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Phase Trans. Modeling in Steel Products
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Objective of MCFES Phase Trans. Modeling
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Things to Consider in Phase Trans. of MCFES

« Compositions:
— 0.2-0.5%C-SiI-Mn-(Cr,V), mainly o +P

 Growth kinetics of proeutectoid o

— Soft impingement due to C enrichment in y
— Local interface equilibria - P.E. / N.P.L.E (Mn)

 Accuracy In predicting aa—P —B transitions

— Variation in C enrichment due to grain size
distribution and preceding o
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Soft Impingement Effect of Proeutectoid &
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Comparison of & Growth under S.1.E with
DICTRA Simulations
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Experimental & Calculation Procedure

o Steels investigated:

Cu
0.37 056 145 - 0.03 0.02 0.11 0.14 0.024

o Measurement of transformation kinetics:
— Isothermal Test

o 1523/1273K*60s (d,=11,76pum) = 973/913/873K*1500s = He jet Q
(High resolution dilatometry, Quantitative metallography)

» Calculation:
— Original program linked with Fortran Inteface "TQ-i"

— Thermodynamic & Mobility DB: TCFE3 & MOB2
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Calc. Flow of the Kinetics of Proeutectoid &

« Chemical compo.
*y grain size: do
* Holding temperature

Geometry Model
CALPHAD . .

* A3/ Totemp. . . oo

* Driving force AGv . i
PR\ |icleation rate

* C diffusivity

v/ local equil.
(P.E./N.P.LE)

Diffusion-
Controlled
Growth
Model

7L TOYOTA CENTRAL R&D LABS. INC. 8



oo ISI] Meeting at Musashi Inst. of Tech.

CALPHAD Calculation: y/a Equilibria (37V)

Temperature, K
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Mole Fraction C
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Comparison with the Detailed Kinetics (37V)
973K, do =76um

¢ O incubation time: Fs
(Lange, Enomoto)

- 12kTa* - o
DgX_C'Vozz '(AGmax /Va)2

m

¢ oL nucleation rate: |
(Aaronson, Umemoto, Yoshie)

Ferrite Volume Fraction

Time, ks

V)V =1—exp{—25»f LR(I"H)l—eXP(—Zklf At 7R (fn’ff)—yz}]dy}
i=1
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D/v criterion for PE to NPLE Transition

¢ y/a. Interface velocity: v

¢ D/v criterion: p
(Bradley and H.l.Aaronson)

The best fi

p = Dy, Ve, x10°m
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Isothermal Kinetics with D/v criterion (37V)

o 973K, do =76pm * 913K, do =11, 76pum

PE — NPLE
(p fitting)

Ferrite Volume Fraction
Ferrite Volume Fraction
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Validation on the Effect of Mn Fluctuation

Industrial Forging Steels (ASTM1538 grade):

- S Mn N Mo Cr Cu Al

039 051 169 007 001 015 012 0.009
38MM 039 050 151 005 001 014 003 0.009
38M-L | 039 051 129 006 001 015 011 0.008

Measurement of transformation kinetics:
— Isothermal Test
 1173K*70s (d,=57pum) = 928K*1200s = He jet Q

— Continues Cooling Test
« 1173K*70s = from 1063K (Ae3) at 10~100K/min. to 373K
(Dilatometry, Quantitative metallography)
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Observed Isothermal Trans. Kinetics (38M)

-
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Mole Fraction Mn

CALPHAD: v/a. Equilibria and D/v Criterion
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Isothermal Kinetics in y/ao NPLE (38M
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Growth Rate of Pearlite in Fe-C-Mn System

¢ LEmode: GLe

¢ NPLE mode: GnpLE

C volume diff. control
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(Takahashi, Capdevila)
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v/a and y/6 Equilibria and Pearlite Growth Rate
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Calc. Flow in The a@/P/B Integrated Model
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Comparison of Exp. & Calc. a/P Kinetics
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Prediction of @/P/B Fractions after Cont. Cool.
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Summary

Features in the integrated phase transformation model for
MCEFS include:

1. Time-dependent oty of proeutectoid o, (S. I. E.)

2. y/a interface equilibrium transition to NPLE

3. Integration of P kinetics and B prediction from
thermodynamics of remaining y

The calculation reproduced well the slow & growth kinetics,
but the problem of inconsistent D/v criteria remains.

The program showed an ability of predicting the difference in
Isothermal / continues cooling transformation Kkinetics
caused by a minor Mn fluctuation.
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