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Microstructure Evolution of Ni-base Alloys
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] A real turbine blade made of Ni-base superalloys, a y (fcc)
and y’ (L12) two phase microstructure from a phase-field
simulation, and a schematic phase diagram for the y and vy’
two-phase field.




Evolution Equations in Phase-field Model
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M Is diffusion mobility and L is phase field mobility.




Modeling on Atomic Mobility
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Thermodynamic Database
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Diffusivity in Ni-Al fcc Phase
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Diffusivity in fcc Phase
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Diffusivity in Stoichiometric Compound
(Assessment 1)

Log([Dt(L12,Ni)], m2/s
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Diffusivity vs Composition
(Assessment 1)
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Diffusion Mechanism in L12

Major element (NI)
*¢* Intra-lattice mechanism

Minor element (Al)
“* SiX-jump cycle mechanism
“* anti-site mechanism

** anti-site bridge
mechanism




Diffusivity of Al (1473K)
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Diffusivity of Al (973K)

Self-diffusivity of Al in L12, m2¢
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Atomic Description for Diffusivity

Ni in the fcc NI Matrix:
DNNii = al%”C\/Nia)oNi .I: Ni
Ni in the NisAl Matrix:
D NiAl _gaz CNisAIa)Ni3AI £ NigAl
Ni — — Nig Al ~V 0

Al In the fcc N1 Matrix:

DL\IIi _ N|C Ni (04 Ni £ N
; 5 603
Al In the NisAl Matrix;
Al 3 Ni; Al a)N'3A' 2




Numerical Treatment

Ni —
00 Pa': anti-site factor, Y
PNI — Al
Al

XAI

O (w, ! o,)(w, ] @,) :reflects the impurity-vacancy and impurity-
matrix interactions, assumed to be equal for the diffusion of Al in
NizAl and fcc Ni.
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Dictra Modeling on Diffusivity

Ni In the Ni3Al Matrix:
Dy =exp(-
Al in the fcc Ni Matrix:
Dar’ = exp(
Al In the NI3Al Matrix:

Dy =exp(-
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Numerical Treatment ||

D" Dy AGYY —AGY" + AG'
Ni NiAl exp(- )
D, Dy’ RT
[0 Where AG'=AG,’ +AG) —AG, —AG®, which can be
calculated from the mobility descriptions of the related
disordered phase.




Constraint from Diffusion Mechanism
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Anti-site Factor

Consider reaction:
Ni;Al (L1,) <> (Nig 5 Alg 5 )5 (Nig 5 Al ) ( fec)

Anti-site factor:

—
PY =28~ f ~exp(—
Al X, fo p( RT
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Diffusivity in Stoichiometric Compound
(Assessment 1)
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Diffusivity vs Composition
(Assessment 11)
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Optimized Parameters for Ni,Al

ord ord ord ord
AGAINiAI AGNiNiAI AGAIAINi AGNiAINi

Assessment | | 1.8804e+05 |-9.3253e+04 |6.0418e+05 |-5.8868e+05

Assessment Il | 1.2499e+05 -7.8982e+04 | 3.6406e+05 -5.3770e+05

Units: J/mole




Diffusion in L1, of the Ni-Al-Mo System

Since Mo prefers to occupy Al-sites in NI Al
ordered phase, we assume:

The effect of Al-Mo ordering can be ignored.

The diffusion in the hypothetical Ni;Mo L1,
ordered phase Is similar to that in the NI;Al
phase.

The diffusion of Mo in the L1, ordered phase Is
similar to that of Al.




Diffusivity of Mo in NLAI

Log[Dc(L12,Mo)], m2/s
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Phase Field Simulation vs Experimental Investigation

0 Alloy: Ni-7.7 at.%Al-7.9 at.%Mo
[0 System size: 1024nmx1024nm; Temperature: 1048K; Annealing time: 67h
L0 Left: TEM images; Right: 2D phase-field simulations




Summary

1 The atomic mobility modeling of Ni-Mo and Al-Mo fcc phases has
been carried out based on the available experimental data. By
combining them with previous work on Ni-Al, the mobility database
for the fcc phase of the Ni-Al-Mo system has been developed.

L1 The effect of chemical ordering on atomic mobility is described by a
phenomenological model. The available experimental data for Ni,Al
are used to evaluate the model parameters.

[0 The anti-site mechanism is found to be dominant for Al diffusion in
L1,. The atomic mobility modeling is then refined based on the anti-
site mechanism.

[1 Atomic mobility in the L1, phase of Ni-Al-Mo system is evaluated
from the experimental information in the literature.

[ Using the above atomic mobility in the fcc and L1, phases, phase
field simulations for Ni-Al-Mo alloys have been performed.




	Modeling on Diffusion in Ni-base Superalloy
	Microstructure Evolution of Ni-base Alloys
	Evolution Equations in Phase-field Model
	Modeling on Atomic Mobility
	Thermodynamic Database
	Diffusivity in Ni-Al fcc Phase
	Diffusivity in fcc Phase
	Diffusivity in Stoichiometric Compound (Assessment I)
	Diffusivity vs Composition(Assessment I)
	Diffusion Mechanism in L12
	Diffusivity of Al (1473K)
	Diffusivity of Al (973K)
	Atomic Description for Diffusivity
	Numerical Treatment
	Dictra Modeling on Diffusivity
	Numerical Treatment II
	Constraint from Diffusion Mechanism
	Anti-site Factor
	Diffusivity in Stoichiometric Compound (Assessment II)
	Diffusivity vs Composition(Assessment II)
	Optimized Parameters for Ni3Al
	Diffusion in L12 of the Ni-Al-Mo System
	Diffusivity of Mo in Ni3Al
	Phase Field Simulation vs Experimental Investigation
	Summary

