FI ELD REPAI RABLE H GH TEMPERATURE SMOOTH WEAR COATI NG
FI ELD OF THE I NVENTION This invention relates to
thermal barrier coatings for conponents exposed to
hi gh tenperatures, such as the hostile therm

envi ronment of a gas turbine engine. Mre
particularly, this invention is directed to a
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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
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Prior art techniques for removing TBC's include grit blasting or chemically stripping

with an alkaline solution at high temperatures and pressures. However, grit blasting 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 alkaline 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
expensive, and can be difficult to perform on components with complex geometries,
2




the process requires the use of an autocl ave operating
at high tenperatures and pressures. Consequently,
conventional repair nethods are |abor-intensive and
expensi ve, and can be difficult to performon
conmponents with conpl ex geonetries, 2 such as
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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, theré is no known way
at present to replace this smoothing layer having a very smooth finish on damaged
TBC.




conpl ete TBC coverage. Additionally, some newer TBCs
utilize a snoothing |ayer over the TBC for better
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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 (Al;0Os), titanium dioxide (TiO»), calcium oxide (Ca0),
magnesium oxide (MgO), or silicone dioxide (SiO,) 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 depending upon solvent selection and solvent content, time for
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magnesi um oxi de (MgJO), or silicone dioxide (SIQ2) is
provided so as to inpart thixotropic properties to
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drying period is dependent on
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 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

withstanding temperatures of about 2000 °F, and IR reflection improvements were
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resulting formati on of polyneric bonds or "curing" of
the binder, up until drying is conplete. These -
properties allow the coating to overcone probl ens of
dri ppi ng and runni ng experienced wth other coatings,
whi ch problens can | eave portions of the substrate

co . ce _appl i nd permtted.to,dry for about
nol o8 e S Rp B R G e el o555,
codtirgpbeonied fulle ctiredUhidd 130atdeast %ﬁﬂiaﬂ?rcbh@ér{e}i Y 8&amijc matrix
coating is ready for high tenperature use. Thernal

thad ipclrdeg pepmip meteripls.  Theamatrix gbatingsexbiitsdowen foughness or Ra

' j r f . abput 2000 .F, and.lR
vallleh R B0 SpbRIGT 31 HPho” ol Ve dhe doating fgrmed by
cutippmdfiding theapplivhéomposttioracmibelsiiv@tel, f12H1a8 By sanding with a
.operation, the coating beconmes fully cured, and is at
digmondipagdata 2ckuqvy acdiired segothaess. ¢ Spethbestmplicationtsmaothing is

i . 2] .eri N in
oty RO B RS i SR bl Bechor (ol 0 i) bl aras.
appl i ed by other nmethods. In any event, the coating
Asf arresult yf theu foragpiag dorbperting theecawipki esneexigas ideindfstrates
can be smpot hed, such as by sanding with a _di anond )
adissign 1P g %i"élvstyaofg%’g?traéeﬁ HfeAIAG Buisnot dispifed to bare metal, grit
blaBREmARP kbt | h@0cdrimi | r i
apprngpr |Pat e f g‘?&rlsz%gﬁ@é?gc éi%lecr%?gjég oegt ?ES’ %‘51 rr%aflg)}"gh
tempeztirgcbompesites. Aheaongwsition ahd iethddosfabie prgent invention allow

pr.operti . the coati osi.ti on denonstrates .
on RARBSF IR oot rera ittt GBS o @pp hrcdst i andgoires no
fuieatiitint hbdtinoed firih ORI LabiBS ' g,laﬁaff
pocoata ed nrret al s and cgglgt ed cee?dg?ridgga g?atg{ t“gltc%el‘gglIl fr’é&%e’rature
uséand many high tenperature conposites. The conposition

and nmet hod of the present invention allow on-w ng,

o AR o SRR 05 0 TR T e

- forf postgating dbabirbatarnt honthioiy egakdd andRkOksowh INBC repair

tenperature use. The present invention provides for
metheds; (Indecdp the compesitiocallens iferguse of sam tteeperetide of Sicold”

QS 5 ' t nly..requi.red. anpn

St 40 58k £ FRIEOY pROIRE Lok A8 R vt

templetatarss Car beistlindd, sodmd heap damnp, Ueat blank& atedtment, or heat gun
nethqds tqQ effect a repair of the TBC

tread B foAccaltrals MG ahy g yimecand, arisariy o g Ieteh peesially
conke s Sstmd U aNSAOUP LR R e
propérties ofthel reppiricontitid.y to at | east partially

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 caulk or paste can be stored in known packaging and
distributing vessels, such as tubes and canisters having distributing nozzles, stems or

the like. Depending upon the delivery system used, the dispensed product may

require working, such as with a putty knife or blade or other known means for
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convert the coating to a ceramc matrix, wthout

adversely affecting the desirable properties of the

repair coating. The nethod of applying the chenica

conposition of the present invention preferably

i nvol ves application or at roomtenperature, wthout

the need to apply heat to cure the conposition to
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ceramic, the coating retains at least some glassy characteristics since engine operating

temperatures are believed to be insufficient to form a pure ceramic.

