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Technology for Analyzing Solute Carbon in Retained Austenite Using Soft
X-ray Emission Spectroscopy
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Abstract

The weight reduction of transportation equipment is an effective means to reduce the amount of CO, emissions,
and Kobe Steel is promoting the development of steels that have both high strength and high formability. In
order to achieve both strength and formability, it is important to control the amount of solute carbon in the
steel. The X-ray diffraction method, a conventional method for quantitatively analyzing carbon content, can
determine the average distribution of carbon concentration in steel, but has difficulty in determining the carbon
concentration distribution in each grain of retained austenite. Hence, an attempt has been made to measure
the microscopic distribution of carbon concentration and to analyze the results by a soft X-ray emission
spectroscopy analyzer installed in a scanning electron microscope. The obstacle to accomplishing this was the
organic substances adhering to the sample surfaces and acting as contaminants. However, a technique has been
established for analyzing while removing contamination by gas-cluster ion beam irradiation, which has enabled
carbon distribution measurement focusing on the microstructure in steel. It has also been suggested that this
technique may be used for the analysis of the binding state of carbon contained in steel.
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Fig.1 Configuration of soft X-ray emission spectroscopic analyzer
with scanning electron microscope
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Fig.2 Standard curve between 2nd order C Ka integrated intensity
and C concentration for Fe-C film
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Fig.3 SEM images of (a) without GCIB and (b) with GCIB after SXES line measurements
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Fig.5 (a) SEM image and (b) SXES line measurement results of steel A sample including @ and retained y phase
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Fig.6 (a)Phase map image of steel B sample by using EBSD (red :
body center cubic, green: face center cubic) and (b) histogram
of C concentration in retained y phase measured by SXES
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Fig.7 (a) SEM image and (b) C concentration mapping image of
lamellar perlite by using SXES
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