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• Consensus of NIST Workshop held March 21-

22, 2002 Computational Thermodynamics and 

Diffusion Modeling- Promotes continuing interest 

in thermodynamic databases

• Metallurgy Division participation in 

DARPA/AIM/GE program on Turbine Disks

• NIST interest in Combinatorial (High 

Thoughput) Measurement Methods

• Existence of legacy Diffusion in Metals Data 

base at NIST ( J. R. Manning)

Why a Workshop on Diffusion?



 Improve communication between experts in multicomponent
diffusion measurement, analysis and simulation. 

 Establish the most efficient method for extracting diffusion data 
(diffusion coefficients, fluxes, marker location) from 
multicomponent diffusion couple experiments. 

 Provide a forum to solve common diffusion software execution 
problems.

 Agree on a common diffusion mobility data base assessment 
procedure. 

 Establish a general approach to data handling and diffusion 
modeling in ordered phases.  

 Develop standard problems and web site for inter-laboratory 
comparison of diffusion simulation methods and data 
extraction techniques 



Monday May 14, 2007

8:45-9:15  Introduction (Coffee and bagels)

9:15 –9:30  Review of action items from last workshop

9:30-10:15  Calculating diffusion coefficients in non-dilute multi-component solids 

from first principles  (van der Ven)

10:15-11:00  First-principles Calculations of Diffusion Coefficients and Migration 

Entropy (Liu)  

11:00-11:15  Break

11:15-12:00  Dislocation diffusion in metals  (Mishin)

12:00-1:00 Lunch  



Monday May 14, 2007

1:30   Modeling of Diffusion-induced transformations in Ni superalloys (Mirsa)

2:00  Composition-Dependent Ternary Interdiffusion Coefficients in Ni3Al  

(L12) with Ir, Ta or Re alloying additions  (Sohn)

2:30  Effects of solute concentrations on kinetic pathways in Ni-Al-Cr alloys 
(Booth-Morrison) 

3:00  The kinetic pathway of coarsening morphology in a Ni-Al-Cr alloy by 
Lattice Kinetic Monte Carlo simulation  (Mao)

3:30-3:45 Break 

3:45 Modeling Diffusion mobilities in the L12 and B2 phases (Campbell)

4:15  Modeling of oxidation and diffusion in oxides   (Ågren)

5:45  Dinner



Tuesday, May 15

9:00 Welcome to Day 2

9:15-9:45 Educational Tools developed at Union College (Lupulescu)

9:45-10:15  Composition-Dependent Growth Kinetics of Intermetallic Phases in U- Mo 
vs. Al Alloy Diffusion Couples Annealed at 550 C and 600 C  (Sohn)

10:15-10:45 Single Phase Layer Formation at the Initial Interface of Ternary Diffusion 
Couples (Morral)   

10:45-11:00 Break 

11:00-11:30  New Models in DICTRA   (Mason)

11:30 –12:00  Discussion

Lunch/Adjourn   
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 Binary Couples

 Single phase couples

 at 1100 C for 1000 h : Ni/Co

 Multiphase couples

 at 1100 C for 1000 h :  Co/Cr, Co/Mo, Co/Nb, Co/W, Cr/Ta, Cr/W, Cr/Mo, Ni/W, 
Ni/Ta, Ni/Mo, Ni/NiAl(1150 C)

 at 850 C for 4000 h: Ni/W, Co/Fe, Cr/Mo, Cr/Co, Mo/Fe

 at 700 C for 4000 h: Fe/Co, Mo/Cr

 Multicomponent Couples 

 Single Phase 

 at 1150 C for 1000 h: René88 /IN718 and  Ni/René88

 / + ’ or + ’ / + ’ at 1150 C for 1000 h 

 René-95/ René-88 ME3/IN718 IN100/ME3

 U720/IN718 IN100/ René-88 René-95/U720

 IN718/IN100 U720/ME3 René-95/IN718

 ME3/ René-95 ME3/ René-88 IN100/U720

 B2 or + ’ /B2

 at 1150 C for 1000 h: NiAl/ René-88, NiAl/Ta

 at 850 C for 4000 h: NiAl/ René-88, NiAl/Ta

 TCP Couples: (Rene88-X)

 at 1150 C for 1000 h: X= Ta, W

 at 850 C for 4000 h: X=Ta, W, Co, Cr, Fe, Mo, Ni, Ti

 at 700 C for 4000 h: X=Co, Cr, Fe, Mo



 NiAl/Superalloy (UCF)
• CM247/NiAl

• GTD11/NiAl

• IN738/NiAl

• IN939/NiAl

• Waspalloy/NiAl

 FeCrAl-Single Phase BCC  (RPI)
• X2/X3:  Fe-18.5Cr-2.5Al/Fe-15.8Cr-35.7Al (at.%)
• X5/X10: Fe-18.8Cr-25.8Al/Fe-20.6Cr-9.51Al (at.%)
• X4/X6: Fe-5.7Cr-28.1Al/Fe-30.5Cr-18.7Al (at.%) 



Experimental diffusion data

(Binary data)

J.C. Zhao, GE-CRD

NIST Diffusion Data Center

Multicomponent diffusion 

data

B. Mueller, Howmet

J-C. Zhao, GE-CRD

Lattice parameters

Questek

Diffusion Mobility

Database 

NIST

Thermodynamic 

Databases

Thermotech,

UW, NIST

precipitation

Questek, GE

Models for 

mechanical 

properties

GE

NIST also providing guidance on 

precipitation modeling, simple

coding for thermodynamic calculations, 

modeling interfacial energies.
Linear cooling rate 0.2 C/s

Rene-88
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Ni = solvent

Campbell, Boettinger & Kattner,  Acta Mat.50 (2002) 775-792. 

Multicomponent Mobility Database for FCC phase of Superalloys
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IN718 IN100
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 Goal: To make the NIST paper-based diffusion database center 

publicly available.

 Convert to a searchable electronic form to be access over the internet

 Task:
• Need to enter bibliographic and diffusion system 

cards

• Convert paper documents to electronic 

documents 

• Develop searchable database

Motivation 
• Industrial and academic support:  GE $5K initiation 

• Center represents an unique collection summarizing the diffusion work 

between 1965-1980

 Accomplishments (2006)
• Developed database entry strategy

• Entered 14000 bibliographic and system cards

• Database available online



 Goal: To make the 
NIST paper-based 
diffusion database 
center publicly 

available.

Current tasks:

• Testing implementation 

• Scanning unpublished reports

Web site: http://winweb.nist.gov/diffusion/

Can search by 

author or diffusion 

element




