FI ELD REPAI RABLE H GH TEMPERATURE SMOOTH WEAR COATI NG FI ELD OF THE

| NVENTI ON This invention relates to thermal barrier coatings for conponents
exposed to high tenperatures, such as the hostile thermal environnent of a
gas turbine engine. More particularly, this invention is directed to a
conposition and nmethod for repairing a thermal barrier coating that has
suffered localized spallation due to thermal fatigue and stress, poor
Coating prdibsbeREP RBEABRG HIGHLEEMPIRARVREMARAL I EA R4t TRage. and

ot her mechani cal damage, or defective coating areas on new or used parts.
BACKGROUND: OF Jttr e NYENR &t gher operating tenperatures for gas turbine
engi nes are continuously sought in order to increase their efficiency.
However, as operating tenperatures increase, the high tenperature
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sections of a gas_turbjne engi ne, such alloys alone are often susceptible
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mechani cal erties,. Fo LS T -t hese cor ent.s. ar fte
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of whi ch ah8 ottef mRehamidahéirmmle, bddted@ive coatdgngeds B@ewsySisedpaéer am ¢
materials, and particularly yttria-stabilized zirconia (YSZ), are w dely
used as a therml Qarrier coatinﬂgiTBC3, or topcoat, of TBC systens used on
gas turb#H%C%ﬁgﬁﬂéﬁ@éﬁﬁ3ﬁéﬁ@§ﬂﬂf T particular materials are widely

enpl oyed because they can be readily deposited by plasma spray, flame spray
and vaporygeRosichdtRn LRGERANGNESor SasCRITREYoteedrd ¥&?tir91fou§i?§0h§htaincoat' ng
based on zirconia stabil'ized with yttria, for exanple about 93 w. %

zi r coni a csdealio lineaie Wheihefivonty.7 Huweves, yas taperfind hérspgemersahciesgeetief  TBC has
been reported in such, Uni.ted at es pat ent s U.S. Pat. No. 4,055, 705,
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surface and do not provide adequate heat energy reflection for certain
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use of a t havin troll.ed here or vacuum. Accordingly,
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material s and the superalloy substrates they protect. To pronote adhesion
and ext erdatifiye therhwitaeof mhichols arBE s\thérem hardoncbatioat (TIBC)oftseam.enpl oyed.

Bond coats are typi.cally in.the formof overlay coati.ngs such. as Al X
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the ceram c TBC and subsequent exposures to high tenperatures, such as
during erggme coppernion] heshpyacandacoals sud ordelyacroplgind jecacdeehantanal um na

(Al 203) layer,.or, oxi.de.scal e that adheres the TBC.to the bgnd coat. The
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damage, wear, and the like. Accordingly, a significant challenge of TBC
syst ens [gagmpleaporo? bt afonzisonigr satildiver el abaianive “oajer. t has gereriless
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spallation typically occurs in |ocalized regions or patches, the
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include grit blasting or chemcally s{ripping with an al kal i ne sol ution at
hi gh tenperatures and pressures. However, grit blasting is a slow,

| abor -i ntensive process and erodes the surface beneath the coating. Wth
repetitive use, the grit blasting process eventually destroys the
conponent. The use of an alkaline solution to renove a thermal barrier
coating is also less than ideal, since the process requires the use of an
aut ocl ave operating at high tenperatures and pressures. Consequently,
conventional repair nethods are | abor-intensive and



expensive, and can be difficult to performon conponents w th conpl ex
geonetries, such as airfoils and shrouds. As an alternative, U S. Pat. No.
5,723,078 to Nagaraj et al. teaches selectively repairing a spalled region
of a TBC by texturing the exposed surface of the bond coat, and then
depositing a ceram c material on the textured surface by plasma spraying.

Wi | e avoi di.ng t neces p the entire TBC froma conponent, the
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material, and further requires the use of plasma Spraying apparatus to
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type of post drying or firing in order to be stabilized prior to high
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post - deposi tion heating, such materials _have much rougher finishes, and
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service for repairs results in significant costs in ternms of |abor and
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judgnment is th o the risk of. dama e to the turbine due to the
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because otale that adherasethe dBREgehd pridicored whil e operating the conponent

W t hout conplete TBC coverage. Additionally, sone newer TBCs utilize a
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desirable if a repair nmethod were avail able that could be perfornmed on
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very snooth finish of the snoothing |ay s.well as. restoring. the heat
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be desir %l?lloﬁ it a‘?lfaﬁé!ﬂ %1@3!71 | JRLRVRGoSIRRd hi H&lscﬁ%dtﬁﬁqf@ré oRPbnaf damaged
TBC that is easy to apply by caul ki ng, spackling or brushing in-situ.
SUMVARY @paitHiethNVENT bGh idcaondeily teoconéhaspend], banher@aiisg.provieded a

met hod for |o alhyd alrlﬁg a damaged thgrga barrgﬁr coati%g on. a
conponenfl§ﬂr'§e%11 SIAERSE A IHPPTEY NG HECL ISP OF: PFroPaPAT ™S ceranic
coating eoiPasittdiAues R ieoRBhg CEE @B IRRWSIAT Hadih @\ d8EIcAIIY WRipping
predeterm ned particle size ranges of |l ess than 1 mcron but greater than
30 nanonetigran dkelingspsien abb!ehttem;@raxﬁims @Nné Prasstpo UHo S/ erd gt Giasting is

res ectlvel si;.one n r.am ter havi.n rticle
srzg of nol Weg%grﬂﬁlmﬂ@ ﬁ tersm;andﬂm%ﬁnﬁggﬁhlhﬁ ¢ ﬁﬁger t|ng
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thermal |y deconpose to forma refractory material, an accelerant, and a

sol vent , 2 REkaHBMSRIETIPR éh et e ien spang tsral ﬁukiés thew ided.aice powder s,
nano- si Z%g%c@@ fe E?rﬂ%éiluse Pe 0L ng8ve "oﬁé‘raﬁﬁ %# i eﬁeﬁﬂp} ?e a0l vent;
app! yi ng céram¢ coa I ng conposition o ac area o he conponent
exposed lpyestines.| oCahixaenttdanageentieahanpgal mythsdoaidilnigriihendoapasi ti on to
forman uncured coating, the uncured coating conposition characterized by
the ability to fl ow when subjected tosa nechanical stress and the ability
to remain in place when the nechanical stress is renoved; and evaporating

t he sol vent and curing the coating conposition for a period sufficient to
yield a dried coating that covers the surface area of the conponent, the
dried coating conprising the ceram c powders and nano-sized ceramc
material in a polyneric matrix.



