METHODS AND MATERIALS FOR REPAIRING A THERMAL BARRER
COATING OF A GAS TURBINE COMPONENT

PRIORITY INFORMATION
[0001] The present application claims priority to Indicatéht Application
Number 202011025995 filed June 19, 2020.

FIELD
[0002] The present subject matter relates generally thodstand materials for
repairing a thermal barrier coating of a compoméran engine, and in particular a

powder mixture and method of applying such powdetture in situ.

BACKGROUND
[0003] The use of thermal barrier coatings (TBCs) on camepts such as
combustors, high pressure turbine (HPT) bladessvand shrouds helps such
components to survive higher operating temperatiumeseases component durability,
and improves engine reliability. TBCs are typicdlymed of a ceramic material and
deposited on an environmentally-protective bond tmérm what is termed a TBC
system.
[0004] Under service conditions, hot section engine coreptmprotected by a
TBC system can be susceptible to various modearoade, including erosion,
oxidation and corrosion from exposure to the gasgwoaducts of combustion, foreign
object damage (FOD), and attack from environmesdataminants. The source of
environmental contaminants is ambient air, whictiresvn in by the engine for
cooling and combustion. The type of environmentaitaminants in ambient air will
vary from location to location, but can be of acem to an aircraft as their purpose is
to move from location to location. These environtaéoontaminants are in addition
to the corrosive and oxidative contaminants thstiltedrom the combustion of fuel.
However, all of these contaminants can adheredatinfaces of the hot section
components, including those that are protected avitlBC system.
[0005] Some of these contaminants may result in TBC loss the life of the
components, leaving a thin portion of the TBC, @ampletely removing a portion of



the TBC leaving the underlying component exposeti¢cperational conditions and
potentially damaging such component. In the eveal slamage occurs, it generally
will need to be repaired. A system and/or methaddpairing such a TBC would be
useful.

BRIEF DESCRIPTION
[0006] Aspects and advantages of the invention will bda#t in part in the
following description, or may be obvious from thesdription, or may be learned
through practice of the invention.
[0007] An aspect of the present disclosure is directedgprayable thermal
barrier coating powder mixture for a gas turbingiee. The sprayable thermal
barrier coating powder mixture includes: a dry cosifon having a low surface area
ceramic powder having a median particle size tigtron greater than 5 microns and
less than 50 microns, and a high surface area ee@owder having a median
particle size distribution smaller than 5 micrombgerein the low surface area ceramic
powder makes up at least 50% by weight of the dngposition of the sprayable
thermal barrier coating powder mixture.
[0008] These and other features, aspects and advantatfespesent invention
will become better understood with reference tofttiewing description and
appended claims. The accompanying drawings, wdriehncorporated in and
constitute a part of this specification, illustrammbodiments of the invention and,

together with the description, serve to explaingheciples of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] A full and enabling disclosure of the present ii@am including the best
mode thereof, directed to one of ordinary skilthe art, is set forth in the
specification, which makes reference to the appefigares, in which:
[0010] FIG. 1is a schematic cross-sectional view of aanglary gas turbine
engine according to various embodiments of thegmtesubject matter;
[0011] FIG. 2 is a perspective, cross-sectional view obmbustor assembly in
accordance with an exemplary embodiment of theepitedisclosure having a
damaged TBC;



[0012] FIG. 3 is a schematic view of a system for repgiarportion of thermal
barrier coating of a component in situ in accor@awith an exemplary embodiment
of the present disclosure;

[0013] FIG. 4 is a close-up, schematic view of a spraydi#emal barrier coating
powder mixture as may be used with the exemplastesy of FIG. 3 in accordance
with an exemplary embodiment of the present disckgs

[0014] FIG. 5 shows a close-up, cross-sectional viewrejpaired coating applied
to the surface of an underlying component;

[0015] FIG. 6 shows a close of view of a portion of thpaieed coating of FIG. 5;
and

[0016] FIG. 7 is a flowchart of a method for repairindharimal barrier coating of
a component of a gas turbine engine in situ in @artce with an exemplary aspect of
the present disclosure.

[0017] Repeat use of reference characters in the pregedifisation and
drawings is intended to represent the same or goatofeatures or elements of the

present invention.

DETAILED DESCRIPTION
[0018] Reference will now be made in detail to present@udlithents of the
invention, one or more examples of which are ilatgtd in the accompanying
drawings. The detailed description uses numeadlletter designations to refer to
features in the drawings. Like or similar desigmag in the drawings and description
have been used to refer to like or similar parthefinvention.
[0019] The word “exemplary” is used herein to mean “sey\as an example,
instance, or illustration.” Any implementation dabed herein as “exemplary” is not
necessarily to be construed as preferred or adyaots over other implementations.
[0020]  As used herein, the terms “first”, “second”, ankiifd” may be used
interchangeably to distinguish one component frowtizer and are not intended to
signify location or importance of the individualmponents.
[0021] The terms “forward” and “aft” refer to relative ptisns within a gas
turbine engine or vehicle, and refer to the norapdrational attitude of the gas

turbine engine or vehicle. For example, with redard gas turbine engine, forward



refers to a position closer to an engine inlet aftdefers to a position closer to an
engine nozzle or exhaust.

[0022] The terms “upstream” and “downstream” refer torlative direction

with respect to fluid flow in a fluid pathway. Fekample, “upstream” refers to the
direction from which the fluid flows, and “downsam” refers to the direction to
which the fluid flows.

[0023] The terms “coupled,” “fixed,” “attached to,” andethike refer to both
direct coupling, fixing, or attaching, as well aslirect coupling, fixing, or attaching
through one or more intermediate components ouffest unless otherwise specified
herein.

[0024] The singular forms “a”, “an”, and “the” include pal references unless
the context clearly dictates otherwise.

[0025]  Approximating language, as used herein throughwuspecification and
claims, is applied to modify any quantitative reggetation that could permissibly
vary without resulting in a change in the basicction to which it is related.
Accordingly, a value modified by a term or terms;ls as “about”, “approximately”,
and “substantially”, are not to be limited to thregse value specified. In at least
some instances, the approximating language magsymond to the precision of an
instrument for measuring the value, or the prenisibthe methods or machines for
constructing or manufacturing the components argl/stems. For example, the
approximating language may refer to being withikDgpercent margin.

[0026] Here and throughout the specification and claisge limitations are
combined and interchanged, such ranges are idahtfid include all the sub-ranges
contained therein unless context or language itekoatherwise. For example, all
ranges disclosed herein are inclusive of the emdpoand the endpoints are
independently combinable with each other.

[0027]  As will be appreciated, a thermal barrier coatifig3C”) may be damaged
or deteriorated throughout its life by, e.g., comtzants, leaving a thin portion of the
TBC, or completely removing a portion of the TB@vang the underlying component
exposed to the operational conditions and potéynti@maging such component. In
order to repair these areas of the TBC, it is gdhenecessary to take the engine “off

wing” (i.e., uninstall the engine from the aircjafemove the component (or



disassemble the engine to an extent that the coempamexposed), clean the area to
be repaired, apply a TBC patch, cure the TBC patod,reassemble and reinstall the
engine. Such is a fairly time consuming and cgstbcess.

