FIELD REPAIRABLE HIGH TEMPERATURE SMOOTH WEAR COATING
FIELD OF THE INVENTION This invention relates to thermal barrier
coatings for components exposed to high temperatures, such as the
hostile thermal environment of a gas turbine engine. More patrticularly,
this invention is directed to a composition and method for repairing a
thermal barrier coating that has suffered localized spallation due to
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localized damage, impact damage and other mechanical damage, or
FrgfecivegoRting/ aneas new or used parts. BACKGROUND OF THE
INVENTION Higher operating temperatures for gas turbine engines are
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often protected by an environmental and/or thermal-insulating coating,

piheratienefivyhieh isdermed-athesmal barrier coating (TBC) system.

Ceramic materials, and particularly yttria-stabilized zirconia (YSZ), are

widely used as a thermal barrier coating (TBC), or topcoat, of TBC .
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plasma spray, flame spray and vapor deposition techniques. A commonly
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atings have a relatively rough surface and do not provide adequate
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corresion attack and may not retain adequate mechanical properties. For this reason,
these components are often protected by an environmental and/or thermal-insulating
coating, the latier of which is termed a thermal bamier coating (TBC) system.
Ceramic materials, and particularly yttria-stabilized zirconia (YSZ), are widely used
as a thermal barrier coating (TBC), or topcoat, of TBC systems used on gas turbine
engine components. These particular materials are widely employed because they can
be readily deposited by plasma spray, flame spray and vapor deposition techniques. A
commonly used type of TBC is a coating based on zirconia stabilized with yttria, for
example about 93 wt. % zirconia stabilized with about 7 wt. % yttria. This general
type of TBC has been reported in such United States patents as U.S. Pat. No.
4,055,705, U.S. Pat. No. 4,328,285, and U.S. Patent No. 5.236,745, which are
incorporated herein by reference. Such TBC coatings have a relatively rough surface

and do not provide adequate heat energy reflection for certain applications. In

1



1 addition, application of certain TBC coatings requires use of apparatus
having a controlled atmosphere or vacuum. Accordingly, such coatings
and methods cannot be effectively utilized in field repairs. To be effective,
TBC systems must have low thermal conductivity, strongly adhere to the
component, and remain adherent throughout many heating and cooling
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layer surface as necessary, an recoat e entire Priof
scaetthegldhpiesther rBfdvidg FB T sdniclude grit blasting or chemically
stripping with an alkaline solution at high temperatures and pressures.
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surface beneath the coating. With repetitive use, the grit blasting process
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adherent ceramic layer that 1s less susceptible to spalling when subjected to thermal

cycling. Though significant advances have been made, there is the inevitable
requirement to repair components whose thermal barrier coatings have spalled.
Though spallation typicaily occurs in localized regions or patches, the conventional
repalr method has been to completely remove the thermal barrier coating, restore or
repair the bond layer surface as necessary, and then recoat the entire component.
Prior art techniques for removing TBC's include grit blasting or chemically stripping
with an alkaline sclution at high temperatures and pressures. However, grit biasting is
a slow, labor-intensive process and erodes the surface beneath the coating. With
repetitive use, the grit blasting process eventually destroys the component. The use of
an alkaime solution to remove a thermal barrier coating is also less than ideal, since
the process requires the use of an autoclave operating at high temperatures and

pressures.  Consequently, conventional repair methods are labor-intensive and
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the process requires the use of an autoclave operating at high
temperatures and pressures. Consequently, conventional repair methods
are labor-intensive and 2 expensive, and can be difficult to perform on
components with complex geometries, such as airfoils and shrouds. As
an alternative, U.S. Pat. No. 5,723,078 to Nagaraj et al. teaches

tively repaifing. lled region of a TBC by texturing the exposed .
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much rougher finishes, and cannot be applied in the field for in-situ
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component that could lead to catastrophic failure of the componeént. If the
Iflggcision iito continue, operation, the spalled component must typically be

PafBEd A FEE YD EREHIT B AtE: RITE SRRSFALPHATRRIGESTRREne
thwhileiaperating-the-caornepant WEhRYE significant costs in terms of labor and

downtime. For these reasons, removing components having TBCs that have suffered
only localized spallation is not economically desirable. As a result, components
identified as having spalled TBC are often analyzed o determine whether the
spallation has occurred in a high stress area, and a judgment is then made as to the
risk of damage to the turbine due to the reduced thermal protection of the component
that could lead to catastrophic failure of the component. If the decision is to continue
operation, the spalled component must typically be scrapped at the end of operation
because of the thermal damage inflicted while operating the component without
complete TBC coverage. Additionally, some newer TBCs utilize a smoothing layer
over the TBC for better heat rejection and air flow. Currently, there is no known way

at present to replace this smoothing layer having a very smooth finish on damaged
TBC.



complete TBC coverage. Additionally, some newer TBCs utilize a
smoothing layer over the TBC for better heat rejection and air flow.
Currently, there is no known way at present to replace this smoothing
layer having a very smooth finish on damaged TBC. 3 Accordingly, it
would be desirable if a repair method were available that could be

performed.on localized spalled areas of TBC .on turbine h are in fiel
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.be desirable to. repair a smoothing layer on a damaged TBC in a manner
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It would further he desirable to provide an improved smoothing coating for
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wear of the thermal barrier coating. The use of the methods and

It peswgoLHibRsDsr drETsrRie dn TVl RN T BAMTELIEP HPRE CABIE oo IABNY of

dafRRAN 9RIBEcoatings having spaliation.damage. With a.shalk dagiege
d(—:‘%?}éh of betwetlaen él:;%t I ygb%t 50 mﬂé%g.om i%l\gh t0 0.0

¢h)(0.0254 to 1.27 millimeters). For spalls having a depth of over 20 mils

in
S R&Tﬂ?nﬁﬁ?n%\@ﬁl\ém%proaching 50 mils (about 1.3 millimeters),
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with a spall damage depth of between about 1 to about 50 mils (0.001 inch to 0.050
inch}(0.0254 to 1.27 millimeters). For spalls having a depth of over 20 mils (about
0.51 miilimeters) and approaching 50 miis (about 1.3 millimeters), the composition of
the present invention can be provided using a lower weight percentage of solvent,
yielding putty-like properties to aliow application of the composition using a blade or

putty knife and to permit working and smoothing before drying.