Accordi ng to anot her aspect, there is provided a nmethod for repairing a

region of localized spallation in a thermal barrier coating on a conponent
installed in a gas turbine engine so as to expose a damaged surface area of
the region of |localized spallation defined at least in part by a bond coat
overlying a conponent substrate surface and underlying the thermal barrier

coating, the nethod conpr.i.sing the.steps of: wthqut renoving the
ConponentXResiEL I GO BT e dERRE. WG S PRI SUPFIE SR BE DTt he
regi on of,drogaliigiedawPald Rl QR H%1RMatiQc @ROPE:. NoPkgdeies td Nagarhedi on of

thermal barrier coating wthout renoving the bond coat fromthe substrate
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conposi t ifgtier rddderentizarss b2 pldsmaesmpying appeedtuato dféeet thg repaparti cl e si ze of
bet ween 5 nanoneters and 15 nanoneters; and evaporating the solvent to

yield a dried coating that, c s while drying to forma polynerjc matrix
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barrier coating on a conponent that has suffered due to spallation
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permt working and snoot hi ng before drying.., The conposition denonstrates

t hi xot r ophctusPiBpdiom evies far repaint respits i FERIEICHN (S8 dB ifBIett 1aboray

parti cul -t he ¢ (e f - r = Si r Al rial,
such as ?%hén%g'#?gﬁgﬁéggggﬁ%ggﬁgéﬁgﬁgPﬁﬂﬁﬁgq%gé H?ﬁg%ﬂﬁgﬁﬁkgwggﬁﬁceranic
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(CaO, magnesi um oxi de ( r.silicone dioxide (,Si02) is provided so as
to i rrpart‘_etnl"f?ii t%ﬁ%ﬂ%r%@% iTgBSC_ t%° t nc%‘&'tlﬁ'ztf?a 1r‘?o_ 54R ?oﬁh‘gif‘_ﬁeme

thi xot r ORLA1RHAREE bb&Rredl 18 VBLY strBROEANNd] NjrAbheM RGhdi$12808% kehet O be
applied in a non-controlled environnent such as an on-w ng turbine engine

assenbl y risEwé damhgriphthe erbineatue ne theriedeced ghertrial projecgian ok the cogapeadi ng upon

sol vent sgel ecti.qn and sol vent .cont tinme for | yner.i zat.ion _and ot her
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to a surface, regardless of surface orientation, bé‘a variety of processes
e

wi t hout heembng! bE Uhpintgy dvmagaggilistedniibile oneradimgele compongnt Wehod! | ows t he
coating t , ec } 4 he [ i opi c
refers thré’%%Fe\g@? r%fgo\%?agg. n%%aéﬁ%liy@%%g%%}%ﬁ?ﬂngl%naa%ﬁgé@hIh{g }?géﬂtl ow when
subj ect edvtotha THEC hatieaal hdhoregetisnahd ais flaws heatersiyr @8 i9hoMiewnagivt at ed and
return to a gel-like formwhen the nmechanical force js, renmoved. This

def i ni ti ¢hPr&eRdrIERIpehtGFIRONHE g8 hivitison Ve W‘i’@@%tfwé%yﬂ%ga@é%edf orth in
Haw ey' s densed Chemical Dictionary (Thirteenth Edition) and the

Encycl opedia Britannica. This property allows the coating to be applied in
a production or field repair environnent to damaged surfaces havi ng conpl ex
geonetries, including but not limted to spalled areas of TBC coated
conponents such as turbine bl ades andyshrouds, w thout exposing the
undamaged conponent surfaces underlying or adjacent to the damaged surfaces
to slunping, running or dripping of the coating. These inportant

t hi xotropic properties allow the coating to be applied to a surface by any
one of a nunber of processes such as spraying, spackling, dipping, brushing
etc. The applied coating will not flow due to the effects of gravity such
as by slumping, running, or dripping after application. However, the
coating will flowif it is subjected to a nmechanical shear stress, allow ng



hi gh tenperature use. Thermal shock data on as-dried material was capable
of 5 wthstanding tenperatures of about 2000 F (about 1090 C), and IR
reflection inprovenents were noted. Additionally, upon heat treatnent, such

as firing by engine o ti,on he coatin econes _f dis at
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TBCs applied by other, nmethods. In an vent, the.coati ng f.orned curing
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a di amdngd Rafme LA 8GH) \é@ape,ggﬁhfzgg{ snoot hness. Such post-application
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coated netals and coated ceram cs of all types, TBCs, and nmany high

t enper at beet rejostpusindasrilopheropestipoet the smoathentsY¥od of the present invention
allow on-wing, in-field, in-situ repair of TBC defects in snooth coat
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dried coating before hig nperature use. In one enbodi ment, the present
i nvent i onlamagsd TBE thasris asy $¢ epply bp atvlkios. @AFEOLCUITIHFLItHYut t he need for
post-coating heat treatnment commonly required anong known TBC repair
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ceramic matri x, wthout "adversely affecting the desirable propertjes of the
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roomtenperature, w need to apply heat to cure the conposition to
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packagi nghaanciewis tant b bimigr, viks sehder i chesenuliers Birdgrowmicsnsstinghal/i ng
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by the localized damage; 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 yield a dried coating that covers the surface arca

of the component, the dried coating comprising the ceramic powders and nano-sized

ceramic material in a polymeric matrix.

According to another aspect, there is provided a method for repairing a region of
localized spallation in a thermal barrier coating on a component installed in a gas
turbine engine so as to expose a damaged surface area of the region of localized
spallation defined at least in part by a bond coat overlying a component substrate

surface and underlying the thermal barrier coating, the method comprising the steps
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After application, the chem cal conposition forns an even thin | ayer of
ceram ¢ and pol yner conposition over the bond coat or substrate exposed by
the spall and the adjacent TBC coating. The solvent carrier then evaporates
to | eave thin protective |l ayer of binder and ceram ¢ materials over the
surface &?'e\aﬁ%qmtr%ow%ﬁw@mw_nﬂﬁ e Srcesaa o RENEATES G SBIGS1 i on t o
chem cal | ¥od 8BGE 1806 $810daNSeDiRURRSYS LM repibive a&b;%r%dé%%ﬁh&f ARlch & e

mat eri al s such_as di-n-butyl bis(2,4 pentanedionate)tin, dibutyltin
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coating conposition i rmtied to. i heqper at ur ef erably
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at t ri but esngbsisiopobydren byceldrattyehofcepoliy menviderh prdsdddoimed laast hive t he

bi nder. Drying and cur.i.ng.continues over ti and is further accel erated
ehen t he TSR SHHGHE G Blsdt &8 26 faoros BReiferndiLIg: BV ng- ey
be acconmhicsdieshdadortp@RiMg @11RBE aheloLaludis, alteddiy, hatilie weogicsiagnd silheat

treated s Og. fter. co tiq?gg%g sition to,redu eqthe dr¥ sndhcug ng tinme. In
t he subség‘a “Lhgraecispe © GIREP §PNSEEnE PAiIHGNE &G PPERPRIA-IFY by

engi ne heginpokitiehs, GAY $860-EREd RERERE nierthe CAMPOSE pRiticleeasd of Betwiceh & a
ceram c-including re&a}u r coating that cqvers the surface area of  the

conponentianghgterstad Corpromadest ¥ e@parties Fruapront fo Fiafat 9rigd sratiiemat er i al
formed when &R DIRAGYinsSo 8¢ h 91 Rterftl itk SARLREN R §iRfac@atHFiied ent
period of tinme. The bi nger is preferably a ceram c precursor material that
can be cowwwoped. i medi ately to a glass or ceramic by heating, or allowed
to thermally deconpose over tine to forma glassy ceramc repair coating.