[0028]  Accordingly, it will be appreciated that it woul@ lolesirable if systems
and methods were available for repairing a TBC eutirequiring the engine to be
taken off wing and at least partially disassembleane aspect of the present
disclosure, a sprayable thermal barrier coatinggewnixture for a gas turbine
engine is provided that may be applied in situhaitt requiring the component and
newly applied thermal barrier coating powder migtto be separately cured outside
of the engine. In certain aspects, the spraydigliertal barrier coating powder
mixture may include: a dry composition having a lewvface area ceramic powder
having a median patrticle size distribution gre#ftan 5 microns and less than 50
microns, and a high surface area ceramic powdan@@amedian particle size
distribution smaller than 5 microns, wherein thw kurface area ceramic powder
makes up at least 50% by weight of the dry compusitf the sprayable thermal
barrier coating powder mixture.

[0029] For example, in certain exemplary aspects suchageoation may allow
the mixture to define an activation temperaturgyeafnom around 300 degrees
Celsius to around 1200 degrees Celsius, suchhteahérmal barrier coating mixture
may be cured by way of operation of the gas turbimgine. Such may allow for a
quicker and less expensive repair process, ahémmal barrier coating powder
mixture may be applied and cured without takingehgine off wing.

[0030] Referring now to the drawings, FIG. 1 is a schecmatdss-sectional view
of a gas turbine engine in accordance with an el@ypmbodiment of the present
disclosure. More particularly, for the embodimehFIG. 1, the gas turbine engine is
a high-bypass turbofan jet engine 10, referrecetein as “turbofan engine 10.” As
shown in FIG. 1, the turbofan engine 10 definesxaal direction A (extending
parallel to a longitudinal centerline 12 provided feference) and a radial direction
R. In general, the turbofan 10 includes a faniged4 and a core turbine engine 16
disposed downstream from the fan section 14.

[0031] The exemplary core turbine engine 16 depicted gdigencludes a
substantially tubular outer casing 18 that defa@snnular inlet 20. The outer casing



18 encases, in serial flow relationship, a commnessction including a booster or
low pressure (LP) compressor 22 and a high pregbiifecompressor 24; a
combustion section 26; a turbine section includirfggh pressure (HP) turbine 28
and a low pressure (LP) turbine 30; and a jet esthaozzle section 32. A high
pressure (HP) shaft or spool 34 drivingly connéeéesHP turbine 28 to the HP
compressor 24. A low pressure (LP) shaft or s@éadrivingly connects the LP
turbine 30 to the LP compressor 22.

[0032] For the embodiment depicted, the fan section 1Mides a variable pitch
fan 38 having a plurality of fan blades 40 coupied disk 42 in a spaced apart
manner. As depicted, the fan blades 40 extend adiywaom disk 42 generally along
the radial direction R. Each fan blade 40 is rdtitaelative to the disk 42 about a
pitch axis P by virtue of the fan blades 40 beipgratively coupled to a suitable
actuation member 44 configured to collectively viry pitch of the fan blades 40 in
unison. The fan blades 40, disk 42, and actuatiember 44 are together rotatable
about the longitudinal axis 12 by LP shaft 36 asras optional power gear box 46.
The power gear box 46 includes a plurality of géarstepping down the rotational
speed of the LP shaft 36 to a more efficient rotadl fan speed.

[0033] Referring still to the exemplary embodiment of FIGthe disk 42 is
covered by rotatable front nacelle 48 aerodynaryicaintoured to promote an
airflow through the plurality of fan blades 40. Aglohally, the exemplary fan section
14 includes an annular fan casing or outer na&@lthat circumferentially surrounds
the fan 38 and/or at least a portion of the coreitie engine 16. It should be
appreciated that the nacelle 50 may be configurdxttsupported relative to the core
turbine engine 16 by a plurality of circumferengedpaced outlet guide vanes 52.
Moreover, a downstream section 54 of the nacellex®®nds over an outer portion of
the core turbine engine 16 so as to define a bygesw passage 56 therebetween.
[0034] During operation of the turbofan engine 10, a vaurhair 58 enters the
turbofan 10 through an associated inlet 60 of #neehe 50 and/or fan section 14. As
the volume of air 58 passes across the fan bla@les #rst portion of the air 58 as
indicated by arrows 62 is directed or routed it lbypass airflow passage 56 and a
second portion of the air 58 as indicated by aBdws directed or routed into the LP
compressor 22. The ratio between the first portibair 62 and the second portion of



air 64 is commonly known as a bypass ratio. Tlesgure of the second portion of air
64 is then increased as it is routed through tgh pressure (HP) compressor 24 and
into the combustion section 26, where it is mixethviuel and burned to provide
combustion gases 66.

[0035] The combustion gases 66 are routed through thaiHbihe 28 where a
portion of thermal and/or kinetic energy from tlmenbustion gases 66 is extracted via
sequential stages of HP turbine stator vanes G&tkacoupled to the outer casing 18
and HP turbine rotor blades 70 that are couplddediP shaft or spool 34, thus
causing the HP shaft or spool 34 to rotate, theseipporting operation of the HP
compressor 24. The combustion gases 66 are thigedrthrough the LP turbine 30
where a second portion of thermal and kinetic eneygxtracted from the
combustion gases 66 via sequential stages of ldheristator vanes 72 that are
coupled to the outer casing 18 and LP turbine rolades 74 that are coupled to the
LP shaft or spool 36, thus causing the LP shaspool 36 to rotate, thereby
supporting operation of the LP compressor 22 anatation of the fan 38.

[0036] The combustion gases 66 are subsequently routedgiithe jet exhaust
nozzle section 32 of the core turbine engine J&réoide propulsive thrust.
Simultaneously, the pressure of the first portibain62 is substantially increased as
the first portion of air 62 is routed through thghss airflow passage 56 before it is
exhausted from a fan nozzle exhaust section 7Beofurbofan 10, also providing
propulsive thrust. The HP turbine 28, the LP tmebB0, and the jet exhaust nozzle
section 32 at least partially define a hot gas @8&tfor routing the combustion gases
66 through the core turbine engine 16.

[0037] Referring now to FIG. 2, a close-up cross-sectiemak is provided of the
combustion section 26 of the exemplary turbofariren0 of FIG. 1. More
particularly, FIG. 2 provides a perspective, cresstional view of a combustor
assembly 100, which may be positioned in the comdrusection 26 of the
exemplary turbofan engine 10 of FIG. 1, in accooganith an exemplary
embodiment of the present disclosure.

