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Quantitative Composition Analysis of Spherical Cementite by Three-dimensional Atom Probe

Jun TAKAHASHI, Kazuto KAWAKAMI, Masaaki SUGIYAMA and Toshimi TARUI

Synopsis : To examine the quantitative performance of three-dimensional atom probe (3D-AP) in steel materials, composition analysis of spherical ce-

mentite (Fe,C) formed in an annealed pearlitic steel wire was conducted. It was visualized in three dimensions that manganese and chromium

atoms were concentrated in cementite, while silicon atoms were concentrated in ferrite. Phosphor atoms were segregated at the

cementite—ferrite interface. By taking all carbon molecular ions into consideration, the carbon concentration in cementite was in the range of

25-27 at%, which approximately coincided with the stoichiometric composition of 25 at%. On the other hand, the iron concentration in ce-

mentite was in the range of 70-73 at%, which was a few atomic % lower than 75 at%. The reduction of the iron concentration is caused by

the substitution of manganese, chromium and silicon atoms for iron atoms in cementite. It was shown that the 3D-AP enables the quantitative

composition analysis with high accuracy. Inhomogeneous distribution of manganese and chromium in cementite was observed, and it was ex-

plained by the change in the partition coefficient depending on the interface mobility of spherical cementite growth.
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Fig. 1. Schematic drawing of 3D-AP.
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Fig. 2. TEM bright-field images observed in the direction
perpendicular to the drawing axis; (a) before an-
nealing, (b) after annealing (500°CX5 h).
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Fig. 3. FIM image of a ferrite—cementite interface at 7kV
in neon at 70K.
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Fig. 4. Mass spectrum of one million atomic data contain-
ing ferrite and cementite reglons The arrows indi-
cate molecular ions involving '*C isotope.
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Fig. 5. Three-dimensional elemental maps of an analysis
volume from cementite to ferrite.
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Fig. 6. Composition depth profiles of (a) carbon and iron,
(b) manganese, chromium and silicon.
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Fig. 7. Three-dimensional elemental maps of an analysis
volume containing both a cementite—ferrite inter-
face and a ferrite grain boundary.
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