Al t hough ﬂh.%e&@%rf%é g&s&ﬁmﬁe&ﬁfowﬁoﬁay%e&mﬁ%@ BhnpbiBo®kAs Sadiconver t
to ceramc, the coating retains at |east sonme glassy characteristics since
engi ne opler attaming enthemzal Ubaseraceating| dreveebrippniget et bes iseffersd dug foorm a

pure ceram. €. AC i.n i i |- OR, tep of

t he repa;asg)]afr%n:agE Oﬁbgﬁ{céﬁ’ gtéésger é orgrg}’enggév?hl&?@h% ﬁ%‘oé%%b%}éegg&{rlg&ﬁaﬁa%%%?’n%t all ed at
anbi ent tweeperfahetiegrmel barrier modthe. f Thaoypst hi desmwetilofs ehd anmipd$igongast t ur bi ne
engi ne. Wthin about .8 hours.after the f iNg. the .conposition at

oo ent (nemits BT b R sk b R thi AR i PO SERER o T e

t he heat TRGeoatsdhbyingpedlativodambgd With esgilhéamddel depihref betvecedmbed land

partially cured.coati a pred a eran c..coating.. Ho er, this
time can tBé"%Pﬁtd%{gg’(ailsb@‘%giI%@l ?Ooﬁ‘ﬁg? 1%{%@2)?\8[?‘3? a}?ﬁ mé%ﬁ}’ﬁi‘i?%}ngF ‘Fﬁﬁgl antity
of accel efisafty a depdl dfowesrexh hdlsaablnt (.5 Mnidimdt@SH ahdhappraldig 30 niiaut es and
a curing tha 0 iglss t han about 8 .hoursh However, the perjod for?dgryl ng
and curi Henidpriaial 1 QEROrEPaddByPTESE! AR TUN S8 PREEVIEFkat ment .
I'n view ofsitd® 18R@VRecight p&RButhE: ap@&wgﬂt,am;hiﬁg@httﬁnﬂw%g}ﬁm& wfalfohe

i nvention overcone several di sadvantages of prior nmethods used to repair
thei mai #PRHEItOR of dbg sHRROSIHOR a3 Rlaflarr Puthekyigtanddo Rewwt arrgng ed

enmbodi ment.g, fhink Bifrd @YERLI on does not require the thermal barrier coating
to be conpletely renovéed, nor do enbodi nents of the invention require
renoval of the component in order to repair its thermal bail ier coating.

As a further compantionclemopstrptep dhixoprie ayerebes apot readuf disa sHeged

temper at Ut g @kt Akl AN Al BURS SINRT IRl QIRSLALILE) LESAINRRLalS| nCe t he

repair coating e i'ts sufficrent strength to wthstand engine operation,
and i s cuuel aprfufe erefdmyy ceragiinenadgpen.allho ampont grmmng-sifed sepmeemartariel coat i ng
system r . . LErdesy that .t i,eS i al

ool i cat s Sah 38 nARNERARER, HadiF SERRL T Mbb' lRICPR I SREE P ¢ 1
no requi remaiMego)mai stlaione alicddt (810-2ds giroadgheo eas( ®uchpas thyotest@bl i shi ng

an inert gas or vacuum environnent urjng.repair. Additionall this

Coat ng. proor s oA SRARY GUBRREL ¢ P LR hprSeetonaay iyl on and
al so pr ovindgswhgweie cengdgo be afsiet 38 aaion-chatralledeattifonmentduchlas downt i me i s
necessary to ¢ | ete. the repair _and res oper.ation of. the turhine

engi ne. LB AERE ShgFet ST huenEy Oh Do de (SaHLE ATy Y e
conponent having a TBC, such as aircraft engines and turbines for

el ectrical power generation. In the case of power generation turbines, the
cost of conpletely halting power genefation for an extended period in
order to renove, repair and then reinstall a conponent that has suffered
only localized spallation is avoided. Al so avoided is the need to decide

whet her or not to continue operation of the turbine until the spalled
conponent is no longer salvageable at the risk of damaging the conponent



O her objects and advantages of this invention will be better appreciated
fromthe follow ng detail ed description. Other features and advant ages of
the present invention will be apparent fromthe foll owi ng nore detailed
description of the preferred enbodi nent, taken in conjunction with the
acconpanyi ng drawi ngs which illustrate, by way of exarrpl e t he principles
of the inventjon. BS%EF DESCR[PTI%E(%F THE DRAW N is a

cross- seCEPBHHIZ YRS WEEHE AeiPEiPIoRNh SIBHS sRBIAL JUPG : %rep rrafs%aiﬂ@a BY a

thermal RALE iBhi AR H%Qlﬁ&[?%}dﬁﬁgrsx%h'lf n?ér%ﬁt h?%gxll ing 8dhspalok ?{;ﬂg@? gFlleGS 2 and

3 are cross- sectloﬁh representations o e conponent surface FIG 1
during t hﬁaxot&nm matofe bheéhet beatimgl colpgrositien atloatsiingo ibe appbiod dancwriact.h t he
present inve enever possible, th sane reﬁgrence nunbers, will be

tio
used thrd (Vin GEI’?B'T Waﬁ%ﬂeﬁ‘&ém?o Y&t @IileWS PHECESHREPYY URRB T Y EPEETAI LED
DESCRI PTL,ON, fFm T HEi1d NVENT! (M FhhePhRSRDthel éﬁéﬁﬁé 19 BeivBorltd 8Cha&dsdady.

conponents in the hot section of gas turbine ehgine assenblies that are
pr ot ect eehsb:;sed heseimathe erny theotopat nefﬁgsstora)pl oppér eftd watewrt dinrpesiivinrtoriment s

character|j el ati vel erat therefore su ected to
oo ect Sk Pty fk A S (hEM A TR o R0 6 EhE B S SeE e
conponentgitdteE it eetlimeohi gél- lﬁd%dfohﬁV\bvlﬁHnetfﬁé Wh&hhmedl deceN@ZEhesedanthidl ades,
shrouds, conmbustor |liners and agm&ntor har dwar e of gas turbine engl nes for

use in aidglriipe iasaniieRisvith dhe gspnitioatefomsxotppy |as tehdodbivariiages’sof this
| nvent i op Qh&,PAT Theld 'h&i%ﬂkﬂy AN C HTRAABN 5401 h&2Fn Vé"#l(;cl%e § engi nes,

the invention'rs genera | y applrcabl’'e To any coO onent a thernmal

barrier @ainnig. i Shivgechde ztihﬁ\rsnmblcysamrﬁgstﬂ B @p}ﬁ]edcmn&)pﬂﬂﬂfztl(fnr enfitlts
envi ronment, By . way of reference. | i cant hereby incorporates
conmmonl y rWe@WUOsmeﬁa@e@ﬁm@a&&al%faﬁ@SowVW@ oy geonstigsoingidingohE19, 856 i n

their entif ghied%o sfjal Al d¥asSEt Ther &d&té&e&%_ﬂmems such as turbine blades and

shrouds, without exposing the undamaged component surfaces underlying or adjacent
to the damaged surfaces to slumping, running or dripping of the coating. These
important thixotropic properties allow the coating to be applied to a surface by any
one of a number of processes such as spraying, spackling, dipping, brushing etc. The
applied coating will not flow due to the effects of gravity such as by slumping,
running, or dripping after application. 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 gradually diminished during the
drying period, wherein the solvent evaporates to form a coating including binder
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 can leave portions of the substrate uncoated.

Once applied and permitted to dry for about § 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
5



Represented in FIG 1 is a surface region of a conponent 10 protected by a
thermal barrier coating (TBC) system 12. The TBC system 12 i s shown as

bei ng conprised of a bond coat 14 formed on the substrate surface of the
conponent 10, and a ceram c |ayer 16 deposited on the bond coat 14 as the
t her mal %f}{s*a‘ﬁﬂingoéﬁ RGiturbS drSabbie 2806 Yt {8Bui 69D kEghade TRefAbMIR
conponents of ga tUIPbI ne engines, the conponent 10 may be formed of a

ni ckel , cmpalvementsi wem- haisd sAgdtiandllyy upThdichotrdatowat, sihias Brieg dwvabl y

formed of a netall.ic oxidatian-resi stant teri.al,, so as.t0 protect the
Lndor | yi F0E8 ABEHEAT. (86 crrtis Gt FOT A cRtor 8¢ RS ramial BhPaBd 1o to
nor e t enggi Pushyti AHREHE H0 iAdigdE apaARe thatblals SUTHA M MBb&lHgabhilligy t he

bond coat 14 include MCFAI X overl ay coatings and diffusion alum nide
coat i ngs.lowesoughwanoi Ba galukethan TEiiisl apphiethey efer mribgds. sbaty, eveppiheal | y

