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(57) ABSTRACT

A coating system includes a bond layer including CoNi-
CrAlY; a thermal barrier layer at least partially disposed on
the bond layer and including yttria stabilised zirconia; a
mesh layer connecting the thermal barrier layer to the bond
layer and including CoNiCrAlY; and an abradable layer
disposed on the thermal barrier layer and including magne-
sium spinel. The mesh layer includes a plurality of cells
connected to each other and is at least partially embedded in
the thermal barrier layer. Each cell defines a cell opening
therethrough and the cell opening of each of the plurality of
cells at least partially receives the thermal barrier layer
therein. The abradable layer and the thermal barrier layer are
at least partially removable from the mesh layer and the
bond layer without damaging them.
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COATING SYSTEM AND METHOD FOR
MAINTENANCE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This specification is based upon and claims the
benefit of priority from United Kingdom patent application
number GB 2302779.0 filed on Feb. 27, 2023, the entire
contents of which is incorporated herein by reference.

BACKGROUND

Technical Field

[0002] The present disclosure relates to a coating system
for an article (e.g. a gas turbine engine component) and a
method of maintaining the coating system on the article.

Description of the Related Art

[0003] An article that is exposed to severe environmental
conditions, such as those including high temperatures, cor-
rosive substances, and the like, typically includes a coating
system applied over a substrate thereof for the protection of
the substrate. Such severe environmental conditions may be
present in high-temperature mechanical systems, such as gas
turbine engines. For example, a gas turbine engine compo-
nent, such as a high-pressure seal segment and a nozzle
guide vane, may include a metallic substrate and a coating
system to protect the metallic substrate from oxidation and
hot corrosion.

[0004] One or more layers of the coating system may
partially or fully wear away during use of the article, thereby
rendering the article unsuitable for further use. A conven-
tional coating system may be non-repairable. As a result, an
article including the conventional coating system with worn
away layers may need to be scrapped. Scrapping the article
may be uneconomical. Thus, it may be desirable to repair a
coating system that is worn instead of scrapping the article.
[0005] Therefore, there is a need of a coating system that
is suitable for use in severe environmental conditions and
can be repaired when worn, and a method of maintaining or
repairing the coating system.

SUMMARY

[0006] According to a first aspect there is provided a
coating system for an article. The coating system includes a
bond layer disposed on the article. The bond layer includes
CoNiCrAlY. The coating system further includes a thermal
barrier layer at least partially disposed on the bond layer. The
thermal barrier layer includes yttria stabilised zirconia. The
coating system further includes a mesh layer connecting the
thermal barrier layer to the bond layer. The mesh layer
includes CoNiCrAlY. The mesh layer includes a plurality of
cells connected to each other. The mesh layer extends from
the bond layer and is at least partially embedded in the
thermal barrier layer. Each cell defines a cell opening
therethrough. The cell opening of each of the plurality of
cells at least partially receives the thermal barrier layer
therein. The coating system further includes an abradable
layer disposed on the thermal barrier layer. The abradable
layer includes magnesium spinel. The abradable layer and
the thermal barrier layer are at least partially removable
from the mesh layer and the bond layer without damaging
the mesh layer and the bond layer.
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[0007] The coating system of the present disclosure may
protect a substrate of the article from severe environmental
conditions that include, for example, high temperatures
and/or corrosive substances, and allow the article to operate
in the severe environmental conditions.

[0008] Moreover, the coating system may be repairable.
Specifically, the abradable layer and the thermal barrier layer
may be replaced with a new abradable layer and a new
thermal barrier layer, respectively, to repair the coating
system. As a result, the article may become fit for use after
repairment and thus may be reused.

[0009] In some embodiments, the mesh layer may be a
wire mesh. The wire mesh may allow the mesh layer to at
least partially receive the thermal barrier layer therein.
[0010] In some embodiments, the bond layer has a thick-
ness of from 100 microns to 400 microns.

[0011] In some embodiments, the mesh layer has a thick-
ness of from 100 microns to 400 microns.

[0012] Insomeembodiments, the thermal barrier layer has
a thickness of from 100 microns to 400 microns.

[0013] In some embodiments, the abradable layer has a
thickness of from 300 microns to 1000 microns.

[0014] The aforementioned dimensional ranges of various
layers of the coating system may improve protection pro-
vided by the coating system while facilitating at least partial
removal of the abradable layer and the thermal barrier layer
from the mesh layer and the bond layer without damaging
the mesh layer and the bond layer.

[0015] In some embodiments, the abradable layer and the
thermal barrier layer are at least partially removable from
the mesh layer and the bond layer by water jet stripping.
Water jet stripping may be advantageous over the use of
chemicals and other conventional means, such as abrasive
blasting and machining, for at least partial removal of the
abradable layer and the thermal barrier layer from the mesh
layer and the bond layer. Moreover, certain water stripping
parameters disclosed herein may be used to improve the
efficiency of water jet stripping.

[0016] Insome embodiments, each of the plurality of cells
includes a cell wall. The cell wall includes a first portion that
is at least partially embedded within the bond layer. The first
portion has a first maximum width. The cell wall further
includes a second portion that extends from the first portion
opposite to the bond layer. The second portion is at least
partially embedded in the thermal barrier layer. The second
portion has a second maximum width. The second maximum
width is greater than the first maximum width.