According to the invention, each step of the repair method can be performed while the
component remains installed at ambient temperature, e.g., in the flowpath assembly of
an idle gas turbine engine. Within & hours after the step of applying the composition
at ambient temperature, the turbine engine can resume operation at which time the

heat gencrated by operation of the engine will fire the dried and partially cured




reacted at high tenperature for a sufficient period of
time. The binder is preferably a ceram c precursor
mat eri al that can be converted i Mmediately to a gl ass
or ceramc by heating, or allowed to thermally
deconpose over tinme to forma glassy ceramc repair
coating. Al though higher operating tenperature causes

0 I t vert to,.ceram t he,coatin
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insufficient to forma pure ceramc. According to the
inven&.i n, .each ste|?3 of the repair nethod can be
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maidtdRra tentiotiedi dtmbiphetd @R |as B EdteBlishRB! A EhertAéasaor vacuum
further advantage, the repair "process does no

envirgamien dyTiRg §¥patfenper at ure appl i cation or subsequent
hi gh-tenperature treatnent, since the repair coating

uf fLiCi n t ' tand engi ne
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rejector cmah alsgl mesides erlawerC eaaglyi B@nsnSiySdem AAWLERIL, minimal
advant a[cle of the rep it requires no speci al

ir is that
dowpsime is, ?‘i‘?ﬁsaﬂéa%icewefﬂt? thentppay rageregeme apatationiof the turbine

~ enghRNIHd iB0&ntidh: &n bERSELin %’lg{%ﬁ rtlglgoﬂge; &@b&gﬁﬁtﬁgﬂhﬁgﬁ %b‘,” such
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Additionally, this coati rovi des a | ower, roughness
senpBfibt ¥ o sPaRico el s Poworsraciation T By prieaded
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downtine is necessary to conplete t repair and.
localized npallppier s poridest  Alse avoaided nethe need to decide whether or not to
continue operation of the turbine until 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 appreciated from the
following detailed description. Other features and advantages of the present invention
will be apparent from the following more detailed description of the preferred
embodiment, taken in conjunction with the accompanying drawings which illustrate,

by way of example, the principles of the invention.



engi ne. The invention can be used in any gas turbine

conponent having a TBC, such as aircraft engines and

turbines for electrical power generation. In the case

.of power generation turbines, the cost of conpletely

hal ti ng power generation for an extended period in

order to renove, repair and then reinstall a conponent
BRIFRDESERIPY ¢ OFOTINE DRAW i zed spal lation is

avoi ded. Also avoided is the need to deci de whether or

not to continue operation of the turbine until the
FIGp 4| is el crasmsesionel represgniationef & sbwmpgesnb|serface ptdtected by a

. ' e nent and e turbine. Oher
they el AR B bR IpR e RteiPrn i 1 1 e
better appreciated fromthe follow ng detailed

FIG®:sZ andB iaoncrofd-feetiofat atpreamtaiods a6 v doagRaest sutfge of FIG. 1
wi |l be apparent fromthe foll ow ng

resent inventjon
dufipg e epsn 64 thedheml boiet Seaegpine peordaace with the present
inveRg@pi ment, taken in conjunction with the acconpanying
draw ngs which illustrate, by way of exanple, the
principles of the invention. 8 BRI EF DESCRI PTI ON OF ‘
Whengy DRAWINEShE s@ne tefersnee numbars sall beasal throughout the drawings
¢ rﬁ%re entatiog of a conponent surface protected by a
O 1off& (o Hie SHMe T Ske S i ng that has suffered | ocalized

spallation. FIGS. 2 and 3 are cross-sectional

DETANES PESTRIPTIONOFTHE pormeneN surface of FIG 1
during the repair of the thermal barrier coating in

accordance with the present invention. Wenever )
The, presppfy gveptin 1§aﬁi‘éﬁ°f‘§"§ Ky svreBOnfhifhEY thenhet| segton 96 gas turbine

, i to.re LiKe .
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s BRSBTS bt LB SRR omaes oparel Pamponnis
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_ tenperatures, herefore subjecte severe
lingrp anchangmenterdwedan of gieturhihe eygihésnipr udoinadicen fearmhipliestrial

f_.such s ent.s incl .the high and |.o ressur
appficaiitye R HHE Avamades o dhisventind sre pnsiclasty appiisable to
corﬁfﬂﬁe@t@%ﬁ@&@hrbﬁ&%ﬁ&s?ﬁheg%ehﬁ&biig%eﬁ&gilg\%ﬁ, {i84b14'S6 any

inaircraft and industrial applications. [ Ipe t he
compepspl #yekhigh 3 fhamah \hamisropoating [fatsddc & ghernally insulate a

conﬁﬂ)ﬂlehtc U }E environment, By way of reference, Applicant hereby
incorporates commonly-owned U.S. patent application number 10/735,359 as if fully

set forth herein.