The composition demonstrates thixotropic properties as a result of its selected
components, and particularly the inclusion of at least one nano-sized ceramic material,
such as fine or fumed ceramic material. The amount of nano-sized ceramic material
such as alumina (AlyOs), titanium dioxide (TiO,), calcium oxide (CaQ), magnesium
oxide (Mg0), or silicone dioxide (Si0;) 1s provided so as to impart thixotropic
properties to the coating composition. The thixotropic properties are very important
in allowing the coating to be applied in a non-controlled environment such as an on-

wing turbine engine assembly. Even though the coating dries relatively quickly
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such as alumina (A1203), titanium dioxide (TiO2), calcium oxide (CaO),
magnesium oxide (MgO), or silicone dioxide (SiO2) is provided so as to
impart thixotropic properties to the coating composition. The thixotropic
properties are very important in allowing the coating to be applied in a
non-controlled environment such as an on- wing turbine engine assembly.
Even though the coating dries relatively quickly 4 depending upon solvent
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coating to be worked as necessary, As used herein, the term thixotropic
oSS }af%?&s% ffvf‘c?f &f}ﬂﬁaﬁweﬁw& PR AR RTey T 6 HaN TS
Asubjeciette eoneashanicaligrierstiehas arehpear sfessaMBnR@AIeE that
. ag}ﬂ return_to aﬁ%}al-like form when the mech%nical force is r«imoved. This

fHitiol? S TR RIS HEATthE dERARRIEHEKERS15 45 dshearipisrss or when
aditawleyisl ondenpsedEhamitarbictionary (hbiieaath Eﬁ&mg x@ﬁaﬁle@d This
cyclopedia Britannica. This property allows the coating to_be applied in
R o B S PO e oI o TGRS ShrHooei ARy s
Coadepled gebminitigs, ectusing byt iattinaited:tokpalleshareas ofhBGiopedia
coated corﬁgionents sugﬁlélas turbine blades and s rok/lds, without |

d
BRIy thi S RERRHRY U LB AR a0 BS AR i foPURitia: o feld
rdfrdamiaged suriacesiosllimpiages unning ooepRpIng-ohtheGoalingding but

e TP ot ropertes slow e coalng o be pled o,
sispadklinghdipping dngshingnetendhe appliesaoatimgwsllngtdoncdiedcent
JelErssian s b, e, COpO T
impechanitat shesit sitepstrlowing ihto hatimerkedeitppitasiced. sklse by any
A s pasies o e g perod i con can e wered
appibidishedmguring the fopindperodhsvbetein the sakientsavaperatesi@nping,
ré&%%ga} %?aglqul{r]lcglugftgg %I}g]p zecration. However, the coating will flow if it is
subjected to a mechanical shear stress, allowing it to be worked, if so desired. Thus,
during the early stages of the drying period the coating can be worked if necessary.
Of course, the ability to work the coating will be graduaily diminished during the
drying period, wherein the solvent evaporates to form a coating including binder
particles haﬁng polymeric bonds therebetween. The drying period is dependent on
the evaporation of solvent and drying and the resulting formation of polymeric bonds
or “curing” of the binder, up until drying is complete. These properties allow the
coating fo overcome problems of dripping and running experienced with other

coatings, which problems can leave portions of the substrate uncoated.

Once applied and permitted to dry for about 8 hours at room temperature, the
composition is stable and the resulting dry and partially cured coating is ready for
high temperature use. Thermal shock data on as-dried material was capable of
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particles having polymeric bonds therebetween. The drying period is
dependent on the evaporation of solvent and drying and the resulting
formation of polymeric bonds or "curing" of the binder, up until drying is
complete. These properties allow the coating to overcome problems of
dripping and running experienced with other coatings, which problems
ve ortlons of the stra cpat rlied an rmi
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stabilize the dried coating before high temperature use. The present
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methods. Indeed, the composition allows for use of room temperature or
U¥old" application methods to effect a repair of the TBC coating.
Alternatively, elevated

The present invention provides for in-situ repair of a TBC coating without the need
for post-coating heat treatment commoniy required among known TBC repair
methods. Indeed, the composition allows for use of room temperature or “cold”
application methods o effect a repair of the TBC coating. Alternatively, elevated
femperatures can be utilized, such as heat lamp, heat blanket treatment, or heat gun
treatment to accelerate drying and curing time, and optionally fo at least partially
convert the coating to a ceramic matrix, without adversely affecting the desirable

properties of the repair coating.

The method of applying the chemical composition of the present invention preferably
involves application or at room temperature, without the need to apply heat to cure the
composition to effect the repair. In one embodiment, after cleaning the surface area
of the component exposed by the localized spallation, the chemical composition is
applied as a caulk or paste. The cauik or paste can be stored in known packaging and

distributing vessels, such as tubes and canisters having distributing nozzles, stems or
6



temperatures can be utilized, such as heat lamp, heat blanket treatment,
or heat gun treatment to accelerate drying and curing time, and optionally
to at least partially convert the coating to a ceramic matrix, without
adversely affecting the desirable properties of the repair coating. The
method of applying the chemical composition of the present invention
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to apply heat to cure the compositionto effect the repair. In one
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or paste. The caulk or paste can be stored in known packaging and .
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the diSpensed product ntay require working, such aswith a putty knife or
m¢stade or other known means for smoothing caulks, pastes, and chemical
compositions of similar consistency. Alternatively, in a liquid mixture
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composition to chemically react and set the binder system. Suitable ,
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After application, the coating composition is permitted to dry at ambient
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composition has the atfributes of a polymer by virtue of polymeric bonds formed

within the binder, Drying and curing continues over time, and is further accelerated

when the part is optionally exposed to a heat source. However, drving may be

accomplished at room temperature.

Optionally, the coating is heat treated soon after coating deposition to reduce the dry
and curing time. In the subsequent engine operation, the dried coating is fired in-situ
by engine heat which causes the binder to decompose or react to vield a ceramic-
including repair coating that covers the surface area of the component, and that
comprises the ceramic powder in a matrix of a material formed when the binder is
reacted at high temperature for a sufficient period of time. The binder is preferably a
ceramic precursor material that can be converted immediately to a glass or ceramic by
heating, or allowed to thermally decompose over time to form a glassy ceramic repair

coating. Although higher operating temperature causes more of the glass to convert to
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within the binder. Drying and curing continues over time, and is further
accelerated when the part is optionally exposed to a heat source.
However, drying may be accomplished at room. temperature. Optionally,
the coating is heat treated soon after coating deposition to reduce the dry
and curing time. In the subsequent engine operation, the dried coating is
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matrix of a material formed when the binder is reacted at high
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ceramic precursor material that can be converted immediately to a glass
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According to the invention, each step of the repair method can be
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Within about 8 hours after the step of applying the composition at ambient

dridifePhdsre, 18 fhpihe RYMECHNfes GHEE SERsohl s thaartiicheurs.
Heataenpsaiesiby gperatignofihe endine withfirg the deiediansdopatially by

cured coating to produce a glassy ceramic coating. However, this time can
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accelerant , and lowered to a dry time of less than about 30 minutes and
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ordequirespemdvahefithe leorpanerihin As a further advantage, the repair process
does not require a high temperature application or subsequent high-temperature
treatment, since the repair coating exhibits sufficient strength to withstand engine
operation, and is cured or fired by engine operation to form a glassy ceramic coating
system. Another advantage of the repair is that it requires no special application

equipment, and can be done in ambient conditions, i.e. there is no requirement to

maintain a controlled aimosphere (such as by establishing an inert gas or vacuum

environment) during repatr,

Additionally, this coating provides a lower roughness finish with improved heat
rejection and also provides lower energy transmission. As a result, minimal
downtime is necessary to complete the repair and resume operation of the turbine
engine. The invention can be used in any gas turbine component having a TBC, such
as aircraft engines and turbines for electrical power generation. In the case of power

generation turbines, the cost of completely halting power generation for an extended
8



order to repair its thermal barrier coating. As a further advantage, the
repair process does not require a high temperature application or
subsequent high-temperature treatment. since the repair coating exhibits
sufficient strength to withstand engine operation, and is cured or fired by
engine operation to form a glassy ceramic coating system. Another
ant of the repair is that it requires ng special application
P SR TR SRS PR L syt oy
ioralepddespelirtion nsaimtadiedh cbtralleddatime shhered sucleaddywestablishing o
inert gas.or vacuum .environment) during repair. Additionally, thi
ARl R S
at &ndrals o fptavidesdevercensrgyntransthissidnnAs a result, minimal
downtime is necessary to complete the repair and resume operation of the