[0017] In some embodiments, each of the first portion and
the second portion has an oval cross-sectional shape.
[0018] Insome embodiments, the cell wall has a minimum
width between the first portion and the second portion.
[0019] The aforementioned shape and dimensional con-
figuration of the cell wall may improve the connection
between the bond layer and the thermal barrier layer.
[0020] In some embodiments, the cell opening of each of
the plurality of cells further at least partially receives the
bond layer therein.

[0021] Therefore, the cell opening of each of the plurality
of cells at least partially receives both the bond layer and the
thermal barrier layer therein, thereby improving the connec-
tion between the bond layer and the thermal barrier layer.
[0022] According to a second aspect there is provided an
article. The article includes a substrate. The article further
includes the coating system of the first aspect.
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[0023] The substrate of the article may be protected from
severe environmental conditions that include, for example,
high temperatures and/or corrosive substances by the coat-
ing system. Therefore, the article may be suitable for opera-
tion in the severe environmental conditions. Advanta-
geously, after undergoing operational wear and tear, the
coating system may be repaired, and the article may be
suitable for use again.

[0024] In some embodiments, the article is a gas turbine
engine component.

[0025] According to a third aspect there is provided a
method for maintaining the coating system of the first aspect
on an article using a water jet device that includes a nozzle
configured to dispense a water jet therefrom. The method
includes placing the article on the water jet device, such that
the coating system faces the nozzle. The method further
includes controlling the water jet device to dispense the
water jet through the nozzle, such that the water jet strikes
the coating system. The water jet has a pressure from 276
Megapascals (MPa) to 345 MPa. The method further
includes controlling a movement of the article and the
nozzle relative to each other, such that the abradable layer
and the thermal barrier layer of the coating system are at
least partially removed from the coating system, and the
mesh layer and the bond layer are at least partially exposed.
[0026] The method of the present disclosure may at least
partially remove the abradable layer and the thermal barrier
from the coating system using water jet stripping, such that
the mesh layer and the bond layer are at least partially
exposed. This may allow application of replacement abrad-
able and thermal barrier layers to repair the coating system.
[0027] In some embodiments, controlling the movement
of the article and the nozzle relative to each other comprises
moving the article relative to the nozzle at a surface speed
of from 13 millimetres per second (mm/s) to 70 mm/s.
[0028] In some embodiments, controlling the movement
of the article and the nozzle relative to each other further
comprises moving the nozzle normally to the article at a
traverse speed of from 0.04 mm/s to 0.22 mm/s.

[0029] In some embodiments, the nozzle extends along a
nozzle axis, and wherein an angle between the nozzle axis
and the coating system is from 15 degrees to 45 degrees.

[0030] In some embodiments, the nozzle is a fan jet
nozzle.
[0031] In some embodiments, wherein the nozzle has a

rotational speed of 1000 rotations per minute (RPM).
[0032] In some embodiments, the nozzle has an orifice
that has a width of 0.5 millimetres.

[0033] In some embodiments, a stand-off distance defined
between the orifice of the nozzle and the article is from 15
mm to 25 mm.

[0034] In some embodiments, the method further includes
completing two to four passes of the nozzle across the
article.

[0035] The aforementioned parameters may be suitable
for at least partially removing the abradable layer and the
thermal barrier layer from the mesh layer and the bond layer
without damaging the mesh layer and the bond layer using
the water jet device.

[0036] In some embodiments, the method further includes
providing a new thermal barrier layer on the exposed mesh
layer and the bond layer. The method further includes
providing a new abradable layer on the new thermal barrier
layer.
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[0037] Providing the new thermal barrier layer and the
new abradable layer may effectively repair the coating
system, such that the article becomes fit for use. The method
may therefore allow repairment of the coating system, which
may be economical as compared to scrapping the article
when the coating system becomes damaged.

[0038] As noted elsewhere herein, the present disclosure
may relate to a gas turbine engine. Such a gas turbine engine
may comprise an engine core comprising a turbine, a com-
bustor, a compressor, and a core shaft connecting the turbine
to the compressor. Such a gas turbine engine may comprise
a fan (having fan blades) located upstream of the engine
core.

[0039] Arrangements of the present disclosure may be
particularly, although not exclusively, beneficial for fans that
are driven via a gearbox. Accordingly, the gas turbine engine
may comprise a gearbox that receives an input from the core
shaft and outputs drive to the fan so as to drive the fan at a
lower rotational speed than the core shaft. The input to the
gearbox may be directly from the core shaft, or indirectly
from the core shaft, for example via a spur shaft and/or gear.
The core shaft may rigidly connect the turbine and the
compressor, such that the turbine and compressor rotate at
the same speed (with the fan rotating at a lower speed). The
gearbox may be a reduction gearbox (in that the output to the
fan is a lower rotational rate than the input from the core
shaft). Any type of gearbox may be used.

[0040] The gas turbine engine as described and/or claimed
herein may have any suitable general architecture. For
example, the gas turbine engine may have any desired
number of shafts that connect turbines and compressors, for
example one, two or three shafts. Purely by way of example,
the turbine connected to the core shaft may be a first turbine,
the compressor connected to the core shaft may be a first
compressor, and the core shaft may be a first core shaft. The
engine core may further comprise a second turbine, a second
compressor, and a second core shaft connecting the second
turbine to the second compressor. The second turbine, sec-
ond compressor, and second core shaft may be arranged to
rotate at a higher rotational speed than the first core shaft.
[0041] In such an arrangement, the second compressor
may be positioned axially downstream of the first compres-
sor. The second compressor may be arranged to receive (for
example directly receive, for example via a generally annu-
lar duct) flow from the first compressor.