Represented in FIG. 1 is a surface region of a component 10 protected by a thermal
barrier coating (TBC) system 12. The TBC system 12 is shown as being comprised of
a bond coat 14 formed on the substrate surface of the component 10, and a ceramic
layer 16 deposited on the bond coat 14 as the thermal barrier coating. As is the
situation with high temperature components of gas turbine engines, the component 10
may be formed of a nickel, cobalt or iron-base superalloy. The bond coat 14 is

preferably formed of a metallic oxidation-resistant material, so as to protect the




conponents of gas turbine engines, the invention is

general ly applicable to any. conponent in which a

thermal barrier coating is used to thermally insulate

a conponent fromits environnent. By way of

reference, Applicant hereby incorporates

comonl y-owned U. S. patent application nunber
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to apj qlenat¢doiempietaturi gh t enper at ure components of gas
turbi ne engi nes, the conponent 10 nmay be formed of a

i I |t or Lron-base,superalloy. The bond coat |
TS e TR ebrafic MR IR S racRORE Iy plosma Sprajing, such as air
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under | %/l ng conponent 10 from oxidation and enable the
dengsition; BVD81<f VDerpessssr oA prefomed oatsirial fatihe ceramid hager 16 is

: . Sl e materials for..t he bond co 4
on TP RS ed Hrsoid LFF20 <R e Smnfiips PeigRaosi™Fto dout 8
weightiperoertieytaa thou@h . othérseeranitValefiald collleBe Wk&dNhoh as yitria,
adherent oxide scale, typically A1203, formed by
nongtabized (zitopaiap g5 zigeoaia stabilizad dieveaspesia (MeDht dgrie. (Ce0y),

raying, sucn as air

thataist fuffigientotohgrovitiephs irbquiredniichad SproRtHE fIS LR &ﬁg&bneﬁt 10,
EIh deppsitjon, PVD or CVD processes. A preferre
typigall e opdhe pgfer of abewt alite abente300 miqrametgrs (about 0.002 to about
[ . rLr
001 by R ano kB e ERBLB contiplent IS FLRE ERYer (i gp abou
0040 inches) TBChapphicatidsareprsaible material s coul d be used,
such as yttria, nonstabilized zirconia, or zirconia

e e
corfIRBOSH bRds @i dgetk /AT She él{ﬁﬁe, laftd %ftflél‘@%bgg El% 'éel:ted to severe

provide the required thermal” protection
attagly by oprdaation corrosign @afl | eyosien.t Hsccordiaglyofheatmuporst 10 must
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 of tHewestainic ldieekiey disptot gﬁnaﬂl@ﬁbﬁ lead040 proGhesd ahBoften rapid
e.

appl j catjons are possi
deterioration of the component substrate 10. A localized spalled or mechanically

damaged region 20 of the ceramic layer 16 is represented in FIG. 1, with the TBC
repair process of this invention being represented in FIGS. 2 and 3. According to the
invention, each of the following steps performed in the repair of the component 10 is
performed while the component 10 remains installed in the turbine engine, thereby
completely avoiding the prior requirement to remove and later reinstall the

component.

The repair process preferably begins with cleaning the surface 22 exposed by the

localized spalled region 20 so as to remove loose oxides and contaminants such as

10



As a gas turbine engine conponent, surfaces of the
conponent 10 are subjected to hot conbustion gases
during operation of the engine, and are therefore
subjected to severe attack by oxidation, corrosion
and erosion. Accordingly, the conponent 10 nust
remain protected fromits hostile operating

s 680 B RGTRE AR Diblin 05Fend b ol L 6 o

rembting anp pisitiuatl fh@nems af iecefdmichyes QBRRAMeBYH e BRI coat
10, A localized spalled or nechanically danmaged
14; Whils vaous techriqpes ean be magrbra nisfareed iapthed an te derneve loose
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application of proehidcaltl 14 eyiths danbgedciegvni piiprith applyiigathe cdating

SR, ik 5 S0 S S Tt S,
ex s8R 8@ facR b Df M Bk réé‘&g?llﬁst%eeél%gﬁ e &gﬁc]éf&la]le cleaner

damagi ng the bond coat rempovi ng any res
sudhyras b amgd/ort deetoner discstéaymr bel Geledtiatlyadtiforaed @ édsare that

bond coat 4. Il e various techniques can be used, a
thegPPuRR undifingi ol Ta i T oD Sechct Brbapisogiie
contami nants in and around the spalled or nechanically

OnBaeRged, 84 iopiionally, draRked aRd/oP Rékbited WaBSI Bohd B, the spalled
spal | ed area by renmoving a predetermn ned anount ‘of
regtmu%ﬂrﬁg?@aemé@,ﬂﬁm eqramihthemiealieomposiien Bénh repesentet by FIG.

