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Overview 

Raabe: Adv. Mater. 14 (2002) 3 
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true strain 

stress 

Inverse strength-ductility:  phenomenological analysis 

inverse strength-ductility relation 
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true strain 

stress 

Inverse strength-ductility:  phenomenological analysis 

inverse strength-ductility relation 

Design of ductile high strength alloys 

requires permanent strain hardening  
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From atomistic understanding towards designing new materials 

Inverse strength-ductility relation (strain hardening where needed; use smart mechanisms) ? 

Limits of strength? 

How to synthesize? 

inverse strength-ductility relation 
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Ab initio modeling 

 

Counts, Friák, Raabe, Neugebauer: Acta Mater. 57 (2009) 69 
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Suited for designing steels? 
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10 Dmitrieva et al. Acta Mater. 59 (2011) 364 
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11 Dmitrieva et al. Acta Mater. 59 (2011) 364 
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Lattice plane reconstruction 

Fe3Al ordered phase (only Al displayed) 

12 Dmitrieva et al. Acta Mater. 59 (2011) 364 



Joint TEM and APT analysis 
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13 Tytko et al Acta Materialia 60 (2012) 1731 
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Overview 

Raabe: Adv. Mater. 14 (2002) 
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as-quenched 

aged 450°C/48h  

-Fe (Martensite) 

-Fe (Austenite), vol. fraction 15-20% 

increase of austenite 

fraction during aging 

Precipitation 
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Effect of aging on ductility 

D. Raabe et al. Scripta Materialia 60 (2009) 1141 
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D. Raabe et al. Scripta Materialia 60 (2009) 1141 

Why so much austenite 120 K below 

equilibrium transformation? 



APT results: Atomic map (12MnPH aged 450°C/48h)  
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Mn atoms 

Ni atoms 

Mn iso-concentration: 18 at.% 

70 million ions 

Laser mode  

(0.4nJ, 54K) 

Dmitrieva et al. Acta Mater 59 (2011) 19 

Martensite decorated by precipitations 

Austenite 

?    

?    



M A 

Mn layer 1 
Mn layer 2 

Mn layer 2 
Mn layer 1 

Mn iso-concentration (18 at.% Mn) 

Thermo-Calc  

equilibrium Mn-conc.: 

27 at. % Mn in austenite (A)  

3 at. % Mn in ferrite (martensite) (M) 

M A M 

depletion zone 

nominal 12 at.% Mn 
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Aging-induced austenite reversion  

Dmitrieva et al. Acta Mater 59 (2011) 
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precipitates in ` 

no precipitates in 

12MnPH after aging (48h 450°C) 

nmDtxDiff 302 

nmxDiff 2

Raabe, Ponge, Dmitrieva, Sander: Adv. Eng. Mat. 11 (2009) 547  
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Mn layer 1 
Mn layer 2 

nominal 12 at.% 

phase boundary 

aging 

DICTRA 
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Thermo-Calc  

equilibrium Mn-conc.: 

27 at. % Mn in austenite (A)  

3 at. % Mn in ferrite (martensite) (M) 
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Excellent agreement between  

experiment & simulation ! 

Aging-induced austenite reversion  



Hierarchy of maraging TRIP / TWIP steels 
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Martensite relaxation & aging & nanoscale austenite reversion 

400°C aging: Ms-relaxation + prec. (aging) + austenite reversion 

Fe-13.6Cr-0.44C (wt.%) 

650 MPa to 2 GPa 
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at 5.45 at.% C, austenite forms at 400°C 

Martensite relaxation & aging & nanoscale austenite reversion 



400°C 

1min 

Microstructure development 



400°C 

1min 

Microstructure development 
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Self-repair steels 

Retained 

austenite 

Reversed 

austenite 
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Self-repair steels 