[0042] In any gas turbine engine as described and/or
claimed herein, a combustor may be provided axially down-
stream of the fan and compressor(s). For example, the
combustor may be directly downstream of (for example at
the exit of) the second compressor, where a second com-
pressor is provided. By way of further example, the flow at
the exit to the combustor may be provided to the inlet of the
second turbine, where a second turbine is provided. The
combustor may be provided upstream of the turbine(s).
[0043] The or each compressor (for example the first
compressor and second compressor as described above) may
comprise any number of stages, for example multiple stages.
Each stage may comprise a row of rotor blades and a row of
stator vanes, which may be variable stator vanes (in that
their angle of incidence may be variable). The row of rotor
blades and the row of stator vanes may be axially offset from
each other.

[0044] The or each turbine (for example the first turbine
and second turbine as described above) may comprise any
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number of stages, for example multiple stages. Each stage
may comprise a row of rotor blades and a row of stator
vanes. The row of rotor blades and the row of stator vanes
may be axially offset from each other.

[0045] Gas turbine engines in accordance with the present
disclosure may have any desired bypass ratio, where the
bypass ratio is defined as the ratio of the mass flow rate of
the flow through the bypass duct to the mass flow rate of the
flow through the core at cruise conditions. The bypass duct
may be substantially annular. The bypass duct may be
radially outside the engine core. The radially outer surface of
the bypass duct may be defined by a nacelle and/or a fan
case.

[0046] Specific thrust of an engine may be defined as the
net thrust of the engine divided by the total mass flow
through the engine. At cruise conditions, the specific thrust
of an engine described and/or claimed herein may be less
than (or on the order of) any of the following: 110 Nkg™'s,
105 Nkg~'s, 100 Nkg's, 95 Nkg's, 90 Nkg™'s, 85 Nkg~'s
or 80 Nkg™'s. The specific thrust may be in an inclusive
range bounded by any two of the values in the previous
sentence (i.e., the values may form upper or lower bounds),
for example in the range of from 80 Nkg™'s to 100 Nkg~'s,
or 85 Nkg~'s to 95 Nkg~'s. Such engines may be particu-
larly efficient in comparison with conventional gas turbine
engines.

[0047] A fan blade and/or aerofoil portion of a fan blade
described and/or claimed herein may be manufactured from
any suitable material or combination of materials. For
example, at least a part of the fan blade and/or aerofoil may
be manufactured at least in part from a composite, for
example a metal matrix composite and/or an organic matrix
composite, such as carbon fibre.

[0048] The fan of a gas turbine as described and/or
claimed herein may have any desired number of fan blades,
for example 14, 16, 18, 20, 22, 24 or 26 fan blades.

[0049] The skilled person will appreciate that except
where mutually exclusive, a feature or parameter described
in relation to any one of the above aspects may be applied
to any other aspect. Furthermore, except where mutually
exclusive, any feature or parameter described herein may be
applied to any aspect and/or combined with any other
feature or parameter described herein.

DESCRIPTION OF THE DRAWINGS

[0050] Embodiments will now be described by way of
example only, with reference to the Figures, in which:

[0051] FIG. 1 is a sectional side view of a gas turbine
engine;
[0052] FIG. 2 is a schematic cross-sectional view of a

portion of an article including a coating system in accor-
dance with an embodiment of the present disclosure;

[0053] FIG. 3 is a schematic plan view of a portion of a
mesh layer of the coating system in accordance with an
embodiment of the present disclosure;

[0054] FIG. 4A is a schematic cross-sectional view of a
portion of an article in accordance with another embodiment
of the present disclosure with some elements of the coating
system not shown;

[0055] FIG. 4B is a schematic zoomed-in view of a portion
of the article of FIG. 4A in accordance with an embodiment
of the present disclosure;
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[0056] FIG. 5 is a flowchart depicting various steps of a
method for maintaining the coating system on an article in
accordance with an embodiment of the present disclosure;
[0057] FIG. 6 is a schematic diagram of a water jet device
for performing the method of FIG. 5 in accordance with an
embodiment of the present disclosure;

[0058] FIG. 7A is a photograph showing a plan view of an
article with a worn off coating system in accordance with an
embodiment of the present disclosure;

[0059] FIG. 7B is a photograph showing a plan view of the
article of FIG. 7A after undergoing the method of FIG. 5 in
accordance with an embodiment of the present disclosure;
[0060] FIG. 8A is a schematic cross-sectional view of an
article after undergoing the method of FIG. 5 in accordance
with an embodiment of the present disclosure; and

[0061] FIG. 8B is a schematic cross-sectional view of the
article of FIG. 8A after undergoing further steps of the
method of FIG. 5 in accordance with an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0062] Aspects and embodiments of the present disclosure
will now be discussed with reference to the accompanying
figures. Further aspects and embodiments will be apparent to
those skilled in the art.

[0063] FIG. 1 illustrates a gas turbine engine 10 having a
principal and rotational axis 9. The engine 10 comprises an
air intake 12 and a propulsive fan 23 that generates two
airflows: a core airflow A and a bypass airflow B. The gas
turbine engine 10 comprises an engine core 11 that receives
the core airflow A. The engine core 11 comprises, in axial
flow series, a low pressure compressor 14, a high pressure
compressor 15, combustion equipment 16, a high pressure
turbine 17, a low pressure turbine 19, and a core exhaust
nozzle 20. A nacelle 21 surrounds the gas turbine engine 10
and defines a bypass duct 22 and a bypass exhaust nozzle 18.
The bypass airflow B flows through the bypass duct 22. The
fan 23 is attached to and driven by the low pressure turbine
19 via a shaft 26 and an epicyclic gearbox 30.

