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Medium Mn steel: 4-12 wt% Mn
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Comparison
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The TWIP+TRIP mechanism
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S. Lee, B.C. De Cooman, Metall. Mater. Trans. A. 45A (2014) 709-716.
S.S. Sohn, K. Choi, J.-H. Kwak, N.J. Kim, S. Lee, Acta Mater. 78 (2014) 181-189.



The TWIP+TRIP mechanism
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Tensile properties
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Stage I: zero strain — first peak
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(a-h) STEM-BF
» Stacking faults in FC and also in equiaxed austenite grains in WQ.
* No stacking faults in lamellar austenite grains in WQ.



Stage ll: first peak — saddle point
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WQ2 ( mixed)

Simultaneous
TWIP+TRIP
Sohn et al.

(a-b, e-g) TEM-BF, (c, h) TEM-DP, (d) HR-TEM
* Extensive twinningin FC, but no martensite at twin intersections.
* Limited twinning in WQ, but martensite observed to nucleate in the form of laths
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Stage lll: saddle point — second peak
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WQ3 ( mixed)
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(a, d, e, f) TEM-BF, (b-c) HR-TEM, (g-h) STEM-BF

* Increased twinning in FC, but still no martensite.

* Twinning finally observed in WQ, two twinning systems activated at lamella tips.
* Martensite observed in WQ growing across austenite lamella.
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True stress (MPa)

Stage lll: saddle point — second peak
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* Martensite growing from austenite grain boundary in FC.

* WQ-Area 1: martensite laths

* WQ-Areas 2,3 and 4: martensite growing from austenite grain boundary.
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Summary of mechanisms
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Constitutive modelling
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S. Lee, B.C. De Cooman, Annealing Temperature Dependence of the Tensile Behavior of 10 pct Min Multi-phase TWIP-TRIP Steel, Metall. Mater. Trans. A Phys. Metall. Mater. Sci. 45 (2014) 6039-6052.

14



Conclusions

e Microstructure, particularly grain morphology, plays a large part in affecting the
TWIP+TRIP effect in medium Mn steels.

* Twinning is delayed in lamellar austenite grains compared to equiaxed grains due
to the significantly shorter lamellar width and therefore higher twinning stress.

* Transformation was promoted in lamellar austenite due to the significantly
higher grain boundary to volume ratio and therefore higher nucleation sites.

* Constitutive modelling suggests that the TWIP effect does not play a significant
role in the simultaneous TWIP+TRIP mechanism.
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Austenite stability in equiaxed vs lath y
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Grain Size

* Austenite in FC and WQ have same composition (>1 wt% C)
* Chemical stability >> mechanical stability

* High stress at interphase grain boundaries provide a driving
force for Stress-Assisted Martensite but martensite does not
grow past the stress field at the grain boundaries.
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