OfHDING - 800INE - NS RVENtGaN R Losd DAY 9as Ly rg?ég?es%fqéﬁ%%t the

having a TBC, such as aircraft engines and turbines for electrical power
foljenaratisinilertiesensiost foler fysmeantivhadrpitressthbtbostredent invention
witPRPIgish haltiRgROMET 9RRRAALON. gL AL BXIED dcfegcgpl?%rﬁogf nQL ?ﬁreggrred

remove, repair and then reinstall a component that has suffered onl
cpbediFsats pHiratishoe ey YIS0 srset et g slawinge citiécly ithiente,
bYOWROLIQ ignuﬁ@ﬁ@ﬁ@ﬂﬁ&%ff%% fehing, yntil the spalled component is

no longer salvageable at the risk of damaging the component and the

turbine, Other objects and advantages of this invention will be better

B%W&%?Qﬂ?% eOFoIVo”Wi% g‘%escription. Other features and

advantages of the present invention will be apparent from the following
Fiore detaiteckdlesatiptidnafrtherpraferred scomasimentsiafes ifrotected by a

conjunction with.the.accom ing. drawings which illustrate, by way of
th%%#%%f‘ﬁ%é’%aﬁ%6?3?6%@%&3%88 .1§§F@‘F‘HB‘E§CR|PT|ON OF THE

DRAWINGS FIG. 1 is a cross-sectional representation of a component
Fieyfatengrdtetstenoby secthoahadivaseentonting thatthas suffe ediivealizBs. 1
latign 35S d r0Ss-Secti | representations of.th
d afian, Ll@S, 2 And.3.ate Cross:se
- co .ponentpsurface or% Flé. 1 dé)l‘ll%lg th(é’!%g%girigf %ﬁ%oﬁ?ame Wl&l
IngeRititiy in accordance with the present

.%13 resent
ermal barrier P

Whenever possible, the same reference numbers will be used throughout the drawings

to refer to the same or like parts.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to components in the hot section of gas turbine
engine assemblies that are protected by thermal barrier coatings for operation within
environments characterized by relatively high temperatures, and therefore subjected to
severe thermal stresses and thermal cycling. Notable examples of such components
include the high and low pressure turbine nozzles and blades, shrouds, combustor
liners and augmentor hardware of gas turbine engines for use in aircraft and industrial
applications. While the advantages of this invention are particularly applicable to
components of gas turbine engines, the invention is generally applicable to any

component in which a thermal barrier coating is used to thermally insulate a

9



invention. Whenever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts. DETAILED
DESCRIPTION OF THE INVENTION The present invention is directed to
components in the hot section of gas turbine engine assemblies that are
protected by thermal barrier coatings for operation within environments

cofrpBfRAGHARd LY IeiAivRbANIh temnGaralies, AN IhRrelPre SUDIRRISA i es
e uch

severe thermal stresses and thermal cycling. Notable examples of s .
cORGRpOneTRedneElid e trhigP i Bradsuse bihe Yo 2arbs 8 9,856 in
thﬂ%ﬂﬁ%@@%ﬂ?%@i%ﬁpﬁ&@ﬁfs and augmentor hardware of gas

turbine engines for use in aircraft and industrial applications. While the
advan{%?es of this inventign are particularly applicable to components of

RePESTuiing Enginkd; thamukntisroR gAcmpeiilicHbRIdiseRg by a thermal
bafRNROARR! MMhiehsatharmatharaer spaling: is WsaeWA ISRl IRSHAE of

a 9 component from its environment. By way of reference, Applicant

2 R0 H9RN LOrBTATE L PRI 2B S, ST St apiirtatich Mhibsrgumic
layk0/ 785 85%iand d:0/BE93a6 tbathelr entirtyiasiiAubyset fartinereils is the

. Represented in FIG. 1 is a surface region of a component 10 protected b

SRR LR B S RBHRRE PR SrSe Al s i TR engifgeibe S9mBABEH, 10

mzAs heingreamprisegigfen bong:caatbafarmedigndhe subsisatesurdase of is
the component 10, and a ceramic layer 16 de{)osited on the bond coat 14
prej r?r??iyt FRaT brferedatitg O RgatRa Srtrtomrirhigh mfseritirst the

un@ermpeneniaigas turbins engingsntiecenpeney 18 mayikeformed afore
a nickel, cqpalt or iron-base superalloy. The bond coat 14 is _preferably

AR o A E AN S xR RS R an B a e Bt Prdtischame coat 14

indl0ge yMo CorvRansntJR Agna-exinationaad:phalle dheiseramicdayeiwkbis a
to m%: tepaciously. adhere to the component 10. Suitable materials for
%

thepdig 9 TREGASNCTRISIN etay dgimed Bhadrfigiofhe bond coat

to alupnRidedceatiRgauAlso shown is a then tightly adherent oxide scale,
typically A1203, formed by exposing the bond coat to an elevated

T}%@ﬁﬁ{a%é%BC ceramic layer 16 is deposited by plasma spraving, such as air
plasma spraying (APS), although other deposition methods may be used such as EB
deposition, PVD or CVD processes. A preferred material for the ceramic layer 16 is
an ytiria-stabilized zirconia (YSZ), a preferred composition being about 4 to about 8
weight percent yitria, though other ceramic materials could be used, such as vytiria,
nonstabilized zirconia, or zirconla stabilized by magnesia (MgO), cenia (CeOy),
scandia (5¢,03) and/or other oxides. The ceramic layer 16 is deposited to a thickness
that is sufficient to provide the required thermal protection for the component 10,
typically on the order of about 50 to about 300 micrometers (about 0.002 to about
0.012 mnches) for most gas turbine engine components. However, thicker (up to about

050 inches)(about 1.3 millimeters) TBC applications are possible.