[0064] In use, the core airflow A is accelerated and com-
pressed by the low pressure compressor 14 and directed into
the high pressure compressor 15 where further compression
takes place. The compressed air exhausted from the high
pressure compressor 15 is directed into the combustion
equipment 16 where it is mixed with fuel and the mixture is
combusted. The resultant hot combustion products then
expand through, and thereby drive, the high pressure and
low pressure turbines 17, 19 before being exhausted through
the core exhaust nozzle 20 to provide some propulsive
thrust. The high pressure turbine 17 drives the high pressure
compressor 15 by a suitable interconnecting shaft 27. The
fan 23 generally provides the majority of the propulsive
thrust. The epicyclic gearbox 30 is a reduction gearbox.
[0065] Note that the terms “low pressure turbine” and
“low pressure compressor” as used herein may be taken to
mean the lowest pressure turbine stages and lowest pressure
compressor stages (i.e., not including the fan 23) respec-
tively and/or the turbine and compressor stages that are
connected together by the interconnecting shaft 26 with the
lowest rotational speed in the engine (i.e., not including the
gearbox output shaft that drives the fan 23). In some
literature, the “low pressure turbine” and “low pressure
compressor” referred to herein may alternatively be known
as the “intermediate pressure turbine” and “intermediate
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pressure compressor”. Where such alternative nomenclature
is used, the fan 23 may be referred to as a first, or lowest
pressure, compression stage.

[0066] Other gas turbine engines to which the present
disclosure may be applied may have alternative configura-
tions. For example, such engines may have an alternative
number of compressors and/or turbines and/or an alternative
number of interconnecting shafts. By way of further
example, the gas turbine engine 10 shown in FIG. 1 has a
split flow nozzle 18, 20 meaning that the flow through the
bypass duct 22 has its own nozzle 18 that is separate to and
radially outside the core exhaust nozzle 20. However, this is
not limiting, and any aspect of the present disclosure may
also apply to engines in which the flow through the bypass
duct 22 and the flow through the core 11 are mixed, or
combined, before (or upstream of) a single nozzle, which
may be referred to as a mixed flow nozzle. One or both
nozzles (whether mixed or split flow) may have a fixed or
variable area. Whilst the described example relates to a
turbofan engine, the disclosure may apply, for example, to
any type of gas turbine engine, such as an open rotor (in
which the fan stage is not surrounded by a nacelle) or
turboprop engine, for example. In some arrangements, the
gas turbine engine 10 may not comprise a gearbox 30.
[0067] The geometry of the gas turbine engine 10, and
components thereof, is defined by a conventional axis sys-
tem, comprising an axial direction (which is aligned with the
rotational axis 9), a radial direction (in the bottom-to-top
direction in FIG. 1), and a circumferential direction (per-
pendicular to the page in the FIG. 1 view). The axial, radial,
and circumferential directions are mutually perpendicular.
[0068] FIG. 2 shows a schematic cross-sectional view of
a portion of an article 50 in accordance with an embodiment
of the present disclosure.

[0069] The article 50 may be intended to be used in severe
environmental conditions that include, for example, high
temperatures and/or corrosive substances. In some
examples, the article 50 may be a part of a high-temperature
mechanical system. One example of such high-temperature
mechanical system includes a gas turbine engine, such as the
gas turbine engine 10 of FIG. 1. In some embodiments, the
article 50 may include a gas turbine engine component. For
example, the article 50 may be a component of the gas
turbine engine 10 of FIG. 1. The gas turbine engine com-
ponent may include a seal segment, a nozzle guide vane
(NGV), or any other component of the gas turbine engine 10.
[0070] The article 50 includes a substrate 52. The substrate
52 may be a structural body of the article 50. The substrate
52 may therefore be made from any material suitable for
providing structural integrity to the article 50. In some
embodiments, the substrate 52 may include a metal or a
metal alloy. The substrate 52 may include, but is not limited
to, nickel-based alloys, iron-nickel-based alloys, cobalt-
based alloys, molybdenum-based alloys, and niobium-based
alloys.

[0071] The article 50 further includes a coating system
100. The coating system 100 may be disposed on the
substrate 52. In other words, the substrate 52 may be coated
with the coating system 100.

[0072] The coating system 100 includes a bond layer 110
disposed on the article 50. Specifically, the bond layer 110
may be disposed on the substrate 52. More specifically, the
bond layer 110 may be disposed on an outer surface 53 of the
substrate 52. The bond layer 110 includes CoNiCrAlY. As
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used in the present disclosure, the term “CoNiCrAlY” refers
to a multi-phase polycrystalline material. CoNiCrAlY
includes cobalt, nickel, chromium, aluminium, and yttrium.
“Co” denotes cobalt, “Ni” denotes nickel, “Cr” denotes
chromium, “Al” denotes aluminium, and “Y” denotes
yttrium. CoNiCrAlY may also include a trace amount of
other compounds and impurities.

[0073] The bond layer 110 may have a thickness 110T of
from 100 microns to 400 microns. In some embodiments,
the bond layer 110 may be substantially continuous. In some
embodiments, the thickness 110T of the bond layer 110 may
vary from 100 microns to 400 microns along the length
and/or breadth of the substrate 52.

