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Contents and Structure

. Introduction
> Austenite(y)-to ferrite(a) transformation in low alloyed steels
= Geometry of the y/a. phase arrangement (matrix/inclusion)
= |Interfacial reactions (finite mobility, solute drag)
= Diffusion in the bulk material

. Experiments and Modeling
> Transformation kinetics in low carbon steels
= Two stage transformation Kinetics
> Ultra-low carbon steel
= Hierarchical model

. Results
> Explanation for the two stage transformation behavior
> Intrinsic interface mobility
> Evolution of the effective mobility during transformation




Matrix / Inclusion Topology
Extreme Cases

Red = ferrite;

gray = austenite




Diffusion in low-alloyed steels [\ -
(Fe-C-X-X5-...-X)) _
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, [ [ ...relevant thickness
Péclet Number Pe = D ... diffusivity
v v ... velocity
Pe <<1 Pe~1 Pe >>1
C (interface) X (interface)  C (y-bulk) X (bulk)
Pe 510" 1 1 10°
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Dissipative processes

—

© Rearrangement of the lattice (negligible)

© Motion of the interface, Q,,

© Solute drag, O,

e Bulk diffusion (Spike diffusion ?)

--------------------------------------------------------------------------------------------------------------------------------------

Q — QM + QSd+ Qbu]k
for Qpue 00— Q0 ~v? / M
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1. Experiment: Fe-low C-alloy [ |
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Dilatometersignals for alloy A
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Evolution of ferrite fraction
Overall kinetics ...
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Evolution of ferrite fraction [
... and in the first second
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Numerical calculations
1. stage and 2. stage

o p———
g

ferrite fraction

1.0
0,9_- experimental data
0'8__ - simulation 1.stage
0.7 - (M, =30 mol skg"' m™)
0.6
G simulation 2.stage
U2 (M,'=027mol s kg’ m”)
0.4 - H st
0.3 - 3
02 | ::..-n
0.1 -
0.0 R pliay _'_-I”'_;.I,',I.......I.. S S S S
1E-3 0.01 0.1 1 10 100

time [s]




R
Solute drag simulation
1 Q) Q
M, = +—=4 | | =d=const. =
T — Mine v v
0.01 0.1 1 10 100
P
€ M - 1 C
From: J. Svoboda, F. D. Fischer, E. Gamsjager, M +V

“Influence of solute segregation and drag on
properties of migrating interfaces”, Acta mater.,
50, 967-977, 2002.

intr

C depends linearly on time




Numerical calculations [‘\\"
1. stage influenced by solute drag e et
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2. Experiment: Ultra low C-steel [
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M. Militzer, Austenite decomposition kinetics in advanced low carbon steels, Solid Phase Transformations 99,
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Hierarchical model l e

(a quarter of a cubic grain)

initial stage
growth along the edges

growth along the faces

growth to the center

Parameter &.: Minimum ferrite fraction for covered cube faces




Minimum ferrite fraction for covered cube faces [\ ~
versus cooling rate e —
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Effective mobility obtained by [\ -

the hierarchical model B
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Effective mobility for the hierarchical model ' =
(interpreted curves) '
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Conclusions and Outlook

=> Austenite-to-ferrite transformation in low-alloyed steels

>

>
>
>

Two stages transformation kinetics

Solute drag, effective mobility

Hierarchical model

Direct estimation of the pre-exponential factor M,

=> Next steps:

>

Solute-interface interaction in more detalil
« Thermodynamic extremal principal
 Transformation studies with a systematic change in composition
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