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Abstract

The segregation of alloying elements and impurity elements to grain boundaries and interfaces
in steel significantly influences microstructure formation through recrystallization and trans-
formation. It is very important to understand the phenomena by actual analysis of the segregation.
Atom probe tomography (APT) enables a quantitative analysis of all elements that segregate at the
boundary, however crystallographic information such as the boundary character could not be
obtained by using only APT. Therefore, we developed a new technique for the investigation of the
boundary character using field ion microscopy (FIM) where the same needle tip as APT is used.
This in-site method determines the boundary character by fitting crystallographic poles into a FIM
image. Furthermore, it also enables determination of the boundary plane by combination with an
APT 3D elemental map and FIM analysis. We demonstrate APT analyses of recrystallized/
unrecrystallized interfaces and prior austenite grain boundaries by applying the techniques into
the needle tip fabrication process.
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Schematic of the coordinate systems
X, Y, and Z are the axes of the coordinate system fixed on
the needle tip (the origin O). X, Y’, and Z" are the axes of
the crystalline coordinate system (the origin O). X” and Y”
are the axes on the screen (the origin O”).
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Characterization of the grain boundary in ferritic steel using FIM pole-fitting method (needle coordinate)
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Grain boundary plane normal
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Grain boundary characterization result
(a) 3D elemental maps, (b) Concentration profile, (c) Grain boundary plane normal in crystal coordinates of grain-A and grain-B
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Misorientation angle (°)
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Processes of needle tip fabrication and interface confirmation
(a) EBSD 1Q map, (b) Misorientation angle of line profile across the aimed interface, (c) Needle tip fabrication of the interface
by FIB milling with the lift-out method, (d) TEM micrograph of the tip after final milling, (e) Characterization of the interface by

FIM pole fitting method
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6 BifER KEERFEOD 3D THEY Yy TREBETOT7 74V (Re: BIE&EK, Un: RBMHE&EKN, ¢ HWRA)°

(a) B

RN (1B-4min), (b) 14ppmB &Nt (14B-60min)

3D elemental maps and concentration profile across the recrystallized / unrecrystallized interface in the steels
(a) Without B (1B-4min), (b) With B (14B-60min)
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7 EBSD MR U FIB lift-out &IC & BBy RIRDEHER
EHERTAE 10

Fabrication process of a needle tip containing the prior

austenite grain boundary using combination of EBSD

analysis and FIB lift-out method
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(a) Mo R I#, (b) 1mass%Mo &4t (IBy#u 5% PAB, 70w ViR % BB, 5 XIER % LB &XR:0)

3D elemental maps and concentration profiles at the prior austenite grain boundary in 10ppmB added steels without (a) and
with 1 mass%Mo (b)
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