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Viicrostructure Evolution

Kim and Walter, Mater. Sci. Eng. A360 (2003) 7.

Need to calculate multicomponent diffusion simulations:
" v/B2 ‘ vly IB2
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NT-Al System

Ni-Al Assessment from Ansara et al. (1997).

Assessment by Ansara et al. [97]

1" (NizAl): L1, base structure;
metal sublattice contains a
connected network for nearest
neighbor jJumps for vacancies
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B2 (NiAl) CsCl structure:
metal sublattice requires
jumps between different
sublattices.
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Effactogpe lcal ordering on diffusion

- ﬁexp(
RT R

by Girifalco for a binary system

AQ, =AQ™ B, 5™ ’ = long-range order parameter

a

Pa 1 0N an o Site

e probability of finding A &
omponent systems Helander and Agren, (acta mater., 1999, 47, 1141.)
= contribution to activation energy for

component k as a result of the ordering
of i-] atoms



BEIOTEA55656INg the diffusion mobilities

Eed consider thermodynamics

> DICTRA
‘ Thermodynamics = Diffusion

® If one uses Ni-Data (Thermotech)
Converty and B2
® If one uses a database based Ni-Al by Dupin et. al.
Convert B2
v’ Can convert phase descriptions to a MSL description (Dupin et al.)

— only works if element does not have a stable BCC phase

> Phase Field

* Thermodynamics do not necessarily need to match diffusion description,
depends on model used




Assessment of diffusion in NiAl

Al (Ni,Al,Cr,Va:Al,Ni,Cr,Va)
1amics from N. Dupin, I. Ansara, B. Sundman, CALPHAD, 25,

pISerder Description

'. AQNI = XNIQNI + XAI AI + XCrQCr o XAlleQAl Ni + XCrXNlQCr Ni

A(QAI i XNIQNI + XAI AI + XCrQCr + XAlleQAl Ni

AQCr N XNlQNl + Xal AI B Xer Cr i XCrXNlQCr Ni



Assessment of diffusion in NiAl

NAI (Ni,Al,Cr,Va:Al,Ni,Cr,Va)
namics from N. Dupin, I. Ansara, B. Sundman, CALPHAD, 25,
08
iption fixed Engstrom and Agren assessment 1996

—AQ, _
= j where AQ" = f(c,,T)

OIEEDESCription

ord ord Ni ,, Al ord Ni . , Al
AQNi = AQAl:Ni [yAI Yni = Xa Xni ]"‘ AQNi:Al [yNi Yar — Xa Xy
ord Ni ., Al ord Ni , , Al
+ AQ1va [yAI Yva = XarXva ]"‘ AQyza [yVa Yar = XvaXal
ord Ni ., Al ord Ni  , Al
+AQNQ/A51[yNi Yva _XNiXVa]"'A 'Ni[yNiyVa — XvaXni
ord [, Ni Al | ord [, Ni,Al )
+AQuicr :YA| Yni = XarXer : +AQc . :yCr Yar = XaXcr __
ord Ni ., Al ord Ni ., Al
+ AQWa :yCr Yva = Xcr XVa: + AbV&Cr :yVa Yor — XVaXCr__

ord

Ni . Al Ni . Al
Yer Yai = XerXni |+ AQnicr [Yni Yer — XerXni




Qeeesscd Vobility Parame
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LOMPosition Dependence of BZ

interdifrosion Activation Energy
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el DIt rusion of Ni in NiAl

Temperature (K)
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smentolt diffusion mobilities in Ni;Al

Al) (Ni,Al:NI,Al
description fixed Engstrom and Agren assessment 1996

M-o _AQ *
M. =—exp| —— | where AQ. = f(c,,T
=t p( = j Q =f(c.T)

AQNI - XNIQNI + XAI AI + XCrQCr + XAI XCrQAI Cr + XCrXNlQCr Ni
ACDAI - XNIQNI + XAI AI + XCrQCr + XAlleQAl Ni + XCI‘XNIQCI‘ Ni

A(?Cr - XNIQNI + XAI AI + XCrQCr + XAlleQAl Ni + XAI XCrQAI Cr + XCrXNlQCr Ni

Order Description

Qord Xlrle[yAl le XAIXN|]+AQI(\)I:dAI[yN|yAI — Xar Xni
Ni, , Al

+ AQXIr(:Zr [yAI yCr XAI XCr ]+ AQ((;:dAI [yCr yAI XAI XCr ]
AQS:le ‘yCr le XCrXNl ]+ AQI(\)ITCEZr yNi yCr o XNiXCr
ord

"‘AQerlem [yAI leyAI X XniXar |+ AQaa N.[Y/Tl'YQ'yN. X a1 Xni ]
+AQX{?Ni;N.[yA| Yot Yo — Xar XX +AQ§TdA. LY YA A X XX




ACEESERU NV Obility Parameters of NijAl
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B A ITIS10N Couple at 1200 °C for 40 h
=35.5AI1-3.7Cr at. % / Ni-33.5Al-5.7 Cr at. %
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Hopfe, Son, Morral, Romig, Diffusion in Ordered Alloys, TMS (1993) 69.



PitrosiontGoefficient Composition
pEpeEnvencen the Ni-Al system at 1200 C
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EHEChoT Graddition Ni-48Al (at.%) at 1200 C

DY D ffusivities in the B2 phase
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wBZDiffusion Couple
NI*40AT5Cr/Ni-15A1-20Cr at. %

T=1573 K
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ST B2/Ni Simulation
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Experimental data from J-C Zhao,GE-CRD
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— Dupin (from Ni-AI-C:r reassessment 2001)
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Ultimate Goal
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E. Perez, T. Patterson, Y. Sohn, J. Phase Equil. Diff., 27 (2006) 659.



