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Why a Workshop on Diffusion?

NST

» 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

e NIST iInterest in Combinatorial (High Thoughput)
Measurement Methods

* Existence of legacy Diffusion in Metals Data base at
NIST (J. R. Manning)



Goals

NST

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



Agenda

Tuesday, April 19, 2005

8:30- 9:00 Introduction (Coffee and bagels)

9:00 —9:30 Review of action items from last workshop

. Diffusion notation
. Progress on web access to Metallurgy Div. Diffusion Database (Campbell)
. Other

9:30-10:00 Outside the Box on Diffusion Formalisms (DeHoff)

10:00-10:30
10:30-10:45
10:45-11:15
11:15-11:45

11:45-12:15

Intrinsic diffusion simulation for tests of Darken relations (Kulkarni)
Break

Results of NiAl/Superalloy Diffusion Couples (Sohn)

Multiphase Systems (Morral)

Analysis of Interdiffusion Microstructures (Y. Wang)

12:15-1:15 Lunch

NST



Agenda
Thursdax afternoon

1:15-1:45 MultiDiflux Evaluation of Multicomponent Couples (n> 3) (Dayananda)
1:45 -2:15 Comparison of DICTRA and MultiDiflux Results

2:15-2:30 Discussion

2:30-3:00 Effective Diffusivity in Heterogeneous Systems (Mishin)

3:00 — 3:30 Kirkendall effect in multiphase planar layer systems (Boettinger)

3:30 —3:45 Discussion/Break

3:45-4:00 Modeling Diffusion in Ordered Phases (Campbell)

4:00-4:30 Diffusion Modeling in the L1, Phase (T. Wang)

4:30-5:00 Discussion

5:00-5:15 Viewpoint Discussion (Perepezko)

6:00 Dinner: Café Mileto

Wednesday April 20

9:00-9:30 RPI Teaching Modules (Lupulescu, Glicksman)

9:30-10:00 Update on High Throughput approach to Thermodynamics (NSF program ) (Liu)
10:00-11:00 Open discussion

11:00 —12:00 Action items

Lunch/Adjourn

NST



Definitions

Coefficient

General Notation

DICTRA notation

Tracer Diffusivity
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1for FCC and BCC and 1/8 for diamond cubic
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Further testing and refinement of database using GE
Diffusion Couple Data (FY 2003)

Binary Couples
— Single phase couples
e« at1100 °C for 1000 h : Ni/Co
— Multiphase couples

e 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)

e at 850 °C for 4000 h: Ni/W, Co/Fe, Cr/Mo, Cr/Co, Mo/Fe
e at 700 °C for 4000 h: Fe/Co, Mo/Cr
Multicomponent Couples
— Single Phase y
e at 1150 °C for 1000 h: René88 /IN718 and Ni/René88

— vy /ly+y ory+y [y+y at 1150 °C for 1000 h

* René-95/ René-88 ME3/IN718 IN100/ME3
« U720/IN718 IN100/ René-88 Rene-95/U720
« IN718/IN100 U720/ME3 Rene-95/IN718
 MES3/ René-95 ME3/ Rene-88 IN100/U720

- vy/B2ory+y /B2
e at 1150 °C for 1000 h: NiAl/ René-88, NiAl/Ta
e at 850 °C for 4000 h: NiAl/ René-88, NiAl/Ta
—  TCP Couples: (Rene88-X)
e at 1150 °C for 1000 h: X=Ta, W
e at 850 °C for 4000 h: X=Ta, W, Co, Cr, Fe, Mo, Ni, Ti
e at 700 °C for 4000 h: X=Co, Cr, Fe, Mo



NIST participation in GE-AIM (DARPA) Program
v Precipitation Model

Experimental diffusion data
(Binary data) Diffusion Mobility

J.C. Zhao, GE-CRD > Database
NIST Diffusion Data Center NIST \

Multicomponent diffusion Thermodynamic Models for
data Databases -E’ precipitatioﬂ mechanical
B. Mueller, Howmet Thermotech. Questek, GE properties
J-C. ZhaO, GE-CRD UW, NIST GE
p Lattice parameters
Questek
N | )
A NIST also providing guidance on y’
precipitation modeling, simple
2*6‘*@ ¢ ATR coding for thermodynamic calculations,

: modeling interfacial energies.
Linear cooling rate 0.2 °C/s -
NIST
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Multicomponent Mobility Database for FCC phase of Superalloys
Campbell, Boettinger & Kattner, Acta Mat.50 (2002) 775-792.