Al 203, f d L b el .
Typi oal | yorpeorRe Barute e de PRl RulRe BT BT ARIRELAA R, cien

as air phasgmdsy ayhng kAR pal, t Boughevet hekesid@pasbithans et hatspomy be used
such as EB deposition, PVD or CVD processes. A preferred material_for the
ceram c lagpbeativg smofvingistnerteniaryinpronsdiesior saai et dveyy (anpropcdmgred

conposi tion bei abho 4 t 8 weight percent yttria, though other
ceramc r%‘tlse?rﬁa?gﬂ@%ﬁl{%s)bsé’%@%(ﬁ%g&such as yttria, nonstabilized zirconia, or
zirconia stabilized by nmagnesia (MJO, ceria (Ce02), scandia (Sc203) and/or
ot her oxigles rddag ofrtkaifordgaingr ppeties déposoiteg tampoditvrc kdeessstrdiet i s
sufficient_to provide the required thermal protection for the conponent 10,
typi cal | YBESIohE Braes V%‘fetféﬁgﬁﬁbsgéteﬁdn%\lg&‘]‘ﬁQ’B“b@‘“rﬁ“@rt%ﬁ ¥ r‘(%@oﬁt 0.002 to
about 0. ' ool RSk 20804t RENRI QNG MeBATAGEN kS nHAYRYEY |

t hi cker ?%%St%d;ﬁlg g’uctofd{.%OSO ?néﬁes?(about i 3 ml Iylgrrét er 55_ TBC a;ys\gll%r:ati ons
ar e possitbieerafise aomgpssitesr Thaeoepeitves wdnpahetvf theuyrésssewveitianmlosonponent

10 are subjected t.o hot .conbust] gases during oper.ation pof the engine,
and are t%’é?’%P’e’égléb]“é%‘faerﬁpat“(‘)o’égggr‘g‘ﬁst ’&CSPQS& f&‘%%égishoﬁrf&?%??ﬁopn and
erosi on. AGEREHRA NoarihH€r GEAP IR SAbiILL (HBSded @ABAD bR Bigh@6mpEatird S
hostil e operating environnent by the TBC system 12. Loss of the ceramc

| ayer 16 whee to spoliation leads to premature and often rapid deterioration
of the conmponent substrate 10. A localized spoiled or nechanically danaged
region 20 of the ceram.c |ayer .16 [.S repk - i Lt he TBC
epar prigcs fIHAT Fi pRIEARplS BRRES IR et LSRG lld

Accor di ngwithout RRe inBMENS ipRBt-cREah heht frbembal doawhogy st@psdpendgy kmedvi n t he
repair of the conponent 10 is perfonned while the conponent 10 renains

i nst al | edUBf reprer wgthpinelndged: e camprassiy: Llowisi fet Bie L Ta0oPdFRERRES BY i or
requirenment 0. e l.at.er J . ety Dag,! process
pr ef er abl y%obeg?éﬁsﬁ W|ﬁﬂgﬂ]eoggitﬁgefﬁ%{eaz%?%igggq% expgg%ygbyﬁ{]ﬁeleﬁal%ggigi i zed
spatted ragiadal 2hemtass tan benmilieed, cose aokea dsnpnitcat bhinketi ineathisntsoch as

grease, ojls and soot, thoueghﬁgﬁf erably w t hout da(gagi.n t he l%qnd coat 14
or renovi Mt &) FREPAAP Acrdlementings afh e UM GRS IR A 158here to
the bond 6aahyldon )l i YAKhEYS F CERREANRRICANIRS Usktheld BEGLREIR. Tt hod
is to renove [‘oose material s and contam nants in and around the spoiled or
mechani cadldsyrallapagedias ed ilmre@ly camidgopt i onal |y dressing the spoil ed area by
renovi ng a predeterm ned anount of undanaged TBC, preferably down to the

bond coat, 14 wi,t hout magi ng, t he bond cqat . Addi t.i onal t he
bond coat ! ﬁme@ogﬁiﬁﬁgﬁ}nﬁg%w}% CAFR B ¢ rongﬁgquiogfa éi}’gr?lf)cg eé{gge%ﬁd coat
14 over thHReStABURABYIRBIRE kflidaBoRBPhiiobsh thgcanat, withwoRosicl iton. Pri or
to application of any bond coat 14 or coating conposition, the exposed

surface 2@y heptetodeive dleal compesiionis effesd the sensid Wi op¢ smbadissdt- a9k cl eaner
such as al,cohol ..and/ er t . i e 1] farmed to
ensure th%?mPﬂ%t%%gF%ﬁ% ﬁ%d%ﬁﬁ éﬁggéaéﬁgggﬁgg §$§§&%@E%g E%%Hgﬁﬁﬁécted to
t he proceghigical @aHositieanethpliadds opiilRpabhye. dTBs stk anpbisar cancbect@ted W th a
bond coat, the spoiled region 20 is covered 'thug cergnic_chegical
conposi t i Bhkpewn packagige dah dripying vgssds, %@A&Sdi g5 284 tHBISIS SAFPEN, the
ceram c chem Slt. 24 is a paste-like mxture of ceram c powders
and a binggghﬁﬁg 8@%@%’?%hggfn1a ceramc 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 remmants of the ceramc
| ayer 16. The chem cal conposition 26 s preferably a paste-like m xture
conprising one or nore refractory materials such as ceramc or glass, the
refractory material provided in powdered formand provided in at |east two
predeterm ned particle size ranges, a binder, one or nore nano-sized
ceramic materials, and a solvent. Suitable refractory materials include,



nanonet er -si zed materi al having ceram c characteristics, such as al um na
(Al'203), titania (Ti02) and silica (Si02). The nano-sized ceramc nateri al
is preferably provided in a particle size of between about 5 to about 30
nanoneters, and nore preferably between about 10 and about 25 nanoneters.
The addition of this nano- sized ceramc material represents a significant
performance i nprovenent in ternms of applying the coating conposition, and
in resul thhékeoabrrrgdugorin Bssddgd erdsmyusedy tisotisPPeth Pressishd @y t heory,

It is bel)oyed » L8R NRNQAR | Z GPAnE CLeBla8l of MEnGeERARLL niheRial Tills

I ntersti 5e(§u %rwb{c])?ﬁa% %gt V\nagentt haéﬁrefractorry ra}at é)rirbgﬁlsellgn trﬁe mat r(:)x f or med

by the applobedngc oatiing.paftee nadoclsinzied pampbsties alfseindlad consismpayti ng
Alternatively, in a liquid mixture embodiment, the composition includes a higher
percentage of solvent by weight, allowing distribution through known hquid spraying

means.

After application, the chemical composition forms an even thin layer of ceramic and
polymer composition over the bond coat or substrate exposed by the spall and the
adjacent TBC coating. The solvent carrier then evaporates to leave a thin protective
layer of binder and ceramic materials over the surface area of the component. An
accelerant is added to the composition to chemically react and set the binder system.
Suitable accelerants are materials such as di-n-butylbis(2.4 pentanedionatejtin,
dibutyltin dilaorate, combinations thereof, and other known accelerants compatible
with the selected binder. The accelerant provided in the composition enhances the
drying and curing of the composition, significantly reducing the drying and curing
time to below about 8 hours. After application, the coating composition is permitted
to dry at ambient temperature, preferably for at least about 8 hours. The dried coating
composition has the attributes 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, 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 fired in-situ
by engine heat which causes the binder to decompose or react to yield 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

7



t hi xotropic properties to the coating, as well as providing an extrenely
snoot h and wear-resistant finish. Wile any nano-sized version of the above
materials will suffice, a particularly suitable nmaterial is AEROXIDE(r) Al u
C by Aerosil, a business |line of DeGussa AG Wi ssfrauenstrasse 9, D 60287

