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1. Background and Project Introduction

L. Jiang, 2011

• Martensite 
strengthening 
no longer 
workable at 
760 °C.

• New 
strengthening 
mechanism is 
sought.



4

• Laves phase has demonstrated good properties.
• Sluggish precipitation kinetics.
• Grain boundary precipitates key to good creep strength.
• High enough Cr for hot corrosion resistance.

Finely dispersed Laves phase in a Fe-20Cr-30Ni-2Nb (at.%) steel after a creep test at 
700°C and 120 MPa: (a) boron-doped steel, and (b) boron-free steel  (Takeyama et al.)

1. Background and Project Introduction
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• Identification of new strengthening phases through 
high-throughput exploration together with computational 
thermodynamics.

• Cost-effective steels for AUSC clean coal systems.

Fe Ni

Al, Nb, 
Ti, Si, 
Ta, Cr, 
Mo, …

Mn

Cr, Mn, Nb, 
Ti, Si, Al, C

Superalloys
High-T steels
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• Local equilibrium at phase 
interfaces defines the tie-lines

• Interdiffusion creates all 
single-phase compositions 
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Fe
Cr

Mo

Mo

4 pure Ni shells: 
1.5” diameter x 1.5” height 
With a 1” x 3/4” inside 
opening

8 pure Ni caps: 
1.5” diameter x 3/16” 
in thickness with 
3/16” caps cut off

8 Mo bars:    0.25” x 0.25” x 1.5”              4 Mo plates:  3/8” x 0.25” x 1.5”
8 Fe plates:  3/8” x 0.25” x 1.5”                8 Co plates:  3/8” x 0.25” x 1.5”
4 Cr plates:   3/8” x 0.25” x 1.5”                4 Cr bars:     0.25” x 0.25” x 1.5”

All surfaces need to be grinded to 1200 grit finish 
and ultrasonically cleaned before assembling the 
diffusion multiples.
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11The National Academies Press, Washington, D.C., 2012

GTD222 GTD262
4 years from concept to production

• 2X creep strength ↑
• Ta replacement by Nb: cost ↓
• Computational design: validated with only one set of 4 alloys. 

Inventors:
L. Jiang
J.-C. Zhao
G. Feng

Now widely 
used in GE 
gas turbines

One of the 
two ICME 
examples 
in a NRC 
report.

2. Technical Approach
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1200°C single-anneal Fe-Cr-Mo
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1200°C single-anneal Fe-Cr-Mo
Our data (tielines)
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Dual-Anneal Diffusion Multiples
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SEM image 
of Fe-Mo-Cr
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3. Results
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Three such diffusion multiples are made for different temperature treatments 

Fe-Mn-Cr
Fe-Mn-Al
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Fe-Ni-Cr-Al
Fe-Ni-Nb-Al.
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Computational thermodynamics
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4. Summary

• We have designed and made a diffusion multiple 
to screen for new high temperature austenitic 
steel compositions (Fe-Mn-Cr-Al-Ni-Mo-Nb)

• We designed a ferritic steel with a new 
precipitate identified from a diffusion multiple 
together with thermodynamic calculations;

• We will generate large amount of data and useful 
information to help identify new steel 
compositions, especially high Mn austenitic 
steels.
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5. Future Work

• Property measurements for the ferritic steel 
that has been designed;

• Generate large amount of data and useful 
information to help identify new steel 
compositions, especially high Mn austenitic 
steels;

• Design high Mn austenitic steels for cast 
and property tests.
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Thank you!Thank you!

J.-C. Zhao

zhao.199@osu.edu

DOE/UCR Award FE0008960


