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My Teacher and Mentor




My Multicomponent Diffusion Protagonist




Interdiffusion microstructures seen in coated
turbine blades during the summer of 1980.
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Magnified view of interdiffusion microstructures
seen In coated turbine blades
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A Simple Well Defined Goal

Predict the microstructure that occurs when two
materials interdiffuse.

Diffusion Couple model

X
c(x,t) =c® + ACerf
(x )




Application to gas-solid reactions

Treat the solid like half a diffusion couple
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Predicting microstructures in
binary systems with diffusion paths

*Draw an isothermal line between initial alloys on the phase diagram.
*Assume all single phase regions yield a layer in the microstructure.
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Predicting microstructures in ternary systems
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Actual diffusion path
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Five possible microstructures when two single
phase alloys interdiffuse.
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Phase Field Simulation of an interdiffusion
microstructure compared with experiment

Experimental Ni-Cr-Al Microstructure

Phase Field Ni-Cr-Al Simulation




DICTRA and the 1994 Solid-Solid Phase
Transformations Meeting In
Nemacolin Woodlands, USA
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DICTRA simulation of a (y-+B)/(y+B)
diffusion couple and its interpretation
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DICTRA simulation of a complex diffusion path
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DICTRA simulation after naming the phase diagram
regions and segmenting the diffusion path
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Experimental verification of the DICTRA simulation
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Xin Qiao. M.S. Thesis. University of Connecticut. 1998



Three questions about interdiffusion
microstructures

(d) Microstructure of diffusion couple

1. How can one classify the boundaries between regions?

Which way do the boundaries move?
3. How can represent an interdiffusion microstructure

with an efficient notation

N



How can one classify the boundaries between
regions?

(d) MicrostPycture of diffusiok couple
Type 1

Typel
yP Type 2

By the number of phases that change on crossing the boundary

J.E.Morral,, Cheng Jin, Anders Engstrém and John Agren, Scripta Mater. 34 (1996) 1661-1666.



How can one classify the boundaries between
regions?

Three Types of Boundaries: Type 0, 1, and 2.



Which way do the boundaries move?

Boundaries move away from the initial interface

But where is the initial interface?

1.

s W

Matano plane

Initial alloy edge
~Kirkendall markers
Type zero boundary
Diffusion path shape



Type 1 boundary direction as a function of
diffusion path shape
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Boundary motion deduced from the diffusion path
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for interdiffusion microstructures
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Another DICTRA simulation
for a Ni-Cr-Al diffusion couple
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Experimental measurements of
MCrAlY/Superalloy interdiffusion

A Diffusion Path
& Phase Boundary
= Regression
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(d) Microstructure of diffusion couple
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Xin Qiao. M.S. Thesis. University of Connecticut. 1998



The Multicomponent Mountain

Predict Diffusion Couple
Interdiffusion

Five-line nodes

Interdiffusion microstructure maps
Short hand notation

Three types of boundary

Zigzag diffusion paths

Kirkendall porosity

Zero-Flux Planes

Diffusivity measurements

Square root diffusivity

Amount of Interdiffusion

Composition Vector



The Other Side of the Multicomponent
Mountain - Applications

Predict Diffusion Couple ?
Interdiffusion

High Temp. Coatings
Diffusion bonding
Carburizing, Nitriding, Oxidizing
Phase Transformations

Fuel Cells

Powder Processing

Brazing




Application to MCrAlY coatings on turbine blades

Interdiffusion Microstructure Map
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Application to internal oxidation of Cu-Ni

Experimental Microstructure Diffusion Paths
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Five-line nodes

Interdiffusion microstructure maps
Short hand notation

Three types of boundary

Zigzag diffusion paths

Kirkendall porosity

Zero-Flux Planes

Diffusivity measurements

Square root diffusivity

Amount of Interdiffusion

Composition Vector



Challenge 1: Understanding when and
why horns form and how to predict them
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Challenge 2: To understand when and why
Type 3 boundaries form
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Experimental evidence of Type 3 boundaries

Carol, L.A. A study of Interdiffusion in b+g/g+g ' Ni-Cr-Al Alloys at 1200°C,
NASA Contractor Report 174852 (1985).



Challenge 3: To represent diffusion paths in
quaternary and higher order systems.

Challenge 4: To develop thermodynamic and
Kinetic databases that will enable the
discovery of new or improved materials and
processes.



CONCLUSIONS

 Diffusion paths obtained using DICTRA can be a
valuable tool for predicting interdiffusion
behavior.

* There are still phenomena associated with
diffusion paths that need explaining.

« Developing thermodynamic and Kinetic databases
needs to become an international priority before
computational materials science’s potential can be
fully realized.
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