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Exploring Refining,Solidification and Solid Phase Transformation of Steel with Confocal Laser Scanning Microscopy
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Fig.1 Collision and Agglomeration of Alumina Inclusion Particles
by Capillary Attraction to Form Intermediate Aggregates on
Low C, Al-deoxidized Steel Melt [C 0.038, Mn 0.2, P 0.01,
S 0.01 sol. Al 0.048mass%]
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Fig.2 Densification of Loose Alumina Clusters with Time by Cap-
illary Attraction between Segments Followed by Sintering
at Joints on Low C, Al-deoxidized Steel Melt [C 0.038, Mn
0.2, P 0.01, S 0.01 sol. Al 0.048mass%]
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Fig.3 Observed vs. Calculated Capillary Attraction Force Operat-
ing between Alumina Inclusion Particles of radius R+ and
Rz on Al-Deoxidized Low Carbon Steel Melt at 1802K®
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Fig.4 Touching and Separation of Liquid 50%Ca0-50%Al20s
Inclusion Particles on High C, Ca-Treated Steel Melt Sur-
face [No attraction and merger between them at 1805K]
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Fig.5 Liquid CaO-Al20s Particle A Containing > 50%CaO and Alu-
mina Cluster B in(a) got in touch in (b) on Low C, Al-deoxi-
dized Steel Melt Surface at 1806K. The two quickly merged

and yielded bigger globular liquid particle A+B from (c) to (f)
in1s®

Aggregates, A, B and C, of

Al,O; are located at Liquid/Solid
interface, B being almost
engulfed

Smaller aggregates of Al,O,
inclusions A and C are pushed,
while intermediate B completely
engulfed

Fig.6 Pushing and Engulfing of Alumina Inclusions at Advancing
Liquid/Solid Interface of Low C, Al-deoxidized Steel [ C
0.038, Si 0.01, Mn 0.02, P,S 0.01%]

18

Fig.7 Engulfment of Alumina Cluster by Preferred Growth (Con-
vex Extension) of Low C, Al-deoxidized Steel Crystal at
Advancing Liquid / Solid Interface during Solidification
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Fig.8 Critical Condition for the Engulfment of Alumina Inclu-
sions during Solidification of Low C, Al-deoxidized Steel
Melt [ 1800K, V=3mm/s, C 0.038, Si 0.01, Mn 0.02, P,S
0.01, sol. Al 0.048%]
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Fig.9 Near Sinusoidal Perturbation Developing at Liquid/Solid
Interface of Fe-0.22%C-0.80%Mn Alloy [ G=4.3K/mm,
V=3.1mm/s] 1™
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Fig.10 Planar to Cellular Transition of Fe-0.83%C Alloy at V=1.5-
2.5mm/s'?
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Fig.11 Secondary Dendrite Arms Developed from Perturbation
Formed on a Cell which Turned out to be the Primary Arm.

Coarsening is due to Overgrowth [Fe-0.83%C alloy] '?
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Fig.12 Theoretical vs. Observed Relation for Tip Radius and
Growth Rate of y-Crystals in Fe-0.83%C Melt [Open cir-
cles are for critical V when cells were about to change
into dendrites] '?
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Fig.13 Peritectic Transformation of Fe-0.42%C Alloy at 1754K,
G=4.3K/mm, CR=1K/min. Note that vy /8-interface grows
faster than Liquid/ y-interface toward opposite directions
while original Liquid/ y-interface remains (with wrinkles)
at same location in between Liquid/y and y/8 while Lig-
uid/ y keeps growing toward left and y/8 toward right?

100 um
Fig.14 Progress of Peritectic Reaction and Transformation in Fe-
0.42% Alloy at 1765K [(a) start of the reaction around & -
crystals grown perpendicularly to plane, (b) y-phase rim
formation, (c) growth of y-phase toward L and &, (d)
transfc))rmation of & into y, forming wrinkles on 7y -crys-
tals] 2
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Fig.15 Dihedral Angles at &/y-Interphase Boundary Formed
during 6—v Transformation of Fe-0.044%C-0.007%S
Alloy [The angles show constant value after 300s]
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Fig.16 Dihedral Angles at & / y-Interphase Boundary Formed
during & — y Transformation of Fe-0.045%C-0.021%S
Alloy [ The angles do not change after 300s, but show
lower values than those for the low S version]
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Fig.17 Schematic of the Nucleation of y-Crystals at §-Grain
Boundaries in Fe-0.05%C-0.021%S Alloy™
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Fig.18 Morphological Instability of &/ Interface Boundaries dur-
ing 6 >y Transformation of Fe-0.045%C-0.021%S Alloy
Held at 1695K [ Supercooling 11K. Note the finger-like
growth of y -crystals by constitutional supercooling. Grains
A to D are all independent y -crystals] %
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