[0038] As shown, the combustor assembly 100 generallyded an inner liner
102 extending between an aft end 104 and a foretaddL06 generally along the axial
direction A, as well as an outer liner 108 alsceagring between and aft end 110 and



a forward end 112 generally along the axial dimt#. The inner and outer liners
102, 108 together at least partially define a castibn chamber 114 therebetween.
The inner and outer liners 102, 108 are each aththan annular dome. More
particularly, the combustor assembly 100 includesaer annular dome 116
attached to the forward end 106 of the inner |i@2 and an outer annular dome 118
attached to the forward end 112 of the outer lirfg8. Although the inner and outer
annular domes 116, 118 are shown each includirenalosed surface defining a slot
122 for receipt of the forward ends 106, 112 ofréspective inner and outer liners
102, 108, any suitable attachment scheme can lmedtto attach the liners to the
respective domes. Also, although the exemplarybemtor assembly 100 is shown
including an inner and an outer annular dome, tib ise understood that in other
embodiments, the dome may be formed as a single @omstruction or any other
suitable multi-dome construction (e.g., 3 domes,) et

[0039] The combustor assembly 100 further includes a [yt fuel air mixers
124 spaced along a circumferential direction withi& outer dome 118. More
particularly, the plurality of fuel air mixers 124e disposed between the outer dome
118 and the inner dome 116 along the radial dwad®. Compressed air from the
compressor section of the turbofan engine 10 flimtgsor through the fuel air mixers
124, where the compressed air is mixed with fudlignited to create the combustion
gases 66 within the combustion chamber 114. Tiheriand outer domes 116, 118
are configured to assist in providing such a fldwampressed air from the
compressor section into or through the fuel airarex126. For example, the outer
dome 118 includes an outer cowl 126 at a forwar¥48 and the inner dome 116
similarly includes an inner cowl 130 at a forwardled32. The outer cowl 126 and
inner cowl 130 may assist in directing the floncompressed air from the
compressor section 26 into or through one or mbtkeofuel air mixers.

[0040] Moreover, the inner and outer domes 116, 118 agathide attachment
portions configured to assist in mounting the costbuassembly 100 within the
turbofan engine 10. For example, the outer domeiidBdes an attachment
extension 134 configured to be mounted to an agetbustor casing (not shown)
and the inner dome 116 includes a similar attachmeension 138 configured to
attach to an annular support member (not showjinvihe turbofan engine 10. In



certain exemplary embodiments, the inner dome 14 e formed integrally as a
single annular component, and similarly, the odtane 118 may also be formed
integrally as a single annular component. It shda@dppreciated, however, that in
other exemplary embodiments, the inner dome 11fatite outer dome 118 may
alternatively be formed by one or more componerited in any suitable manner.
For example, with reference to the outer dome l8ertain exemplary
embodiments, the outer cowl 126 may be formed ségigrfrom the outer dome 118
and attached to the forward end 128 of the outeredd18 using, e.g., a welding
process. Similarly, the attachment extension 13y algo be formed separately from
the outer dome 118 and attached to the forwardl@8df the outer dome 118 using,
e.g., a welding process. Additionally, or altermelly, the inner dome 116 may have a
similar configuration.

[0041] Referring still to FIG. 2, the exemplary combusiessembly 100 further
includes a plurality of heat shields 142 positioaealund each fuel air mixer 124,
arranged circumferentially. The heat shields 14Pilie embodiment depicted, are
attached to and extend between the outer domerid.éha inner dome 116. The heat
shields 142 are configured to protect certain camepts of the turbofan engine 10
from the relative extreme temperatures of the catibn chamber 114.

[0042]  As will be appreciated, each of the heat shieldibd2r liner 102 and
outer liner 104 are exposed to relatively harstddams of relatively high
temperatures during operation of the gas turbiggnen As such, a thermal barrier
coating 146 is present at least on the exposedmagfof one or more of these
components.

[0043] Particularly for the embodiment of FIG.2, the hglaields 142 include a
thermal barrier coating 146 for protecting the uthdeg structure of the heat shields
142. The thermal barrier coating 146 may be anceraoating, or any other suitable
coating.

[0044]  The thermal barrier coating 146 may generally idela ceramic thermal
barrier material in one or more embodiments. FangXe, suitable ceramic thermal
barrier coating materials may include various typkesxides, such as aluminum
oxide (“alumina”), hafnium oxide (“hafnia”), or monium oxide (“zirconia”), in

particular stabilized hafnia or stabilized zircqraad blends including one or both of



these. Examples of stabilized zirconia include withlimitation yttria-stabilized
zirconia, ceria-stabilized zirconia, calcia-statgli zirconia, scandiastabilized
zirconia, magnesia-stabilized zirconia, india-dtaéd zirconia, ytterbiastabilized
zirconia, lanthana-stabilized zirconia, gadoliniakslized zirconia, as well as
mixtures of such stabilized zirconia. Similar shizleid hafnia compositions are known
in the art and suitable for use in embodiments ri@sd herein.

[0045] In certain embodiments, the thermal barrier coathg may include
yttria-stabilized zirconia. Suitable yttria-stabéd zirconia may include from about 1
weight percent to about 20 weight percent yttrs@a on the combined weight of
yttria and zirconia), and more typically from ab8utveight percent to about 10
weight percent yttria. An example of yttria-stabald zirconia thermal barrier coating
includes about 7% yttria and about 93% zirconiasehtypes of zirconia may further
include one or more of a second metal (e.g., daéamde, actinide, or the like) oxide,
such as dysprosia, erbia, europia, gadolinia, neay, praseodymia, urania, and
hafnia, to further reduce thermal conductivity lné thermal barrier coating material.
In one or more embodiments, the thermal barrietimganaterial may further include
an additional metal oxide, such as titania andlomana. For example, the thermal
barrier coating 146 may be composed of 8YSZ, thdugher yttria concentrations
may be utilized.

[0046]  Suitable ceramic thermal barrier coating matenadsy also include
pyrochlores of general formula A2B207 where A imetal having a valence of 3+ or
2+ (e.g., gadolinium, aluminum, cerium, lanthanemyttrium) and B is a metal
having a valence of 4+ or 5+ (e.g., hafnium, twamj cerium, or zirconium) where the
sum of the A and B valences is 7. Representatitennaés of this type include
gadolinium zirconate, lanthanum titanate, lanthaminconate, yttrium zirconate,
lanthanum hafnate, cerium hafnate, and lanthanuatece

[0047]  The thickness of the thermal barrier coating 14§ depend upon the
substrate or the component it is deposited onotmesembodiments, the coating 146
has a thickness in a range of from about 25 micterag:m) to about 200@m. In
some embodiments, the coating 146 has a thicknessainge of from about 26n to
about 150Qum. In some embodiments, the thickness is in a rahf§@m about 25

um to about 100Qm.
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[0048]  Further, as will also be appreciated, through dpmraf the gas turbine
engine 10 one or more portions of the thermal baovating 146 may wear down or
degrade more quickly than other portions of thertta barrier coating 146. For
example, as is depicted schematically in FIG.2tlleemal barrier coating 146
includes a worn portion 148 between adjacent fiurehixers 124.

[0049] Referring now to FIG.3, a system 200 for repai@ngorn portion 148 of a
thermal barrier coating 146 is depicted schemdyiche exemplary system 200
shown generally includes a nozzle 202 a mixture 364 and a pressurized gas line
206. The mixture line 204 may provide a sprayalhégrhal barrier coating powder
mixture 208 to the nozzle 202 and the pressurizesdige 206 may provide a flow of
pressurized gas (such as a flow of pressurizedTdig nozzle 202 may mix the flow
of sprayable thermal barrier coating powder mix08 with the flow of pressurized
gas to atomize the flow of sprayable thermal baaoating powder mixture 208 and
apply such thermal barrier coating powder mixtud8 g the worn portion 148 of the
thermal barrier coating 146.