As a gas turbine engine component, surfaces of the component 10 are subjected to hot
combustion gases during operation of the engine, and are therefore subjected to severe
attack by oxidation, corrosion and erosion. Accordingly, the component 10 must

remain protected from its hostile operating environment by the TBC system 12. Loss
10



Typically, the TBC ceramic layer 16 is deposited by plasma spraying, such
as air plasma spraying (APS), although other deposition methods may be
used such as EB deposition, PVD or CVD processes. A preferred
material for the ceramic layer 16 is an yttria-stabilized zirconia (YSZ), a
preferred composition being about 4 to about 8 weight percent yttria,

of HRUGRAINET BSERMIE MatealSLauitbe He8d, RUGRASMINAand often rapid
nonstabilized zirconia, or zirconia stabilized by magnesia (MgO), ceria

deterigraByn Qlalidi£ PRIy aBRsBtEt oxiddecatiredapaitng Ry areebaically
darfleRQBiedde athickness dhat inpufficientiopreyide theprauiregithennalpc

protection for the component 10, typically on the order of about 50 to

TePEBQP SO PhithiSrRtERs (ARSI B o [EKH1 Lineds) dsemrdisegaghe
invisiRbRe a%@ﬁiB?tﬁ@rflﬂﬁﬂﬂ'ﬂgssﬂé%ﬁ\‘ﬁfmﬁ%@lfﬁrtﬁ%!géﬁaﬁb%e%gnpenem 10 is

inches)(about 1.3 millimeters) TBC applications are possible. As'a gas
PCHBIRE S EorAPBINBRE UHTECBART the bR p8rERt titbine SuBfsctberby

cofiglee@MBustinngases susingQperation: ofdhesngine .and gl therefale he
subjected to severe attack by oxidation, corrosion and erosion.
COTRRTRingly, the component 10 must remain protected from its hostile

operating environment by the TBC system 12. Loss 10 of the ceramic
Thiayera16 iguecta spaftatisly Isadsdopieiatuaanstofiemeand dgiekaraiothe

th t substrate 10. A localized spalled hanicall
oG UGORMIRGITSD o (e Go/ArA STy of 8 AT PGS i o

grine, THE  sepaioprockesseafl thisdmientianibringisepigsentad kbRiGHa? andhr
3. According tg thlef invention,feach of the\l{%’lowigq steps performed in the
QS HIR SFhE USH SHERTERIS! SRR WIS e tRBmpBHEAD 18 aRdifgat

14inskatied vartbestuebinegesging, teteby, egrgletely avaidingthe RHRfve loose

requjrement to remove .and later rejnstal component. The repair

nd lﬂ%@e .
A LA Mg A< e A AL S D9 LA AR ezion
20lacelizedespiiedrcediontRO salksl tersernovedanseoxigesaptnined amount of
contami such as . grease, oils and spot, though. preferably withqut
n an%‘&&“ngf %?e %%%rgsgg% %“8} Pe %\?ﬂﬁ%ﬁ?ﬂez%d é&‘ﬁ&b 818§ fg bond
cogeiamiesayeodBlthavadbeie tooie hend ¢aatdidalébilehatiotind allows for
ap%) 1%@@'0%“3? acggn%ec%zslte ?ﬁr aogére ]:c Q%gnﬂ%% Oi%lgsfc}g g?fgrotv(}eal}?p )szeng the coating
composition. Prior to application of any bond coat 14 or coating composition, the
exposed surface 22 of the damaged region must be cleaned with an evaporable cleaner
such as alcohol and/or acetone. This step can be selectively performed to ensure that

the surrounding undamaged ceramic layer 16 is not subjected to the procedure.

Once cleaned, and optionally dressed and/or re-coated with a bond coat, the spalled
region 20 is covered with a ceramic chemical composition 24, as represented by FIG.
2. According to the invention, the ceramic chemical composition 24 is a paste-like
mixture of ceramic powders and a binder that cure to form a ceramic repair coating 26
shown in FIG. 3 as adhering to the surface exposed 22, which surface may be defined

by portions of the bond coat 14, oxide scale 18 and/or remnants of the ceramic layer
16.
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materials and contaminants in and around the spalled or mechanically
damaged region 20, and optionally dressing the spalled area by removing
a predetermined amount of undamaged TBC, preferably down to the
bond coat 14 without damaging the bond coat 14. Additionally, where the
bond coat 14 is damaged, the method allows for application of a bond

Th‘éoﬁffe;iﬁéay%'bmﬁogﬁmﬁ%digetﬁ'%xﬁﬁiﬁf 0 ARRIVIRG R GRAI N prising one or

composition. Prior to application of any bond coat 14 or coating _ .
MY AFHEEIEh MAET B B EdRs GREBE Qo HaRe HmaleticagmHTiakprwided in

poRigaRekWth AR euaRRIabls deanat siehazalcahakandiAracetone,Jhis ,

. step can be selectively performed to ensure that the surrounding
OiniitatfagedesrRARe taifer ForRTBIRUBEttedns theopiitedbidaiimeriractory
mAeanethAnd optionRly Aresaed apdiandgcoatedhmth ARand, coakitheitania,

spalled region 20 is covered with a ceramic chemical composition 24, as

caldpreditited BiAFEheD TABRIRIINGIERRIE iMrdeHivs, Bkl cerabiratnamibareot.
proRMBRSIHAN 24dsB-pasiadike mbdewreial @ﬁrmcpeﬁw@@z@r}%@%n% first

that cure to form a ceramic repair coating 26 shown in FIG. 3 as adhering

raggeRelag i dhaRsE8el P GRPRE GFRRtE FRAY Hdelinsanpypeitichs srond
pafigibend eortldkbisxidasealelsand/alitesneants,ehine cr1aaHs Iaer vifier

_ 11 The chemical composition 24 is F%referably a paste-like mixture
1S COSTRIING OPFE O SPRORBHERBLIOPHiERAIS StEH S céfarhicRbP g, freed
cofBfastony, matetalprovideddny Rowdesag fareand pravided nallgashdiohe

predetermined particle size ranges, a_binder, one or more nano-sized

usgerafsieHeitaleidah¢h sIvehtc siisbiesréhuctbryalbitetraamensde, form

reRBFE BRIURNItRG Lo RKIBNNE 12 AN AR c RGNS S AN RAn SHHR may
silica, yttria, other refractory ceramic materials, and combinations thereof.

fuppetdrablge ﬂ{é%ﬁaewﬁf%ﬁa% prolAEEdNAtEaSh APl B e parigelyr ther

dethetust. sange being less than about 1 micron but greater than about 30
nanometers; the second patrticle size range being between about 45
microns to about 75 micrans. The binder is%oceramic precgso material,

ThsrelfdfAbiy & i He 5P RRHA-baSet Shfioshion, Hotgh s >16-30
ndoreseeaiiedhabriher beramicpracursanhindass eoudecheadstdningludings),
titggyam leOQS Sa%ldg%h%paer@lsggi?s t, ietrr];eagg-asy%/egeggrm %Serr;[z(ijtgrozglnis preferably
provided in a particle size of between about 5 to about 30 nanometers, and more
preferably between about 10 and about 25 nanometers. The addition of this nano-
sized ceramic material represents a significant performance improvement in terms of
applving the coating composition, and in resulting coating smoothness and density.
Without being bound by theory, it is believed that the nano-sized particles of the
ceramic material fills interstices or voids between the refractory materials in the
matrix formed by the applied coating. The nano-sized particies also aid in imparting
thixotropic properties to the coating, as well as providing an extremely smooth and
wear-resistant finish. While any nano-sized version of the above materials will
suffice, a particularly suitable material is AEROXIDE® Alu C by Aerosil, a business
ine of DeGussa AG, Weissfrauenstrasse 9, D-60287 Frankfurt am Main, Germany.
AFEROXIDE® Alu C is a very fine pyrogenic metal oxide having a high specific

surface area, and having a content of Al,Os of greater than or equal to 99.6 percent

