ADF) image of platelet MC (M: Metallic elements, C:
Carbon)
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Photo 4 High resolution scanning transmission electron
microscopy (HRSTEM)-annular dark field
(ADF) image and its energy dispersive X-ray
spectroscopy (EDS) line analysis across a
platelet MC (M: Metallic elements, C: Carbon)
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Photo 5 Scanning transmission electron microscopy (STEM)-
annular dark field (ADF) image of a prior austenite
grain boundary in 0.6 at% Mo bainitic steel and its
energy dispersive X-ray spectroscopy (EDS)
mapping that indicates Mo segregation
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Photo 6 Scanning transmission electron microscopy (STEM)-
annular dark field (ADF) image at grain boundaries
in a 625 alloy and its energy dispersive X-ray
spectroscopy (EDS) line analysis across a grain
boundary indicated in the image
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Photo 7 Cross sectional scanning transmission electron
microscopy (STEM)-annular dark field (ADF)
image and its energy dispersive X-ray
spectroscopy (EDS) elemental mapping of a
passive film formed on type 304 stainless steel
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