THERVAL BARRI ER r, OAT7N- G COVPOSI TI ONS, PROCESSES FOR APPLYI NG S ME AND
ARTI CLES COATED W TH SANE BACKGROUND OF THE | NVENTI ON [ 0001] The invention
relates to thermal barrier coating conpositions, processes for applying
same and articles coated wth same. More particularly, the invention
relates to thermal harrier coating conpositions designed to withstand sand

infiltration, processesegkoniappkyiing samerand caifbogesgeated wth sane.
[ 0002] The degradation of turbonmachinery parts due to sand rel ated

di stress of PRAEEABESbEPRI APPEFANLNGSME" FBOsARTIISELES €ORCEN WAITHh SPéEpect to
all turhomachinery in use in the Mddle East. :Sand related distress is
responsible for the premature spallatio:-t of TBCs and oxi dation of

turhomachi nery and their packsroUe oechani soveltsesh sand rel ated
distress is the penetration of the TBCs by nolten sand. During its useful
life, &QABLhaylentiervaHel auriohaets ne? ythaga bried s teandodetdde nol ten

upon th SUE e. ically e rface erature of .the
tur bona%%%ﬁe??/gﬁég i’gﬁgéréefa%%ﬁst quevt;'lmae1 g#&éﬁ oits(r;::l t'earrrlpdgraé:ttulrceleo ¢ aﬁe‘Edsand,

As a resuth, shhe.aggkenpratedusandyparhieclasbecone relerRehats Midreial
penetrate the TBC and reach the ceramc/netallic interface. The failure of
the ' | BERBHEERF sCBFLANIc 6RBPREL L dRVEF AREILE8K s 4Rd Watthddiingy SWel t hernal | y

gr own oxi - c ! t i Gl a S I 1. e ion in
ot ain Tof ¥ Bhst 08 CBRBRRERHE' Phk, FrblyahtTaArey Y g Yl SRS
Fai |l urewitoh sheeTBC. occurs by spallation which exposes the part's surface

to the elenents, | obos causing the accelerated oxidation of the
turbomachi nery part in conjunction with nolten sand attack. 1

[0002] The degradation of turbomachinery parts due to sand
related distress of thermal barrier cocatings (“TBCs”) 1is a
concern with respect to all turbomachinery in use in the Middle
East. Sand related distress 1s responsible for the premature
spallation of TBCs and oxidation of turbomachinery and their
parts. The mechanism of such sand related distress is the
penetration of the TBCs by molten sand. During its useful life,
sand may enter the turbomachinery, agglomerate and become molten
upon the TBC surface. Typically the surface temperature of the
turbomachinery is higher than the melting point temperature of
the sand. As a result, the agglomerated sand particles become
somewhat molten, penetrate the TBC and reach the
ceramic/metallic interface. The failure of the TBC occurs by a
combination of molten sand attacking the thermally grown oxide
at the ceramic/metallic interface as well as the reduction in
strain tolerance, of the fully infiltrated TBC, to thermal
cycling. Failure cf the TBC occurs by spallation which exposes
the part’s surface to the elements, thus causing the accelerated
oxidation of the turbomachinery part in conjunction with molten

sand attack.



[ 0003] Consequently, there exists a need for a thermal barrier coating
designed to resist sand related distress. SUMVARY OF THE | NVENTI ON [ 0004]
In accordance with the present invention, a process of coating an article
broadly conprises applying upon at | east one surface of an article at

| east one %raded | ayer of _at |east one ceram c _based conpound broadly
conpri silA@Uat |‘eadecEnen ey al thexe| @€t 88ST RoRFERe f§FoAp TEEAERSt PAGTFT

| ant hanum, Geg H@51§9{e%§et%d%§i@d:yspr OSIrE‘uelni]erhé?{ ! unrih} S samari um

europi um  gadol i ni terbiu ium thulium
ytterbium lutelium indium scand:lum yttrium zirconium hafnium
titanium and m xtures thereof. [0005] In accordance with the present
invention, a thermal barri eBUBBARY NQFbTBEJIYVENTPONSes a graded coati ng
br oadl y at l.east one ceram c based, conpound broadly

rl Sl n rl Sl ng
at | eastlO0NE met Bl FEEPERTRGS  PORP T HeS GPEGRCBENSTEENhYOTof o1 BRPRARENPT

cerium c%t@%@o%maﬂ&rﬂc1'&9%651'&1191@0@1%@&1'&%1 BN 2 WO UM e
gadol i nium térbium dysprosium “hol mum erbi um thulium ytterbium

| ut el i usprifadieumt sceterdiivhe At rha;‘nrﬂt caria cpraded Iwfar wf] 44 tlassimorsnd

m xt ures thereo erein the .ther barri.er. co broadly caonprises a
por osi t YE5F™E }ﬁ?rs\,\% TR RS T3 er CERT %Ialﬁwglgecﬁ (_{Y lrIEII

barrier seoaticld £riR00%e W RGE UGG WM h;f_t headvesent, idvenish on, a coated

article broadly conprises an article broadly conprising at | east one
surfacepbfuacﬁa@ldym@wprmq@gmawmemmewérmner Sowttiingn,  dhuspsasiednt her eul i on,

wher ei n tg%llpler mal z%rbrllu%{ %osEjr%%ll%rmoaqb miGQurprd sDels a gnac d coatl ng
br oadl y corrprl St [Fedst’ one Prceram’c ‘hade c’orrpou d "broac y corrprl si ng

at Ieasyt@@ebmhal 121tseqllw,ed.ﬁdlmm,t R s, C aRSmShinng Hif rdc@ntanum

cerium ' _ . )
hafnium, titanium, and mixtures thereof.

