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Effects of Ti-based Oxide Inclusions on Formation of Intragranular Ferrite in Steels

Kiyomichi NAKAL, Akihiro YUDATE, Sengo KoBAYASHI, Masahiko HAMADA and Yuichi Kom1zo

Synopsis

: Dispersion of fine proeutectoid ferrite and/or enhancement of formation of intragranular bainite have been performed to improve mechanical

properties at/around welded region in steels. In the present study, effects of Ti-based oxide inclusions on the nucleation and growth processes

of proeutectoid ferrite and bainite are examined in terms of the number density and size of the inclusions in steels with different y-grain sizes.

Ti-oxide acts as effective nucleation site of granular proeutectoid ferrite and bainite. Especially, it could be suggested that fine inclusions in-

duce nucleation of high density of intragranular bainite. On the other hand, growth of (Ti, Mn)-oxide on grain boundary enhances both the

depletion of Mn at/around grain boundary and formations of elongated proeutectoid ferrite along grain boundary, Widmanstitten ferrite and

aggregate of nearly single-variant of bainite at grain boundaries. The Mn depletion could form the three kinds of ferrites mentioned above,

remarkably, at grain boundaries, resulting in the suppression of formation of intragranular bainite.

Key words : Ti-oxide; (Ti, Mn)-oxide; intragranular bainite; size distribution; proeutectoid ferrite; Mn depletion; grain boundary; TEM.
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Table 1. Chemical compositions (wt%) in steels of TO and
TMO.
C Si Mn P sol, Al Ti S (0] N
TO 0.19 <0.01 144 0.002 0.001 0.018 <0.001 0.0066 0.0027
TMO 020 <0.01 144 0.002 0.001 0.006 <0.001 0.0106 0.0020
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Fig. 1. Schematic illustrations for heat treatments. The il-
lustrations are for (a) the Ry- and (b) the y-steels,
respectively (see in the text).
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Fig. 2. Optical micrographs showing microstructures in
the Ry-steels held at 450°C for S, (a) and (b), and
700°C for 1000s, (c) and (d). (a) and (c) are taken
from Steel-TO. (b) and (d) are taken from Steel-
TMO.
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Fig. 3. Size distributions of oxide inclusions.
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Fig. 4. Variation of densities of intragranular bainite with
holding time at 450°C.
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Fig. 5. Size distributions of oxide inclusions.
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Fig. 6. Variation of densities of intragranular polygonal
ferrite with holding time at 700°C.
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Fig. 7. Model for formation of Mn-depleted areas and nu-
cleation of ferrite at/around grain boundaries.
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