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Thermal Barrier Coatines

Increase temperature capability of component
Extend life and/or reduce cooling air
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~1350°C

t
~1150°C
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Element

Anatomy of a TBC System

The Thermal Barrier: 7YSZ
• Low conductivity (k 51 W/mK)
• Strain Tolerant
• Morphologically stable
• Erosion and Corrosion Resistant

The Chemical Barrier: Alumina (TGO)
• Low growth/diffusion kinetics
• Corrosion resistant
• Adhcrent over Ii fe of coating

'the Buffer Layer: Aluminide
» Sufficient Al to maintain stable TGO
• Microstructurally stable
• Adequate creep/yield strength.
• Adequate toughness

The Structural Element: Sttperalloy
• Optimal mechanical properties
• Internally cooled

Thrniutl Battier ('
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90()°(.:: Dominant (111)

• Growth facets always [Ulj
• ''Til" columns grow with (11/1)

facet normal to axis in two
d\ s ti tic t ni orp hoi o| y;i es

• Other column orientations grow
with facets oblique to axis.
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Stationary Deposition
Normal VIA

1000°Q 1.1 jum/min

Step Propagation on

Average Step Height - 2.5 nm
Average Step Spacing ~ 50 nm
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In-Plane Texture Development
Under Oblique Vapor lncidena

Normal VIA (0°) Oblique VIA (45°)
Stationary Deposition, 1100°C, -1 fim/min
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• Ridge misalignment
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Deviations from Dominant Texture

1100°C, 8 RPM
~ 0.9 jiim/min

(flux ~ 3.2 |im/ min)

axis of
substrate
rotation

{220/202}
Pole figure

Larger column orientation scatter
along plane parallel to the rotation axis [002] + ®200] Texture

Thermal Barrier Coating®
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Texture Dispersion on Flat Sapphire

1000°C, 8 RPM, - 0.
{220/202} Pole figure

axis of
substrate
rotation

Reduced scatter in column tip
orientation and texture anisotropy (200] Texture

Thermal Barrier Coatings
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Intercolumnar Gap Porosity

Ts = 1100°Q 8 RPM, 0.9

Area Fraction Measurements:
Intercolumnar porosity

content remains
essentially constant
through thickness

of film.

t = 0
Levi-5/00
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TEM by B. Raschkova
(MH-Stuttgart)
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Root of Columns In TBC
Deposited on Pre-Oxidized

FeCrAiY Substrate
<1100°C, 8-RPM, -0.9 jfiifi/miii)

AID Simulation
on Substrate with

Periodic Roughness

Intercolumnar Gap
Initiation by Shadowing
from TGO Roughness
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Cross Sections Parallel
to C'olumn Axis

900°C k = 1.1 W/mK

h -, 1 ?•; n

1.100°C k « 1.5 W/mK

Rotation rate = 8 RPM
Deposition rate -0.9 |im/min

Flux - 3 J jum/min

Thermal Barrier Coatings
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900°C

Shadowing pattern gives rise to pores a I steps in the growth front.
Features propagate outward from column axis. Net .rate and direction
depend on interplay of local flux with crystallography/surface diffusion.
Subsequent morphological reconfiguration leads to discrete pores.

Thermal Barrier Coatings
Levi-S/00
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Thermal Conductivity of Zirconates

til Maloney (2000)
[2] Maloney (2001)
[3] Vassen et al. (2000)
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aid Fyrochlore Structures 1

O

Fluorite: MX2

Cation
Anion

;: A2B2O7

A - cation Q O-
B - cation £j} O'

Vacant O site

Leckie&Levi-05/01
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ZK)o-(Y/Gd)O

30001 M M | 3000

mole % YO1.5 mole % GdOi.5
l-cckie&Levi-05/01

Thermal Barrier Coatings
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aiiatic Ternary Sectlo:
Q2-YOls-GcldlirAiO:

AlOi.

a
F
t
C

Corundum
Fluorite
tetragonal ZrO2 \
Bixbyite (cubic REO) .

G = Garnet (3:5)
P = Perovskite
Py = Pyrochlore
8 =Zr3Y4Oi2

GdOi.5 YO1.5

Thermal Bmrrmr Coatings
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lermochemical Com
ZrO2-GdO15 with

t = tetragonal Z1O2
m = monoclinic ZrO2
F = Fluorite
Py = Pyrochlore
C = Cubic REO)

ZrO

1200°C

a = Corundum
P = Perovskite (1:1)
M = Monoclinic (2:1)

M

GdOi.f

Lcckic&Levi-05/01
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