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Atom Probe Analysis of Fine Alloy Carbide in Steel — Determination of Chemical Compositions
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Abstract

Atom probe tomography is a powerful technique for the quantitative investigation of fine pre-
cipitates owing to its sub-nanometer spatial resolution and excellent detection limits, which in
principle allow for the measurement of all elemental species. However, in practice, various artifacts
generated during measurement and data reconstruction have been reported, which can hinder
data interpretation. In this study, we investigated the atomic ratio of carbon (C ratio) and its size
dependence in nanometer-sized TiC precipitates in precipitation strengthened steel. The carbon
ratio was determined for precipitates approximately 5 nm in diameter. However, for extremely
fine precipitates smaller than 1.5 nm, accurate determination was difficult due to statistical errors
arising from less than 100% detection efficiency and artifacts peculiar to solute C atoms.
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C, Fe atom maps and FIM images of (a) ferritic steel, (b)

martensitic steel and (c) spheroidized cementite®
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(a) FIM image of ferritic steel and (b) corresponding front view (xy-plot) of carbon atom map toward the depth direction of

the specimen. Note that four analyses provided with various tilt angles are combined. (c) 2D concentration profile of carbon

corresponding to (b).®
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(a) Elemental map of the steel aged for 512 h, (b) selected region around the largest TiC particle indicated by red arrow

before cluster analysis and (c) after cluster analysis.'?
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(a) Observed each C ratio (white circle) and mean C ratio (red diamond) of TiC particles as a function of the total number
of C and Ti atoms in each TiC particle analyzed using the atom probe. The number of solute atoms in each particle was
estimated by dividing the detected number of C and Ti atoms by the nominal detection efficiency (0.35).'?

(b) Ti atom maps of steels aged for 1 h and 2 h.'®
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