[0050] For the embodiment shown, the sprayable thermaiebaoating powder
mixture 208 is configured to be applied directlyttie worn portion 148 of the
thermal barrier coating 146, an exposed portioinefunderlying component, or both.
More specifically, for the embodiment shown theagiable thermal barrier coating
powder mixture 208 is configured to be applied ctiseto the worn portion 148 of the
thermal barrier coating 146, an exposed portiotnefunderlying component, or both
without any intervening cleaning steps. In suchaammner, the sprayable thermal
barrier coating powder mixture 208 may be useatmfa patch 150 to cover or fill in
the worn portion 148 of the thermal barrier coatldg.

[0051]  As such, it will be appreciated that this procesy mequire minimal
disassembly of the gas turbine engine componertdsdier to undertake the coating
restoration process, and that the coating may phkeaito surfaces without requiring
any special degreasing, cleaning or oxide remadnalis typically required for many
“in-shop” type repairs. Moreover, as will be appaged from the description below,
the coating chemistry and the spray process manbmeered to restore coating with
oxidized surfaces. This may eliminate the needfyr sort of flash bond coat process
that may otherwise be undertaken for “in-shop” tygeair applications.
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[0052]  Further, for the environment shown, the thermatibacoating powder
mixture 208, and system 200 for applying the sameopnfigured to form a coating
having a thickness 210 greater than 2 mils (b@usandths of an inch), such as
greater than 4 mils, such as greater than 6 mit$) as greater than 10 mils, such as
greater than 15 mils, such as up to about 45 sulsh as up to about 35 mils, such as
up to about 25 mils. In such a manner, the thebaaier coating powder mixture 208
may form a repaired portion of the thermal barcieating 146. As used herein with
reference to the repaired portion of the thermali®acoating 146, the thickness 210
refers a maximum thickness of the repaired poriomather the maximum thickness
of the patch 150.

[0053] Referring now to FIG.4, a close-up view of a spkdgdhermal barrier
coating powder mixture 208 is provided as may ldeed in the exemplary system
200 described above with reference to FIG.3. It melappreciated, however, that in
other embodiments, the sprayable thermal barrigtirng powder mixture 208 may
instead be utilized with any other suitable sys&&f capable of spraying the powder
mixture 208 onto a component of a gas turbine en¢gach as turbofan engine 10), or
any other suitable gas turbine engimesitu. For example, although the exemplary
system 200 described above with reference to HE=d@picted applying the
sprayable thermal barrier coating powder mixtur@ 0the thermal barrier coating
146 of the heat shield 142 within the combustiatiea 26 of the gas turbine engine
10, in other exemplary embodiments, the spraydigderal barrier coating powder
mixture 208 depicted in FIG.4, and described héeow, may be applied to or
otherwise utilized to repair a thermal barrier aogtl46 on one or more combustion
chamber liners, one or more turbine rotor blades,@ more turbine stator vanes,
etc. Further, in other exemplary embodimentsstrstem 200 for applying such
sprayable thermal barrier coating powder mixturg 2@y include any other suitable
technology for providing the sprayable thermal iearcoating powder mixture 208 to
the worn portion 148 of the thermal barrier coatldg.

[0054] Asis depicted in FIG.4, the sprayable thermalibanoating powder
mixture 208 generally includes a dry compositioxih@ a low surface area ceramic
powder 214 and a high surface area ceramic powiterAs used herein, the term
low surface area ceramic powder 214 refers to @anaerpowder having less than or
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equal to 10 meters squared of surface area per, gtaoh as less than or equal to 8
meters squared of surface area per gram, sucksathiEn or equal to 5 meters
squared of surface area per gram. Further, asheset, the term high surface area
ceramic powder 216 refers to a ceramic powder lgagieater than 10 meters squared
of surface area per gram, such as greater thaguat & 15 meters squared of surface
area per gram, and up to 400 meters squared @icguaiea per gram, such as up to
4000 meters squared of surface area per gram.

[0055] It will further be appreciated that as used heréia,term “ceramic

powder” refers to a powder including one or mofeaory oxides, such as one or
more alumina, zirconia, hafnia, magnesia, silitijay and combinations thereof.
[0056] In certain exemplary embodiments, the low surfaea aeramic powder
214 and high surface area ceramic powder 216 mé&yrbeed of a material having
substantially the same chemistry has a chemistaytbérmal barrier coating 146 to
which is being applied. For example, when utilizath the exemplary system 200 of
FIG.3, the low surface area ceramic powder 214hagjial surface area ceramic
powder 216 of the sprayable thermal barrier cogtimgder mixture 208 utilized may
have substantially the same chemistry as the tHdyanaer coating 146 being
repaired. For example, the powders 214, 216 anth#renal barrier coating 216 may
each include at least 50% by weight of a commorertator component.

[0057]  Alternately, however, in other embodiments, the tawface area ceramic
powder 214, the high surface area ceramic powder@&lboth may have different
suitable chemistries.

[0058] In certain exemplary embodiments, the low surfaea aeramic powder
214 may have a median particle size distributi@atgr than 5 microns and less than
50 microns, and the high surface area ceramic pogimay have a median
particle size distribution smaller than 5 microRsr example, the low surface area
ceramic powder 214 may have a median particledistabution greater than 8
microns and less than 40 microns, and the higlaser&rea ceramic powder 216 may
have a median particle size distribution smallanth microns, such as smaller than 3
microns, such as at least 0.1 microns.

[0059] It will be appreciated that the high surface arer@mic powder 216 may
act as a binder to hold the powder mixture 208ttuge Further, the low surface area
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ceramic powder 214 may act as a filler. When d@dasired to apply a thicker thermal
barrier coating 146, in general a larger low swefaea ceramic powder 214 may be
used, and by contrast, when it is desired to athphyer thermal barrier coating 146,
in general a smaller low surface area ceramic po@é may be used.

[0060]  As will further be appreciated, in certain exemyplaspects, the sprayable
thermal barrier coating powder mixture 208 may defigured to be sprayed on to the
portion of the thermal barrier coating 146 andfmmponent to be repaired situ and
cured by exposure to operating temperatures witigrgas turbine engine 10. In such
a manner, the engine 10 may not need to be takéwiltg” and at least partially
disassembled to allow the part being repaired tpubénto a separate machine to cure
a thermal barrier coating patch 150 applied therétoorder to facilitate such a
configuration, the sprayable thermal barrier cgppowder mixture 208 may include
on or more portions that function as binders ha@dhe powder mixture 208 together
across a relatively wide temperature range (refeimenerein as the “activation
temperature range” of the sprayable thermal bacoating powder mixture 208,
described in more detail below).

[0061] For example, in certain exemplary embodimentssgrayable thermal
barrier coating powder mixture 208 may further i at least one binder additive
218 (depicted schematically as a triangle in FIGokly to distinguish from the high
and low surface area ceramic powders 216, 214)at least one binder additive 218
may be an organic binder additive. For example attganic binder additive may be
one or more of: film forming polymeric binders suahpolyvinyl alcohol,

polyethylene oxide, poly ethylene glycol, polyvipyfrolidone (PVP), acrylates,
acrylamides, and copolymers.

