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METHOD FOR PRODUCING CERAMIC COATINGS CONTAINING
LAYERED POROSITY AND COATED ARTICLES

CROSS REFERENCE TO RELATED APPLICATION
Some of the subject matter disclosed herein is disclosed in commonly owned U.S. patent
application no. 08/972,589, filed on November 18, 1997, entitled "Ceramic Coatings Containing Layered

Porosity”, which is expressly incorporated by reference herein.

BACKGROUND OF THE INVENTION

This invention relates to the field of ceramic thermal barrier coatings and to abradable ceramics
for use in gas turbine seal applications, and more particularly to a method of producing ceramic thermal
barrier coatings and abradable seals comprised of multiple layers in which at least one of the layers is

5  porous.

Gas turbine engines are widely used as sources of motive power, and for other purposes such as
electric generation and fluid pumping. Gas turbine manufacturers face a constant customer demand for
better performance, enhanced efficiency and improved life. One way to improve performance efficiency
and performance is to increase operating temperatures. Increasing operating temperatures usually reduces

10 engine life and is effective only within the limits of materials used in the engine.

Current gas turbine engines are predominantly constructed of metallic materials, with nickel base
and cobalt base superalloys being widely used in the higher temperature portions of the engine. Such
superalloys are currently used in engines at gas temperatures which are very near, and in some cases
above, the melting point of the superalloys. Increases in engine operating temperature are not possible

15  without concurrent steps to protect the superalloys from direct exposure to these high gas temperatures at
which the materials would otherwise melt. Such steps include the provision of cooling air (which reduces
engine efficiency) and the use of insulating coatings.

Insulating ceramic materials, particularly providing these materials in the form of coatings or
thermal barrier coatings, are the primary subject of this invention. Such coatings are most commonly

20  composed of ceramic and are commonly applied by plasma spraying or by electron beam vapor

deposition. This invention focuses on coatings applied by electron beam vapor deposition, which is
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vapor de OSllummun’) ox\lgc l%ycr aS described in U.S. Patent No. 4,405,659, developed by the assignee of the
present invention. Despite the success of this thermal barrier coating and its widespread acceptance there
is a desire for advanced thermal barrier coatings, the principle desired enhancement being improved

10 specific thermal insulation properties, i.e., thermal insulation corrected for density.

If a coating with improved density-corrected insulation properties could be developed, such a
coating could either be used at the same thickness as that now used commercially to reduce heat flow,
thereby allowing for a reduction in cooling air and enabling a corresponding increase in engine efficiency,
or could be used at a reduced thickness to provide the same degree of insulation and heat flow but with

15  reduced coating weight, Such weight reductions are significant, especially on rotating components, since
the weight of the thermal barrier coating results in centrifugal forces during engine operation of thousands
of pounds on a single turbine blade in a large aircraft engine. Reducing blade centrifugal forces has
positive implications in the design requirements of engine components associated with the blade, in
particular the supporting disc.

20 Gas turbine efficiency can also be improved by reducing gas leakage. In particular the clearance
between the tips of the rotating blade and the surrounding case structure must be minimized. This is
commonly accomplished by providing an abradable seal material on the case. In operation the biade tips
cut a channel in the abradable, thus reducing gas leakage. See, e.g, U S. Pat Nos. 4,039,296 and
5,536,022, which are expressly incorporated herein by reference.

25

‘ SUMMARY OF THE INVENTION

The present invention comprises a layered ceramic material, preferably applied as a coating.
Different layers in the structure have different microstructures, with at least one of the layers being
relatively dense and lower defect-containing, and another of the layers being less dense and higher

30  defect-containing. The structure of the less dense layer can be modified by heat treatment to provide
porosity. Porosity provides reduced thermal conductivity, and for seal applications the porosity also
provides improved abradability. The layers are preferably deposited by electron beam physical vapor

deposition. The layers are applied under conditions which produce the previously mentioned differences
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bei ng deposited at a second tenperature “différent an t’he

t enperaghefeato hsseramie layer F%‘zf’sqcp@ﬁ'iéd tﬂfth%caacutmwerrgnms a Zone |

m crostnrcture and at | east one of said |ayers has a Zone 11

m crostructure. 2. A nethod as in claim1l, wherein the step of alternatinb
the tenperature is perfornmed by periodically positioning a heat bl ocking
screen between the evaporant source and the substrate to reduce heat flow.
3. Anethod as in claim1, wherein the |ayer deposited at the | ower
tenperature is the |ayer having the Zone | type mcrostnicture. 4. A method
as in claim1, wherein a sinble evaporant source is used. 5. A nethod as in
claim1, wherein the single evaporant source is conposed of a stabilized
ceria. 6. Anethod as in claim1) wherein the sinble evaporant source is
conposed of a stabilized zirconia.



7. A nethod as in claiml1, wherein said substrate has a surface |ayer
conprised primarily of alumna. 8 A nethod as in claim7, wherein SQGCUUN 2003
alum na | ayer has a thickness of 0. I - 2.0 microns. 9. A nethod as in
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. A2. Aaexpmpleanfl].S Alat. No. 5,514,482, which is expressly incorporated herein by reference. As used herein
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08/764,419, (f)led on M'1y 22, 1998, both entitled "Thermal Barrier Coating Systems and Materials" and

expressly incorporated by reference herein.

The ceramic should be compatible with the bond coat and/or the substrate, the other ceramic
compositions present in the coating, and the operating environment. The ceramic coating may comprise a
30  single ceramic composition (as above) or different ceramic compositions applied as alternating layers.
The critical feature is that the coating be processed to produce altemating Zone 1/Zone 11 (or Zone 11})
layer structures. Preferably, the ceramics utilized are those which exhibit intrinsically low bulk thermal
conductivity. These include stabilized zirconia, ceria with rare earth additions, and oxide pyrochlore

compounds,
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temperatures. Pore closure will not be a significant problem if the use temperature is less than the pore
10 shrinkage temperature,

In some circumstances other layers may be incorporated without detracting from the thermal
insulating benefits of the invention. For example an outer layer may be selected to provide particular
properties desired for particular applications, such as thermal emissivity, hardness, abrasion resistance,
resistance to environmental attack (oxidation, sulfidation, nitridation etc ) and/or resistance to diffusion of

15 adverse environmental species such as oxygen which would adversely affect the underlying coating layer
and/or the bond coat and/or the substrate. For example alumina might be desired as an outer layer
because it is relatively hard and is resistant to the diffusion of oxygen.

For seal applications many of the same considerations apply. Total coating thickness will
generally be greater, up to about 100 mils, preferably 50 mils. Individual layer thickness and pore volume

20  and pore size will be optimized to provide the mechanical properties required for abradability.

What is claimed is:
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6. A method as in claim 1, wherein the single evaporant source is composed of a stabilized
zirconia,

7. A method as in claim 1, wherein said substrate has a surface layer comprised primarily of
alumina.

8 A method as in claim 7, wherein said alumina layer has a thickness of 0.1 - 2.0 microns.

9. A method as in claim 1, wherein said substrate has a bond coat selected from the group

consisting of MCrAlY and aluminide layers and combinations thereof and said alumina fayer is located

on the surface of the bond coat.

10. A method as in claim 1, wherein the total thickness of the layers is from about .05 to

about 5000 microns.
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capable of forming an adherent alumina layer, and further comprising the step of forming an alumina

layer on the substrate.

16. A method as in claim 1, further comprising the step of:
heat treating the layer to produce porosity in one or more of the layers having a Zone |

microstructure.