[0005] In accordance with the present invention, a thermal
barrier coating broadly comprises a graded coating broadly
comprising at least one ceramic based compound broadly
comprising at least one metal selected from the group consisting
of lanthanum, cerium, praseodymium, neodymium, promethium,
samarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, vyvtterbium, lutelium, indium, scandium, yttrium,
zirconium, hafnium, titanium, and mixtures thereof; wherein the
thermal barrier coating broadly comprises a porosity of no more

than about 30 percent by volume of the thermal barrier coating.

[0006] In accordance with the present invention, a coated
article broadly comprises an article broadly comprising at least
one surface broadly comprising a thermal barrier coating
disposed thereupon, wherein the thermal barrier cocating broadly
comprises a graded coating broadly comprising at least one
ceramic based compound broadly comprising at least one metal
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praseodym um neod;rmum pronmethi;.im samar.ium europium gadoliniuns,
terbium dysprosium holmum erbium thulium ytterbium lutelium

i ndium scandium yttrium zirconium hafnium titanium and m xtures

t hereof, wherein the thermal barrier coating broadly conprises a porosity
of no nore than about. 30 percent by volume of the thermal barrier
coating. _[0007) in accordance with the present invention, a coating

br oadl ySEAFrﬁFPQegré’mr &8t ECliy ) SRRSE S NGt Qe dAn W %8fi 8 and a _
ther mal LDaLELALE AR, | BB COMMOR { IbmtIBNA] N S LREr Wl oAl er coal i ng

Conposi FI on br I'y ‘conpri'ses at “I'east one cerani onpound broadly
conpri sgagodtnieast teadimet,aldy speloected fricdmiture grratipncongistiug, of
| ant hanu cerium _ praseodym um neodym um promethium sarnmarium

eur opi ulf ea&aamfn.laﬁ]eltlé%. U VY s GSIUM™ h ol TR U™ e rdi WHAD XM | um
ytterbi Hg"fnllld['nel 't'i@anlﬂgn'h c??rﬁ uli'@s W rle"HE Ql‘[ecxcgﬁ.dj é’l @Lé}.l
es thereo uct roadl y

titanium and m xtur erein the reaction pro

conpri searaipar osatynof broaniye dorgr iseeuta JdraqeErcerdt o welrareclodn t he
coating 0008 The details of one or nore enbodi nents of the jinvention
are set aP% 3PnPERECREC Sip AT AladilirgShetdaih sy ﬁqad%f'“%'el oW.

Q her featur es obj ects, and advantages of the invention w/ll be apparent
fromthe descri ption and dr aw ngs, and fromthe «clainms, BR .i.EF

DESCRI PTI ON_ OF THE DRAW NGS [00091 FIG | is a fl owchart representl ng a
process [08f7¢ heln p?%%?@aﬁl%%e‘ﬁﬁ—]@nth?oﬁlﬁﬁelﬂ igyeptigng ﬁeﬁ@é%éﬁﬂatl on of

an artig %Saaegt égmgf'rtﬂ%e% c%‘l%tn ?}%cﬂfet gsty to'leea%f 838'% @:llg]%ééﬂ?

t hermal "barri t e present 1 nvention 11 is a

r epr eseahdt aonhefrman bﬁt&ak&'QmﬂkamgMddmgﬁ51tlon, wherein said thermal
barrier coating composition broadly comprises at least one
ceramic based compound broadly comprising at least one metal
selected from the group consisting of lanthanum, cerium,
praseodymium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium,
ytterbium, lutelium, indium, scandium, yttrium, zirconium,
hafnium, titanium, and mixtures thereof; wherein the reaction
product broadly comprises a porosity of no more than about 30

percent by volume of the coating.

[0008}] The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the descripticn
below. Other features, objects, and advantages of the invention
will be apparent from the description and drawings, and from the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 is a flowchart representing a process of the

present invention;



| east one graded |ayer of a thermal barrier coating of the present

i nvention. [00121 Li ke reference nunbers and designations in the various
drawi ngs indicate like elenments. DETAILED DESCRI PTI ON [ 00131 As used
herein, the term"thermal barrier conposition”™ nmeans a conposition
conprising at |east one ceram c based conpound and at |east one netal
capabl e [881r°éacﬂ@lg i th asrrprasestahpgnerhi BNt arhledef Fpatent watht Ber nal

expansi Qi YALUESUkld GleelJar dipe duh A IUROTHCN ALY AP hEAL O

[ 0014] used herein, the term "at nmeans at east one
met al oebgitAalh yprésemptrdgeithe fvasmoiaina aret al , netal oxide, netal salt,
and the like, that is capable of reacting with at |east one silicate to
forma reaction product exhibits thernodynam ¢ and chem cal equilibrium
when conbined with or makes contact with a ceram ¢ based conpound, any

silicatgobasgd rr@tesiab, aapdpt86eht KEi0h08EShnTher t BeemaLbakr Wetncaat i ng
(hereinafter referred to as "TEC') of the present invention is designed to
prevent lgestease doreiesi liaygre o fs e i hesrme lo dponian afatsmg dfhcthali ng, but
not limted to, calci.ummgnesia alumna silicate (hereinafter 4 referred
to as "EBAASTM ﬁpgﬁpgéﬁgkrating the ceram c based conpound of the ThC

t hus causing premature oxidation of the article and preventin.3 spallation
of the TBC. Sand generally conprises at |east CHAS as we' .| as other

I
conpone C s, bu not limted to, .sqdium iron, potassium and the
ke GaBBadTng: R ore s cribheal SaadgeoPbat tarec SRALRRoHE oPPhe
sand.  §2B¢ing@ntididnicdgd nakeand &Mz 4 9., Fe-CMAS), also considered a
silicate, pose. simlar problens as described above due to

DETAILED DESCRIPTION
[0013] As used herein, the term “thermal barrier composition”
means a composition comprising at least one ceramic based
compound and at least one metal capable of reacting with
silicates, and exhibits a coefficient of thermal expansion value

sufficient for use in any turbomachinery application.