2 PR SIS ORRE Iy Bhads AHERE Y
miftore ofappiniic poivaers ahd a blrdadthiaoaire 1¢ fMEA cérhfictapRp Bshting 26

regio rior to applying the coatin conposi t1on.
shopty Bt FIG Jpedbaingot e Sﬁff?‘:%éﬁws%gtza vhichr mgy &ei defined by

porﬁ@ﬂ?&s&l& b %Jalﬁ 4, SARD gl I%Lgnﬁ?o%?er%ﬁan(%%?é ttﬂg Fg@ﬁ@?ﬁ% 16.

region nust be cleaned wth an evapora
such as al cohol and/or acetone. This step can be
The ehasuicalvasimypogition @dnie greferablysis raepasteslike mheusWwonpuititignshe or

o T NN N

POt SO i APDEC TRl 08 SRRy O, o
binderppes enmete ﬁgnoFaizgd ceramic materials, a.nr(;pa solvent. Suitéble refractory
materials include, but are not limited to alumina, zirconia, hafnia, magnesia, titania,
calcia, silica, yttria, other refractory ceramic materials, and combinations thereof.
Preferably, the refractory material is provided in two particle size ranges; the first
range being less than about 1 micron but greater than about 30l nanometers; the second
particle size range being between about 45 microns to about 75 microns. The binder
is a ceramic precursor material, preferably a silicone or a phosphate-based
composition, though it is foreseeable that other ceramic precursor binders could be
used, including colloidal or sol gel chemistries that thermally decompose to form

refractory oxides, and possibly calcium aluminate cements.
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2. According to the invention, the ceram c chemni cal
conposition 24 is a paste-like mxture of ceramc
powders and a binder that cure to forma ceramc
repair coating 26 shown in FIG 3 as adhering to the
surface exposed 22, which may be defined by portions
of the bond coat 14, oxide scale 18 and/or remants of

ecam c.. Lay 6. _The.chem cal, conposition 24 is
Th%:]tg er é’b%ﬁgflgllzgéa{:%{%é? el?-ﬂ fepal m'aSg(tulfP‘g h(%%r 18551#5’3&%3 gy Sub-30
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. the rgf@&actor“ material provided in powdered form and
titgnia, (Tik%d and sifica 48i)+ whhe mapetsizedi eeeamisametesink is ipreferably

AESy ' , nang-si zed cerapni c

prJma\t erlﬁla art g#& ngé S gﬁd\%@rv]%% @Jol[u? gb%egnroél*?' cffagf’?le{grs’ and more
prafetielyi tatsedmnationtd @) dndtabane 28 Glanbhetetse AThe additioh BE& this nano-
Sizé‘%rconi.a, hatni a, nmagnesia, titania, «calcia, silica,

t§eramic material rereseatS gy § sudcantiperipppance angrovamgnt in terms of
i | r; I : .
PSR B LoR0E B en T S RUE P Xop I AR) Bd deney. 1
is bélieyed thatribe nbei-siged paticldsant thbauetandic hatedsl HllS interstices or
. rgat er than_.about 30 .n[a:?nogg%er s; the second particle
voiglh BENesn JiF BERAG L RRREER BBt malr: Rraed Ry teoanmbed costng to
impHr€ Rstropld BropbAfdeio the C@&tﬁl%r t ?ﬁ %gﬁ‘érﬁggf SIRTORE RY wear-
preferably a Silicone or a phosphate-base
resistamp §oishicam be obtaingd. Whiles adyonaeesizddl verditinof thehbove materials

il S FBrALED. oble bRl e uk e My Mrosi, o
busheBO e DEGENRE MG Wdathfinstast £ D-60087 PRIk ém Main,

cal cium al um nate cenents. 11 The term "nano-size
Gegeayni SERRFIDER Alv sisisseetyHoegimogenic nhefal neidedmving a high
- neter-sized mater.i hayi ng, ceram c
soeSit el PARTBAFRATAEE ST Bl R et ol oSt 0 9.
pertehit Gdedaitfbnsighitedambt@litl Iwith € a Vi S4rAQE s&8'F 13 hanometers.
material is preferably provided in a particle size of

