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P31 1. Background
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e Engineering materials are multicomponent and often
multiphase.
e Coupling effects!
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DICTRA - Basic calculation procedure

A numerical finite difference scheme is used for
solving a system of coupled parabolic partial
differential equations

Solve Diffusion

Boundary conditions
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All simulations depend on assessed kinetic
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Why mobilities and not diffusion
coefficients?

Individual, intrinsic

Lattice fixed frame of reference, in an n-component
system: n-1 for each component, i.e. nx(n-1).

n é,ﬂk
Dy =uM,y,, —— N\
ou,
Self diffusion But only n
Diffusion of A in pure A mobilities!
DjA =RIM ,,

/

tracer diffusion D*jA =RTM ,,,
interdiffusion, chemical diffusion

Number-fixed frame of reference, in an n-component
system: n-1 for each component, i.e. (n-1)x(n-1).




One Phase diffusion along xin a:
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2. Multicomponent-multiphase
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Ni-Al-Cr: Virtual diffusion path
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Diffusion in dispersed systems with DICTRA

Assumptions:

= Diffusion takes place in
the matrix phase only.

= Equilibrium holds locally
in each node.

Calculate Equilibriun] | New matrix . C;z?lr;)busrlsatlon of high-temperature
new avezr.age 'calculations_> compositions . Inteyrn al oxidation
compositions
A
1
| » Interdiffusion in composite materials
Solve » coating/substrate systems
Diffusion » weldments between steels

I

> joints of dissimilar steels
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One Phase diffusion along x in & :

Jg = —ZD”“ Oct

Equ111br1um locally in each volume element ==
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:&% Zig-Zag diffusion path in two-phase field
EFKTHS (Hopfe, Morral et al. 1994)
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“Real” diffusion path
in two-phase field
Engstrom and Agren 1996
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3. Steel composites
(Helander et al. 1997)
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Tube made by coextrusion and then Low alloy steel
heat treated 1100 °C, 4h. - 0.18C

SS

John E. Morral symposium
TMS2005 — San Francisco
Feb. 13-17 2005




e

B,
ZFKTHS 1.0 L

VETENSKAP

&0 OCH KONST 0%
Send® 2 0.8-

2
£
— 0.6 -
=
5 |
c

DICTRA M | _
{ oy - |
: |
3 |
= 0.2 || B

o
|
T

\

SR : §u!23fH1l' ; I_:{au__ :
EMPA /4 3 2 4 0 1 2 3 4 i

Distance from interface (mm)
Electron diffraction pattern
of particles in stainless steel
close to joint: M,;C,.

John E. Morral symposium
TMS2005 — San Francisco
Feb. 13-17 2005

14



0.30

© o o

— N N

(8] o (6]
] |

0.10

0.05

Volume fraction of M23C6 carbide

Image analysis

DICTRA

0
-0.5

John E. Morral symposium
TMS2005 — San Francisco
Feb. 13-17 2005

T T ~ |
-04 -03 -02 -0.1
Distance from interface (mm)

0

0.1



4. TBC Bond coats

Bt e The bond coat is the “buffer” layer between super
alloy and the ceramic top coat (usually YSZ).

e Al source to produce TGO layer of Al,O5 to protect
the metal from oxidation.

e Bond coat is NiAL+...

e One should minimize interdiffusion between bond
coat and super alloy.

VETENSKAP

Issues:
- Diffusion in super-alloy and bond coat
- Diffusion in ordered structures B2, L1, etc
- Phase equilibria
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- Diffusion in super alloy
55 Ni-Al-Co-Cr-Hf-Mo-Re-Ta-Ti-W in FCC
s Campbell et al. 2002
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Comparisen of calculated and measured diffusion coefficients for Wi—-Cr—Ceo—Me alloys at 1300 °C

Composition {at. %) ﬂﬁ_ﬂ(n;) w 10
M Cr Co Mo Meazured Calenlated

[29] [27]
0. 2%
443 242 241 74 T.5%l.5 10.2 107
453 227 245 74 9719 10.1 106
46.8 208 250 74 29120 9.E5 10.3
483 184 256 73 10142 9.56 100
51.6 152 258 74 82£l6 9.35 274
556 10.8 262 74 69414 895 935
388 64 271 1.7 S4+1.3 .40 8.59
61.2 32 479 1.7 6.8x1.4 494 .03
By,
&40 248 L7 6.6 50+l B 103 10.3
62.7 265 44 6.4 6.0£1.2 551 973
597 263 74 6.6 48£1.0 396 922
472 258 198 7.1 3307 7.01 7.53
457 258 214 71 42408 6.E3 7.58
0.8 259 16.2 7.1 33107 747 7.93
304 240 247 0 337807 3.83 7.09
D
67.9 222 T 6.2 —=2.0+04 —-2.26 —4.69
62.0 6.5 239 16 =1.7403 —-237 227
B,
481 255 260 04 =5741.1 -1.61 —2.08

John E. Morral symposium

TMS2005 - San Francisco * Indicates which thermodynamic database was used to calculate the diffusivities.
Feb. 13-17 2005



CMSX-4 René-N4

hﬂgﬁr&%}g 6l T T i
EKXKTHS .
Yo ocH KONST 82 wit |
4 N .Q\b
COES E i
g | 50°h 1050 °C
Campbell et al. E
Dy —
2002: =
8 component system!
““W0 1% ae 0 M 30 o
Dristance {pm)
ans [ _ oy )
an HHIH"“‘-HH QB e ——
% AFIS M T E &
i s f ,-"l; e ____. LE [T H‘-.I
E /lr( E AME - I\l;
! —".. illl
John E. Morral symposium o ]'_'Ti:tan: (urnT T — CMEXA Distance (um) L

TMS2005 — San Francisco
Feb. 13-17 2005



B Diffusion in ordered structures
iﬂ%’bKTHﬁ%a (Helander and /&gren 1999)
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Al-Fe-Ni B2
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52y AINi-Ni diffusion couple
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S, 5. Kirkendall Effect
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wo extremes of the Kirkendall
effect:

Rate of density (p=1/V, ) change:

—F#V}n —div(J, +J})

m

1. No porosity = Strain rate:

£+ Epy+Ey = ViVm =V div(J, +J,)

m

2.0nly porosity (volume fraction f)):
/,

—=—V div(J, +J})
(I-7,)
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6. Mobility data

Al-Cr-Ni
Simultaneous optimization directly

to concentration profiles in ternary
system with 9 different

diffusion couples as well as and
other pieces of information.

Experimental information from
Nesbitt et. al. 1987.

HAglund 2004
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Example of fit to data
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2931  Conclusions
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e Multicomponent diffusion theory is a
valuable tool in engineering design.

e Databases much needed.

e Fundamental issues:
- Kirkendall effect
- Thermal migration
- Electro migration
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