12



refractory oxides, and possibly calcium aluminate cements. The

composition may further include at least one accelerant, and optionally at

least one dispersant, as further described herein. The term "nano-sized

ceramic material’, as used herein, is defined as a sub-30

nanometer-sized material having ceramic characteristics, such as alumina
oadod 03 HANACTIOR) A0k SIioR (100 e pape sPed coramic malstal. .,

Is preferably providedin a particle s o? efwieen abolt b 10 about 30
alspansmdiersdan@mork{pretelablyibcaneenzat pattiGeandgab oat2%n be used

as ﬂ%ﬁ&@%d@'@%@&'E'&‘R{éﬁ&tﬂﬁﬂ‘eﬁﬁ%ﬂ%?Hv%ﬁ{%f%‘iC H‘@fﬁf&?ﬁi? Rt red

a significant performance improvenient in terms of applying ec’onaatlng
alugeimpssitiols, ael iy Pesullisl™oating satoatined sduamd wensitge Witfowiphase
' Ql@ggx‘ rys jtd ' h ssized particles.of the
Te?@#&%f’cgmat rigﬁﬁfg ?/gtggiigg%%m%\% S ég?v%%?]qﬁ]gér% f%%clt%%ysriﬁg%gtlr?a gne
Siﬁ@ﬁtﬁ”ém?ﬁa}criN@m]@@SQyTw_féimipEéq(bbfamﬁ\gioﬁhéS_nan@ksﬁzedmamﬁlﬁ_éeqlmo—
s IPAIting JAKAIFRIARETESO e Spatiigyd WAl 28.BiovViding o)
an extremely smooth and” wear-resistant finish. While any Rano-sized
alipaieioryidhdsabovewndteliasnwilpredeficevaipiiiciiemy Slitablematetiat of

?1@%%[)%) B%“E«.%Qy LE10 si%?e !a’fér}ﬁ?gi Il}ﬂ?eg%)\%g’e% ?L/geArce:’pair area is

b
_Weissfraue’nstrasse 9, D-60287 aﬁk.urt am Main, Germany.
tiAERGXID B ENET ibanv@rguinéirdgenie metabokitlé hamhigrathigh and/or

w}‘fé}g‘fﬁécio%ﬁ@?gnﬁr%ea&dr%gﬁi ng.a &%ﬂ%eéggﬁcé&é%(&é i%;s&%% N30 Oy lade

equal to 99.6 percent 12 based upon ignited material, with an"average
apperhiciécsize of 13 nanometers. DeGussa also makes fumed SiO2 and
fumed TiO2 in nano-sized particle ranges that can be used as the

THNRRIZAMCRIBBNICIMNME B tigRAresent @%sraﬁ@en/ﬁ@m&% binder and
nano-sized aluminum oxide such as NanoTekTM brand nano-sized

CELATHSINGA GG by Ra B PhESe IFEth b gy A sTaLiBnLBf dis3amount being
suffRiemescrRIBiraelBuRIdgeidL & syitable nangmsizedmateidline siticone

Nanophase Technology Corporation also makes other suitable nano-

or GhRPBYiTEast G Brat oo, wehea dynained rlwdgitisraily thrlggcobol
cofrb@0} ahaming. Mdpethia aissaend.aliming preguat ayailablefrom Mgoany]

Corporation of Pittsburgh, PA, can be added as an aggregate filler
kefﬁ&?er?é’#%ﬁe?é#h@%p]éﬁwg?e%% solvents, which may comprise a mixture of

organic soivents. If the composition is to be sprayed, the binder and ceramic
refractory components are mixed with sufficient solvent to uniformly distribute the
components to form a sprayable liquid mixture. If the composition is to be applied as

a paste, less solvent is mixed with the binder and ceramic refractory components.

According to one preferred embodiment of the invention, the chemical compesition
includes a mixture of: about 5 to about 65 weight percent aipha alumina powder made
of ultra-pure alumina having a purity of about 99.99% and a particle size of less than
1 micron but greater than 30 nanometers, such as SM8 marketed by Baikowski
International Corporation; about 5 to about 75 weight percent of a calcined alumina,
preferably having a purity of about 99.8%, and having a particle size predominantly in
the range of greater than 45 to less than about 75 microns; such as that marketed by

Alcoa Chemical Division as A-14 (-325) material; about 4 to about 45 weight percent
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thicker (such as greater than about .0020 inches or about 0.51
millimeters) and/or where the location and type of repair area make
application with a putty knife or blade appropriate. The evaporable
solvent of the composition 24 will depend on the particular binder and
ceramic ingredients used and the method of application, with the amount
of 9%aaaeé%ﬁm@tatgiﬂé@a@aﬁ\s@mebﬁ?@& BPESXBMAIGNE @%F@olﬂ% out 5 to
solvent for the silicone or phosphate-based binder is an alcohol such as
aboisndturstehlcesietie ¢f. 2eBpbaitsiol cesmbinadtonit! Sokesebifdpyl the group
cofdeRel And.atheralcohals: ot peetone, metyLeind. Kelen8oaY eReaie 35

new lower VOC solvents, which may comprise a mixture of organic
weigliveniscrttnd colvibsitierhisuodsadprayedcthelbinetsprmboaraniinations
hdigfiactory components are mixed with sufficient solvent to uniformly
distribute the components to form a sprayable liquid mixture. If the
mposition is to be applied as, a paste, less solvent is mixed with the

In Sﬁ?ﬁ T BRALHR Y cr SRR B JRBN &3S ARG divig o BHE Prarbirsuitable

inc@fabodivaeNoidhd dnyertionithe sherica eIMIesIHien MGlWdeS @ about 40
mixture of. about 5 to about 65 wei%ht percent alpha alumina powder

WeighHRCISE it D lins Al IR fadhg e pRARPBE Ab SR Y boss Hrdlisgsritiaut

305FQiless thabenk MigsoNRUt AleatRL than A enametels. SHeaRSMEent
marketed by Baikowski International Corporation; about 5 to about 7

solRI R PR e AERTErERIBHRRR LIS Prefer ol tRsuhserd ity ot atsupry!

al @90 @NchBAVING: APAHICIZ-HRE! REaHNMRALMAR 1he 1 feteatedded.
than 45 to less than about 75 microns; such as that markete b&FéAlcoa

EXERBHR PRGTSRER SR AP LS5 5 AHRE P L HIREAT  Abolab I Wlry¥it
percent 13 of a binder, such as a silicone or phosphate binder or
combinations thereof; about 5 to about 70 weight percent of a nano-sized
ceramic material selected from the group consisting of alumina, titanium,
dioxide, and sili & gdioxide;and-aboyt; 2 to-about:35 weight percent of
solvent, such as %%%[ﬁf fgfe&o?,nacet%}ﬁ%ﬁir?g eé%}?%bﬁﬁations thereof.