[0074] The bond layer 110 may be deposited using any
suitable technique, such as low-pressure plasma spraying
(LPPS) (also known as vacuum plasma spraying (VPS)).
However, other deposition techniques may be employed to
deposit the bond layer 110, and the disclosure is not limited
thereto. For example, sputtering flame spray, physical
vapour deposition (PVD), high velocity oxyfuel (HVOF)
spraying, and the like, may be alternatively employed to
deposit the bond layer 110.

[0075] The coating system 100 further includes a thermal
barrier layer 120. The thermal barrier layer 120 is at least
partially disposed on the bond layer 110. The thermal barrier
layer 120 includes yttria stabilised zirconia. As used in the
present disclosure, the term “Yttria stabilized zirconia” or
“YSZ” refers to a ceramic that includes a cubic crystal
structure of zirconium dioxide that is stabilized by addition
of yttrium oxide.

[0076] The thermal barrier layer 120 may have a thickness
120T of from 100 microns to 400 microns. In some embodi-
ments, the thickness 120T of the thermal barrier layer 120
may vary from 100 microns to 400 microns along the length
and/or breadth of the substrate 52.

[0077] The thermal barrier layer 120 may be deposited
using any suitable technique, such as air plasma spraying
(APS). However, other deposition techniques may be
employed to deposit the thermal barrier layer 120, and the
disclosure is not limited thereto. For example, physical
vapor deposition (PVD) techniques may be alternatively
employed to deposit the thermal barrier layer 120.

[0078] The coating system 100 further includes a mesh
layer 130. The mesh layer 130 connects the thermal barrier
layer 120 to the bond layer 110. The mesh layer 130 is also
shown in FIG. 3. The mesh layer 130 includes a plurality of
cells 131 (only one shown in FIG. 2) connected to each
other. Each cell 131 defines a cell opening 132 therethrough.
[0079] The mesh layer 130 extends from the bond layer
110 and is at least partially embedded in the thermal barrier
layer 120. More specifically, the cell opening 132 of each of
the plurality of cells 131 at least partially receives the
thermal barrier layer 120 therein.

[0080] Referring to FIGS. 2 and 3, each of the plurality of
cells 131 may include a cell wall 134. The cell wall 134 of
each of the plurality of cells 131 may define its periphery.
The cell wall 134 may further define the cell opening 132.
It may be noted that the cell wall 134 may be shared between
adjacent cells 131 from the plurality of cells 131. In the
illustrated embodiment of FIG. 3, the cell opening 132 of
each of the plurality of cells 131 has a rectangular, and more
specifically, a square shape. However, it may be noted that
the cell opening 132 of each of the plurality of cells 131 may
have any suitable shape, such as circular, triangular, polygo-
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nal, etc., depending upon the configuration of the cell wall
134, and the disclosure is not limited thereto.

[0081] The mesh layer 130 may have a thickness 130T of
from 100 microns to 400 microns. The cell wall 134 may
define the thickness 130T of the mesh layer 130. In some
embodiments, the thickness 130T of the mesh layer 130 may
vary from 100 microns to 400 microns along the length
and/or breadth of the substrate 52.

[0082] The mesh layer 130 includes CoNiCrAlY. In some
embodiments, the mesh layer 130 may be a wire mesh. That
is, the mesh layer 130 may be a wire mesh made from
CoNiCrAlY, with one or more wires defining the cell walls
134 of the plurality of cells 131. In some other embodiments,
the mesh layer 130 may be formed by deposition of CoNi-
CrAlY. In some embodiments, the mesh layer 130 may be
formed by direct laser deposition of CoNiCrAlY. However,
other suitable deposition techniques may be alternatively
employed to form the mesh layer 130, and the disclosure is
not limited thereto.

[0083] While not illustrated in FIG. 2, in some embodi-
ments, the mesh layer 130 may be further at least partially
embedded within the bond layer 110, such that the cell
opening 132 further at least partially receives the bond layer
110 therein.

[0084] The coating system 100 further includes an abrad-
able layer 140 disposed on the thermal barrier layer 120. The
abradable layer 140 includes magnesium spinel. As used in
the present disclosure, the term “magnesium spinel” or
“MgSpinel” refers to a mineral having the composition
(MgAlL,0,). The term “magnesium spinel” also includes
magnesium-aluminium spinel, for example, having the com-
position MgAl,, ,O ., 5., Where X is a number from 0 to
1.

[0085] The abradable layer 140 may have a thickness
140T of from 300 microns to 1000 microns. In some
embodiments, the thickness 140T may be from 500 microns
to 800 microns. In some embodiments, the thickness 140T
of the abradable layer 140 may vary from 300 microns to
1000 microns along the length and/or breadth of the sub-
strate 52.

[0086] The abradable layer 140 may be deposited using
any suitable technique, such as air plasma spraying (APS).
However, other deposition techniques may be employed to
deposit the abradable layer 140, and the disclosure is not
limited thereto. For example, suspension plasma spraying,
physical vapour deposition (PVD), cathodic arc deposition,
slurry deposition, and the like may be alternatively
employed to deposit the abradable layer 140.

[0087] The coating system 100 may protect the substrate
52 from severe environmental conditions that include, for
example, high temperatures and/or corrosive substances,
and allow the article 50 to operate in the severe environ-
mental conditions.

[0088] Specifically, the bond layer 110 may reduce or
prevent formation of an oxide layer on the substrate 52. As
a result, the bond layer 110 may reduce or prevent sheet
spallation of the thermal barrier layer 120. Moreover, the
bond layer 110 may allow creep relaxation at high tempera-
tures. In other words, the bond layer 110 may enhance the
degree of compliance between the substrate 52 and the
thermal barrier layer 120, thereby reducing the risk of a
strain-based failure of the coating system 100.