[0014] As used herein, the term “at least one metal” means at
least one metal originally present in the form of a metal, metal
oxXide, metal salt, and the like, that is capable of reacting
with at least one silicate to form a reaction product exhibits
thermodynamic and chemical equilibrium when combined with or
makes contact with a ceramic based compound, any silicate based

material, and the like.

[0015] The thermal barrier coating {(hereinafter referred to as
“TBC”) of the present invention is designed to prevent at least
one silicate, such as a component of sand including, but not

limited to, calcium magnesia alumina silicate (hereinafter
4



iron--CMAS interaction and their penetration of the netallic/ceramc
interface of the coated article. [0016] Referring nowto FIG 1, a
flomchart representing a process of the present invention is shown. An
article may be provided and nmay be coated with an optional bond coat

material _at a box 10 of both FIG 1. -he bond coat-, material may conprise
a for nuF&ERErACY ERoAA Y BSers tidr dth AR GFed 1b dihh F 58 P29 whi ch M

denot es -ahekelhg 6Eoal ﬁarconytr{nléeicf il e%h‘cir L8 XL s {ereof,

denot escchl%omhum Al denoté€s al um r?umlr%?r 1 denot es}&yttrll um%%gY

mat er i akstaré eofnen chreovem tasi100\sgrE 1dya t icoatd hgshdh etaus Sdribygarerappr i ed in
a predeterm ned conpqgsition and do t interact significantly wth the

subst r aF@"RELERG Bfre LGS oS0 €8 Mo PRI T4 SSnptEs of
MCr ALY Rt €6 (ak$.aSe8 UsSdilal, iMon, 30038881 £ descrikes f My
coating as does U S. Pat. No, 3,542,'530. In addition, U'S. Pat. = No.

. 3, 649, 22bndeder gees raptiompds iatnel geatliogy dal whirehi @i drey erf dfhe odwradd um i s
applied to.a substrate prior to the deposition of _a MCIAIY coating. U.S.
Pat. NoS289§76°98814d3i%r 5L AT EMPR |- Dverisy okt iy SthidR U STkt |

No, 3,7§4sQQ§cQQ%QVEQ%% 311 GRCALL1QWR! lay Loati ngedaMidg pald icul arly
H gh ductility. 1. S. Pat . No. 4, 078, 92" describes a cobalt base
st ruct uiabnalFMay iwtieclcdeciny esid mpregve geoxd tdztt iom rasitsteance by virtue of

the presence.of, a _conbination _of hafnium an trium. A preferred 5 MCrAlY
bond SoRETaompLeEr o s abeeh e A WIS Comned i ehLd B3 51 hioh 1 s
assigned to the present Assignee and. incorporated herein by reference, as

havi ng a wei ght percent conpositional range of 5-40 C, 8-35 Al., 0.1-2.0
Y, 0.1- consisting of N,

% §i O.el-2.0. Hf,nbalgncg _eI ect edggrgnkt he grou <£9 _ _

Co and APHFLr S THER ot nSBTAITLG LY 5 PhYWChRBE 4°BBBSSNEERS. Swhich s
process of the present invention is shown. An article may be
provided and may be coated with an optional bond coat material
at a box 10 of both FIG. 1. The bond coat material may comprise
a formula MCrAlY. MCrAlY refers to known metal coating systems
in which M denotes nickel, cobalt, iron, their alloys, and
mixtures thereof; Cr denotes chromium; Al denctes aluminum; and
Y denotes yttrium. MCrAlY materials are often known as overlay
coatings because they are applied in a predetermined composition
and do not interact significantly with the substrate during the
deposition process. For some non-limiting examples of MCrAlY
materials see U.S5. Pat. No. 3,528,861 which describes a FeCrAlY
coating as does U.S. Pat. No. 3,542,530. In addition, U.S. Pat.
No. 3,649,225 describes a composite coating in which a layer of
chromium is applied to a substrate prior to the deposition of a
MCrAlY coating. U.S. Pat. No. 3,676,085 describes a CoCrAlY
overlay coating while U.S. Pat. No. 3,754,903 describes a
NiCoCrAlY overlay coating having particularly high ductility.
U.S. Pat. No. 4,078,922 describes a cobalt base structural alloy
which derives improved oxidation resistance by virtue of the

presence of a combination of hafnium and yttrium. A preferred
5



al so assigned to the present Assignee and incorporated herein by

reference. [00171 The bond coat nmaterial may al so conprise Al, PtAl and the
like, that are often known in the art as diffusion coatings. In addition,

the bond coat material may al so conprise A |, PtA. MC r AlY as descri bed

above, d e, that are often kno th art as cathodic arc
coating EL [D‘églgfn h&ORtr ACYRSSH 1 Bhtt #5&5 B By? arﬁf‘trretbffbd R&pabl e
of prodyeingia denss, idnisfs@rigneadhey enfe Ratddit cptsél &esifed _ _
conposition, such as, but not linited to, an overl ay bond coat, diffusion

bond coancorathiedied aecehondytomtfemstree Sucsh Haachd quess it ipfarte; but

t limte di f f t t |
B essur SOPPRETH00F ay Ade o ACHE Svay Spaiherd g 2 dhipod dw oty "
el ect rog_heamo BRYShaaknaPYe1GRRASH t:0h IR MRIP A ds i @SR SPNdY, co

techniques (e.g., 1TiTOl1*, HVAF) , conbustion processes, W re spray
t echni qaes, mlb!&Sl@ESbéamr@IOéddlﬁﬁga ae'llmtlhﬂm tReem dNaddi rfg&B e, [Wbold] ikhe

particle,size for t nd coat rra e of an suitable size,.and in

P rbod: nhES” REF AR tedoan RGBT e RO s hatie B bY

m crons r£@=068c8m Wth a rrean partl cle size of about 25 mcrons (0.025
mm) . The bond coat 30 may be applied to any suitable thickness, and in
enbodi ments nay b be about 5 mls (0.127 mm) to about 10 mils (0.254 rnr,)
thick. In sonme enbodi nents, the thickness may be about 6 mls (0.152 nm

to aboutg§afl. | hd Gdd8 @@attm@gnwoa% A\igsrc@mgwsegmn 9emoaﬁlﬂ bgpd

coat layer to the article, the article nay be coated with a thermal
barri er Likenpobiti emet @ft@mm}mMErmltltearaﬂteramahItﬁﬁlgsmn trmeqmgﬁ HIrG.

