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Overview

= Motivation for high strength steels
= TRIP, TWIP

= Maraging TRIP

= Quench-partition stainless steel

= Pearlite: strongest bulk material

= High strength electrical steel

= Conclusions and challenges
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Property profiles of steels
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Ab-Initio methods for the design of high strength steels
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Ab-Initio methods for the design of high strength steels
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Tensile tests, maraging TRIP

engineering stress [ MPa ]
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APT results: Atomic map (12MnPH aged 450°C/48h)

Martensite decorated by precipitations
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APT results: chemical profiles
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APT results and simulation;: DICTRA/ThermoCalc
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2 GPa-steels: Aged martensite: Fe 13 Cr >0.3C

2200 : :
1600 |
1400 |
1200 |
1000 |
800 [

400 |

200

0

——— 2min

0 30 30 +0
|

0
I

Engineering stress / MPa

20 <0 -30 -50 -0

5 10 19 20

Engineering strain / %

Ladale turret

EIFEI __ L5Ks(slab) > 4000 K/s (strip)

] =3 Rolling

NG mill
Strip caster ﬂ: ) Shears
Pinch rolls "
& e .
-- i
Cooling zone l 3Y|(lL

furnace Coiler

Induction |

Max-Planck-Institut fir Eisenforschung, Disseldorf, Germany

a‘

carbide

Ultra high strength and
corrosion resistance

steel research int. 79 (2008) No. 6



Overview

= Motivation for high strength steels
= TRIP, TWIP

= Maraging TRIP

= Quench-partition stainless steel

= Pearlite: strongest bulk material

= High strength electrical steel

= Conclusions and challenges

Max-Planck-Institut fur Eisenforschung, Disseldorf, Germany = www.mpie.de



Pearlite: Laminate nanostructures
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Pearlite, chemical composition and 3D reconstructed atom map
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Sauvage: sharp steps in the mechanical alloying profile. pearlite
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data: Xavier Sauvage, Rouen
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Pearlite, chemical composition as a function of strain and size
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Nano-precipitates in soft magnetic steels
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nanoparticles too small for Bloch-wall interaction but
effective as dislocation obstacles

mechanically very strong soft magnets for motors
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Ab-Initio, binding energies: Cu-Cu in Fe matrix

CuCu System 3x3x3
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Ab-initio, binding energies: Si-Si in Fe matrix
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Ab-initio, binding energies

For neighbor interaction energy take
difference (in eV)

Egin (repulsive) = 0.390
Sin -~ (attractive) =-0.124
gon  (attractive) = -0.245
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Ab-Initio, use binding energies in kinetic Monte Carlo model
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Take-home message

There are about 40 million cars in Germany

High strength soft magentic steels in car engines and transfomers
reduce CO, emission
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