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Local phase transformations enable high strength of bulk metals
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Understanding the nanoscopic length scales and their effects

carbon nanotube
as size reference
(same scale bar)

10
_nm @& C isosurface (7 at.%)

_*C oC2 o(C3 oC4

wire drawing axis

ANy

.

e AW

27

remaining
cementite after wire
heavy drawing

carbon-
enriched ferrite

Max-Planck-Institut fir Eisenforschung, Disseldorf, Germany Pearlitic nanostructures finer than carbon nanotubes



Multiscale Modeling and Experimentation
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Multiscale crystal plasticity FEM
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Pearlite and Fe-Mn-C TWIP steels
Nano-austenite reversion
Fe-based ‘superalloy*

Superalloys
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Characterization of GB segregation by correlative TEM / APT

Grain boundary plane normals analyzed
from STEM images

Grain orientations
measured by nano beam diffraction
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Characterization of GB segregation by correlative TEM / APT
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Pearlite and Fe-Mn-C TWIP steels
Nano-austenite reversion
Fe-based ‘superalloy*

Superalloys
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Segregation Engineering: nanostructuring by transformation

equilibrium transformation temperature

Solute segregation to martensite grain boundaries
v
WV

Local phase transformation at grain boundary
(martensite-to-austenite reversion confined to GB)
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Self-organized nanostructuring by selective phase transformation

grain boundary
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Mn segregation at grain boundary, (450°C/65h)
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9Mn-2Ni-0.15Al-1Ti-1Mo (wt.%), aged 450°C/65h
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Pearlite and Fe-Mn-C TWIP steels
Nano-austenite reversion
Fe-based ‘superalloy* T

Superalloys
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Growth of k-carbides

Aged for 168 h at 600°C
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Pearlite and Fe-Mn-C TWIP steels
Nano-austenite reversion
Fe-based ‘superalloy*

Superalloys e
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Field desorption image

Pl

Detector Event Histogram

Detector Y (mm)

Max-Planck-Institut fir Eisenforschung, Disseldorf, Germany



S TR S PP Y gt

L atee T et s 1

LR LTE WRLFEE L
: R
R TR T R Ll
- - ] & 15
e .... ..n. i .._r._.._-. _.....“... R O P L R R R weml et -r -

T e T PO R O R S S P R SR

" 1 Fl Fa R b I - L - [ N ] r
.l - A e w=r = -

Py T T PN P L LTS ' w ! [ 1 1
T - [t - = - -.... " - LT TRl LT
1 - LU LN - LR Y 1 - 1
P CTIRL LR e L T S LY L At - oA,

Atomscope: Nano-chemistry and structure, lattice rectification
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L attice reconstruction

Al-Ni spatial
distribution map
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Lattice planes resolved:
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Microstructure at low stress creep

» Microstructure of the single crystal Ni base
superalloy with loading conditions of 150 MPa
with Mg/Mc = 10 at 0.0, 0.3 and 0.5 % creep
strains.

» Experimental microstructure of Ni base
superalloy in primary creep stage at 85 MPa
shear loading condition.
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M. Kolbe, A. Dlouhy, G. Eggeler, Materials Science
and Engineering A, 246 (1998) 133-142.
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Microstructure at high stress creep
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« 3D and 2D view of the DDD simulated creep
microstructure of Ni base superalloy at 350 MPa e f
loading along [100] with Mg/Mc = 10. [001]

* Experimental creep microstructure of Ni base T.M. Pollock, A.S. Argon, Acta Metall Mater
superalloy under 552 MPa loading along [001]. 40 (1992) 1-30
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Microstructure at high stress creep
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Rapid alloy prototyping: other alloy systems
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