Frankf ur tceﬁag%ig@th? S%a@f;ﬁr '}@tﬁ%ﬁls aﬁé@é@%&%@le@w cKarh§erdstEivicd ENEndYSLAGR ¢ net al

oxi de havin ecific surface area, and having a content of Al 203 of
great er tthaperofureasquabeltcocd®. & iperfticant td Folas @dreugsomnicgni ted material, with
an average particle size of 13 nanoneters. DeCGussa al so nakes funmed Si 02
and funed, Ti i n nano-sized particle range hat..can be used. as .t he

nano- si zeFe ‘é%’ioco%%t?ngpe‘}tr??fl}?eln ?“é’é’é’h?ac’?’r‘?&/eé’ncft}t PR %?%dn% M bf ,

nano- si zgf Bl WUk oxd dnporeht resaNanatalelin: Rimnot Ranergized galiverum oxi de
by Nanophase Technol ogy Corporation of 453 Comrerce Street Burr Ridge, IL

i s a sui tthhymthassonblyzedfdnmitiegisdirbingensiteas¥ithactmws! 8 dyucoiisogtsien al so

makes ot her suyi.t ahl e nano-si zed oxi de oxid - L: Ca, Y,
T e " AR cPp S e, o on Af Gal e Rl the BoAL chlinctn 1bme™
product ayaidiah! £ WiiemiMeCha hear fokatddoby obektitn 9bdiggiRAwilt dite e added as

an aggregate filler material where the repair area is thicker (such as
great er tdigd aaBauartiallgoPoed eHRS toproghesa 2ossy1caRmIci Rty sHOWRE o wher e t he

| ocation and type | [ ks ' knife or
b sde apaPRSeiRErdled AR ALE B MR ARAAR LRIGAD o dlinfu RN & B8
on the pardniddulvareditb ndér tane of ksarhaa dbogr B@linenttss asded caridg tine: efelekrod of
application, with the anpunt being sufficient to full di %sol ve the bi nder.

For exanph@n 2Bow(§ hapise Hosteyenthe Brriedh orsiyingopnd SFrinth6ahREt WAL bi nder
is an al Ca%@@lsraféﬂﬁﬂr ;68 to'fﬁ@ﬂtl%la&xﬁ)%x@.l (e.g., ethyl alcohol conbined with
co o%? and ot ohol s

5% i sopropyl a er alc or acetone, nethyl ethyl ketone,
zyl ene, and new | ower VOC sol vents, which may conprise a m xture of organic

sol vent s.Inl fiethef conpbevd, iibrat Det eppvecistpd dhetdembodimishisdelr thendvertiani ¢

refractory co onenta‘:1 re m'txed mth sufff’éc'se]r}t dS%J ventr Elo uai{)or. y
di stri but®THE T oMGhe %d_vf"%aﬁfr A A5 A% 15 | ERIXEEPRT P Ehe
conposi ti Qtihss. L B PLEARR! HRUn&Ro@ 1RSIy td BMBoSiRleMBNIS thE ifentidn \Wokd t he
bi nder and ceram c refractory conponents.
not require the thermal barrier coating to be completely removed, nor do
embodiments of the invention require removal of the component in 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
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

atmosphere (such as by establishing an inert gas or vacuum environment) during

repair.

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. Embodiments of 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



According to one preferred enbodi nent of the invention, the chem cal
conposition includes a m xture of: about 5 to about 65 wei ght percent al pha
al um na powder made of ultra-pure alum na having a purity of about 99.99%
and a particle size of less than 1 mcron but greater than 30 nanoneters,
such as SMB nmar ket ed by Bai kowski International Corporation; about 5 to
about 75 wei percent of a calcined alumna, preferably having a purity

of about Pg@ocg%oré%fcrorﬁ%szﬁg repagand ithang el grosoneRdhttings pHleredonlinge of
great er tlcﬁb%ﬂz?%ﬁ IBBHat Fo8 DR a%%t %@%&v 19'119@1?@@&%8‘{1%@% wilfer gﬁﬁ&%ed by

Al coa Chem ca vision as A-1 mat er 1 al 4 to about 45 wei ght
percent coftirae mpnﬂam;a oﬁ d"@huﬂfmeﬁursﬂ thecgpabedcomphosphatie 1biged exlvareable
combi nations t 8yt 5 to abo 70 wei ght percent of a nano-sized

of ; t
cerani c ARPES P PERBHCOBICRHY 2B BiFJUoHsi sti ng of al umina, titanium

di oxi de, and silicone dioxide; and about 2 to about 35 weight percent of

sol vent , (anGhyAS1deR@ LIV Al ¢RIk inAGELANEGHI BNHe&RhRRtdQNEofhakeof ' . In
anot her enbodi ment, a conposition that has been found particularly suitabl e

i ncl udes felisoting detedecdrsatiptic. v@h%ﬁeam@@dtﬂdwm ahihearesabionyer2@nt o about

h b bou
i1 1 cone iBEs AP mhia R a8\ Nbd dnofnaHbic SeePRRHh Aot ohERmR: 2o

about 20 exbgiRicnpaniednih cmjmﬁemn &8 hhascdaiah Wing diralieeh ehidheligstras, hy|
al cohol conbined with 5%|soprop£g al cohol ), acetone, or denat ured al cohol
1

with et hyy vayel skanaisdhe PeBeP dmensglied. Exanpl es of other preferred
chem cal conpositions appear in the tables below WMaterial BasedonWi ght

Per cent agg }€irghs Sk Paialub e sRhARIpékgAcet one 5. 4

FIG. 1 is a cross-sectional representation of a component surface protected by a

thermal barrier coating that has suffered localized spallation.

FIGS. 2 and 3 are cross-sectional representations of the component surface of FIG. 1
during the repair of the thermal barrier coating in accordance with the present

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 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 furbine engines, the invention is generally applicable to any

component in which a thermal barrier coating is used to thermally insulate a
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SMB alumina 11.3 Al4 (-325 nmesh) alumna 30.6 Silicone binder 9.5 1-64
(-100 mesh) alum na 43.2

component from its environment. By way of reference, Applicant hereby incorporates
commonly-owned U.S. patent application numbers 10/735,359 and 1(0/819,856 in

their entirety 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 compriéed 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 metéllic oxidation-resistant material, so as to protect the
underlying component 10 from oxidation and enable the ceramic layer 16 to more
tenaciously adhere to the component 10. Suitable materials for the bond coat 14
include MCrAlX overlay coatings and diffusion aluminide coatings. Also shown is a
then tightly adherent oxide scale, typically AlL,Os, formed by exposing the bond coat

to an elevated temperature.