[0062] Inclusion of the organic binder additive may fupnatias a binder for the
sprayable thermal barrier coating powder mixturg @0a temperature range less than
500 degrees Celsius, such as between 100 degresssGand 500 degrees Celsius.
[0063] In further exemplary embodiments, the at leastlmnder additive 218

may additionally or alternatively be an inorganicder additive. For example, the
inorganic binder additive may be one or more higitiese area (>10 m2/g) refractory

oxides, such as one or more of alumina, zircorafyih, silica, and yttria.
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[0064] Inclusion of the inorganic binder additive may ftion as a binder for the
sprayable thermal barrier coating powder mixturg 20a temperature range greater
than 500 degrees Celsius, such as between 500ede@etsius and 1000 degrees
Celsius, such as up to 1200 degrees Celsius, sugh @ 1500 degrees Celsius.
[0065] In such a manner, it will be appreciated that pragable thermal barrier
coating powder mixture 208, such as a dry composif the sprayable thermal
barrier coating powder mixture 208 made up of tve $urface area ceramic powder
214, the high surface area ceramic powder 216ttedinder additive(s) 218, if
included, may together define an activation temjpeearange from at least 300
degrees Celsius to 1000 degrees Celsius, suchras3fO degrees Celsius to 1200
degrees, such as from Celsius 300 degrees CeatsiliE)0 degrees Celsius.

[0066] In such a manner, it will be appreciated that &slleerein, the term
“activation temperature” for a particular componehthe sprayable thermal barrier
coating powder mixture 208 may refer to a tempeeadi which at least a portion of
the particular component functions as a bindeotber components of the sprayable
thermal barrier coating powder mixture 208, antldaihe substrate to which the
sprayable thermal barrier coating powder mixturg @0applied. Specifically, the
term activation temperature refers to a temperattivehich the component enters the
onset of the first stage of sintering. At this tergiure (the activation temperature)
there is inter-material diffusion that causes “nearknation” or chemical adhesion
between particles, such as between ceramic particiet least certain exemplary
embodiments, due to the high surface area natuteeahorganic binder utilized,
chemical adhesion occurs at temperatures signtfichelow than a temperature of
the engine when the engine is at takeoff speedsgéplevel.

[0067]  As such, it will be appreciated, that as used hetfe? term “activation
temperature range” refers to a temperature rangssavhich at least a portion of at
least one component of the sprayable thermal varoeting powder mixture 208
functions as a binder for the sprayable thermaliéracoating powder mixture 208.
[0068]  Moreover, it will be appreciated that the spraydahlrmal barrier coating
powder mixture 208 defines a cure temperature withioverlapping with the
activation temperature range of the sprayable takebarrier coating powder mixture
208. For example, the high surface area ceramicpn216 of the sprayable thermal
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barrier coating powder mixture 208 may define ademperature at least partially
greater than 1000 degrees Celsius and less thappen bound of the activation
temperature range of the sprayable thermal baroating powder mixture 208, such
as less than 1500 degrees Celsius.

[0069] It will be appreciated that as used herein, the teure temperature”
refers to a temperature above which the sprayablenal barrier coating powder
mixture 208 begins to undergo a process wherebggreyable thermal barrier
coating powder mixture 208 begins a material anchhemical diffusion.

[0070] In such a manner, the sprayable thermal barrigirgppowder mixture
208 may be applied to a portion of a thermal banoating 146 of a component an
engine needing repair at a relatively low tempemtsuch as at a temperature
between 0 degrees Celsius and 50 degrees CelRngssprayable thermal barrier
coating powder mixture 208 may remain togetherasigpon on the worn portion 148
of the thermal barrier coating 146 through the terajures of the engine 10 as the
engine 10 starts up. Further, the sprayable thHdvaraer coating powder mixture
208 may remain together in position on the worniporl48 of the thermal barrier
coating 146 until the engine 10 is operating aragderature sufficient to cure the
sprayable thermal barrier coating powder mixturg @0position on the worn portion
148 of the thermal barrier coating 146 as a permigpatch 150 to the thermal barrier
coating 146. In such a manner, the sprayable tHdyander coating powder mixture
208 may be engine curable.

[0071] Referring still to the sprayable thermal barrieatiog powder mixture 208
of FIG.4, it will be appreciated that the bindedaide 218 may not make up a large
portion of the dry composition of the sprayablertha&l barrier coating powder
mixture 208 (the “dry composition” referring to plrts of the sprayable thermal
barrier coating powder mixture 208 that are inladgzhase). For example, in the
exemplary embodiment depicted, the low surface egeamic powder 214 and high
surface area ceramic powder 216 together makelepstt80% by weight of the dry
composition of the sprayable thermal barrier cgpowder mixture 208. Notably,
however, in other embodiments, the low surface eeeamic powder 214 and high
surface area ceramic powder 216 may together madepst 90% by weight of the
dry composition of the sprayable thermal barrieatiocw powder mixture 208, such as
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at least 95% by weight of the dry composition & $iprayable thermal barrier coating
powder mixture 208. In such a manner, the reguttiermal barrier coating patch
150 may still be formed substantially of high temgtere resistant ceramic materials.
[0072] Moreover, it will be appreciated that for at leasttain exemplary
embodiments, the low surface area ceramic powdéntdy make up at least 50% by
weight of the dry composition of the sprayable th&rbarrier coating powder
mixture. For example, the low surface area cergoowder 214 may make up at least
60% by weight of the dry composition, such as asi&€0% by weight of the dry
composition, such as up to 90% by weight of theadnyposition.

[0073] Notably, referring back briefly to FIG.3 and stlko to FIG.4, it will be
appreciated that as noted throughout this appticathe sprayable thermal barrier
coating powder mixture 208 is “sprayable.” In sacmanner, it will be appreciated
that the sprayable thermal barrier coating powdeture 208 defines a flowability
that facilitates it being sprayed with, e.g., aieargas, a high pressure gas source, etc.
Specifically, for the embodiment of FIG. 3, theamble thermal barrier coating
powder mixture 208 may be sprayed to a substratd, as applied to the worn
portion 148 of the thermal barrier coating 146 abymizing the mixture with a high
pressure gas. In order to facilitate this appilicamethod, and others, the sprayable
thermal barrier coating powder mixture 208 furtimetudes a liquid 220 added to the
dry composition to form a slurry for spraying thectare. The liquid may be
configured to dry quickly during the applicatioropess. For example, the liquid may
include a low boiling point liquid, such as a lidqulcohol, liquid ethanol, liquid
carbon dioxide, etc. For example, the low boilgpmnt liquid may define a boiling
point less than 100 degrees Celsius, such ashas$H0 degrees Celsius, such as less
than O degrees Celsius, such as greater than #&golu

[0074]  The liquid 220 added to the dry composition to fahma sprayable thermal
barrier coating powder mixture 208 (also referi@ds a slurry) may be additionally
or alternatively be a high vapor pressure fluidr &ample, the liquid 220 may
define a vapor pressure greater than or equaBtkR2ascals (kPa) at 20 degrees
Celsius, such as greater than or equal to 4 kP@ dégrees Celsius, such as greater
than or equal to 5.5 kPa at 20 degrees Celsiubh,auap to 1,000 kPa at 20 degrees
Celsius.