[0089] As discussed above, the mesh layer 130 connects
the thermal barrier layer 120 to the bond layer 110. The mesh
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layer 130 may function as an adhesion promoter layer
between the bond layer 110 and the thermal barrier layer
120. Specifically, the mesh layer 130 may provide a
“mechanical key” between the bond layer 110 and the
thermal barrier layer 120, and thus may increase robustness
of the coating system 100 to strain-based failures.

[0090] Moreover, the mesh layer 130 may cause the
thermal barrier layer 120 and the abradable layer 140 to
crack in a localised manner. That is, local sections of the
thermal barrier layer 120 and the abradable layer 140 may
crack without significantly affecting adjacent local sections.
The local sections may correspond to the mesh layer 130,
and specifically to a shape of the cell openings 132 of the
plurality of cells 131. Cracking of the thermal barrier layer
120 and the abradable layer 140 in such localised manner
may reduce the risk of sheet strain-based failure of the
coating system 100. Consequently, the abradable layer 140
may abrade or break in a controlled manner when exposed
to mechanical forces of sufficient force. The abradable layer
140 may also thermally protect the substrate 52.

[0091] The thermal barrier layer 120 typically has a coet-
ficient of thermal expansion between that of the abradable
layer 140, which is typically quite low, and the metallic
layers (i.e., the bond layer 110 and the mesh layer 130),
which is typically quite high. The thermal barrier layer 120
may effectively create an inter-stage between the abradable
layer 140 and the metallic layers, thereby reducing relative
thermal growths between them, and thus may reduce strain-
based failures. The thermal barrier layer 120 may also assist
in keeping the bond layer 110, the mesh layer 130, and the
abradable layer 140 secured together.

[0092] The abradable layer 140 and the thermal barrier
layer 120 are at least partially removable from the mesh
layer 130 and the bond layer 110 without damaging the mesh
layer 130 and the bond layer 110. In some embodiments, the
abradable layer 140 and the thermal barrier layer 120 may be
at least partially removable from the mesh layer 130 and the
bond layer 110 by water jet stripping. For example, a water
jet device (not shown in FIG. 2) may be employed to at least
partially remove the abradable layer 140 and the thermal
barrier layer 120 from the mesh layer 130 and the bond layer
110. The water jet device may be operated with certain
parameters for optimal removal of the abradable layer 140
and the thermal barrier layer 120. Such parameters will be
discussed later with reference to FIG. 5.

[0093] The abradable layer 140 and the thermal barrier
layer 120 being least partially removable from the mesh
layer 130 and the bond layer 110 without damaging the mesh
layer 130 and the bond layer 110 may enable repairment of
the coating system 100. Specifically, the abradable layer 140
and the thermal barrier layer 120 may be replaced with a
new abradable layer and a new thermal barrier layer, respec-
tively, to repair the coating system 100. As a result, the
article 50 may become fit for use after repairment and thus
may be reused.

[0094] FIG. 4A shows a schematic cross-sectional view of
a portion of an article 60 in accordance with another
embodiment of the present disclosure. The article 60 is
similar to the article 50 of FIG. 2, with like elements
designated by like reference characters. However, the article
60 has a different configuration of the coating system 100 as
compared to the article 50 of FIG. 2. Specifically, the coating
system 100 of the article 60 has a different configuration of
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the mesh layer 130 than that of FIG. 2. Some elements of the
coating system 100 and the article 60 are not shown in FIG.
4A for illustrative purposes.

[0095] FIG. 4B shows a schematic zoomed-in view of a
portion 69 of the article 60 in accordance with an embodi-
ment of the present disclosure.

[0096] Referring to FIGS. 4A and 4B, in some embodi-
ments, the cell wall 134 may include a first portion 136 that
is at least partially embedded within the bond layer 110. In
some embodiments, as shown in FIG. 4B, the first portion
136 may further be at least partially embedded in the thermal
barrier layer 120. The first portion 136 may have a first
maximum width 136W.

[0097] The cell wall 134 may further include a second
portion 138 that extends from the first portion 136 opposite
to the bond layer 110. The second portion 138 may be at
least partially embedded in the thermal barrier layer 120.
The second portion 138 may have a second maximum width
138W. The second maximum width 138W may be greater
than the first maximum width 136 W. In some embodiments,
the second maximum width 138W may be greater than the
first maximum width 136W by a factor of from 1.1 to 1.5.

[0098] In some embodiments, the cell wall 134 may have
a minimum width 135W between the first portion 136 and
the second portion 138. Moreover, as shown in FIG. 4B, in
some embodiments, each of the first portion 136 and the
second portion 138 may have an oval cross-sectional shape.

[0099] The shape and dimensional configuration of the
cell wall 134, as shown in FIGS. 4A and 4B, may improve
the connection between the bond layer 110 and the thermal
barrier layer 120.

[0100] FIG. 5 shows a flowchart depicting various steps of
a method 200 for maintaining the coating system 100 on an
article (e.g., the article 50 of FIG. 2 or the article 60 of FIG.
4A) in accordance with an embodiment of the present
disclosure. The method 200 uses a water jet device (e.g., a
water jet device 300 shown in FIG. 6) that includes a nozzle
configured to dispense a water jet therefrom. The water jet
device 300 includes a nozzle 310 configured to dispense a
water jet 320 therefrom. FIG. 6 also shows x, y, and z axes.
The method 200 will be described with additional reference
to the water jet device 300 of FIG. 6. The coating system 100
is shown schematically in FIG. 6 with some details omitted
for illustrative purposes.