1. The anti¢le my,couprise any pard that is typically coated ooy,
MCrAlY as described above, and the like, that are often known in

the art as cathodic arc coatings.

[0018] The MCrAlY bond coat may be applied by any method capable
of producing a dense, uniform, adherent coating of the desired
composition, such as, but not limited to, an overlay bond coat,
diffusion bond coat, cathodic arc bond coat, etc. Such
techniques may include, but are not limited to, diffusion
processes (e.g., inward, outward, etc.), low pressure plasma-
spray, ailr plasma-spray, sputtering, cathodic arc, electron beam
physical vapor deposition, high velocity plasma spray techniques
(e.g., HVOF, HVAF), combustion processes, wire spray techniques,

laser beam cladding, electron beam cladding, etc.

[0018] The particle size for the bond coat may be of any
suitable size, and in embodiments may be between about 15
microns (0.015 mm) and about 60 microns (0.060 mm) with a mean
particle size of about 25 microns (0.025 mm). The bond coat 30

may be applied to any suitable thickness, and in embodiments may
6



with a thermal barrier conposition and, in particular, my conprise a part
used in turbomachi nery applications such as, but not limted to, any part
having an airfoil, any part having a seal, airfoils, seals, and the |iKke.
[0021] The thermal barrier conposition nmay be applied to the article using

any number qf processes o] to one of ordipary..skill_in th t,

Sui t abl eapag?C?Lgtafglcdﬁlsjp‘? otégs]\é\gel’s T‘Wcln'ﬁ%ea,b%‘b'f f@rﬁl hot I(+ i %T‘%’?e‘ﬁmfog{‘b‘ﬁbsi 4l .
vapor depagd tdadibd Badht s £l 8ed 1o clpeadd , md PeEdBAb SR 8y ©€148. (oal 2 phasma,

hi gh velocity oxygen fuel), sputtering, conbinations conprising at |east-.
one of tlife abdwtegbimigl Hr dtestesmmiandhi®e. | i ke. The thernal barrier
conposition may conprise at | east one ceram c¢c based conpound, at |east one
metal, including netal oxides, ultra-violet and/or heat cured resins, and
the like. As recognized by one of ordinary skill in the art., a therm
barrier KB¥AIngAdppki edprviyangaanebpttioon lbéamdplrpsitcdkbyeapso dépositi on

Col umms W S RIS LR 4 MY 19 GAEE YT G e PARE T or mod

bet ween ddigp sl i Sto A S a6 d1RCAEHT 2685k bYe PNE-HF 1 19 dhnabyx Ski | b kgt he
art, a thermal barrier coating applied via a thermal spray process
exhi bi t & -a By tardus;1e mast corimet el Poy asirly et tosthiwsprhty apated

m crocracks forned via.the thermal spray process. [00221 The at_| east one
175 S TRl 1 TS EYon BBTcel dbtne 1 {0 ar | east

met al may be co- deposited W cera

one gr adedhgAyes Aarhawed 0iroNe o ch NaE Yy Skbbliddar {dhes asbcshsg SWEh
suitable application processes such as, but not limted to, physical

vapor déptsitivitqe.t P, BedRIoh Weah)g aherhafoshr agny 03t BaYingl asma,
hi gh vels}%ca{ ty a@&yﬂﬁqg,“eééalé,p%ﬁfgél—%‘%’lf}?@i nations conprising at. |east
e an €

one of t ‘or'égoi ng processes,

[0021] The thermal barrier composition may be applied to the
article using any number of processes known to one of ordinary
skill in the art. Suitable application processes include, but
are not limited to, physical vapor deposition (e.g., electron
beam), thermal spray (e.g., air plasma, high velocity oxygen
fuel), sputtering, combinations comprising at least one of the
foregoing processes, and the like. The thermal barrier
composition may comprise at least one ceramic based compound, at
least one metal, including metal oxides, ultra-violet and/or
heat cured resins, and the like. As recognized by one of
ordinary skill in the art, a thermal barrier coating applied via
an electron beam physical vapor deposition process forms an
intercolumnar microstructure exhibiting free standing columns
with interstices, that is, pores, voids, and the like, formed
between the columns. Also as recognized by one of ordinary skill
in the art, a thermal barrier coating applied via a thermal

spray process exhibits a tortuous, interconnected porosity due



like. The at | east one ceram c based conmpound and at |east one netal of the
TBC may be applied using the sane processes, for exanple, applying both
the ceram c¢ based conpound and the at ':.east one netal using a physical
vapor deposition process. Gading the ceram c based conpound and the at

| east. one netal may forma coating where the at |east one_netal may be
present tQ rFhh it rd abberodvadkat feered diat heestheawelofPrR® graded
S BC, [ The thermal barrier conposition nay conprise at |east one
ceranm ¢ ‘base conmpound for use with turbomachi nery applications as known
to one of ordinary skill in the art. Representative thermal barrier
conpounds include, but are not limted to, any stabilized zirconate, any

stabiliz f nat e, _conbi_nati ons onprising at |east .gne, of. the .f oregoi ng
conpounds, %ﬁd ?IIS aI%i gté,as o!pngng?%Iag_I)"W’t ! acsci'é%mci C_Ei‘IJCt(II’]i 4, calc.i.a
st abi | i zed-angld GHHad h@ 6babbthzed zéagOnbAe ¥thAehalslabi hkzed

hafni a, calcia stabilized hafnia and magnesia stabilized hafnla. Y. -.tria
st abi | i e ricomine | of cormreial $lyi bvainabhe ast7vsizg supbogultFhée

h I i . d I ' I | ...Th l.
my ho SORICHCH BN GRoreThe Sor 11y TBC PeRot i ERSaFor ohlY *4R8Tsi I cat e

may he sel*ec as upon

and for maa)dxe&@;idﬁﬁmucé.g.I@lé@@ﬁéhome@mpdughe@mmbb%ﬁatmt(e.g., air
t her mrodynani ¢ and chem cal  equilibrium when conbined with or makes cont act
with a dcedfiac bded ebrpbindox¥Fs st ¢ tht esPasedr ader Fambiaadiene |ike.