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 yitria-stabilized zirconia (YSZ), a preferred composition being about 4 to about 8
weight percent yttria, though other ceramic materials could be used, such as yttria,
nonstabilized zirconia, or zirconia stabilized by magnesia (MgO). ceria (CeOs),
scandia (Scx0s) 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 inches) for most gas turbine engine components. However, thicker (up to about

.0530 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



Mat eri al BasedonWei ght Percentage Wei ght A Ranges Denatured Al cohol or
Acetone 2-20 SMB al um na 8-15

of the ceramic layer 16 due to spallation leads to premature and often rapid
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
grease, oils and soot, though preferably without damaging the bond coat 14 or
removing any residual fragments of the ceramic layer 16 that adhere {o the bond coat
14, While various techniques can be used, a preferred method is to remove loose
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 aliows for
application of a bond coat 14 over the damaged region prior to applying 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 remmnants of the ceramic layer

16.
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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. 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 (Al,Os),
titania (Ti0,) and silica (Si0;). The nano-sized ceramic material is 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
applying 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 particles 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
line of DeGussa AG, Weissfrauenstrasse 9, D-60287 Frankfurt am Main, Germany.
AEROXIDE® 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



Exanple 1: Material Based onWi ght Percentage G ans/ Wi ght Percent
Denatured Al cohol 18.0 [5.39%4 SMB alumna 37.6 [11.26%

based upon ignited material, with an average particle size of 13 nanometers. DeGussa
also makes fumed S10; and fumed TiO; in nano-sized particle ranges that can be used
as the nano-sized ceramic material in the present invention. Additionally, nano-sized
aluminum oxide such as NanoTek™ brand nano-sized aluminum oxide by Nanophase
Technology Corporation of 453 Commerce Street Burr Ridge, 11, is a suifable nano-
sized material. Nanophase Technology Corporation also makes other suitable nano-
sized oxides such oxides of T1, Zn, Fe, Ca, Y, and Zr. Additionally, T-64 (-100)
alumina, which is a ground alumina product available from Alcoa Corporation of
Pittsburgh, PA, can be added as an aggregate filler material where the repair area is
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 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 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 composition
includes a mixture of: about 5 to about 65 weight percent alpha 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 Batkowski
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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Al4 (-325 nmesh) alum na 51.6 [15.45% Silicone binder (SR350) 31.6 [9.46%
1-64 (-100 nmesh) alumna 143.1 plus 51.6 [58.319% D butyltin D laurate or
Di-n- Butyibis (2,4 - pentanedionate)tin .2 - .4 [0.001 to 0.1%

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 silicone dioxide; and about 2 to about 35
weight percent of solvent, such as denatured alcohol, acetone, and combinations

thereof.

In another embodiment, a composttion that has been found particularly suitable
includes abbut 8 to about 15 weight percent SM8 alumina, about 20 to about 40
weight percent Al4 (-325) alumina, about 5 to about 20 weight percent silicone, about
30 to about 60 percent nano-sized alumina, and about 2 fo about 20 weight percent
solvent such as denatured alcohol (e.g. ethyl alcohol combined with 5% isopropyl
alcohol), acetone, or denatured alcohol with ethy! acetate and isobutyl ketone added.

Examples of other preferred chemical compositions appear in the tables below:

Material Based on Weight | Weight %
Percentage

Penatured Alcohol or Acetone | 5.4

SM8 alumina 113
Al4 (-325 mesh) alumina 30.6
Silicone binder 9.5

T-64 (-100 mesh) alumina 43.2

14



Exanple 2: Material Based onWi ght Percentage/ Wi ght % Denatured Al cohol
or Acetone 5.4

Weight %
Ranges
Material Based on Weight
Percentage

Denatured Alcoho!l or Acetone | 2-20

SM§ alumina 8-15
Al4 (-325 mesh) alumina 20-40
Silicone binder 5-20

Nano-sized ceramic material 30-60

In yet another embodiment, the composition 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 35 weight percent
SMS8 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 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 0.01 and about 5 weight percent.  Preferred dispersants include
Emphos PS-21A dispersant, a phosphate ester dispersant comumercially available from
the Witco Chemical Co., New York, N.Y., and Merpol® A brand dispersant by
Stepan Company of Northfieid, Illinois.  The following chemical composition

examples including an accelerant have been found to be particularly suitable:
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S8 alumna 11.3 Al4 (-325 mesh) alumna 30.6 Silicone binder (SR350 9.5
1-64 (-100 nmesh) alumna 42.9 D butyltinD |aurate or Di-n-

Example 1:

Material Based on Weight | Grams/Weight
Percentage Percent
Denatured Alcohol 18.0 [5.39%]
SM8 alumina 37.6 [11.26%)]
Al4 (-325 mesh) alumina 51.6 [15.45%]
Silicone binder (SR350) 31.6 [9.46%)]
T-64 (-100 mesh) alumina 143.1 pius 51.6

[58.31%]
Dibutyltin Dilaurate or Di-n~ | .2 - .4 [0.001 to
Butylbis (2,4 ~ | 0.1%)]
pentanedionate)tin

Example 2:

Material Based on Weight | Weight %
Percentage]

Denatured Aicohol or Acetone | 5.4

SM8 alumina 11.3
Al14 (-325 mesh) alumina 30.6
Silicone binder (SR350 9.5
T-64 (100 mesh) alumina 42.9
Dibutyliin Dilaurate or Di-n- | 0.1
Butylbis (2,4 -
pentanedionate Jtin
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Butyl bi s(2,4 pentanedionate)tin 0.1 Exanple 3: Material Based onWi ght
Per cent age G ans/ Wi ght Percent Denatured Al cohol

Example 3:
Material Based on Weight | Grams/Weight
Percentage Percent
Denatured Alcohol 1-35% (balance)
SMS8 alumina 0-35%
Al4 (-325 mesh) alumina 0-35%
Silicone binder (SR350) 3-45%
T-64 (~100 mesh) alumina 20-70%
Accelerant 0.01 t0 15%
Dispersant 0.01 to 5%

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 mclude 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 o achieve a suitably tacky consistency that
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1- 35% (bal ance) SMB al um na 0-35% Al14 (-325 nesh) alum na 0-35% Silicone
bi nder (SR350) 3-45% 1-64 (-100 nesh) al um na 20-70%

enables the composition 24 to adhere to surface 22, which as noted above may be
defined by portions of the metallic bond coat 14, the oxide scale 18 and/or remnants
of the ceramic layer 16. For example, up to about 15% weight percent of a nonionic
surfactant may be desirable. Examples of suitable surfactants/dispersants
commercially available are PS21A and Merpol from Witco and Stephan, respectively.
The composition may also include dispersants to uniformly distribute the ingredients

within the composition.

In the preferred embodiment, the paste-like mixture of the chemical composition 24
can be applied in any suitable paste or caulk dispensing apparatus, and the dispensed
composition can be smoothed using any known mechanical means such as putty
blades and knives, brushes, sponges, and other known applicators. In a preferred
iiquid embodiment, the chemical composition is a pressure-dispensable composition
contained in a portable, self-contained tube or canister having a dispensing nozzle or
stem for evenly and controllably distributing the dispensed composition onto a surface
such as an airfoil or other aircraft engine assembly component.  No primer is
necessary due to the adhesive and thixotropic properties of the composition.
However, in some cases, improved adhesion can result by thinning the composition
with solvent and brushing the resulting mixture into the repair area as a primer, and
allowing 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 layer.

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 fub. In
this embodiment, the caulk or paste dispenser preferably inciudes 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 required to form the dry and cured
18
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suitably tacky consi stency t hat

After sufficient drying and curing, the composition 24 is essentially a cured polymeric
composition. Testing of repair coatings 26 with silicone as the binder has shown that,
the repair coatings 26 of this invention are characterized by enough residual strength
to remain firmly adhered to the surface 22 within the spalled or mechanically
damaged region 20 in the ceramic layer 16 until it is fired to form a ceramic.

Phosphate binders are expected to yield similar results.