17



[0075] Inclusion of such a low boiling point liquid/ higlapor pressure fluid may
allow for the sprayable thermal barrier coating dewmixture 208 to flow to the
nozzle 202 to be applied to the thermal barrietingal46 or other component, such
that the thermal barrier coating 146 or other congmbd may be repairad situ, but
may evaporate relatively quickly to facilitate emgicuring of the sprayable thermal
barrier coating powder mixture 208.

[0076] In certain exemplary embodiments, the sprayablertaebarrier coating
powder mixture 208 may define a solids loading leetw30% and 80% (i.e., a
percentage by weight of the dry composition portbthe sprayable thermal barrier
coating powder mixture 208 to a wet compositiortiparof the sprayable thermal
barrier coating powder mixture 208 — which for @mbodiment discussed is the
drying agent).

[0077]  Moreover, in certain exemplary embodiments, thaygile thermal
barrier coating powder mixture 208 may define aBegravity between about 0.8
grams per cubic centimeter and 3 grams per culnitnseter, such as between about
1 gram per cubic centimeter and 2.7 grams per axéntmeter.

[0078] Inclusion of a slurry having such a solids loadamgl specific gravity may
reduce a particle settling during a spraying pre¢exluding a pumping process),
and further may reduce separation, agglomerateaction, polymerization etc.
Moreover, such a configuration may ensure the wlunixture 208 is pumpable
through relatively small tubes, such as througlesutaving a diameter less than 0.1
inches, such as less than 0.075 inches, suchsathbas 0.06 inches (e.g., tube 204).
[0079] By way of example, only, in one exemplary embodim#re sprayable
thermal barrier coating powder mixture 208 may gaihebe formed in accordance
with one or more of the following examples:

[0080] Examplel

[0081] A sprayable thermal barrier coating powder mix208 including:

[0082] Powder 1 with 21.6 grams 8YSZ ceramic oxide powdér <10m2/g
specific surface area as the low surface area ¢e@owder having a median size of

approximately 8 microns;
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[0083] Powder 2 with 5.4 grams 8YSZ ceramic oxide powdié&n wl0m2/g
specific surface area as the high surface areancemowder having a median size of
approximately around 1 micron. This powder als@ astan inorganic binder

[0084] 0.54 grams of polyvinylpyrrolidone organic binder

[0085]  13.5 grams of denatured ethanol as the solvent with

[0086]  13.5 grams of acetone as low boiling point liquid

[0087]  This formulation resulted in a good coating. Thetane acted as a drying
agent and allowed the coating to dry when the ghvas “in-flight” resulting in a
good quality coating.

[0088] Example?2

[0089] A sprayable thermal barrier coating powder mix208 including:

[0090] Powder 1 with 21.6 grams 8YSZ ceramic oxide powdér <10m2/g
specific surface area as the low surface area ¢te@owder having a median size of
approximately 8 microns;

[0091] Powder 2 with 5.4 grams 8YSZ ceramic oxide powddn w10m2/g
specific surface area as the high surface areancemowder having a median size of
approximately around 1 micron. This powder als@ astan inorganic binder

[0092] 0.54 grams of polyvinylpyrrolidone organic binder

[0093] 13.5 grams of denatured ethanol as the solvent with

[0094] 13.5 grams of petroleum ether as low boiling pbaqid

[0095]  With each of these examples in order to evaluaedpair process and
spray application process, the prepared slurrywsas to repair laboratory coupons
with engine simulated distress. The slurries welesdred through tubes to a gas
atomized spray nozzle and sprayed using a probassiimics an on-wing
configuration setup. The repaired samples weredcsiraulating engine operation and
tested to determine coating durability.

[0096]  With each of these examples in order to evaluaedpair efficacy, the
coupons were tested in two different methods taikte engine environment. The
first method was a jet engine thermal shock (JE&S) For this test, the repaired
samples were tested to evaluate their ability thstand multiple thermal shocks at
engine idle and take off temperatures. The theghatk testing simulates the thermal

cycling that components experience in the turbewtisn of aircraft turbomachinery
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in general operation. The second method was adarogcle test (FCT). With this
test, coupons were subjected to cyclic thermal sxpoin a furnace. During a one
hour cycle, the coupons were inserted rapidly anbmttom-loading furnace and held
at 1135°C for 45 minutes. The specimens were wtgrdrawn from the furnace and
forced-air cooled for 15 minutes before beginnimg mext cycle. Specimens were
removed from the FCT and examined after 20 cycldge samples remained in the
test until spallation of 20% of the coating areaétermine the FCT life.

[0097] It will be appreciated that the exemplary sprayahé&rmal barrier coating
powder mixture 208 described above is by way ofrgda only. In other exemplary
embodiments, the sprayable thermal barrier cogtovgder mixture 208 may have
any other suitable configuration. For examplegtimer exemplary embodiments, the
low surface area ceramic powder 214 may additigrmalblternatively be a low
surface area ceramic powder precursor. For exartiy@dow surface area ceramic
powder precursor may be a silicone, a titanium-th@&senposition, or phosphate-
based composition that thermally decomposes to &orafractory oxide to be used as
the low surface area ceramic powder 214. Such roeyrafter the sprayable thermal
barrier coating powder mixture 208 is applied substrate.

[0098] A coating formed using a sprayable thermal baoweting powder

mixture 208 in accordance with one or more of theesdigurations may result in a
coating having a relatively high thermal resistdno® thermal conductivity, that
may attach directly to a component 252 surfacemwitihequiring any special
degreasing, gleaning, or oxide removal. Refemag to FIGS. 5 and 6, close-up,
cross-sectional views are provided of a repairedicg 250 applied to a surface of an
underlying component 252. FIG. 5 shows a closecrgss-sectional view of a
repaired coating 250 applied to the surface ofratetlying component 252, and FIG.
6 shows a close of view of a portion of the reghireating 250 of FIG. 5.

[0099] Asis shown, the repaired coating 250 is formed sprayable thermal
barrier coating powder mixture 208 in accordandé wne or more exemplary
aspects of the present disclosure, such as onermr ohthe exemplary aspects
described above. For example, the repaired codbfgncludes low surface area
ceramic powder 214 and high surface area ceramwd@o216. As will also be
appreciated, the repaired coating 250 definesralghof pores 254, such that it
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defines a porosity for improved thermal protectiamecreased thermal conductivity.
For example, the exemplary coating 250 formed uiegsprayable thermal barrier
coating powder mixture 208 in accordance with onmore of the above
configurations may result in a coating 250 havingagineered porosity that
provides a desired amount of thermal protectiom witelatively thin restored coating
250. For example, in at least certain exemplaryatimbents, a thermal conductivity
of the restored coating 250 shown in FIGS. 5 andr6be tailored and may be
between 0.4 Watts/meters-Kelvin and 2 Watts/mefetsin, each at 1000 degrees C.
[00100] For example, the thermal conductivity of the restiocoating 250 shown

in FIGS. 5 and 6 can be tailored by modifying tloegsity and maximum pore size
within the coating 250. As used herein, the temaxXimum pore size” refers to a
greatest cross-wise measurement of a particula 24. In certain exemplary
embodiments, the maximum pore size resulting freenldw surface area ceramic
powder 214 may be less than or equal to 15 micrams the maximum pore size
resulting from the high surface area ceramic pov2dérmay be less than or equal to
1 micron.