Sui tabl e; gutal s £ ol use, hergid cBTPytﬂlé‘CIféIQ&goPH%E?%SCQBEeL' M, p§de Lo,
| ant hanum “ceriu praseodym um ‘neodym uny - pro IORY " samarium

eur opi umikgadafieniammlé®stbiomg cysamosi basedotdipoundeahiuar 1 BHEtUBhe
ytterbium lutelium indium scandium yttrium_ zirconium hafnium
titani uletAXtAfr €'% NeReotaY bRy PR 1¢Rkeusing the same processes, for

example, applying both the ceramic based compound and the at
least one metal using a physical vapor deposition process.
Grading the ceramic based compound and the at least one metal
may form a coating where the at least one metal may be present
in an amount of about 100% at least at the surface of the graded

TBC.

[00623] The thermal barrier composition may comprise at least one
ceramic based compound for use with turbomachinery applications
as known to one of ordinary skill in the art. Representative
thermal barrier compounds include, but are not limited to, any
stabilized zirconate, any stabilized hafnate, combinations
comprising at least one of the foregoing compounds, and the
like, for example, yttria stabilized zirconia, calcia stabilized
zirconia, magnesia stabilized zirconia, yttria stabilized
hafnia, calcia stabilized hafnia and magnesia stabilized hafnia.

Yttria stabilized zirconia is commercially available as 7¥s7° .



The at | east one netal may be deposited, e.g., co-deposited, in any form
as required by the process operating conditions. The at |east one netal
may be present as the netal (e.g, .fine particulate, solid target, powder,
etc.), metal oxide (e.g., singl.e, binary, pol.ynetal), netal salt (e.qg.
single, binary, polynetal.}, and the like. During the co-deposition
process, 00RE1" afhe it T BRe RRTAFCHaGOPREREAWIRK PﬁéocépQﬁFéSBaééd186ﬁﬁound

(e 111 g ghkbaacdsgorat, haeed, sqmunt oo, ain, g, ang, o ofc e

skill in the art. For exanple ma SZ7?
to fornraagadeliithi atstlabidti zec =illriceniea artdhefaral argderi@oagbrddpct 0025]
Once the, TBC is applied, the article nmay be contacted wth_ a solution

conpri sithg AEACEASE Bﬁé’dﬁ:‘lc_ttr iR &Otﬁbé:ther@iﬁ%aéﬂces?rﬁi X 14 of
FIG 1. When ithe W FEGHeOMRImia%he £ QYA Yr i UesR mmgecr Sld,C68 ¢ the

article may be dipped or imersed wthin the solution at about 68F (20C)

t o aboubasgB0EoMEeCndanadnynistiilaldat eudereca meaemimlof abbdbuthd A ilrr G 19

psi) to_abou 100 tqore 11.9 psi..) for. about 2 mnutes to about. 5  mputes
Bt whi CRUBGPRLeL AEC A £6ite Yy TiaH ThaeXe ST G 0 i rbepHRG o BT eeadir e,

that is¢oabquh e AGAURON e, B dsedMBR fh, ! B oEfm GRITPI 858 hhgf T uous,

i nterconnected porosity, the article may be di pped or imersed within the
sol ut i osagarabout eud®E WR0Qadad iabiowt, T500R WG6Qy spbs nin i aidyminmder a

vacuum o0 .abouitI 13.torr A, 19 S‘-\Iﬁtz to about 100 forr (1.9 ,sirg;1 for__about 2
o abouf b U nit BY L WAICER SHOR (1 Srelbu @y 1 A ey etk T o
at mspher ke opli 8fsS Uhe £ ndtkint, akli@ a3l We NS LQlr s & hddedhe Sl Whon ipc! ude,
but are not limted to, water, alcohols, conbinations conprising at .|east
one of The RBoregaistigonsomedntls maghda WeHdskided, e.g., co-deposited, in
any form as required by the process operating conditions. The at
least one metal may be present as the metal (e.g., fine
particulate, solid target, powder, etc.), metal oxide (e.g.,
single, binary, polymetal}, metal salt (e.g., single, binary,
polymetal), and the like. During the co-deposition process, the
at least one metal may react with the ceramic based compound to
form stabilized ceramic based compound as known to one of
ordinary skill in the art. For example, gadolinium may be co-

deposited with 7Y5Z° to form a gadolinia stabilized zirconia

thermal barrier coating.

