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Quantitative Analysis on the Solute Drag Effect of Nb and Mo during Primary Recrystallization of o-Fe
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Abstract

Atomic-scale interface segregation behavior of Nb and Mo during different stages of recrystallization
of a-Fe was investigated using a three-dimensional atom probe (3D-AP). Solute segregation of Nb or
Mo wasfound at cell boundaries and subgrain boundariesin the early stage of recovery and recrystal-
lization, and also at recrystallization interfaces, implying that the retar dation of recovery and recrystal-
lization by the addition of Nb or Mo can be caused by solute drag (SD) effect. Atom probe analysis also
revealed that stronger solute-interfaceinteraction isthe main reason for thelarger retardation effect of
recrystallization by Nb addition. The comparison of measured solute profiles with calculated solute
profiles showed that Cahn's SD model gives a reasonable fit to solute profilesfor migrating interfaces.
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(a) Before FIB milling

(b) After FIB milling
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FIB secondary electron images of an atom probe field ion specimen

(a) before and (b) after FIB milling. The specimen is Fe-0.09Nb alloys

held for 1000 s at 725°C.
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The change of recrystallization fraction with holding time ¢ determined
by optical micrographs and the fitted curves.
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Optical micrographs showing the microstructure after hot compres-

sion and holding for 100 s at 725°C in (a)pure Fe, (b)Fe-0.18Mo and

(c)Fe-0.09Nb binary alloys.
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TEM micrographs on the (a) early stage (725°Cx10 s)and (b) later
stage (725°Cx1000 s)of recrystallization in Fe-0.09Nb alloy.
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A ladder diagram across (a) cell boundary in Fe-0.09Nb alloy quenched
just after hot-compression at 725°C, and (b) across subgrain bound-
ary with misorientation of 10° in Fe-0.09Nb alloy held for 100 s at

725°C. Inset in the figures shows a 3D atom map of Nb.
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(a) A ladder diagram of Nb and (b) concentration profiles of Nb and C
across recrystallization interface with a misorientation of 10° in the
Fe-0.09Nb alloy held for 1,000 s at 725°C, measured by the 3D-AP.
The error bar in (b) was taken to + o for the measured number of
solute atoms (only for Nb).
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(a) Measured concentration profiles of Mo and C across recrystalliza-
tion interface with a misorientation of 13° in Fe-0.18Mo alloy held for
10 s at 725°C, and (b) a concentration profile of Mo calculated from
Cahn's solute drag model.
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