[00101] Due to its intrinsic lower thermal conductivity etisoating 250
requirements to completely insulate the underlyiraderial may be less than the
original coating 250. Thinner coating 250 may resulower in-plane stresses and
allows for engine curing of the coating 250.

[00102] Referring now to FIG. 7, a method 300 for repair@nipermal barrier
coating of a component of a gas turbine engirgetu is provided. The method 300
may utilize one or more of the exemplary aspects sprayable thermal barrier
coating powder mixture described above. Furtterhethod 300 may be utilized on
one or more of the exemplary components or engiassribed above, or
alternatively may be utilized on any other suitatenponent, engine, or elsewhere.
[00103] The method 300 of FIG. 7 includes at (302) spragttigermal barrier
coating powder mixture onto the component of thetgebine engine in situ, the
thermal barrier coating powder mixture includinpa surface area ceramic powder,
a low surface area ceramic powder precursor, dr, ltloé thermal barrier coating
powder mixture further including a high surfacesaceramic powder, the thermal

barrier coating powder mixture defining an actigattemperature range from 300
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degrees Celsius to 1200 degrees Celsius. In sa@maer, it will be appreciated that
spraying the thermal barrier coating powder mixtuméo the component of the gas
turbine engine in situ at (302) may include sprgytime thermal barrier coating
powder mixture onto the component of the gas terleingine with the component is
installed within the gas turbine engine, while ¢fas turbine engine is substantially
assembly (e.g., is at least 80% assembled), whelgas turbine engine is mounted to
a vehicle (such as a wing or fuselage of an aicraf a combination thereof.

[00104] Further, for the exemplary aspect depicted, spcathe thermal barrier
coating powder mixture onto the component of thetgebine engine in situ at (302)
includes at (304) spraying the thermal barrier ioggbowder mixture onto the
component of the gas turbine engine in situ tackitess greater than 2 mils (i.e.,
thousandths of an inch) and less than 25 mils.

[00105] Moreover, for the exemplary aspect depicted, sprathe thermal barrier
coating powder mixture onto the component of thetgebine engine in situ at (302)
includes at (306) spraying the thermal barrier ioggbowder mixture onto the
component of the gas turbine engine in situ usipgeasurized gas source. In such a
manner, spraying the thermal barrier coating powdi&ture onto the component of
the gas turbine engine in situ at (302) may inclatdenizing the thermal barrier
coating powder mixture. In at least certain exemypdspects, the pressurized gas may
be any suitable carrier gas, such as an argom.or ai

[00106] Further for the exemplary aspect of FIG. 7, thehmet300 further
includes at (308) operating the gas turbine entgirmire the thermal barrier coating
powder mixture on the component. In such a manneill be appreciated that
spraying the thermal barrier coating powder mixtumé the component of the gas
turbine engine in situ at (302) may include sprgyime thermal barrier coating
powder mixture onto the component of the gas terleimgine in situ while the engine
in not operating and is at a temperature below, 20§ degrees Celsius, such as
below 50 degrees Celsius. Further, operating #setgybine engine to cure the
thermal barrier coating powder mixture on the congmi at (308) may include
operating the gas turbine engine to cure the thidoaraier coating powder mixture on
the component after spraying the thermal barriating powder mixture onto the
component of the gas turbine engine in situ at (302
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[00107] Referring still to FIG. 7, for the exemplary methg@D depicted, operating
the gas turbine engine to cure the thermal bacoating powder mixture on the
component at (308) includes at (310) exposingtieemal barrier coating powder
mixture on the component to operational temperatbetween 1000 degrees Celsius
and 1500 degrees Celsius.

[00108] This written description uses examples to disctbednvention, including
the best mode, and also to enable any persondkillhe art to practice the
invention, including making and using any devicesystems and performing any
incorporated methods. The patentable scope ahtteamtion is defined by the claims,
and may include other examples that occur to teksled in the art. Such other
examples are intended to be within the scope ofldims if they include structural
elements that do not differ from the literal langeaf the claims, or if they include
equivalent structural elements with insubstantifiécences from the literal languages
of the claims.

[00109] Further aspects of the invention are provided lysthibject matter of the
following clauses:

[00110] A sprayable thermal barrier coating powder mixfiorea gas turbine
engine comprising: a dry composition comprisingwa surface area ceramic powder
having a median patrticle size distribution gre#ftan 5 microns and less than 50
microns, and a high surface area ceramic powdenyamedian particle size
distribution smaller than 5 microns, wherein thw kurface area ceramic powder
makes up at least 50% by weight of the dry compmusitf the sprayable thermal
barrier coating powder mixture.

[00111] The mixture of one or more of these clauses, wheha low surface area
ceramic powder has less than 10 meters squaredfate area per gram, and
wherein the high surface area ceramic powder restgrthan 10 meters squared of
surface area per gram and less than 4,000 metgaisestiof surface area per gram.
[00112] The mixture of one or more of these clauses, futbenprising: a liquid
added to the dry composition to form a slurry foraying the mixture.

[00113] The mixture of one or more of these clauses, wheha liquid comprises

a low boiling point liquid.
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[00114] The mixture of one or more of these clauses, whehe mixture defines a
solids loading between 30 percent by mass and &@pieby mass.

[00115] The mixture of one or more of these clauses, wheha mixture defines a
specific gravity between about 0.8 grams per cabitimeter and 3 grams per cubic
centimeter.

[00116] The mixture of one or more of these clauses, wheha mixture once
cured defines a thermal conductivity between 0.4t8¥faeters-Kelvin and 2
Watts/meters-Kelvin, each at 1000 degrees C.

[00117] The mixture of one or more of these clauses, whehei dry composition
defines an activation temperature range from 3@@ass Celsius to 1200 degrees
Celsius such that the thermal barrier coating powmgture is configured to be
sprayed on in situ and cured by exposure to opgr&imperatures within the gas
turbine engine.

[00118] The mixture of one or more of these clauses, whehei dry composition
further comprises at least one binder additive,reinethe low surface area ceramic
powder, the high surface area ceramic powder, lamdttleast one binder additive
together define an activation temperature ranga fableast 300 degrees Celsius to
1200 degrees Celsius.

[00119] The mixture of one or more of these clauses, wheha high surface area
powder defines a curing temperature at least plgrgeeater than 1000 degrees
Celsius.

[00120] The mixture of one or more of these clauses, whehes low surface area
ceramic powder and high surface area ceramic potedether makeup at least 80%
by weight of the dry composition of the sprayalblertnal barrier coating powder
mixture.

[00121] A method for repairing a thermal barrier coatingaafomponent of a gas
turbine engine in situ comprising: spraying a tharbarrier coating powder mixture
onto the component of the gas turbine engine i 8ie thermal barrier coating
powder mixture comprising a low surface area cetgivder, a low surface area
ceramic powder precursor, or both, the thermaliéacoating powder mixture further
comprising a high surface area ceramic powderthtiemal barrier coating powder
mixture defining an activation temperature rang@efi300 degrees Celsius to 1200
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degrees Celsius; and operating the gas turbin@erngicure the thermal barrier
coating powder mixture on the component.