[0025] Once the TBC is applied, the article may be contacted
with a solution comprising at least one ultra-violet or heat
curable resin at a box 14 of FIG. 1. When the TBC comprises
columnar structures with interstices, the article may be dipped
or immersed within the solution at about 68°F (20°C) to about
150°F (66°C) and initially under a vacuum of about 10 torr (0.19
psi) to about 100 torr (1.9 psi) for about 2 minutes to about 5
minutes at which point the pressure may then be adjusted to

atmospheric pressure, that is, about 760 torr (14.7 psi). When
9



000261 The ultra-violet curable resin may conprise a resin, at |east one
of each of the following: initiator, additive, nodifier, nononer, and

oligoner. The resin may conprise a urethane based resin that may require
one or nore curing steps, for exanple, a dual curing resin. The at |east

one initiator may conprise a substance that initiates polynerization of
the resii® Win SIPUSEET & HATEHDI kNG GRSy RFT @S Eorpat il e

vavel englils I/ oAU SHIDAD &S] e 0 1 L AL Of)Se B s of; egui LEdy, euch
that the second initiator 'may require heat in order to!i')am itate
pol yner i68&EF 012 i0fC)t heo radsiut. DuEIF clf&@° Cr emidisi rat tel #1 T ecthder waenacuninng

coatings where the ultra-violet Jight energy may not reach the resin
£ §‘§’(9r’1‘taslq 1O Het el tl?%l)cgi%rﬁi?ﬂu‘grl% cr¥col thnarPEtt uEPtres of

mat eri af,;

the coabiRtht OF & AL A AaRids |4t the 60gLd g ash&kNOMEs L Qr N8P then
ordinary skill in the art. The at |east one "additive nay conprise a
filler Okeridgalsteapaly etofosyrermcd noreavmei08. Mk alekt nsopvepest fes sueh as,

but not .limted to, flowrate ttin colaor, fluorescence and achi eving
t ack- - f r-8e "8G 558, ?lofhelréctaluqee'\gg?u%r%%lﬁtf ioje]rm]rﬁ?f?c‘b‘?rpr‘i'%%e’é' subst ance
capabl e a0fohd& e asild dte S albdpt 3z idPraexadmpie, ohdReet L HESESEEHE Eng
crack resistance and the |like, of the resin. The at | east one nononer may
conpri secatvendgasst ank Wienglikamit of a pol ymer capabl e of 10 providing

and/ or enhanci ng adhesion to surface materials, for exanple, the adhesion
of the resin to the surface of the article being coated. The at | east one

oligoner is recognized as the backbone of the resin and may conprise a
pol ymer [@®i26]of Thboultva-vooabbutuiebienvreinumays colatriisepar restime dsi ¢

propert'eesé %f th% Ietr - Vi Ieht curabl e re:si.n su.chtafs, Etl)élﬁti.pot limted to,

hardneslsl, &l Ot?é.lﬁloér.:, %Erﬁfga ere"!;‘?@toa"h]tf@ al T HE T keI HE Hhe
modifier, monomer, and oligomer. The resin may comprise a
urethane based resin that may require one or more curing steps,
for example, a dual curing resin. The at least one initiator may
comprise a substance that initiates polymerization of the resin
when exposed to ultra-violet light energy of a compatible
wavelength. For a dual curing resin, two initiators may be
required such that the second initiator may require heat in
order to facilitate polymerization of the resin. Dual cure
resins are effective when curing coatings where the ultra-violet
light energy may not reach the resin material, such as in
between the columnar or micrococlumnar structures of the coating
or at a certain depth in the coating as known to one of ordinary
skill in the art. The at least one additive may comprise a
filler chemical capable of enhancing one or more resin
properties such as, but not limited to, flow rate, wetting,
color, fluorescence and achieving tack-free surfaces. The at
least one modifier may comprise a substance capable of
increasing the durability, for example, impact resistance, crack
resistance and the like, of the resin. The at least one monomer

may comprise at least one single unit of a polymer capable of
10



alternative, the ultra-violet curable resin may be substituted wth at

| east one heat curable resin as known to one of ordinary skill in the art.
[ 0027] After contacting the TEC coated article, the coated article nmay be
treated with ultra-violet light energy at a box 16 of FIG 1 to cure the
ultra-violet curable resin present in the TBC. The coated article may be
t r eat edPHPY hAUNE r andi ereenhpngAndeAERgY 1rar tabsut LaGes aedmy ittd sabdwmr 60
seconds j p e t n ._ordi nary idl in art. .In the
ol ornaf oD RS o o S e bre tPe e ottty i (1 iy

be treabefingtcaatedperatune 0kaahouhe300Egbaerabeutrec2gniidud ess ttheabout 60
m nutes_in an oven, or sim/lar suitable apparatus, as known to one of
or di narpaskperej aft Reearesipoergd7 MaYt EPTRERFRg 2t ROLYBE T outidd ofr tAkslE, & he

articl e, gay, b dpi r‘ﬁgnéﬁg!}:eﬁﬁ‘iﬁs that Hﬁlpa‘%\éép%%t %a%gcg#ﬁ%pgxftie@%]fgxcess

sol vent, dispersant an r resin materialfs at a box _

articl ethayuberdrirédl gsi ngraby epreseasescknawn batometofl intrtddary, skill in
the art suitable for use herein. Suitable drying processes include, but
are notNPTANEEH: t 8LOBPRLAPYI nGhemdFrgilngeEAGERTSFes SEFe thdr itk -udderthe

heat | ”gaELSPRQEiv%FOEHE”ﬁ&EEQ%“i%'TBEi E'P%b% Leash, ang e g‘u%sftﬁrt‘?&@d‘g
processes, and the [ike. The anount of tinme necessary to dry the article
11 depewishuponlseser ahef Aetor suanthlei mepant acukaownt he soleverft cofdirsher
suspensi on, . For exanple, the TBC coated article may be dried at a
t enper affit &1 of " abBtit 2T ¥50F to about 1600F for about 10 minutes to about 90
mnutes in order to burn off the resin materials. However, when applying
the TEC using any thermal spray process, the drying step nmay becone
optional andlor omtted fromthe process. _
[0027] After contacting the TBC coated article, the coated
article may be treated with ultra-viclet light energy at a box
16 of FIG. 1 to cure the ultra-violet curable resin present in
the TBC. The coated article may be treated with ultra-violet
light energy for about 10 second to about 60 seconds using
processes known to one of ordinary skill in the art. In the
alternative, when utilizing a heat curable resin, the coated
article may be treated at a temperature of about 300°F for about
20 minutes to about 60 minutes in an oven, or similar suitable

apparatus, as known to one of ordinary skill in the art.