De@assaadse mplesst fumed $iQpsnd fomed FiGnin wanw-sizeddpantiele ranges that

' and about 25 naponeter,s.
coniSIE8 00N ARENEER AR A LRI AR onay,
T-6re(i 66)e alumina, Sigieh  iscaniropal faRmiBA GRodwER, eMeMeNidded as an
ternms_ Qf appl.ying B&e} coating conposition, and in
ageresaty ﬁﬁ?{gmetslaﬁli WHCTE bt ensi sy e idthirkes (sugh a greatey than about
' = Sd rkicl f e ceramc. .
OORSIARA Bty 2855 E5BELE el A P

a puttyf kratwbjademppropakie. i n the matri x formed by the
applied coating to inpart thixotropic properties to
snoot h _and wear -

the coating so at _an extr | )
The ¢l 3pGRBls O e R STt 21 RULICHRR Pt o eanes ndes gnd
cera@icSingred@tst HigedaRAY ehdTMieBidPbE application, with the amount being

sufficient to fully dissolve the binder. For example, a suitable solvent for the silicone

or phosphate-based binder is an alcohol such as denatured alcohol (e.g., ethyl alcohol
combined with 5% isopropyl alcohol) and other alcohols, or acetone, methyl ethyl
ketone, zylene, and new lower VOC solvents, which may comprise a mixture of
organic solvents. If the composition is to e sprayed, the binder and ceramic refractory

components are mixed with sufficient solvent to uniformly distribute the components

12
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will suffice, a particularly suitable material is
AEROXI DE(r) Alu C by Aerosil, a business |ine of
DeCussa AG Wi ssfrauenstrasse 9, D 60287 Frankfurt am
Main, Germany. AEROXIDE(r) Alu Cis a very fine
pyrogeni c netal oxide having a high specific surface
area, and having a content of A1203 of greater than or

-per. oRn. lgnited terial
A S e T
solPedhis srixeall with thekdsddramd deBhiER refiadiolyemapotica®. i N
nano-si zed particle ranges that can be used as the
nano-sj zed cefamni.c teri al%ﬁi n thenPir esent i nvention.

ACRIE Gridfie Rreterrpdaambodipeyt of teitpention, 1R chemical compesition
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al cohol (e.g., ethyl alcohol conbine
45 weitght ergent ol @ didler, wash apaisdicons epluisphatebinder tabow, 5 to about

. I etone,. zyl ene, and new | o V
70 sn;g%lg%dn P gxtchg\% Pfc;hl% r?agly}o'glgﬁ%r | SLABEC Matetial, 38&%{6& %Wi ¢he group
corsiztivg of slumlida, tibgiwaPiegide] 41 dilfcon® dRox3d: an@ dboddi PQo about 35
bi nder and ceram c_refractory conponents are m xed
weight pereent of solgent, sishpe denatared glcobelaracetpre.r i but e t he
conmponents 12 to forma sprayable liquid m xture. If
In SRR PROSAIAE  SrobfborfiotEAel B 3eq? BAK Burloify suitabc
inchudes abawrg te ebpuinkh tweighbceoceit 18018 @ludim@a PaRfie 20e® about 40

e RO A b Sl BBt aangicons aou
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sobwing gugf as denaturiad ralcohoh(e goethiplitlcgind atoebindiawitB05% isopropyl

oneters, such a tket.ed by Bai kawski
aleIRRR A1 e Py P i U as¥tet e geovind kstamgradded.
Exdpgjleestiotiidr plefered tigicall dbmipdditionPileqf AhY RS ivRih v
purity of about and99.8% and having a particle size
predom nantly in the range of greater than 45 to |ess
t han about 75 microns; such as

Material Based on Weight Weight %
Percentage

Denatured Alcohol or Acetone | 5.4

SM8 alumina 11.3

A14 (-325 mesh) alumina 30.6
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that marketed by Al coa Chemical Division as A 14
(-325) material; about 4 to about 45 wei ght percent
of a binder, such as a silicone or phosphate binder;
about 5 to about 70 weight percent of a nano-sized
ceram c material selected fromthe group consisting
of alumna, titanium dioxide, and silicone dioxide;
and about-2_to about 35 _weight percent of solvent,
such as detiganedindgrcohol or acet®he. 1 n anot her
enbodi nent, a conposition that has been found

parti cul amrmwoba,ms@n)almwoes gppsIt 8710 about 15
wei ght pgrcent SMB al um na, about 20 to abjout 40

wei ght percent..A-l1l4 (-325) alunilna, about |5 to about

20 wei ght percent si | | cone, about 30 to about 60

percent nano-sized al um na,

wei ght pdrcent §olvent such asd
(e.g. ethyl al cohol conbined vvith%g@g#é%’gr
al cohol ), et one. or denatured |al Rahgks Wi
acet at e 61n3ﬁ?f§6'3bp9ﬁeﬂé’f‘dﬂ§'9£‘ade d. Exanpl
preferred chem cpbrcepdpsi tions lappear in
bel ow. Material Based on Wi ght IWei ght Pe
Denat ur eq one 5 4 SMB_al un