After application, dryving, and curing, during initial operation of the turbine engine the
coating is further cured and is at least partially converted to a glassy ceramic repair
coating 26. In subsequent engine operations, the repair coating 26 continues 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 i3 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 including 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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enabl es the conposition 24 to adhere to surface 22, which as noted above
may be defined by portions of the netallic bond coat 14, the oxide scale 18
and/or remnants of the ceram c |ayer 16. For exanple, up to about 15%

wei ght percent of a nonionic surfactant may be desirabl e. Exanpl es of

sui tabl e surfactants/di spersants commercially avail able are PS21A and
Merpol from Wtco. and Stephan, respectively. The conposition y. al so
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| f desi r echpeedcle dmpyrdedndyimbe al l owed to dry before application of a
subsequent layer. In the preferred accel erant-containing enbodi nents where
the conposition is provided having a caul k or paste-like consistency
resulting fromadjustnment of the total solvent content, the material is
preferably placed in self-contained caulk tub. In this enbodi nent, the
caul k or paste dispenser preferably includes a dasher rod | oaded with
accel erant. Use of such a dasher rod can alleviate the need to pre-mx the
accelerant into the conposition, rather permtting delivery of the

accel erant upon (or just prior to) dispensing and application to a repair
area. coating, since upon evaporation of the solvent, the silicone acts as
a binder that initially cures by polynerization to forma silicone-alum na
matri x whose strength is sufficient for engine operation. Thus, depending
on the conposition 24 and desired results, the applied conposition 24 may
either be permtted to sinply react at roomtenperature, or alternatively
drying and curing can be accel erated by heating such as with a heat | anp,
torch or other heat source. Suitable theinmal treatnents are about eight
hours at room tenperature, about 2 hours at about 150 degrees F (about 66
degrees C), and/or about 30 m nutes at about 250 degrees F (about 120
degrees C). After sufficient drying and curing, the conposition 24 is
essentially a cured polyneric conposition. Testing of repair coatings 26
with silicone as the binder has shown that, the repair coatings 26 of this
invention are characterized by enough residual strength to remain firmy
adhered to the surface 22 within the spalled or nechanically damaged regi on
20 in the ceramc layer 16 until it is fired to forma ceram c. Phosphate
bi nders are expected to yield simlar results. After application, drying,
and curing, during initial operation of the turbine engine the coating is
further cured and is at |least partially converted to a glassy ceramc
repair coating 26. In subsequent engine operations, the repair coating 26
continues to undergo drying, curing, and ceram c conversion reactions
associated wth an increase in the strength and ot her nechanical 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 fromessentially polyneric
to glassy ceramc. The higher the tenperature that the conposition is
exposed to, the nore ceramic is fornmed. However. at the maxi num
tenperatures created by engi ne operatjpon, it is believed that the
conposition will retain some glassy ceram c characteristics, and will not
be fully converted to a ceramc. For exanple, in the preferred enbodi nent
of the conposition that includes a silicone binder, during extended engi ne
operation at high tenperatures, the binder, such as silicone, thermally
deconposes to silica, formng a silica mtrix in which the at | east three
particle sizes of the refractory materials are dispersed. In enbodi nents
including an accel erant, the accelerant assists in the cross |inking and



di spersant hel ps to ensure honpbgeneous m xi ng and even distribution of
application across the entire repair area. Wiile the invention has been
described with reference to a preferred enbodinent, it will be understood
by those skilled in the art that various changes may be made and

equi val ents nmay be substituted for elenents thereof, w thout departing from
the scope of the invention. In addition, nmany nodifications my be nmade to
adapt a pHretineartian ciiimedist on or material to the teachings of the invention
wi t hout departing fromthe essential scope thereof. Therefore, it is

i ntended that the invention not be limted to the particul ar enbodi nent
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3. The net hod according to clali e céeram c powders further
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, wherein the ceramic powders further
comprise at least one ceramic material chosen from the group consisting of alumina,

zirconia, hafnia, magnesia, titanium, calcium, silica, and combinations thereof,
4., The method according to claim 1, wherein the at least one nano-sized ceramic

material is selected from the group consisting of alumina, titania, and silica and

combinations thereof,
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conprise at |east one ceramc material chosen fromthe group consisting of
al um na, zirconia, hathia, magnesia, titanium calcium silica, and

conbi nati ons thereof 4. The nmethod according to claim1l, wherein the at

| east one nano-sized ceramic material is selected fromthe group consisting
of alumna, titania, and silica and conbinations thereof. 5. The nethod.
according to claiml1l, wherein the binder is selected fromthe group

consi sti g of Tl mehoe ab«i:(ndﬁfgsto slans Ahatirdh N bideARd <0001 RAH RS
t hereof. 6. The method according to cfain111 wherein the conponent is a gas.
t urbi ne &FMECTSIHPS 9 riilicony  bimiess. phoRphita buwieti ngd tcombimiionsl thatvef.ei n t he
step of applying is perforned in a non-controll ed atnobsphere using paste
delivery systens selected fromthe group consisting of tubes and containers

havi ng ditspendihagnethad laesortion @i cp@eNs| et 1BITRSHBbIENARPL Wal Futbhe
conposition to the surface of the conponent. 8. e nmet hod according to
clai m 1, “RHRBF EPHPYIEL-st ep of mechani cal |y snoot hing the conposition is
acconpl i shed usi ng nechani cal neans selected fromthe group consisting of
putty knives, putty blades, brushes, sponges, and conbi nations thereof. 9.
The methdd acdbe diatipd meotdingrolclaifiut tiherein thel sugh ctpblengsis @BrfofmanR! yi ng
heat t . .
eat 1o, 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 claim 1, 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 claim 1, 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, torches, and combinations thereof,

11.  The method according to claim 9, wherein the step of applying heat to the
dried coating is accomplished by inistalling the component in the flowpath of a gas

turbine engine and then operating the engine.

12, The method of claim 9, wherein the sufficiently high temperature to modify
the binder is at least about 550 degrees Fahrenheit.

13. The method according to claim 6, wherein the steps are performed while the

component remains installed in the gas turbine engine,
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the dried coating at a sufficiently high tenperature to nodify the binder
to forma repair coating conprising the ceram c powders and nano-si zed
ceramic material in a glassy ceramic matrix. 10. The nethod according to
claim9, wherein the step of applying heat to the dried coating is

i d | O le I : nsisting of heat
Guns, " heat bl ameareod SorFRULS S1sRE 1S URRLIL AR MRS 31 "The
met hod acwoetinyi rgmpositbmiinti@desvipervéding t heostpepitioh étﬂﬂbrisi.iﬂyﬁ th];elaéeréxﬁic}]hef dried

ti [ | ished by installing the conmponent in the owpat h of a
Sgg {B?b:ﬂi’é"adg’fc’?gﬁo ri3g AR Bpdhont 65.1816:{%@@%%%@@«:@@9 paderpSahsasiof cl ai m
9, wh ' : F 164 kgh: . i i is at
east  abog DL Jul EARRA PortcR A IR ek | Syl ch eler HaRBbus 2 W 6.
wher ei n t3fenagerepisrsanlBoud Srib abowd Swhiiklk fehent ofaomeitpovelsnong leazs el ed in

.bi ne. I ne. . h h ccording tg _claim1l, wherein the
ts,? :pggfs B):ﬂ%gr: ]Elﬁ%@ng hg%&]&r%%ﬁllheﬁ-lf;egn g}?otut 29 rr?lcrons to agout%S microns; about 5
to about 70 weight percent of the at least one nano-sized ceramic material; about 4 to
about 45 weight percent of the binder; about 0.01 to about 15 weight percent of an

accelerant; and the balance solvent.

15, The method according to claim 1, wherein the step of providing the ceramic
coating composition includes providing a composition comprising: about § to about
15 weight percent of alumina of at least 99% purity and having a particle size less
than 1 micron but greater than 30 nanometers, about 20 to about 40 weight percent of
alumina of at feast 99% purity and having a particle size of between about 45 microns
to about 75 microns; about 30 to about 60 weight percent of fumed alumina; about 5
to about 20 weight percent of the binder; about 0.01 to about 15 weight percent of an

accelerant; and the balance solvent.