[0028] After curing the TBC coated article, the article may be
dried to remove, that is, evaporate or burn off, the excess
solvent, dispersant and/or resin materials at a box 18 of FIG.
1. The article may be dried using any processes known to one of
ordinary skill in the art suitable for use herein. Suitable
drying processes include, but are not limited to, air drying,
dryving under pressure, drying under a heating element,
combinations comprising at least one of the foregoing processes,

and the like. The amount of time necessary to dry the article

11



100291 Referring again to FIG 1, after optionally drying the article, the
steps of boxes 14, 16, and 18 may be repeated as often as necessary at a
box 20 in FIG 1 in order to achieve the desired TBC properties. The
desired TBC properties of the coated article may be characterized as at.

| east a desired porosity of no nore than about 30% by vol une of the TEC,
and prefepabily weonndeecrhdnfabbars2e%iby ivorams ichlefe The3s301lvied030E The
t her mal rei ing se i ntion _i.s esi,bgned to react with
at |eas Q%n%ugé?ﬁgg%é'aﬁggf%?%PgigéagPFoﬁgepF8aﬁgg,a .é?}%aqagygﬁ,%%ﬁegr

wi thin 4bea TeBepeAstareessl hboat vhermakcbabbuer 160ariEngoef athecprnesent
invention during its use may conprise at |east a reaction product of at
| east ORENUEEE| eat aband PRemeéBHPBAeARsO8AerhEoTBBrEoRpésiChicorestint he

present_] { on. T, o] : t TDC.conpaosi tion y be the
aforeneﬂ%?%ﬁg i%t.H%ggg%%’oﬂgegeggﬁyggégsghecgﬁ o§§6%§n8“XtEF§§E%ﬂ one
met al deseay bptobesel nthachuding shepamaynbscdmscbpsednalhandyeact i on
product of the at |east one silicat. and at |east one netal of the TIC of
t he preBhttednfenti BRenByOEBAPri se further at |east one reaction product
as nore than one reaction product. may formduring the useful life of the
coated article of the present invention. For exanple, a TBC. conprising
gadolinium stabilized zirconate_ and. 7YSZ may react with CVAS to form a
react i oh09? dHudefirayr icehprdasiel YorF kanpl ety et omaddpadiying &i¢icate,
gar net , L Ni o 1a, gi La,,silica, mxtur t her eof ,and _t he

l'i ke, [%%gg?i#he@¥%a%%§%% B?OE§%€SO%4pr% acP?g‘ﬁ%rﬁ??hPSUEﬁBSPtFﬁeas

entiretyfoénthe dB=e&satyt he presgnboi AaMertzoni1asnt bedatr keasthovge meka
i s dispersed throughout the entirety of the TBC and the at |east one
silicatécsered, TRel PEAPSERESSpeRber dee3 Y efr BBGhPrePEREies of the coated

article may be characterized as at least a desired porosity of
no more than about 30% by volume of the TBC, and preferably no

more than about 20% by volume of the TBC.

[0030] The thermal barrier coating of the present invention is
designed to react with at least cne silicate and form a reaction
preduct, e.g., a layer, on or within the TBC. As a result, a
thermal barrier coating of the present invention during its use
may comprise at least a reaction product of at least one
silicate and the components of the TBC composition of the

present invention.

[0031] The components of the TBC composition may be the
aforementioned at least one ceramic based compound and at least
one metal described herein including the amounts disclosed. The
reaction product of the at least one silicate and at least one
metal of the TBC of the present invention may comprise further
at least one reaction product as more than one reaction product

may form during the useful life of the coated article of the
12



coated article's netallic/ceramc interface. The at | east one reaction
product fornms a seal ant conposition or |ayer throughout the TSC. The

resul tant seal ant conposition remains present as the TBC experiences

typi cal wear and tear, for exanple, abrasion, erosion, spallation, etc.,
consistent with general wuse. Thus, as the TBC wears during its useful
-life., prheestalianentliayer Floef eramnp reema MBJd magir aanchefdadtl velynt ake t he
?Dace of E)hg.ng. The resul%.ﬁl ant |layer may. al so exhihit. the

desi r ed®pBPOSHEG o 1HG HGEE 7 t "3BoF 57 CholdiE GHAShe © Ag, and
pref er abby-n9oAPRE AR ARQUIcARME VAR Qfndihe Lotk &Wtite,
Referring nowto FIGS. 2 and 3, the resultant product in all of the
processeslofathe present gadedtircm.mep s san zimdalie, 390 oz ednisk it urasn
opti onaL bond _coat I%yerl. 2 and at | east one graded |ayer of a thernal
barri er “BGAtPAg 3T (85e G  2;, or an article 40 coated with at |east one
graded | ayer of the thermal. barrier coating (See FIG 3;. As described
earlier, the article may conprise a part used in turbomachi nery

appl icati such as, but not lLimted to, .any part havin nairfoil, any
part ha\t;PﬁS?]a Sl r,e%l‘FF%%?l%FO%EFS?raHHO@H‘égﬁi ?@?%hm GRoLS Ghe of 13
ordi narynskirblkyi Bt h@eanGe TOOHOYANGSF A tdHDQsATBENI QL YaPal d st & Nng

seals, or seals in general, are typically thicker than TBS. coatings tor
t ur bonawht aér y spdispelraeion ¢ hawvaihdhudi [Eheorentaindty |Gf i theefRE adnd Lilkew se,

the coated articles.of the resent .invention adhere to these industr
St andar 6 RAOTRS: 61 108G G @ mary S Pt RERHEA (0341 R eAnERe,
the artighechBYrinchede, nltalils dyleddniid ethtdrF fdadese vaneseast aty s, and
m d--turbine franes. And, in yet another exanple, the article may include,
but i s AORCELANt pdodpct forms a sealant composition or layer throughout
the TBC. The resultant sealant composition remains present as
the TBC experiences typical wear and tear, for example,
abrasion, erosion, spallation, etc., consistent with general
use. Thus, as the TBC wears during its useful life, the sealant
layer reforms, remains intact and effectively takes the place of
the TBC. The resultant sealant layer may also exhibit the
desired porosity of no more than about 30% by volume of the

coating, and preferably no more than about 20% by volume of the

coating.