[0101] At step 210, the method 200 includes placing the
article on the water jet device, such that the coating system
100 faces the nozzle. It may be noted that placing the article
on the water jet device includes mounting, clamping, fas-
tening, etc., of the article on the water jet device. The water
jet device may include means for allowing rotational and/or
translation motion of the article with respect to the nozzle.
Referring to FIG. 6, the method 200 may include placing the
article 50 on a table (not shown) of the water jet device 300.
The table may provide rotational and/or translation motion
to the article 50.

[0102] At step 220, the method 200 further includes con-
trolling the water jet device to dispense the water jet through
the nozzle, such that the water jet strikes the coating system
100. The water jet has a pressure from 276 Megapascals
(MPa) to 345 MPa. For example, referring to FIG. 6, the
method 200 may include controlling the water jet device 300
to dispense the water jet 320 through the nozzle 310, such
that the water jet 320 strikes the coating system 100. More
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specifically, the water jet 320 may strike at least the abrad-
able layer 140 and the thermal barrier layer 120.

[0103] At step 230, the method 200 further includes con-
trolling a movement of the article and the nozzle relative to
each other, such that the abradable layer 140 and the thermal
barrier layer 120 of the coating system 100 are at least
partially removed from the coating system 100, and the
mesh layer 130 and the bond layer 110 are at least partially
exposed. Referring to FIG. 6, for example, the method 200
may include controlling a movement of the article 50 and the
nozzle 310 relative to each other, such that the abradable
layer 140 and the thermal barrier layer 120 of the coating
system 100 are at least partially removed from the coating
system 100, and the mesh layer 130 and the bond layer 110
are at least partially exposed.

[0104] FIG. 7A shows a photograph of the article 50 with
damaged or worn off thermal barrier layer 120 and abradable
layer 140 (see FIG. 2 for reference). The method 200 may
be employed to remove the damaged or worn off thermal
barrier layer 120 and abradable layer 140 of the coating
system 100.

[0105] FIG. 7B shows a photograph of the article 50 after
undergoing step 230 of the method 200. As shown in FIG.
7B, the mesh layer 130 and the bond layer 110 (see FIG. 2
for reference) are at least partially exposed.

[0106] In some embodiments, controlling the movement
of the article and the nozzle relative to each other includes
moving the article relative to the nozzle at a surface speed
of from 13 millimetres per second (mm/s) to 70 mm/s.
Referring to FIG. 6, for example, the article 50 may be
moved relative to the nozzle 310 at the surface speed of from
13 mm/s to 70 mm/s substantially along the x-axis and/or the
y-axis.

[0107] In some embodiments, controlling the movement
of the article and the nozzle relative to each other further
includes moving the nozzle normally to the article at a
traverse speed of from 0.04 mm/s to 0.22 mm/s. Referring
to FIG. 6, for example, the nozzle 310 may be moved
relative to the article 50 at the traverse speed of from 0.04
mm/s to 0.22 mny/s substantially along the z-axis.

[0108] In some embodiments, the nozzle may extend
along a nozzle axis. Further, an angle between the nozzle
axis and the coating system 100 may be from 15 degrees to
45 degrees. Referring to FIG. 6, the nozzle 310 may extend
along a nozzle axis 311. An angle o between the nozzle axis
311 and the coating system 100 may be from 15 degrees to
45 degrees.

[0109] In some embodiments, the nozzle may be a fan jet
nozzle. Referring to FIG. 6, for example, the nozzle 310 may
be a fan jet nozzle.

[0110] In some embodiments, the nozzle may have a
rotational speed of 1000 rotations per minute (RPM). The
nozzle may rotate about the nozzle axis. Referring to FIG. 6,
for example, the nozzle 310 may have a rotational speed of
1000 RPM about the nozzle axis 311.

[0111] In some embodiments, the nozzle may have an
orifice that has a width of 0.5 millimetres. For example, the
nozzle 310 may have an orifice 312 that has a width 312W
of 0.5 millimetres. The width 312W may be a maximum
width of the orifice 312. In some embodiments, the width
312W may correspond to a diameter of the orifice 312.
[0112] In some embodiments, a stand-off distance defined
between the orifice of the nozzle and the article may be from
15 mm to 25 mm. Referring to FIG. 6, for example, a
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stand-off distance 305 defined between the orifice 312 of the
nozzle 310 and the article 50 may be from 15 mm to 25 mm.
[0113] In some embodiments, the method 200 may further
include completing two to four passes of the nozzle across
the article. For example, the method 200 may include
completing two to four passes of the nozzle 310 across the
article 50. This may ensure that the thermal barrier layer 120
and the abradable layer 140 are properly removed from the
coating system 100.
[0114] In some embodiments, the water jet device 300
may be operated using closed-loop process control. Alter-
natively, the water jet device 300 may be manually operated.
The aforementioned parameters may be suitable for at least
partially removing the abradable layer 140 and the thermal
barrier layer 120 from the mesh layer 130 and the bond layer
110, without damaging the mesh layer 130 and the bond
layer 110, by using a water jet device.
[0115] FIG. 8A shows a schematic cross-sectional view of
the article 50 after undergoing step 230 of the method 200
of FIG. 5.
[0116] FIG. 8B shows a schematic cross-sectional view of
the article 50 that is further maintained using the method
200.
[0117] As shown in FIG. 8A, after performance of step
230 on the article 50, the mesh layer 130 and the bond layer
110 may be at least partially exposed. Referring to FIGS. 5,
6, 8A, and 8B, in some embodiments, the method 200 may
further include providing a new thermal barrier layer on the
exposed mesh layer and the bond layer. The method 200 may
further include providing a new abradable layer on the new
thermal barrier layer. For example, as shown in FIG. 8B, the
method 200 may further include providing a new thermal
barrier layer 120N on the exposed mesh layer 130 and the
bond layer 110. The method 200 may further include pro-
viding a new abradable layer 140N on the new thermal
barrier layer 120N. The new thermal barrier layer 120N may
be substantially similar to the thermal barrier layer 120
described above with reference to FIG. 2. The new abradable
layer 140N may be substantially similar to the abradable
layer 140 described above with reference to FIG. 2.
[0118] Providing the new thermal barrier layer 120N and
the new abradable layer 140N may effectively repair the
coating system 100, such that the article 50 becomes fit for
use. The method 200 may therefore allow repairment of the
coating system 100, which may be economical as compared
to scrapping the article 50 when the coating system 100
becomes damaged.
[0119] It will be understood that the invention is not
limited to the embodiments above-described and various
modifications and improvements can be made without
departing from the concepts described herein. Except where
mutually exclusive, any of the features may be employed
separately or in combination with any other features and the
disclosure extends to and includes all combinations and
sub-combinations of one or more features described herein.

