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CMC with outer ceramic layer

The invention relates to a ceramic layer for CMC.

Oxide based Ceramic Matrix Composites (CMCs) provide a higher
temperature capability (~1423K) than superalloys (~1273K) and
guperior oxidation resistance. The limited fracture re-
gigtance and damage tolerance of ceramic materials is sub-

gstantially improved by the fiber reinforcement.

However, the load bearing capacity (mechanical strength) of
these 0X-0X CMCs is also limited by grain growth and reaction
processes with the matrix and/or the environment at 1423K and
higher. With firing temperatures as high as 1873K - 1973K,
oxide-oxide CMCs need thermal barrier coatings (TBC) that
maintain CMCs above 1423K.

It is therefore the aim of the invention to overcome the

above referenced problems.

The tasgk is solved by a CMC part with a TBC or a part with a

CMC component with a TBC according to claim 1.

In the following subclaims further advantages are listed,
wherein the featuresg of the subclaimg can be arbitrarily com-

bined with each other to yield further advantages.

The proposed invention highlights the engineered architecture
of a thermal barrier coating for a better adhesion and emer-
gency running conditions. Better adhesion is achieved by:

(a) increasing mechanical interlocking between CMC and TBC
and also

(b) reducing thermal expansion mismatch between CMC and TBC.
CMC can be used to its full potential, only if the coating

can be integrated in to the gystem design.

For oxide-oxide CMCs, application of the thermal barrier was

achieved by a FGI (Friable Graded Insulation) system. FGI was



10

15

20

25

30

35

WO 2017/157557 PCT/EP2017/051780

co-processged along with CMC, however, currently the hollow
gspheres needed for this coating gystem are not commercially
available. In addition, the capability of the coating to
recession at high surface temperatures (1873K - 1973K) is not

expected to match behavior of zirconia based materials.

The degcription and the figures are only examples of the

invention.

Application of plasma sprayed coating on an unmodified CMC
gsurface is not eagy. Depending upon the local macro roughness
of the ceramic fibergs and matrix infiltration characteris-
ticse, the adhegion of plasma sprayed coatings ig poor.

It was tried to grid blasting in order to roughen the gur-
face, but without effect.

Therefore the invention proposes to use a cutted surface on

which a ceramic bond coat is applied.

The proposed invention embodiments provide significant im-
provements in the ability for plasma sprayed coatings to
adhere to a CMC substrate.

The key advantage for thig approach is the utilization of

cost-effective thermal spray processes for deposgition of the
thermal barrier coating and a interface layer, egpecially a
dense interface layer, which enable rough ceramic bond coats

with alumina, mullite or any suitable ceramic material.

These concepts are applicable to all TBC compositions known
to the skilled in art: single layer 8YSZ, 20YSZ, bilayer: YSZ
pyrochlore, YSZ - 48YSZ, YSZ - 20YSZ, .. and modifications
thereof.

Reliability of TBC adhesion is critical for the CMC/TBC func-

tionality to meet gas turbine hot section components.
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The figure shows a CMC part 4 or a part 1, which comprises a
CMC component 4.

A part 1, preferably with a metallic core 2, is protected by
a CMC component 4.

CMC components 4 or parts 1 are state of the art and well

known.

As a cutting technology preferably a water beam cutting or
lager beam cutting is preferably used. By this cutting method
a roughened surface 10 of the CMC component 4 or CMC part 4
is generated.

Preferably the machined surface 10 was cut perpendicular to
the longitudinal direction of the fibers of the CMC part 4 or
the CMC component 4.

On this rough surface 10 preferably an alumina or a mullite
coating is applied, which is preferably dense and has
preferably a porogity lower then 5%.

Any ceramic material can be used which shows a thermal expan-
gion match with an outer TBC layer 13 and CMC.

Preferably a plasma sprayed coating method is used to apply
the ceramic coatings 7, 13.

This proceed ceramic bond coat 7 has therefore also a macro

rough surface.

Furthermore, the outer TBC layer 13 preferably have engrav-
ings 11, which are produced after applying the TBC layer 13,
especially by a laser engraving or is produced during produc-
tion like denge vertical cracked TBC”s (DVC) which are also

state of the art.
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Patent claims

1.

CMC part (4) or
a part (1) with a CMC component (4),
wherein the CMC part (4) or part (1) with a CM component
(4) has an outer surface (10),
which was generated by a cutting method,
especially by water beam cutting,
wherein any suitable ceramic bond coat (7), an alumina or a
mullite bond coat (7) is applied on this machined outer
gurface (10) and
wherein as an outermost surface a ceramic thermal barrier
coating (13) is present on this ceramic bond coat (7),
which is different to the ceramic bond coat (7),
which (13) has especially engravings (11) in the surface
(16),
which are very especially produced by a laser.

CMC part (4) or part (1) with a CMC component (4)
according to claim 1,
wherein the ceramic bond coat (7) is produced by plasma

spraying.
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3.

CMC part (4) or part (1) with a CMC component (4)
according to one or both of the claims 1 or 2,
wherein the ceramic thermal barrier coating (13) hasg the
composition of a partially stabilized zirconia,
especially YSZ
or
has a ceramic bilayer system of
an underlying, partially stabilized zirconia with an outer
fully stabilized zirconia,
especially 8YSZ-20YSZ
or
a ceramic bilayer with an underlying partially stabilized
zirconia (Zr0O,) and a pyrochlore material as an outermost

layer of the ceramic bilayer.

CMC part (4) or part (1) with a CMC component (4)
according to one or any of the claims 1, 2 or 3,
wherein the machined outer surface (10) was cut perpendicu-
lar to the longitudinal direction of the fibers of the CMC
part (4) or CMC component (4).

CMC part (4) or part (1) with a CMC component (4)
according to one or any of the claims 1, 2, 3 or 4,
wherein the outer ceramic barrier coating (13) has engrav-
ings (11),

especially made by a laser.

CMC part (4) or part (1) with a CMC component (4)
according to one or any of the claims 1, 2, 3, 4 or 5,
has a dense alumina, a mullite or a ceramic bond coat (7),
especially has a porosity lower than 5%vol%.
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