[00122] The method of one or more of these clauses, whepamating the gas
turbine engine to cure the thermal barrier cogbogder mixture on the component
comprises exposing the thermal barrier coating mowaixture on the component to
operational temperatures between 1000 degreesu€elsd 1500 degrees Celsius.
[00123] The method of one or more of these clauses, whepgaying the thermal
barrier coating powder mixture onto the componénie gas turbine engine in situ
comprises spraying the thermal barrier coating povmixture onto the component of
the gas turbine engine in situ to a thickness greaan 2 mils and less than 25 mils.
[00124] The method of one or more of these clauses, whepgaying the thermal
barrier coating powder mixture onto the componénie gas turbine engine in situ
comprises spraying the thermal barrier coating povmixture onto the component of
the gas turbine engine in situ using a pressugasdsource.

[00125] The method of one or more of these clauses, whepeaying the thermal
barrier coating powder mixture onto the componénie gas turbine engine in situ
comprises spraying the thermal barrier coating povmixture onto the component of
the gas turbine engine in situ through one or mbes having a diameter less than or
equal to 0.06 inches.

[00126] The method of one or more of these clauses, whéreithermal barrier
coating powder mixture further comprises a dryiggra to form a slurry, and
wherein the drying agent comprises ethanol andvablailing point liquid.

[00127] The method of one or more of these clauses, whéreithermal barrier
coating powder mixture comprises the low surfaeaaeramic powder, and wherein
the low surface area ceramic powder and high seidiaea ceramic powder together
makeup at least 80% by weight of a dry compositibtihe sprayable thermal barrier
coating powder mixture.

[00128] A sprayable thermal barrier coating powder mixfiorea gas turbine
engine comprising: a dry composition comprisingwa surface area ceramic powder,
a low surface area ceramic powder precursor, dr &otl a high surface area ceramic
powder, the dry composition defining an activatiemperature range from at least
300 degrees Celsius to 1200 degrees Celsius satthéhthermal barrier coating
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powder mixture is configured to be sprayed onin and cured by exposure to
operating temperatures within the gas turbine engin

[00129] The mixture of one or more of these clauses, wheha low surface area
ceramic powder, if included, has less than 5 metgusired of surface area per gram,
wherein the low surface area ceramic powder precuifsincluded, is configured to
form a powder having less than 5 meters squaredrfdce area per gram, and
wherein the high surface area ceramic powder hestgrthan 10 meters squared of

surface area per gram and less than 4,000 metgasestiof surface area per gram.
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WHAT ISCLAIMED IS:

1. A sprayable thermal barrier coating powder mixture (208) for a gas turbine engine
(20) comprising:

adry composition comprising a low surface area ceramic powder (214) having a median
particle size distribution greater than 5 microns and less than 50 microns, and a high surface area
ceramic powder (216) having a median particle size distribution smaller than 5 microns, wherein
the low surface area ceramic powder (214) makes up at least 50% by weight of the dry

composition of the sprayable thermal barrier coating powder mixture (208).

2. The mixture (208) of claim 1, wherein the low surface area ceramic powder (214)
has less than 10 meters squared of surface area per gram, and wherein the high surface area
ceramic powder (216) has greater than 10 meters squared of surface area per gram and less than

4,000 meters squared of surface area per gram.

3. The mixture (208) of claim 1 or 2, further comprising:
aliquid (220) added to the dry composition to form a slurry for spraying the mixture
(208).

4. The mixture (208) of claim 3, wherein the liquid (220) comprises alow boiling
point liquid (220).

5. The mixture (208) of claim 3 or 4, wherein the mixture (208) defines a solids

loading between 30 percent by mass and 80 percent by mass.

6. The mixture (208) of any of claims 3-5, wherein the mixture (208) defines a
specific gravity between about 0.8 grams (8) per cubic centimeter and 3 grams (8) per cubic
centimeter, and wherein the mixture (208) once cured defines atherma conductivity between 0.4
Watts/meters-Kelvin and 2 Watts/meters-Kelvin, each at 1000 degrees C.

7. The mixture (208) of any preceding claim, wherein the dry composition defines

27



an activation temperature range from 300 degrees Celsius to 1200 degrees Celsius such that the
thermal barrier coating powder mixture (208) is configured to be sprayed on in situ and cured by

exposure to operating temperatures within the gas turbine engine (10).

8. The mixture (208) of any preceding claim, wherein the dry composition further
comprises at least one binder additive (218), wherein the low surface area ceramic powder (214),
the high surface area ceramic powder (216), and the at least one binder additive (218) together
define an activation temperature range from at least 300 degrees Celsius to 1200 degrees Celsius.

9. The mixture (208) of any preceding claim, wherein the low surface area ceramic
powder (214) and high surface area ceramic powder (216) together makeup at least 80% by
weight of the dry composition of the sprayable thermal barrier coating powder mixture (208).

10. A method (300) for repairing athermal barrier coating (146) of a component
(252) of agas turbine engine (10) in situ comprising:

spraying athermal barrier coating powder mixture (208) onto the component (252) of the
gas turbine engine (10) in situ, the thermal barrier coating powder mixture (208) comprising a
low surface area ceramic powder (214), alow surface area ceramic powder (214) precursor, or
both, the thermal barrier coating powder mixture (208) further comprising a high surface area
ceramic powder (216), the thermal barrier coating powder mixture (208) defining an activation
temperature range from 300 degrees Celsius to 1200 degrees Celsius; and

operating the gas turbine engine (10) to cure the thermal barrier coating powder mixture
(208) on the component (252).

11. The method (300) of claim 10, wherein operating the gas turbine engine (10) to
cure the thermal barrier coating powder mixture (208) on the component (252) comprises
exposing the thermal barrier coating powder mixture (208) on the component (252) to
operational temperatures between 1000 degrees Celsius and 1500 degrees Celsius.

12.  Themethod (300) of claim 10 or 11, wherein spraying the thermal barrier coating

powder mixture (208) onto the component (252) of the gas turbine engine (10) in situ comprises

28



spraying the thermal barrier coating powder mixture (208) onto the component (252) of the gas
turbine engine (10) in situ to athickness (210) greater than 2 mils and less than 25 mils.

13. Themethod (300) of any of claims 10-12, wherein spraying the thermal barrier
coating powder mixture (208) onto the component (252) of the gas turbine engine (10) in situ
comprises spraying the thermal barrier coating powder mixture (208) onto the component (252)

of the gas turbine engine (10) in Situ using a pressurized gas source.

14.  Themethod (300) of claim 10-13, wherein spraying the thermal barrier coating
powder mixture (208) onto the component (252) of the gas turbine engine (10) in situ comprises
spraying the thermal barrier coating powder mixture (208) onto the component (252) of the gas
turbine engine (10) in situ through one or more tubes having a diameter less than or equal to 0.06

inches.

15. A sprayable thermal barrier coating powder mixture (208) for a gas turbine engine
(20) comprising:

adry composition comprising a low surface area ceramic powder (214), alow surface
area ceramic powder (214) precursor, or both and a high surface area ceramic powder (216), the
dry composition defining an activation temperature range from at least 300 degrees Celsius to
1200 degrees Celsius such that the thermal barrier coating powder mixture (208) is configured to
be sprayed on in situ and cured by exposure to operating temperatures within the gas turbine

engine (10).
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