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Alloy Design – Flow Block Diagram Alloy Design Strategies

Thermodynamics-based 
approach to 

computational designing 
alloys with targeted 

phase stability to achieve 
a set of key properties

Thermodynamic step diagrams

Control of Precipitate 
coarsening resistance

DBTT modeling

ICME-based process-structure and structure-
property modeling to guide alloy design

Alloy prototyping strategy

1st Generation Alloy Design

30lb scale prototypes for 
concept evaluation

Preliminary Processing 
Optimization

Experimental evaluations

2nd Generation Alloy Design

1500lb scale prototype for 
property demonstration

Full Processing Optimization

Full Experimental EvaluationM
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• Develop computational tools needed to 
design for creep, oxidation, corrosion 
resistance

• Develop and characterize new ferritic 
superalloy that addresses key issues of 
weldability, creep, oxidation and corrosion 
resistance for A-USC boiler tube applications

• New alloys are needed to enable the 
efficiency goals targeted by the A-USC 
steam boiler programs:
− Improved temperature capability 
− Low cost (ferritic alloys)
− Improved Weldability (lower Type 

IV crack susceptibility)

Fully ferritic, 13Cr alloy
• Avoid FCC-BCC transformation during welding that is 

root cause of high residual stresses, Type IV HAZ 
cracking in current high-Cr ferritic alloys

• 13Cr for improved corrosion/oxidation resistance
Optimized precipitation strengthening
• Ordered B2 (NiAl) and MC carbide strengthening 

dispersions
• Computationally optimized for high coarsening 

resistance for increased operating temperature >650°
• Eliminate embrittling TCP phases from equilibrium at 

operating temperatures
• Precipitation during air cooling to minimize PWHT

Uniform as-welded microstructure, no evidence of 
softening or recrystallization in HAZ

Example Design Parameters:
• Strengthening phase fraction, coarsening rate
• Matrix composition and DBTT
• Driving force for TCP phases at operating temperature

P92 σ(1200°F)P92 σ(RT)

Five concept alloys have been computationally designed, and prototyped at 30lb scale

In Progress:
• Stress/Creep Rupture Testing

• Simulated weld HAZ
• Steam-side Oxidation Testing
• Fireside Corrosion Testing
• Down selection and Scale-up

Exceptional hardness retention RT Strength 20% > than P92 Strength at 1200F 25% > than P92

Strengthening phase present as-cooled (precipitate in weld HAZ without PWHT)

Equiaxed, fine 
grained ferritic 

structure

Fine B2 size 
retained after 

long term 
exposure >700°C

Dual-phase ferrite + B2 microstructure

Phase II 
progress is here

Next Steps
• Down selection and full process 

modeling
• Produce at intermediate (1500lb) scale
• Full range of characterization

Beyond Phase II
• Full commercial-scale production
• Tube formability evaluation
• ASME Boiler Code data development
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