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Internal Corrosion of Gas Turbine Blades

1%t stage turbine blades

highest thermal and
mechanical loading

Thien, Siemens 2005




Internal Corrosion as a Consegusis
of Protective-Scale

Baufeld et. al.
Scripta Mat. 45 (2001) 859-865

scale spalling/cracking
oxidation of the substrate




Internal Corrosion as a Consequence
of Protective-Scale Failure

Al depletion
=>transition to internal oxidation

and internal corrosion, e.g., nitridation




Internal Corrosion as a Consequence
of Protective-Scale Failure

Alloy 80A, nitrided in N,, after tensile test
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dissolution of the y” phase (N1;Al)
embrittlement + crack formation




Carl Wagner's Theory of Internal Oxidation

parabolic progress:

internal-oxidation depth t)=2v. Dt
p & alloy AB f() YV o)

diffusion PDEs:
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Carl Wagner's Theory of Internal Oxidation

diffusional flux at &

internal-oxidation depth &
alloy AB

precipitation depth &:

£2 = E2c, D, t
vey

for:
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Carl Wagner's Theory of Internal Oxidation
Limitations:

only one type of precipitating compound

internal oxidation , , -
of high thermodynamic stability

(solubility product = 0)

constant surface concentration of corrosive species
(no change in atmosphere or temperature)

constant diffusivities of the reacting species

compare
J.L. Meijering, Adv. Met. Res., Vol. 5,. Wiley 1971, and D. L. Douglass, Ox. Met., 44 (1994) 81




Internal Nitridation of N1-xCr-2T1 Alloys
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Nitrogen Solubility in Ni-Cr Alloys

calculated by ChemApp + Ni-Cr-Al-Ti-N data set
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Cr enhances N solubility in N1 base alloys




Nitrogen Ditfusion in N1-Cr Alloys
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600

500 +
400 +
300 +
200 +
100 +

0

diffusion coetficient Dy [m?/s]

Ni-20Cr-2Ti

1100°C

1000°C

900°C

O 2 4 6 8 10 12 14 16 18 20

107 2
10°8 2
10710
101 |
102
1013

m Ni-5Cr-2Ti
A Ni-10Cr-2Ti
¢ Ni-20Cr-2Ti

square root of exposure time [h?]

/

6,0 7,0 8,0 9,0 10,0

reciprocal temperature [K-! x 10000]

S
2CN..

0
VCy




Finite-Difference Simulation of
Diffusion Processes
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Finite-Difference Simulation of

Diffusion Processes + Precipitation

® ® a2 ChemA local thermodynamic equilibrium
processor ChgmApp
\ + tailored system data base
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2D Finite-Difference Treatment of Diffusion
(Crank Nicolson implicit approach)

c(x, y,t+ At) — c(x, Yy, t)
At
D, (x, y) (c(x - Ax, y, t) = 2c(x, y, t) + c(x + Ax, y, t)
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variable diffusion coefficient Ay, (x,y) Ay, (x, y)

(e.g., location-dependent)




2D Finite-Difference Treatment of Diffusion
(Crank Nicolson implicit approach)

PVM + ChemApp

slaves (individual CPUs) (parallel virtual machine)

3 4 5 6 e ChemApp / system
data base initialisation

® distributed equilibrium
calculations

MatlLab — main program

® D diffusion calculation

® yser interface




Computer Stmulation of Internal Nitridation
(T1iN 1n N1-20Cr-2T1)

concentration profiles: internal corrosion kinetics:
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2D Simulation of Internal Oxidation

mner oxide scale thickness

grain boundaries




Inner Oxide-Scale Growth (X60)

inner oxide-scale thickness [um]
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(1.43wt% Cr, 550°C, air)



Conclusions and Challenges

internal corrosion may result in a strong deterioration
of material properties (near-surface embrittlement, y"dissolution)

internal corrosion at lower temperatures governed by GB diffusion
e.g. grain size effect of inner-oxide-scale growth on low-Cr steels

numerical model combining
-2D finite difference approach
-ChemApp + system data

flexible, sufficiently fast (parallel computation)




