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Overview

= Atomistic design of complex alloys (ab initio,
APT)

= Nanostructuring by selective phase
transformation

= Conclusions and challenges

Max-Planck-Institut fir Eisenforschung, Disseldorf, Germany = Raabe: Adv. Mater. 14 (2002)



Inverse strength-ductility: phenomenological analysis
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Inverse strength-ductility: phenomenological analysis

Design of ductile high strength alloys
requires permanent strain hardening
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From atomistic understanding towards designing new materials
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MOST EXACT KNOWN MATERIALS THEORY

OBTAIN DATA NOT ACCESSIBLE OTHERWISE

CAN BE USED AT CONTINUUM SCALE

ELECTRONIC RULES FOR ALLOY DESIGN:
ADD ELECTRONS RATHER THAN ATOMS

COMBINE TO ATOMIC SCALE EXPERIMENTS

Suited for designing steels?

Max-Planck-Institut fir Eisenforschung, Disseldorf, Germany ' Counts, Friak, Raabe, Neugebauer: Acta Mater. 57 (2009) 69



Atom Probe Tomography (APT)
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m/n : mass to charge ratio
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V. : base voltage
V; @ pulse voltage

t: time of flight

L : distance specimen - detector
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Field desoprtion image
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Detector Event Histogram
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Joint TEM and APT analysis
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ADb-Initio methods for the design of high strength steels
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Overview

= Atomistic design of complex alloys (ab initio,
APT)

= Nanostructuring by selective phase
transformation

= Conclusions and challenges
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Effect of aging on ductility
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Effect of cold rolling after aging

Fraction of Austenite (%)
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APT results: Atomic map (12MnPH aged 450°C/48h)
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Aging-induced austenite reversion
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Aging-induced austenite reversion
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Martensite relaxation & aging & nanoscale austenite reversion
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Martensite relaxation & aging & nanoscale austenite reversion

at 5.45 at.% C, austenite forms at 400°C
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Microstructure development
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Microstructure development
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Self-repair steels
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Self-repair steels
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