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Simulation of austenization during intercritical annealing for Fe-C-Mn cold rolling
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ABSTRACT Based on the analysis of thermodynamics and dynamics for austenization during intercritical annealing of a dual phase
steel, an austenization model was established and solved by using the explicit finite volume method at two austenite temperatures of
740°C and 780°C. The simulated results show that the initial stage of austenite growth is controlled by carbon diffusion in austenite
and reaches paraequilibrium quickly. and the austenization rate in this stage is very fast.- The late stage of austenite growth is con~
trolled by manganese diffusion in ferrite- As the diffusion rate of manganese is several orders of magnitude slower than that of carbon,
this stage lasts for thousands of seconds: When the diffusion flux of manganese in each phase is equal, austenite stops growing- But
manganese continues its transfer from ferrite to austenite in order to achieve its homogenization in each phase-
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Table 1  Chemical potential and content of manganese in austenite and ferrite in different states
o P B ZHop
i/ s : 1 : :
SR 58 % 1623/ (k) emol ') IR 58 o AL 238/ (k) emol ")
WIEAS 1.75 —86.767 1.75 —77.824
740
AR 3.31 —80.812 1.18 —80.812
WIEZS 1.75 —90.440 1.75 —83.092
780

PGS 2.45 —87.244 1.06 —87.244
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Table 2 Basic parameters of Eq- (1)
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Table 3 Contents of C and Mn in austenite and ferrite at different states

o LR BRE R
L/ C IR
C RS % Mn JF&RAHL/ % C RES R/ % Mn R 555/ %6
P45 0.4803 1.75 0.002145 1.75
740
e 0.2831 3.31 0.005815 1.18
T 0.2426 1.75 YA 0 1.75
780
BT 0.1570 2.45 0.004 226 1.06
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Fig-4 One-dimensional mesh for the finite volume method
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Fig-6 Distribution of C and Mn in different phases

Vi URFR Sy B 5] 487, 1800 s B LR PR PR BT B h
T1%. [ 8 rhik g th T 533 2 AY L ISP R B 4L
REORIELI Y SC & - ATRAE ), SR 45 R i 5 ah

{HJE 740 CEHRIEE] 3 000 s, A7 H — ] 5 [Tk o
Mn [t B4 HOE B 15 8 e 4V Ml 3.31%, 1
BREN LN

- #
2D um

7 EICEAET/M AR E S

Fig-7 Enrichment of manganese at F/M interface

8 g5 T 740 C L5 780 C AR R E i B 1k
TERA BN ) g MWEFRATLE 1, C TR
P B B KR T Mn 0 R Y50 il =
JUAMEES, 740 CLERL Ls Py BB AR R B0 8
] 25%, 7 3 000 s 5 B EC pk A B 43 B A 3 hn %]
36% ;780 CAIE, i T4 HoE &1k, 2.5 IF BTG

RILEYE -
Snr
g
70} > Ity A‘
a— 7R0°CiTH M h
&£ 60f A— TROTH Y fH ‘M
= | a‘A
g [ b ah Mn 37
A
_*E 40+ AA |
- A C 0-:'.‘
& 30f A [{)‘-
ah n— 80
20 " »
200 m—
10 " i i L al al.
10°? 10! 10 10! 10? 10 10¢
Af1E] /s
B8 BNk E) i 4k
Fig~8 Kinetics of austenization
A
5 &g

Fe C~Mn =706 4 W AH X B8 FQARAE 2 2 1 A
R =ABE S AP B B IR TE R EROGfR IX
AR BB IR T 2 IR ot R RF S



% 8 5 B 7% FeC-Mn R A RMAX B4 LT EE - 863

Moo BB A B ECAR 1) Bk R MR AR XA B Be
% C To R A B R Bl ] B 2k BT A
BRI BB 2 5 B IRIR SR8 1Y KRS 2
5% Mn JTCRAEB R R AP R, O R R
T S =ABr B AR AE IR KR, Mn TR 4EE N
BRI 7 B LR B PTAR P G Min JEEIAAE

2 £ x &

[1] Bhattacharya D- Developments in advanced high strength steels//
The Joint International Conference of HSLA Steels 2005 and
ISUGS 2005 Proceedings- Sanya, 2005, 70

[2] RochaR O, Melo T M F, Pereloma E V., et al. Microstructural
evolution at the initial stages of continuous annealing of cold rolled
dual-phase steel. Mater Sci Eng A, 2005, 391, 296

[3] Erdogan M. Effect of austenite dispersion on phase transformation
in dual phase steel.- Scripta Mater, 2003, 48(5), 501

[4] Erdogan M, Tekeli S- The effect of martensite volume fraction
and particle size on the tensile properties of a surface carburized
AIST 8620 steel with a dual-phase core microstructure- Mater
Charact, 2002, 49(5), 445

[5] Garcla-Junceda A, Caballero F G, Capdevila C, et al- Determina-
tion of local carbon content in austenite during intercritical anneal -
ing of dual phase steels by PEELS analysis- Scripta Mater,
2007, 57(2), 89

[6] SuY, FuRY. LiL- Effect of the martensite content on the me-
chanical properties of dual phase steels of St12Q1 and St37-2G.
Shanghai Met, 2004, 26(4). 8

O, FHCEE 2 DIk X stl2Q1 M st37-2G XA
WP . Bilga)d, 2004, 26(4), 8)
[7] Wen D H. The influence of microstructure on the tensile property
of dual phase steel- Shanghai Met, 2005, 27(6). 51
CERARNE - 4 FH 20 233 XU 5 3 3 2 e i BF 98- BV &)
2005, 27(6), 51)
[8] Datta D P, Gokhale A M- Austenitization kinetics of pearlite and
ferrite aggregates in a low carbon steel containing 0.15 Wt Pet C-
Metall Trans, 1981, 12A(3), 443
[9] Garcia C I, Deardo A J. Formation of austenite in 1.5 Pct Mn
steels- Metall Trans, 1981, 12A(3), 521
[10] Speich G R: Demarest V. A, Miller R L. Formation of austenite
during intercritical annealing of dual-phase steels- Metall Trans:
1981, 12A(8), 1419
[11] Souwza M M. Guimaraes J] R C, Chawla K K. Intercritical
austenitization of two Fe-Mn=C steels- Metall Trans, 1982,
13A(4), 575
[12]  Jacot A, Rappaz M- A two-dimensional diffusion model for the
prediction of phase transformations: application to austenitization
and homogenization of hypoeutectoid Fe C steels- Acta Mater:
1997, 45(2), 575
[13] Jacot A, Rappaz M- A combined model for the description of
austenitization, homogenization and grain growth in hypoeutec-
toid Fe=C steels during heating- Acta Mater, 1999, 47(5),
1645
[14] Jacot A. Rappaz M. Reed R C. Modelling of reaustenitization
from the pearlite structure in steel- Acta Mater, 1998, 46
(11, 3949