( T
/"René-N4 (x10-4 m2fs) ) Ni = solvent
Al Co Cr Mo Nb Ta Ti W Reduced (n-1)Diffusion
Al +119.5 +13.93 +34.83 +34.34 +4243 +5150 +4951 +53.22 Matrix at 1293 °C
Co -11.37 +17.00 -825 -567 -555 -1.83 -7.10 -9.69
Cr —426 -537 +1367 -321 +893 +9.91 +825 +249

Mo -833 -0.280 -0426 +757 -055 -036 -0.17 -045
Nb +031 +025 +066 +0.27 +24.05 +0.74 +085 +0.31
Ta -068 +033 +053 +024 +026 +0.76 +050 +0.23
Ti +1.63 +135 +494 +494 +6.25 +6.57 +23.62 +541

QV -181 -062 -055 -060 -122 -083 -0.70 +3.4y
/ René-N5 (x10-14 m?/s) \

Al Co Cr Hf Mo Re Ta W

Al +93.16 +13.92 +33.46 —-6.51 +33.42 2544 +48.63 +50.87
Co -651 +2722 -856 -2764 -495 -511 +387 -9.21
Cr +415 -423 +21.02 -6.25 -022 -0.78 +13.81 +6.89
Hf 0.86 +0.07 +1.70 +262.1 +152 087 +237 +1.84
Mo -03 -030 -030 -1905 +7.71 -025 -0.13 -0.19
Re -075 -032 -036 -259 -025 +0.08 -051 -0.32
-0.03 +033 +098 -417 +064 +0.86 +7.75 +0.87

W -118 -057 -054 -451 -039 -011 -0.76 +o.59/
NIST \




René-88/IN-100; 1000 h at 1150 °C

Initial Interface

T WER ¥ 4 ] p I' &

R88 R A A .l IN100

r i P {*'.‘:,'. E '.

A T ’. --9. .- e BT i <

‘-5. * L "n k. '.‘ : A J

X 0’._ TN S ) N 3 :

“.',';- L \f ke 1
p o ‘.:p 5" }.- e I ‘
gy > e e

. ’1 um- = 5 o8 :. ‘o :

v+ MC carbide | Y+y
NIST

0.2

- T=1150°C
t=1000h :

o
=
(é]

0.05

Mass Fraction in FCC (Gamma)
o
|_\

0

-400 -200 0 200 400

Rene-88 :
Distance ( m)

Experimental data from J-C. Zhao, GE Global Research



René-88/IN-100; 1000 h at 1150 °C

Initial Interface
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Phase Fraction MC carbide

IN-718/IN-100; 1000 h at 1150 °C
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IN-718/IN-100; 1000 h at 1150 °C
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Diffusion Database Center

C. E. Campbell, U.R. Kattner, C. Beauchamp, K. Dotterer, H. Gates, S. Tobery

v Goal: To make the NIST paper-based diffusion database center
publicly available.
» Convert to a searchable electronic form to be access over the internet
* Motivation
* Industrial and academic support: GE $5K initiation

® Center represents an unigque collection summarizing the diffusion work
between 1965-1980

> Task:

* Need to enter 25000 bibliographic and diffusion }
system cards Bitcgapcai e
* Convert paper documents to electronic e
d ocuments Articlo Titlo: ggrt;:g::g;giif:yusion: A Study of the Method of Decrease in
 Develop searchable database . rrea

v" Accomplishments (2003) i sttt
* Developed database entry strategy o s i L e
* Entered 6000 bibliographic cards Pubtsran Losston
* Purchase high speed scanner and software e

NIST




Diffusion Database Center
C. E. Campbell, U.R. Kattner, C. Beauchamp, K. Dotterer, H. Gates, S. Tobery, L. Souders

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

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

available.

Author's Last Name:
Can search by 4‘

author or diffusion
element

Current tasks:
» Testing implementation

« Scanning unpublished reports

NST

Materials Science and Engineéring Laboratory ler___

“Metallurgy Division = , Stondards ond eholoRy

Heme Mission Research Pregrams Persannel Contact Search

NIST Diffusion Data Center

The NIST Diffusion Data Center is a collection of over 14,100 international papers, theses, and government reports
on diffusion published before 1980. These papers are searchable online via this site based on these categories: author,
diffusion system, and keywords. This resource is a useful and functional data source for NIST and the scientific
community, as it provides a means to search the diffusion literature before 1980, a capability that is virtually
nonexistent with other electronic databases, particularly when searching for non-archival journal papers. Some of the
collected papers that are unique to this collection inchude English translations of Japanese and Russian articles and
government issued reports. Currently, there is imited accessibility to these worls.

You can search by iHaIes

or by Diffusion
Element:

“Lanibanises

“*Aclinides

Construction!

Contact information: carelvn.campbell@nist.zov

%J | ocal intranet
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