£ o .
In another embpdiment, & composition. that has been found particularly

suitable include$,aRaHLR WA F WS Peygent SM8alumina, about
20 to about 40

SMS8 alumina 113
Al4 (-325 mesh) alumina 30.6
Silicone binder 9.5

T-64 (-100 mesh) aiumina 43.2
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weight percent A14 (-325) alumina, about 5 to about 20 weight percent
silicone, about 30 to about 60 percent nano-sized alumina, and about 2 to
about 20 weight percent solvent such as denatured alcohol (e.g. ethyl
alcohol combined with 5% isopropy! alcohol), acetone, or denatured
alcohol with ethyl acetate and isobutyl ketone added. Examples of other
preferred chemical compositions appear in the tables below: Material
Based on Weight Weight'%o Percentage Denatured Alcohol or Acetone
5.4 SM8 alumina'11.3 Al4 (-325 mesh) alumina.30.6.Silicone binder
9.5 T-64 (-100|mesh) alumina 43.2 141 Wem;ﬁ?’%gﬁang/m Material
Based on Weight Percentage Denatured AlcobRgeacetone 2-20 SM8
alumina 8-15 AlA%tersal alBhinX 9889 1 Silicone binder 5-20
Nano-sized cera F@Fﬁé‘fgﬁal 1 30-60 In yet another embodiment, the
composition furth \,\,C|C| ..L & Ag-gptionathy-a dispersant.
The accelerant/can b félrggltegg eg trom’kF nown accé’“}r’grants campatible with
the solvents aanS\M 11 ﬁ,&ébUllb‘ binder—+Prefe lﬁ by, the—actelerant is at
least one of dibutyltin “dilaurate and/or di-n- buty |s(2 4 pentanedionate)tin.
The composnlor:m@ratgyyqlge% arGlerant cormisgsTabout 2 to about 35
weight percent| SM8 alumina; about 5 to about 65 weight percent A14
(-325) alumina; ahpel R tQraout 75 weight pereent silicone; about 4 to
about 45 weight percent nano-sized
Nano-sized ceramic material 30-60
|

In vet another embodiment, the compoesition further inciudes an accelerant, and
optionally a dispersant. The accelerant can be selected from known accelerants
compatible with the solvents and with the silicone binder. Preferably, the accelerant
is at least one of dibutyltin dilaurate and/or di-n-butylbis(2.4 pentanedionate)tin. The
composition containing an accelerant comprises: about 2 to about 33 weight percent
SMR alumina; about 5 to about 65 weight percent Al4 (-325) alumina; about 5 to
about 75 weight percent silicone; about 4 to about 45 weight percent nano-sized
alumina; about 0.01 to about 5 weight percent accelerant; with the balance solvent,
Preferred solvents i7nclude denatured alcohol (e.g. ethyl aicohol combined with 5%
isopropyl alcohol), acetone, and denatured alcohol with ethyl acetate and isobutyl
ketone added. Optionally, a dispersant may be provided, preferably in the range of
between about (.01 and about 5 weight percent.  Preferred dispersants include
Emphos P5-21A dispersant. a phosphate ester dispersant commercially available from
the Witco Chemical Co., New York, N.Y., and Merpol® A brand dispersant by
Stepan Company of Northfield, Illinois.  The following chemical composition

examples including an accelerant have been found to be particularly suitable:
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alumina; about 0.01 to about 5 weight percent accelerant; with the
balance solvent. Preferred solvents i7nclude denatured alcohol (e.g. ethyl
alcohol combined with 5% isopropyl alcohol), acetone, and denatured
alcohol with ethyl acetate and isobutyl ketone added. Optionally, a
dispersant may be provided, preferably in the range of between about
Exd:iflpiand about 5 weight percent. Preferred dispersants include Emphos
PS-21A dispersant, a phosphate ester dispersant commercially available

from the Witc

Chemical-Co--New-York.-N.Y ..and-Merpol{r)

brand

dispersant by
chemical comp
to be particular
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Example 2:
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Dibutyltin  Dilaurate or Di-n- | .2 - .4 [0.001 to

Butyibis (2,4 - 0.1%]

pentanedionate)tin

]

| Material Based on Weight | Weight % |

Percentagef |

Denatured Alcohol or Acetone | 5.4

SME alumina 11.3

Al4 (-325 mesh) alumina 30.6

Silicone binder (SR350 9.5

T-64 (-100 mesh) alumina 42.9

Dibutyitin Dilaurate or Di-n- | 0.1

Butyibis (2.4 -

pentanedionate)tin



Silicone binder (SR350 9.5 T-64 (-100 mesh) alumina 42.9 Dibutyltin
Dilaurate or Di-n- 0.1 Butylbis (2,4 - pentanedionate)tin 16 Example 3:
Material Based on Weight Grams/Weight Percentage Percent Denatured
Alcohol 1-35% (balance) SMS alumina 0-35% A14 (-325 mesh) alumina
0-35% Silicone binder (SR350) 3-45% T-64 (-100 mesh) alumina
Exg&é]igo Accelerant 0.01 to 15% Dispersant 0.01 to 5% The above are
plary, and are not limiting. Other combinations and variations of
ingredients and.amounts are within the scope of the invention. In order to
prepare the cheMEgr&mpessdorrss, heddrafrems(deleditd nano-sized
ceramic materiaf{gjc&raggmbined with the bind@¢™&Altsolvent injan

amount sufficignt-to re,tazalalgéamw_pas&eJke;mgauLe._A_ce@imic to
binder ratio of abtUEBHE Y CG8herally preferrdd S0éRAGHen using the

above-noted combipations-—Altheugh-a—paste-like m.'xture is-preferred,
additional solver‘?’éwcigﬁl B’r%wded to y|eId a nhg\r ]{?Jld mixture jif spraying

application meth op r'lclc:llc: MAers ctude-silicone
resins manufacté{r%% é; Ckﬁj % Hes under tre{wj ngar/n{;es SR350 and

SR355, and clg %@S&Q%&d&e@ uwuuxa.ne gé/)uure of the

polysiloxane family in amounts o up 0 about 45% Welght percent of the

composition. P refesied PN ORPIAERASEM bindets mplhide aluminum
phosphate and| complex phosphate materialsjthat are commercially

available from va{iQUg-s@1rces 0.01 to 15%

Dispersant 0.01 to 3%

The above are exemplary, and are not limiting. Other combinations and variations of

ingredients and amounts are within the scope of the invention.

In order to prepare the chemical composition 24, the ceramic powder and nano-sized
ceramic material(s) arc combined with the binder and solvent in an amount sufficient
o preferably form a paste-like mixture. A ceramic to binder ratio of about 8 to 1 is
generally preferred, such as when using the above-noted combinations. Although a
paste-ltke mixture is preferred, additional solvent can be provided to yield a more

fluid mixture if spraying application methods are to be used.

