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Description

[0001] Theinventionrelatestoa ceramiccoating which
is used against corrosion especially of the tip seal of a
turbine blade.

[0002] The first stages blades of a gas turbine are ex-
posed to an extreme high temperature and a continuous
degradation of their tip seal, which rub against stator com-
ponents like ring segments or platforms of turbine vanes
during rotation. These stationary components are nor-
mally coated with Thermal Barrier Coatings (TBC’s). The
degradation of the turbine-blade tip-seal occurs due to
its poor mechanical properties against those of the TBC
ceramic coating at high-temperatures. This induces an
increase of the gap between the rotor with a blade tip
seal and stator components, e.g. a ring segment or vane
platform, and by this diminishing the efficiency of the gas
turbine.

[0003] The use of a soft abradable ceramic coating de-
posited on the TBC surface of the stator components has
proof to be a technology that diminishes the efficiency
lost due to the gap opening. However, the tip seal of first
stage turbine blades is still unprotected against wear-
oxidation damage of its metallic material.

[0004] It is therefore aim of the invention to improve a
seal in hot corrosion areas.

[0005] The problem is solved by a powder according
to claim 1, a coating according to claim 2, a turbine blade
according to claim 6, a seal system according to claim
10 and a method according to claim 11.

[0006] Up to now the use of an abrasive coating com-
posed by cBN particles embedded in a metal matrix is
under investigation. This coating system is expected to
be thermal unstable during long-term operation of a tur-
bine due to the high temperature at the blade tip seal.
The standard concept is to use a soft abradable ceramic
coating at the surface of the stator and a MCrAlY coated
blade tip seal, which is not wear resistant at the given
high-temperature conditions.

[0007] The figure shows a schematic view of the in-
vention.
[0008] The figure shows a turbine blade 1 with a tip

coating 13 on his tip 22.

[0009] A substrate 4 of the blade 1 is metallic and com-
prises especially a nickel or cobalt based superalloy.
[0010] The airfoil (where the reference 4 is also show-
ing to) of the blade 1 is coated with a metallic bond coat
7, which is especially NiCoCrAl based e.g. NiCoCrAlY,
NiCoCrAlYTa, NiCoCrAlYRe,... and a ceramic coating
10 (TBC), especially an Yttria stabilized Zirconia and
preferably not containing Alumina Al,O5 inside the coat-
ings 7, 10; despite the Alumina which is formed during
use (or after coating the TBC) by the NiCoCrAl base alloy
as oxidation protection, mostly as an interlayer.

[0011] The proposalis to use a tip coating 13 to protect
it additionally against high-temperature wear, wherein
especially a NiCoCrAl base is bonded or coated on the
tip 22 directly.
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[0012] A NiCoCrAl based coating on the tip 22 below
the tip coating 13 has preferably the same composition
as on the airfoil of the blade 1.

[0013] This is considered to be a part of a seal tech-
nology using abradable coatings on stator components.
[0014] The ceramic material of the powder, this tip
coating 13 or seal system 16 is composed by a Zirconia
toughened ceramic composed by:

*  30wt.% - 70wt.% ZrO, or

*  30wt.% - 70wt.% Y,04 - ZrO,,
or a combination thereof and

e 70wt.% - 30wt.% Al,O4,
e.g. a mixture of stabilized and non-stabilized Zirco-
nia can be used for the mixture in a total amount of
30wt.%-70wt.%.

[0015] Preferably Zirconia (ZrO,) with amount of
40wt.% to 60wt.% and Alumina (Al,O3) with a content
60wt.% to 40wt.% is used.

[0016] The ceramic material can be deposited using
laser powder cladding or spray coating processes like
High-Velocity Oxygen Fuel (HVOF), plasma spraying,
especially Air Plasma Spray (APS) .

[0017] The thickness of the tip coating 13 of the seal
16 lies between 20pm to 200pum.

[0018] The interface 19 between tip coating 13 of the
tip 22 and airfoil coatings 7, 10 can be adapted, e.g. tip
coating 13 can overlap coating 7, 10 (see Figure) of the
airfoil or vice versa or there is no overlap or contact.

Claims
1. Powder,
comprising

especially consisting of

Zirconia (ZrO,)

with amount of 30wt.% to 70wt. %,
especially with amount of 40wt.% to 60wt. %,
and

Alumina (Al,O3)

with a content of 70wt.% to 30wt. %,
especially with amount of 60wt.% to 40wt.%.

2. Coating,
comprising
especially consisting of
a composition of
30 wt. % to 70 wt. % Zirconia (ZrO,),
especially with amount of 40wt.% to 60wt.%,
and
70 wt.% to 30 wt.% Alumina (Al,O3),
especially with amount of 60wt.% to 40wt.%.

3. Powder or coating according to one or both of the
claims 1 or 2,
which comprises at least stabilized Zirconia (ZrO.,),
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especially a partially stabilized Zirconia (ZrO,),
very especially only stabilized Zirconia (ZrO,).

Powder or coating according to any of the claims 1,
2o0r3,

wherein the Zirconia (ZrO,) is stabilized with Yttria
(Y203),

especially with 6, Owt.% to 8,0wt.% Yttria (Y5053) .

Powder or coating according to any of the claims 1,
2,3or4,

wherein the Zirconia (ZrO,) is a mixture of stabilized
and non-stabilized Zirconia (ZrO,).

Turbine blade (1),

having a tip coating (13) according to any of the
claims 2, 3, 4 or 5 on the tip (22) of the blade (1),
especially only on the tip (22) of the blade (1).

Turbine blade according to claim 6,
wherein the substrate (4) of the blade (1) is a nickel-
or cobalt-based superalloy.

Turbine blade according to one or both of the claims
6or7,

wherein the turbine airfoil or other regions than the
tip (22) of the blade (1) have protective coatings,
especially a metallic bond (7),

very especially NiCoCrAl based coating and

a ceramic coating (10),

which is much different from the tip coating (13) of
the tip (22),

especially comprises no Alumina (Al,O5) inside the
coatings (7, 10).

Turbine blade according to one or any of the claims
6,7 or8,

wherein on tip (22) of the blade (1) a metallic bond
(7), very especially a NiCoCrAl based coating,

is present under the tip coating (13).

Seal system (16) of a turbine,
comprising a turbine blade (1) according to any of
the claims 6, 7, 8 or 9.

Method

to produce

a tip coating (13) according to claim 2

or

a turbine blade (1) according to claim 6, 7, 8 or 9
or

a seal system (16) according to claim 10,
wherein a ceramic powder according to any of the
claims 1t0 5

is deposited by laser powder cladding

or

spray coating,

especially HVOF
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or APS,
on a tip (22) of the turbine blade (1).

12. Method according to claim 11,

wherein the tip coating (13) of the tip (22) has a coat-
ing thickness between 20pm to 200pm.
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