I _Al cohol or..Acet
Al4 (- 325 UspahyedNrehatoriretonel 3 220 i cone
T-64 (-100 mesh) alumna 43.2 Weight % Rs

Mat eri al | BameRlumimad/\€1 ght Percentgog, Denat
or Acetome 2-20 SMB alumna 8-15 Al4 (-

al um na 20-40 __Silicone bhinder %-20 Nano-

cerani c aY&(132P meshg@lumina 20-40
Silicone binder 5-20
Nano-sized ceramic material 30-60

and about 2 to about 20
' I7al cohol

opyl

th et hyl

es of ot her
the tables
rcent age

ina 11.3

bi nder 9.5

Inges

ured Al cohol

325 nesh)

si zed

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) are combined with the binder and solvent in an amount sufficient

to 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-like 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
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The above are exenplary, and are not limting. Oher
conbi nations and variations of ingredients and

anounts are within the scope of the invention. In
t he
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anounts of up to about 45% wei ght percent of the

In the bd b ; LGal: positi-gn 24 may include .

n GEGERESE Lbog A HERSE SRR by O, G R 24

can tevapiphied amtusy suitahbdhpastecoracanlli dighdngineaplirafiRNendSthe Wipensed
enapl es the conposition 24 to adhere to surface

t hat
comppsitiopy can & STR9itEd Wkg envdsione maelianitell misanp sreh @asputty
b_ladég,fanﬁ h&i vt Sthbhes, %ﬂ%ﬁ% QARE ottt kﬂ&}@g géélgc%gosfg ale thé)s(aa%&ér’ed

nd/or remmants “of "the ceramc . For
embagimeds, atheuthetBivalvaiogippsipen cisnta gessureatispeRsable composition

surf.act an e desirahl e. Exanples, of suitable
contaidin & %ﬁ@}’e’é‘ %@S‘&PE@H@ _qu?oﬁ’ﬁ@%ﬁt%haymg\ﬁaﬁhﬁmswgaw@zle or
stem Fi2énigneld V@Gl ably @MrOhAR 1 Wlsp2h SR Mhnds ARATRH ¥ Slnkace
The co]_r;Fq& tion may al so includ [ sperspants to
such a5 #ropirffl @r stherbairaali mginegasseinblyt sompérteht.n tNie primer is
itjo In.the preferred enbodi nent, the .
neces%%rgrlt) gl_ctl%: | 4?6‘ @hrﬁ 2 E?Séveo Ta h %c’ﬂmmﬁf t T\hsncggpo%téw.
Howder,apploiedeases, dmyrdidt ladhbforPaa] fes@lit baHlifd hEdRPSition
) aﬁgar atys, and the dispensed conposition can be
with soluetRed biashing theyrerildng mserminte e tepaingreaiasta prgmer, and
ves, shes, onges, .and ot her.
allo E%o&v\}llwé SggAS i cgftl%?g)ﬁ(P fﬁ&fﬁ’eap g‘%‘%@ﬁ‘&‘f‘iﬁ“@ﬁ%@&flﬁ&ﬂ{@Oﬁlﬂ@ﬂ
to forohe répairl coating) esdditiamllystha cpiPBSHOE nthyHRaHPAEL B consecutive
CONPOS;| ti onf1 ) .
layers to completely fill the spalled or damage coating area. If desired, each layer may

be allowed to dry before application of a subsequent layer.

No post—d_eposition, pre-use, heat treatment is required to form the dry and cured
coating, since upon evaporation of the solvent, the silicone acts as a binder that
initially cures by polymerization to form a silicone-alumina matrix whose strength is
sufficient for engine operation. Thus, depending on the composition 24 and desired

results, the applied composition 24 may either be permitted to simply react at room
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contained in a portable, self-contained tube or

cani ster having a dispensing nozzle or stemfor
evenly and controllably distributing the dispensed
conposition onto a surface such as an airfoil or

ot her aircraft engine assenbly conponent. No priner is
necessary due to the adhesive and thixotropic

i . h ition, - .
B8R 3800 RETRETM ek BB sk o

withoarpedti lainpNtortll bhofiel WeRtsoand. uigbleNBetnhd thaHdt: B2 about
mxture into the repair area as a priner, and

