
Austenite Formation in C-Mn Steels

Computational Metallurgy Lab, Graduate Institute of Ferrous Technology, POSTECH

Jee Hyun Kang and H.D.K.H. Bhadeshia

Introduction – Austenite Stabilization
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Motivation
: Is it  possible for austenite to be enriched with enou
gh Mn to show TWIP?   TWIP with low Mn

* The Purpose of the Heat Treatments

① Austenitization & Quench

② Cementite Formation  & Mn Enrichment in Cementite

③ Austenite Formation

Steel Mn / wt% C / wt%
Alloy 1 5 0.3
Alloy 2 5 0.7
Alloy 3 7 0.7

Steel
Mass percent of
cementite / %

Mn content in
cementite / wt%

Alloy 1 3.6 47.1
Alloy 2 9.7 34.8
Alloy 3 9.1 47.1

Cementite Volume Percent Mn content in Cementite

* MTDATA Calculation for the Second Anneal (TCFE version 1.22) at 550 ℃

- 5, 10 Vol.% cementite
 0.3, 0.7 wt% C

- Highest Mn content in cementite

 5, 7 wt% Mn

- Independent Mn & C effect  

 0.7 wt% C & 5 wt% Mn

Designed Alloy Composition

Produced Alloy Composition 

Alloy 1 Alloy 2 Alloy 3

* Amount and Mn Concentration of Cementite

Alloy Composition Design

At 550 ℃* FINITE-VOL (modified version of FINITE) Calculation : Finite Difference Method

Cementite Thickness  vs. Time Alloy 1 Alloy 2 Alloy 3

The Second Annealing Design

Steel
T he second

anneal per iod /
h

The third anneal
temperature / ℃

Alloy 1 400, 800 670
Alloy 2 200, 400, 800 683
Alloy 3 200, 400 638

Alloy
Mn content of θ /

wt%

Mn content of θ

considering C / wt%

Mn content of α /
wt%

1-400h 33.9 ± 9.8 31.6 ± 9.4 3.8 ± 0.5

1-800h 45.8 ± 7.7 42.7 ± 7.2 3.0 ± 0.2

2-200h
30.2 ± 8.6 (S)

25.1 ± 8.0 (P)

28.1 ± 8.1 (S)

23.4 ± 7.4 (P)

2.4 ± 0.6 (S)

2.8 ± 1.0 (P)

2-400h
32.4 ± 8.1 (S)

28.8 ± 9.2 (P)

29.1 ± 7.6 (S)

26.9 ± 8.6 (P)

2.4 ± 0.5 (S)

1.7 ± 0.5 (P)

2-800h
29.0 ± 8.2 (S)

31.4 ± 4.2 (P)

27.1 ± 7.7 (S)

29.3 ± 3.9 (P)

2.1 ± 0.3 (S)

1.9 ± 0.3 (P)

3-200h 37.4 ± 7.3 34.8 ± 6.8 3.0 ± 0.5

3-400h 43.9 ± 2.2 41.0 ± 2.0 4.1 ± 0.1

Experimental

* Flow Chart
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* Specific Information of Heat Treatments

※ Microanalysis using
   OM, SEM, TEM and
   XRD was done after
   each heat treatment
   step.

Steel Mn / wt% C / wt% S / wt% Al / wt% N / wt%
Alloy 1 5.02 0.250 0.0025 0.027 0.0039
Alloy 2 4.92 0.650 0.0027 0.024 0.0039
Alloy 3 7.58 0.621 0.0020 0.032 0.0053

-After 104-106 s,

   cementite size  100-200 nm

100-400 nm considered

 200, 400, 800 h !!!

Miyamoto et al., Acta Materi
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Alloy
Mn content of

γ / wt%
Mn content of

θ / wt%

Mn content of θ

considering C

/ wt%

Mn content of
α / wt%

1-400h 7.4 ± 0.6 36.3 ± 13.7 33.8 ± 12.8 3.5 ± 0.1

1-800h 7.8 ± 0.9 47.4 ± 3.1 44.2 ± 3.0 2.8 ± 0.7

2-200h 5.8 ± 0.5 (α’) 22.0 ± 5.5 20.5 ± 5.2 2.8 ± 0.4

2-400h 5.7 ± 0.9 (α’) 34.7 ± 3.1 32.4 ± 2.9 2.8 ± 0.1

2-800h 5.6 ± 1.4 (α’) - - -

3-200h 8.8 ± 1.6 46.3 ± 6.1 43.1 ± 5.7 2.2 ± 1.0

3-400h 7.3 ± 2.6 32.6 ± 11.2 30.4 ± 10.4 1.7 ± 0.6

 ▲ 8 ± 1 wt% austenite

▲ 17 ± 1 wt% austenite

▲ 77 ± 1 wt% austenite

Results & Discussion
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 ▲ 6±1(400 h)/5±1(800 h) wt%θ

After the Second Anneal

 ▲ 7±1(400 h)/6±1(800 h) wt%θ

 ▲ 13±1(200 h)/12±2/15±2(800 h)

 ▲ 30±6(200 h)/33±6/26±2(800 h)

 ▲ 25±5(200 h)/20±3(400 h) 

After the Third Anneal

* Microstructure
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* EDS Results after the Second Anneal

* EDS Results after the Third Anneal

 ▲ 9±1(400 h)/5±1(800 h) wt% γ

 ▲ 6±1(200 h)/5±1(400 h)/4±1(800 h)

 ▲ 9±1(200 h)/8±1(400 h) 

※ Equilibrium Mn concentration sof austenite at the third annealing

temperature are 7.0, 4.9 and 9.0 wt% for Alloys 1-3, respectively.

- As overall Mn and C content increased, the amount of austenite after the first anneal increased.

- After the second anneal, austenite region became pearlite while martensite region turned into spheroidite. Cementite gets enriched with Mn.

- During the third anneal, austenite seems to form at the ferrite/cementite interfaces or ferrite grain boundaries. Especially for pearlite, austenite consumed

whole or part of the colonies. Austenite Mn concentration was similar to the equilibrium concentration which was relatively lean in Mn.

Conclusion

- The cementite was enriched with Mn as

 high as 30-45 wt% Mn after the second anneal.

- Austenite was observed at the cementite/

 ferrite interfaces and ferrite grain boundaries.

 In pearlite, austenitization occurred by

 consuming whole or part of the pearlite.

- Austenite did not grow by only consuming

 cementite. Instead, it grew into ferrite and

 cementite simultaneously thereby, showing

 low Mn concentration similar to equilibrium

 values.