Preferred binders include silicone resins manufactured by GE Silicones under the
names SR350 and SR355, and classified as a methylsesquisiloxane mixture of the
polysiloxane family in amounts of up to about 45% weight percent of the
composition. Preferred phosphate-based binders include aluminum phosphate and
complex phosphate materials that are commercially available from various sources
such as Budenheim, Chemische Fabrik in amounts of up to about 45% weight percent
of the composition. The chemical composition 24 may include additional additives,

particularly one or more surfactants to achieve a suitably tacky consistency that
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such as Budenheim, Chemische Fabrik in amounts of up to about 45%

weight percent of the composition. The chemical composition 24 may

include additional additives, particularly one or more surfactants to

achieve a suitably tacky consistency that 17 enables the composition 24

to adhere to surface 22, which as noted above may be defined by

i I t14, 1 ide sgale 18 and/pr remnants

e e o0 v, et ol b
defmsdibpiposuekctdithenmyhBid dsindbleattkhrriples:ofesuitéb 8 and/or remnants

- SUr jspersa rcjal i re PS21A an erpol. .
o B o A R b % Rooric
suriisioatsanty toheniféentigbdistribdisathelisgrediemsahlithintiectonspbsitorants

e RIGTEred amAadaent, (e HRSICIKS UG of NG ShemICal e ivery.

“0 comgé%?gogr%4 can be ga?r%e%?n}ga%n suﬁgéﬁ%ﬁgste %rh%lﬂl&aais%%%%%ely

Thappapmsisicandaheldispehstddicoempositisnwafebelsmsothet dsinggmgients
: ﬁﬁh%ﬂﬁ al means such as putty blades and kr_nve_s, brushe_s,

Wltggg{r%{gge% and other known applicators. In a preferred liquid embodiment,
the chgmical composition is a pressure-dispensable composition

In thsnpsiedenh sPusHEBRL sBIf- 8fteriet RIBBBT eahstehemisrigeamposition 24
carfiRPENNIBG NOFRIEAli=SiePaIQF BYeRiyiand conirlabiv dIgURHENG R pensed

dispensed composition onto a surface such as an airfoil or other aircraft
COERGTHEP B sSE By TBATHHe Rt 04BN M@0y TN BE S8RISAH Hect5 S hieltl 198 sPraty

blaaBd 1R QARIE ﬁfﬁ@ﬁéﬁ?%ﬁ%&% COMRABLIOR HAWENEL M ROME CRSESerred

. improved adhesion can result by thinning the composition with solvent
Haaio BRRARGthe 1o SRR thaRTRPIE ths re pase Breadzpenfifietommgsition
cotawing the sahwat Jaash HARrendo,ARRIING the Hithianed£aaling  le or

composition to form a reé)air coating. Additionally, the composition. may

Stepe AppIEtNii RO ASBEAHCRIN AHD I ee B ISt T d o SpanBipb CaEMAYEace

sudoalingharddoif desiiee: eackilayslomayhealleweddpdnbefors primer is
application of a subsequent layer. In the preferred accelerant-containing

RGBS e A Hn 35St BH IS TP RIviduaeAlg of cHsikagymposttion.

Hasierlike coRsistencyrasyliiadfran adiugiment obtheitatal salvehposition
.content, the material is preferably placed in self-contained caulk tub. In

with solvent and brushing the resultiig mixture into the repair area as a primer, and

atlowing the solvent to flash off prior to applying the unthinned coating composition

to form a repair coating. Additionally, the composition may be applied in consecutive

layers to completely fill the spalled or damage coating area. If desired, each layer

may be allowed to dry before application of a subsequent laver.

In the preferred accelerant-containing embodiments where the composition is
provided having a caulk or paste-like consistency resulting from adjustment of the
total solvent content, the material is preferably placed in self-contained caulk tub. In
this embodiment, the caulk or paste dispenser preferably includes a dasher rod loaded
with accelerant. Use of such a dasher rod can alleviate the need to pre-mix the
accelerant into the composition, rather permitiing delivery of the accelerant upon (or

just prior to) dispensing and application to a repair area.

No post-deposition, pre-use, heat treatment is required to form the dry and cured
18



this embodiment, the caulk or paste dispenser preferably includes a

dasher rod loaded with accelerant. Use of such a dasher rod can alleviate

the need to pre-mix the accelerant into the composition, rather permitting

delivery of the accelerant upon (or just prior to) dispensing and

application to a repair area. No post-deposition, pre-use, heat treatment is
coéﬁﬂé’,’r?ﬂég & t%]_\?a 53[3%%% %lfr?}g _%8199 ElnthSI %:%Hg %rétgbvefaspgrgﬂg erofchat

theSolvent, the silicone acts as a binder that nitia y cures by
nigalinverizabip redyformzatgiticoneraiumina onatAlkimhosestiengtiods strength is

icient f in ti gh depending,on the composition .

Suﬁw{é%{sﬁ)tr gcfl g gc::%%%ﬁl gﬂéu ,C%éc‘ GR oaihe comP%Sé%}% %L( anc? éec?lred

and desired Tesu e ap positin 24 may eit répermltte
reslisiniplappbict atompnsitiem géranyr e hien berpativelyd tyingraid reacingt room
e C . ! Wit heat lam rch or. other
B D R M B St o
witbragesatiampabuoh 2hotre dicabeutrtB0 Hogrbés thdadurésmdegressabout

- ), 0 [ a eqgr F (@bout 120 rees
S B e e AR o
degresdpodpdierisbesindositivres Testingt 6f fegeiraodiifye 26l AitHesiticora).

as the binder has shown that, the repair coatings 26 of this invention are

Ahasasterized: g@HH%'Elr'i%i%@l:éﬁﬁ%@@j@oﬁ%ﬁ@@é@eﬂ({m&%dcfﬁﬁéﬁ_%?]ym&-ic

surface 22 within the spalled or mechanically damaged region 20 in the

coppetiienays UBLMETIPRTHRBIRE oM Atk sitintae PHbepier brfadierarhat,
thEXQREtedanieldsSHPiRE esetg oM IR ARRHERNIRR YR, &R0, CHIRG. gtrength

during initial operation of the turbine engine the coating is Turther cur d
to iSRS pake consedriacs glassybdrathifc saplid coatirgmeiqnily

daStHRSROHEM ENYING OPETALORASNEYERPH CoRtINg 26 SANIINYESID 4 ceramic.
undergo @ngg’ curing, and ceramic conversion reactions associated with

PhosniifcRisdctn Fecspesigthias Girsriieisalical properties of the coating
26. It is believed that exposure to engine heat causes the nature of the

Ahendsptihercampesitian b@mkga,ramﬁnfgﬁmtﬁ&sgmiahlw@ﬂmaﬂﬂazﬁe@%gﬁw the
ceramic,. The higher the temperature that the composition is exposed to,
SO RIS FEHB MR VA RO PSRRI B g ke reva

coargaierbby Bnging-opentiaiikisbeligied, thaé the gonapasiiongvilbatinues to
undergo drying, curing, and ceramic conversion reactions associated with an increase
in the strength and other mechanical properties of the coating 26. It is believed that
exposure to engine heat causes the nature of the bonds of the composition to change
from essentially polymeric to glassy ceramic. The higher the temperature that the
composition is exposed to, the more ceramic is formed. However, at the maximum
temperatures created by engine operation, it is believed that the composition will
retain some glassy ceramic characteristics, and will not be fully converted to a
ceramic. For example, in the preferred embodiment of the composition that includes a
silicone binder, during extended engine operation at high temperatures, the binder,
such as silicone, thermally decomposes to silica, forming a silica matrix in which the

at least three particle sizes of the refractory materials are dispersed.