. p
eight Do @ TeomR tesneyatite, ebowt| akanrs i abont 650 tegragmF yandgbout 30
mih®€s HYobi égg%g@ng conposition to forma repair
coating. Additronally, the conposition may be applied
in consecutive layers to conpletely fill the spalled
Afr sufficiegtdiying dndg-uringathe lcbmpesiion 04 iaséhtladly @l cuf@polfiferic
al |l owed to dry_before applicatjon of a subsequent
composipon. NEesHag Pf pgh coptigs 26with sidisongpasdhe pinsgr hasrshows that,
: _ _ ' _ L o ce
thel @k E8Mink® 26 Vil ?ﬁ\treﬁn'h}ﬁn %%cé i ,c? zgﬁg; le}n@%ﬁ% §¢J:as%: u§11 sfrength

upon evaporation o e SO
to gerbaindBrmlyhadherédito i the | spriaoe €2 bythiioltyerepalledt b mdédbanically
d folea siI&&ane-alunina ggtrix whose strength is )
g 19sIam: 2V Jp S geRam, st ilnuntfriGds fired dedforg arperamic.

PhédpBate BIRRE drk @Rp2fedBdidl8 Sinkiffl reshigUl t'S, the applied

conposition 24 ‘may el ther be permtted to sinply react
at room 15 tenperature, or alternatively drying and
Afierappligatiem dndng cwd| ceriagatiring ihidiat opegatimodf the turbint kngine the
t. t or.ch ,or her h source, Suitabl e . .
cont s SRRy ShRCAASE oF (S, ptial FerR 4o & i Gormic repaic
codti@BTEY. allhr fibseyRent edgih® Wperafibn? RAd tredar cgﬁ%gte 08 dontiféd to
er

about 30 m nutes at about 250 degrees F.
undergq diyings curing japd carsenie gpnveysion tracanspssidiated wath dnsincrease
. Lal YRl C ositio esti f
in 58 SRR ahd ook WP I LR P rineo o LS melibed e
expolmeno ehgibe heithus@nbe haeabf Mg Hoass of ﬂfemo‘ﬁlﬂﬁ@iﬁt%ﬂttb QRBange
0

are ch,a; acterized by enough residual strengt
fromegsgentially molxmerim ey Bspyocarpmics uThebighep the tdmperathes that the

nj ' 20 in_ the .
confRALIOR D RapERe 18 b, (SRERAS tolSel, Foyfitel WaPE mogimum
temphaspba teeated risie esgiae eperqiien] @disthelipv@l thasithe lcamposition will

results.. After appljcation, drying, and curing, during
retai) SpTS) Elpisgr MBI SRarasiETisso it vl ghetebe Hully coaverieg 1o a

cerdricl ok BRImpIE! BhaprefefbmbE@enPsf t%% acloiiﬁ)ogﬁ)lg}{ 4 G udes
to a glassy ceram C repalr coating : su sequen(i

a siipgyiertandgederingperdendedeengapaiperatioatat hiph2Gnperdtiesialie 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.

While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof, without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the

essential scope thereof. Therefore, it is intended that the invention not be limited to
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undergo drying, curing, and ceram c conversion

reacti ons associated with an increase in the strength
and ot her nechani cal properties of the coating 26. It
is believed that exposure to engi ne heat causes the
nature of the bonds of the conposition to change from
essentially polyneric to glassy ceram c. The higher

: 0 sition is sed to,.
nd LIPSl IRUpLLes SRTRISMC o S RURGER s o
thit émqeatiod, bue shat thaiB@ntiyn @MY iRudRPAT &hb&dimehts fafling within the
beli eved that the conposition will retain sone gl assy
seoherof Hrccarpradeddl@mssti cs, and will not be fully
converted to a j ceramc. For exanple, in the: 4
preferred enbodi nent of the conposition that includes
a silicone binder, during extended engi ne operation at
hi gh tenperatures, the binder, such as silicone,
thermal |y deconposes to silica, formng a silica
matrix in which the at least three particle sizes of
the refractory materials are dispersed. Wile the
i nvention has been described with reference to a
preferred enbodinent, it wll be understood by those
skilled in the art that various changes may be nade
and equivalents may be substituted for elenents
t hereof, without departing fromthe scope of the
invention. In addition, many nodifications may be nade
to adapt a particular situation or material to the
teachings of the invention w thout departing fromthe
essential scope thereof Therefore, it is intended that
the invention not be Iimted to 16 the particul ar
enbodi nent di scl osed as the best node contenpl ated for
carrying out this invention, but that the invention
will include all enbodinments falling within the scope
of the appended clainms. 17 CLAIMS 1. A nmethod for
| ocally repairing a damaged thermal barrier coating on
a conponent surface, the nethod conprising the steps
of : providing a ceram c coating conposition conprising
ceram c powders provided in two predeterm ned
particle size ranges of less than 1 mcron but greater
than 30 nanoneters and between about 45 microns to
about 75 mcrons, respectively, at |east one
nano-si zed ceram c material having a particle size of
no greater than 30
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nanoneters, and a binder, the binder being chosen from
the group consisting of ceram c precursor binders
that thermally deconpose to forma refractory
material, and a solvent, the conposition mxed to
uniformy distribute the ceramc powders, nano- sized
ceramc material, the binder, and the sol vent;
cLapkyi ng the ceram c coating conposition on a surface
area of the conponent exposed by the |ocalized
danege; nechanically snmoothing the conposition to form
1.an Jhonetbdd clontloeaily tdpeiringc ar dainagedathiengal charpies ichitiy on a