We claim:

1. A coating system for an article, the coating system
comprising:

a bond layer disposed on the article and comprising

CoNiCrAlY;

a thermal barrier layer at least partially disposed on the
bond layer, the thermal barrier layer comprising yttria
stabilised zirconia;
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a mesh layer connecting the thermal barrier layer to the
bond layer, the mesh layer comprising CoNiCrAlY,
wherein the mesh layer comprises a plurality of cells
connected to each other, wherein the mesh layer
extends from the bond layer and is at least partially
embedded in the thermal barrier layer, wherein each
cell defines a cell opening therethrough, and wherein
the cell opening of each of the plurality of cells at least
partially receives the thermal barrier layer therein; and

an abradable layer disposed on the thermal barrier layer
and comprising magnesium spinel;

wherein the abradable layer and the thermal barrier layer
are at least partially removable from the mesh layer and
the bond layer without damaging the mesh layer and
the bond layer.

2. The coating system of claim 1, wherein the bond layer

has a thickness of from 100 microns to 400 microns.

3. The coating system of claim 1, wherein the mesh layer
has a thickness of from 100 microns to 400 microns.

4. The coating system of claim 1, wherein the thermal
barrier layer has a thickness of from 100 microns to 400
microns.

5. The coating system of claim 1, wherein the abradable
layer has a thickness of from 300 microns to 1000 microns.

6. The coating system of claim 1, wherein the abradable
layer and the thermal barrier layer are at least partially
removable from the mesh layer and the bond layer by water
jet stripping.

7. The coating system of claim 1, wherein each of the
plurality of cells comprises a cell wall, the cell wall com-
prising:

a first portion that is at least partially embedded within the
bond layer, the first portion having a first maximum
width; and

a second portion that extends from the first portion
opposite to the bond layer and is at least partially
embedded in the thermal barrier layer, the second
portion having a second maximum width, wherein the
second maximum width is greater than the first maxi-
mum width.

8. The coating system of claim 7, wherein each of the first
portion and the second portion has an oval cross-sectional
shape.

9. The coating system of claim 7, wherein the cell wall has
a minimum width between the first portion and the second
portion.

10. The coating system of claim 1, wherein the cell
opening of each of the plurality of cells further at least
partially receives the bond layer therein.

11. An article comprising:

a substrate; and

the coating system of claim 1.

12. The article of claim 11, wherein the article is a gas
turbine engine component.

13. A method for maintaining the coating system of claim
1, on an article using a water jet device that includes a nozzle
configured to dispense a water jet therefrom, the method
comprising the steps of:

placing the article on the water jet device, such that the
coating system faces the nozzle;

controlling the water jet device to dispense the water jet
through the nozzle, such that the water jet strikes the
coating system, wherein the water jet has a pressure
from 276 MPa to 345 MPa; and
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controlling a movement of the article and the nozzle
relative to each other, such that the abradable layer and
the thermal barrier layer of the coating system are at
least partially removed from the coating system, and
the mesh layer and the bond layer are at least partially
exposed.

14. The method of claim 13, wherein controlling the
movement of the article and the nozzle relative to each other
comprises moving the article relative to the nozzle at a
surface speed of from 13 mm/s to 70 mm/s.

15. The method of claim 13, wherein controlling the
movement of the article and the nozzle relative to each other
further comprises moving the nozzle normally to the article
at a traverse speed of from 0.04 mm/s to 0.22 mm/s.

16. The method of claim 13, wherein the nozzle extends
along a nozzle axis), and wherein an angle between the
nozzle axis and the coating system is from 15 degrees to 45
degrees.
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17. The method of claim 13, wherein the nozzle is a fan
jet nozzle.

18. The method of claim 13, wherein the nozzle has a
rotational speed of 1000 rotations per minute.

19. The method of claim 13, wherein the nozzle has an
orifice that has a width of 0.5 mm, and a stand-off distance
defined between the orifice of the nozzle and the article that
is from 15 mm to 25 mm.

20. The method of claim 13, further comprising the steps
of:

providing a new thermal barrier layer on the exposed
mesh layer and the bond layer; and

providing a new abradable layer on the new thermal
barrier layer.