In embodiments inciuding an accelerant, the accelerant assists in the cross linking and

chemical set or curing of the composition. In compositions including a dispersant, the
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retain some glassy ceramic characteristics, and will not be fully converted

to a ceramic. For example, in the preferred embodiment of the

composition that includes a silicone binder, during extended engine

operation at high temperatures, the binder, such as silicone, thermally

decomposes to silica, forming a silica matrix in which the at least three
aifUelR aiaps 6 (eureRRNLRAIE Al e AeRRleed N MBI BN R ation

including an accelerant, the accelerant assists in the crosslhn ing an
acgpfsriieahses oeRAIFiA®f the composition. In compositions including a

dispersant, the 19 dispersant helps to ensure homogeneous mixing and
wavenidistilution RiepRlicAton R IRMerSRlIER BRAK RS2V R ent, it

invention has been described with reference to a preferred embodiment, it

wilibhandseriostboy Biptrokdisdiiadhn #eihat rratoaribIs TangE Semapdseand
eqMadiRnthSHH RleRRmaY b IsHRAIIEREL T fRmEnR MRIROfRVIRAL S cope

departing from the scope of the invention. In addition, many modifications
ol BEiate (9 AALPIOL pRATSUIBPIEHEAIRRT Sran AfeREdR thaderchimgacylar
siitgiventiaaithayt giepatinthironrthe assential seoRsthersoting from the

Therefore, it is intended that the invention not be limited to the particular

SSETHBRIdT oAt BrSERIs e PSS fRE D SE et itehibrmiadaRi Chngily binited to
thiisuiveraiembdiiak hrdmeatienwibiaciydeall prbodimanis falliRg e out
within the scope of the appended claims. 20 WHAT IS CLAIMED IS:"1. A
thin SINERRSY IBEAIRREpaIRTG A BArEY éer thés Kl BrPreiBerifirig Bncaridreathe
sc@petpeaiv Rppat-gWiace;. the method comprising the steps of: providing a
ceramic coating composition comprising ceramic powders provided in two
predetemlined particle size ranges of less than 1 micron but greater than
30 nanometers and between about 45 microns to about 75 microns,
respectively, at least one nano-sized ceramic material having a particle
size of no greater than 30 nanometers, and a binder, the binder being
chosen from the group consisting of ceramic precursor binders that
thermally decompose to form a refractory material, an
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accelerant, and a solvent, the composition mixed to uniformly distribute
the ceramic powders, nano-sized ceramic material, the binder, the
accelerant, and the solvent; applying the ceramic coating composition on
a surface of the area of the component exposed by the localized damage;
mechanically smoothing the composition to form an uncured coating, the

wHnRcrred-caating cgmposition characterized by the ability to flow when
subjected to a mechanical stress and the ability to remain in place when

1. the meghanigabstRap IS SameNes dand LYaRerANg b SeIent At G Urngos

the coating composition for a perio_d'suf?icient to yield a dried coating that
2 OFRN NS irRse '8 ras br i BBHiHB AR Sisesdted coating comprising

the ceramic powders and nano-sized ceramic material in a polymeric
prévdting 2. cehentiethad:ef claitpotidurthenipeaivdingdhemstepsaifenrigotaded in

__applying the ceramic, coating composition, cleaning the damaged area of _

P RHSHET BT SR HEE 37 Methoy BECold R L @ Be: than 30

nandiesein; el terarrie powvders fudhers coPIse RleashONesEeLaMIB,, at least
material .chgsen from the %rcl) p,consisting of alimina, zirconia, hafiria,

Ong) AGRSSE tita i Ca i1 B BoPRBTITAtioYE HRd rasr B4aerTian 30
nametbagsace@rdingidaanyhensinddhegieceding.claions, whereinptheaideast of

one. nano-sized ceramic material is selected from the group consisting of
Ce A BT A SR o AT AL RS RIS HHBSBR 8 BB B Cral, an

acegearaingntd amyhane, ofidhe presedingneiadmso Whigtehlihe Pitlet 48 ceramic
selected from the group consisting of silicone binders, phosphate binders,
PR RIS THEPSOR THE IO BT oo i bR O (R

preceding claims, wherein the component is a gas turbine engine
apEmpotenteTaiiivecnastino doaceesding ¢ asydae: offthe preceditig claimspent

oxd Seergtr{/ the ple i?{l: d%%ﬁ!&%‘?g is performed in a non-controlled atmosphere
sing paste delivery systems

mechanically smoothing the composition to form an uncured coating, the uncured
coating composition characterized by the ability to flow when subjected to a

mechanical stress and the ability to remain in place when the mechanical stress is

removed; and

evaporating the solvent and curing the coating composition for a period sufficient to
vield a dried coating that covers the surface area of the component, the dried coating

comprising the ceramic powders and nano-sized ceramic material in a polymeric

matrix.

2. The method of claim 1, further including the steps of, prior to applying the

ceramic coating composition, cleaning the damaged area of the thermal barrier

coating.

-

3. The method according to claim 1 or 2, wherein the ceramic powders further
comprise at least one ceramic material chosen from the group consisting of alumina,

zirconia, hatnia, magnesia, titanium, calcium, silica, and combinations thereof,
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selected from the group consisting of tubes and containers having
dispensing nozzles for dispensing and smoothly applying the composition
to the surface of the component. 8. The method according to any one of
the preceding claims, wherein the step of mechanically smoothing the
composition is accomplished using mechanical means selected from the

4. 9roupeansislinAQLPUIY KINRSRLEY @@Sf&egfﬂét&%n@?%g?énq{}g at least

combinations thereof. 9. The method according to"any one of the '
ONG B &1 SFTFER e TRak RSt oie StepiohapBNitgcRasstghel drlsmina,

11120000 af asulidispiiyRightempesature to modify the binder to form a
repair coating comprising the ceramic powders and nano- sized ceramic

. materjal in g glassy ceramic matrix. 10. The method according tg any one

> of the | Btahi EFARNS SR SFEiP IR St BYCapPRAyHESt T tRE i Hisbinder

is eoRbng israecamplished wsifigiahedt SO Saleeed fiampithe Bhlders, and
consisting of heat guns, heat blankets, heat lamps, torches, and

co ?ﬁﬁﬂ?a?lg %%Tffﬂ reof. 22

6. The method according to any one of the preceding claims, wherein the

component is a gas turbine engine component,

7. The method according to any one of the preceding claims, wherein the step of
applying is performed in a non-controlled atmosphere using paste delivery systems
selected from the group consisting of tubes and containers having dispensing nozzles

for dispensing and smoothly applying the composition to the surface of the

component.

8. The method according to any one of the preceding claims, wherein the step of
mechanically smoothing the composition is accomplished using mechanical means

selected from the group consisting of putty knives, putty blades, brushes, sponges, and

combinations thereof.

9. The method according to any one of the preceding claims, further inciuding
the step of applying heat to the dried coating at a sufficiently high temperature to
modify the binder to form a repair coating comprising the ceramic powders and nano-

sized ceramic material in a glassy ceramic matrix.

10.  The method according to any one of the preceding claims, wherein the step of
applying heat to the dried coating is accomplished using a heat source selected from

the group consisting of heat guns, heat blankets, heat lamps, torches, and

combinations thereof.
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