bi |, fl wh b d
cofBBHEE R EShebeSeRersied ertam o bl ace when the

mechani cal stress is renoved; and evaporating the
prodding i caamic dbathg édhepdsRRhl @cﬁr&ﬁr‘?ﬁ%@%b&hﬁ@ B@Ee@ provided in
rie

period sufficient to vyield coating t
twe qyetetermiacd; partiskeesiae sangss afHesscthapohaeitont b gieated than 30

: naﬁcﬂﬁétbﬁ%d%ﬂ%é Sdbﬂgt I@ﬁn § F' %bdoug_é? %;ro%gdregﬂ%ggyéigzegeast

ramc material 1n a

one)fnanbamdl cefa:mbmﬁtennp hwingg 4 PartRIERZe Af ndgr&ter! fhan 30
ceram ¢ coating conposition, cleaning

pl yi ng
na‘!‘?‘i’é‘”"tﬁrénﬁﬂéoﬁ hindgr, ghe tideg heingghossn froms thetgroep consisting of

cECH ot By LSV ) L s OB R 55/ ML,

a snivent; it cahpesétion’ mived tth entfonuly digRBusithe Ger@hic g&wﬁgrgl &hano-
..zirconia, haf gnhesi a, tltanl um cal cium™ and
smg(# FeTauRic matogig ﬂ??é%‘%d ¢ BelMentt o any one of the
preceding clainms, wherein the at |east one nano-sized
f r i Stin
BT BB ol SERGELEHY (6D WY AP R hen
exposedbyithejocalizadamomes; of t he preceding clai ms, wherein
the binder is select ed fromthe group consisting of

i Lic d hat e, bi nd 6. Th hod
mol A0 R I B SER % ot innebre saiiopntiecsured

codting ccﬁﬁmwmﬁmchmactenm ngRt 2Bt 9ol e
assenbly. 7. The met hod gccorgl nlgyato a(r)1y gﬁgﬁopgﬁgieﬁ toa

mephagical piEess apd iniemaiihiarniace wien the srechvnicad ploéspiinngnioved; and
performed in a non-controlled at rmsphere usi ng paste

eva%?%aittiﬁg the §éﬂ§&ﬁrﬁ cﬁﬁh (,doaiiﬁg 'yalhgg%:ﬁ ngr "?]gg‘i‘l] S ent to

] and Con alne havih
yield 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 coating,

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

alumina, zirconia, hafnia, magnesia, titanium, calcium, and silica.

4, The method according to any one of the preceding claims, wherein the at least

one nano-sized ceramic material is selected from the group consisting of
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for dispensing and snoothly applying the conposition
to the surface of the conponent. 8. The nethod .
according to any one of the preceding clains, wherein
the step of mechanically snmoothing the conposition is
acconpl i shed usi ng nechani cal neans selected fromthe
group consisting of putty knives, putty bl ades,

onges. 9. The method according to any
ah%%@ﬁgﬁ%pﬁ gsﬁgédlng claims, further including the
step of applying heat to the dried coating at a

5. suf fiheireethdd advogting ﬁméﬁfv%‘hbl lo€ tHeOpredBRif Mmﬁﬁewﬁéﬂ\%g%etbﬂlder
rma repair coatin r|S|ngthe ceramcC
is § techfior Tag grup censisHng oftlisone indprsang phw;aatcénms:

matri x. 10. The nethod according to claim9, wherein

t he e i: e t dri ed.coa
5 acconct Peftoq“RRPKRE Ry bl diCtheceBRtifi ey plberen the
compongnt comeinspanegt ofof gdseatbigdiindwaimlyanket s, heat

| anps, and torches. 19

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, and sponges.

9. The method according to any one of the preceding claims, further including
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 claim 9, 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, and torches
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