16. A method for repairing a region of. localized spallation in a thermal barrier
coating on a component installed in a gas turbine engine so as to expose a damaged
surface area of the region of localized spallation defined at least in part by a bond coat
overlying a component substrate surface and underlying the thermal barrier coating,
the method comprising the steps of: without removing the component from the gas
turbine engine, dressing the surface area of the region of localized spallation so as to
remove & predetermined region of thermal barrier coating without removing the bond
coat from the substrate surface; applying a composition to the surface area of the
component exposed by the local spallation, the composition comprising a paste-like
mixture of ceramic powders, a ceramic precursor binder, a nano-sized ceramic
material suspended in the composition, and an accelerant, the ceramic powders
provided in at least two predetermined particle size ranges of greater than 30
nanometers but less than 1 micron and comprising at least one of alumina, zirconia,
hafnia, magnesia and silica, the binder being selected from the group consisting of

silicone and phosphate-based compositions, the nano-sized ceramic material having a
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coating conposition includes providing a conposition conprising: the
ceram ¢ powders conprising about 5 to about 65 weight percent of ceramc
powder of at |east 99% purity with having a particle size |less than about 1
mcron but greater than about 30 nanoneters; about 5 to about 75 weight

per cent : 1) havi n rti si ze
per cent Gl 37k 6 RAMIET 3k ek K30 |3TARHELLY SRR BB LSLS, o 20
percent db yidie aaltied eqsingahs duanonisiz@stingas dtinca @alyﬁ{dri@matﬁﬁt}thft céveko about
45 wei ght ent of the binder; about 0.01 to about 15 wei ght percent of
an accel € g mﬁﬁﬁ*ﬁﬁ@“ﬁ&@%ﬁ%@n%olvent 15. The method according to claim
1, wherein the step of providing the ceramc coating conposition includes
provi ding a conposition conprising: about 8 to about 15 wei ght percent of
al um na of7.at Tleas@th&g%cprdihg o ciaih hewvingeia thahddocdigedsicranik @sdertdian 1

m cron butlg%ga han 30 nanoneters, about 20 to_about_ 40 wei ght percent
of al umi & Og tQ@@Eﬁ%ﬁ?ﬁp9gaﬁdmﬁ%Wthﬂ@nﬁaﬁﬂ$élémeﬁﬂﬁmﬁﬁH@@tmeen
about 45 piesons to about 75 microns; about 30 to about 60 wei ght percent
of fumed al um na; about 5 to about 20 wei ght percent of the binder; about
0.01 to about 15 .weight percent of an accelerant; and the bal ance sol vent.

~16. A net od f repairi.n g | ocal i zed spall at ] on in_a thernal
barrier coati h@l 0 t§ od & "H@nig #’l’ﬁﬂgﬁ F@Bpli‘%n%zlﬁfaéte? Lﬂftﬁpﬁ mgn#itHeeso as to

expose a Hdamagekk %ibtétﬁ ABRiAL O &Bdif?ethé QG bRidet Q6 AIAeH ShAL |ahdQn def i ned
at least in part a bond coat overlying a conponent substrate s rface and
under | yi r?@nmémgﬁ@mmmmw@s ashndnaepizedveramst h:tﬁdiezmbm:pmgﬁssygcdmmcst eps of:
wi t hout ing the conponent fromthe gas turbine engine, dressing the

surface area of the region of localized spallation so as to renove a

predeterm ned region of thermal barrier coating w thout renoving the bond

coat fromthe substrate surface; apgjylng a conposition to the surface area
Bt

of the cafponene n&t@&?@@%&ﬂﬁ Weclai vestdinn theiso, oftapeimmwnpqsnm
conpri si %I@d@gﬁéﬁdb a%o a tSH{O?l p(f%ln %%Lﬁ%vﬁ ﬁh‘i ﬁ%cer lei F ursor

bi nder, a nano-Si ze naterl , and an

accel er aptyminhef mtéeizam&%wﬂem&i Irving gt sik 1dse@n T Rre Belek&kidn ned
partlclegﬁéfﬁbran es of greater than 30 nanoneters but |less than 1 micron

and conp eleas1abge2bfo ahauitA aveight mereniaof Hummnaaol atdepse89% and
silica, 0, i St of. silicone and
phosphate based coﬁ%%%?g?%ﬁiggéSgb%g%gh%ﬂ@ggkégggﬁgg%nngg?%Plﬁgg%n

particl eabqnze'flodb dbeuw\ﬁieweEghn@Bm&nt eff sarardzeliSceramionpitefis;, amhgbqy apear at l ng

t he solve &’Eﬁg adrje tha% cures while drylng to forma
polynerlé HEAPCEETe PS deVlaf@abet heveidisreat of a7, The

met hod ag@@mgxﬂﬁmkga@hggﬁﬂagﬁ mherein t he nano-sized ceramc nmaterial is
selected fromthe group consisting of alumna, titania, silica, and

conbi nations thereof. 18. The nethod of claim 16, further conprising the
step of applying sufficient heat to the dried coating to nodify the cured
bi nder to forma repair coating conprising the ceram c powders and
nano-si zed ceramc material in a glassy ceramc matri X.

24



19. The method according to claim 16, wherein the step of applying a

conposition includes providing a conposition conprising: about 8 to about
15 wei ght percent of alumina of at |east 99% purity and having a particle
size less than 1 mcron but greater than 30 nanoneters, about 20 to about
40 wei ght percent of alum na of at |least 99% purity and having a particle

et gt por et b REpa A By PRl e AR LR s B3 B0 AT LT 20

wei ght percent of binder; about 0.01 to about 15 wei ght percent of an
accel erant; the bal ance solvent. FlIELD REPAI RABLE H GH TEMPERATURE SMOOTH
VEAR COATI NG ABSTRACT A chem cal conposition (24) and nethod for repairing
a thermal barrier coating (12) on a conponent (10) designed for use in a
hostil e tAéPFRACdnvi ronment, such as turbine, conbustor and augment or
conponents of a gas turbine engine. The nmethod repairs a thermal barrier

coati ng (A%ﬁelﬁﬁa@com&%gr{gdéx%hntg!}%a f&al%}aéiﬁm %&ﬁ&ﬂa?%aﬂ ez-%iaﬁ%nagg to the

thermal barrier coating cl ean the surtace area of
conponenum(aabngwpmsadObﬁemgeﬁlﬁﬁawmzmda$paﬂbahummueﬁvpamheﬂjswﬂ1ﬁsxture of
a ceramc GO 0Si |on géﬁ%@ r|5|n cerafl gomders and n no- sj zed
ceram c MEEY éP%‘?*P%f JeIlOr SPPWRRSHhE] §&rngUrRiAe seesfetbpethed appl i ed
to the s ( ed using
0 L, SULSARS, 2Rl ol keagnImansnl o Dhon a0410 0L DRLLN IATROL RS ST
form a drdasthee épdha theundli b@lgrza)mmg\(lag pdiey wiErhing chasadter irsd IO(ES:he Upon

subsequent heatl r|e reacts r oduc ass
ceram c r8parF rgggq)l %Boieg 5’3166 ?P%ﬁ‘? i atpﬁﬁ}ﬁlhi‘ }5‘5116%? Pieeger 1¢ he
coating Qﬁﬁﬁ)@&'ﬁbh QW)(c%ﬂ')anHerbeﬁﬁQﬂc'Mdc@%nﬁ%aﬁo%&@@%@%ﬁﬁc (rbWriald Bea repair

met hod can be rformed in-Situ while the conponent (10) remains installed
in its opendsr, %gh@nvrpm@ng@maccqi@rgnt s applied to the surface (22) of the component

(10), and is optionally smoothed using mechanical means. The composition (24) is
then allowed to dry and cure to form a dried repair coating (26) having polymeric
characteristics. Upon subsequent heating, the dried coating (26) reacts to produce a
glassy ceramic repair coating (26). Due to the thixotropic properties of the coating
composition (24) upon application to a component (10), the repair method can be
performed in-situ while the component (10) remains installed in its operating

environment.

Fig. 2