[0033] Referring now to FIGS. 2 and 3, the resultant product in
all of the processes of the present invention may be an article
30 coated with an optional bond coat layer 32 and at least one
graded layer of a thermal barrier coating 34 (See FIG. 2), or an
article 40 coated with at least one graded layer of the thermal
barrier coating (See FIG. 3). As described earlier, the article
may comprise a part used in turbomachinery applications such as,
but not limited to, any part having an airfoil, any part having

a seal, airfoils, seals, and the like. As known to one of

13



seal s, conmbustor panels, conbustor chanbers, conbustor bul khead shi el ds,
di sk side plates and fuel nozzle guides. [0035] Cenerally, coated articles
having an airfoil, or a coated airfoil in general.., of the present

i nvention generally conprise a graded coating of the present invention of
about 0.25 mls to about 15 mls in thickness. And, Generally, coated

artlcleérdgﬁgk gsﬁlggahn gge aggat%gcs%gﬁtlgﬁgeq%&ak fﬂb&ggﬁ éﬁfﬁ§ﬁ¥ﬁb o5

i nvention conpfise a graded crati'ng of t esent invention o

m | s t ohabony 5Baikl, socirn skhilekAesgenthasge eaﬁgegxﬁhalaqawhnpmén(ﬂﬂwmses
for such _coated articles of the present invention nmay be broadened or

nar r one4BdepeRALRGSUHER tHEPOPAF 18&F¥rp§§§F|@§N%59(ﬂntﬁﬂ¥§9%¥CF§fas\MII

be recosmk%sqlang e%&égw%lméwqe% OL h@r diadlayy %'&Jt lbeet&e &d . [0036]

One or nore enbo nts of 'the present invention have n descri bed,
Nevert hekessnti inwehk ibe adderst aod theat uaﬁm&m&ylmMMﬁaanHS(knbmmyxbe made
W t hout departing.fromt pi.rit and scope of the invention. Accord

i ncgl y, °BEhBF 8ﬁ868?ﬁ¥n? 1éi 1fi thenafhe scope of the fol l owing clains. 14
CLAIMS What is clained is: 1. Athermal barrier coating, conprising: a
graded coating conprising at | east one ceram c based conmpound conprising
at Ieast one nmetal selected fromthe group consjsting of |anthanum

cerium [BPASEoR L2 TRIGHY fltfm 2 Tt bkt HF%an%‘"a%@?un?Ut elif opPlim imited
gado"”tH”bléSEQ'UUan SPERSEHP: habml py - %BQ%H%%éETQﬂéQ“ And tenpip

[ utetium um scan ifum ytiri'um zifconium nium ‘titanium ° and
nlxtureanobheeoéxawpéeelnhehertheﬂeahabauncémdeoatnﬂgJﬁnmmnlSmﬂnxtqﬂmt@s!ty
SR S T RS S L A ]

shields, disk side plates and fuel nozzle guides.

[0035] Generally, coated articles having an airfoil, or a coated
airfoil in general, of the present invention generally comprise
a graded coating of the present invention of about 0.25 mils to
about 15 mils in thickness. And, generally, coated articles
having a seal, or a cocated seal in general, of the present
invention comprise a graded coating of the present invention of
about 0.25 mils to about 50 mils in thickness. These ranges of
coating thicknesses for such coated articles of the present
invention may be broadened or narrowed depending upon the
particular application of the article as will be recognized and

understood by one of ordinary skill in the art.

[0036] One or more embodiments of the present invention have
been described. Nevertheless, it will be understocd that various
modifications may be made without departing from the spirit and
scope of the invention. Accordingly, other embodiments are

within the scope of the following claims.
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wherein said graded coating conprises said at | east one netal present in
an anmount of about 100% at | east at a surface of the thermal barrier
coating;, wherein said at | east one nmetal reacts with at | east one silicate
to form a reaction product. 2. The thermal barrier coating of claiml,
wherein at | east one of said at |east one ceram c based conpound is

sel ected fromthe group consisting @LAMIria stabilized zirconia, calcia
stabilized zirconia, nagnesia stabilized zirconia, yttria stabilized
hafnia, calcia stabilized hafnia, and magnesia stabilized hafnia. 3. The
t her mal barwhaf isc@akde@gsof claim 1, wherein said at | east one ceramc
based conmpound conprises gadolinia stabilized zirconate and yttria
stabilized zirconate. 4. The thermal barrier coating of claim1, wherein

the thernal 4 barrjes m&ﬁ%h@ﬂ HTH ﬁ‘@n@n ngor osity of no nore than 20
therm

percent by voI ume o Ier“coating. 15 5. A coated article,
conprising: an aatgraded coafprg somgrising |adsastoore salraimcd)asadiangn;mmuer mal

barrier coatln dIS osed .t hereu in said thermal bar |er coatlng
i ncl udes a ot ? t BB%W%EEIr?négYnﬁ?teg frop olﬁg SR cONBEE Yorpound
conpri si ng I@hth'aﬂaﬁi @éﬁllm ngiraéeoa@hﬁﬁhedwefoﬁpmuarhe 6@ iGN sdhdrign of

| ant hanum cerium praseodym um neodym um promnet hiu samari um

eur opi um gR¥EPILAL u@:adoi"é‘l"ﬁr ut@ro 'H?‘spﬁwr%\’mhohmwﬁ‘ e?Toiwnn thuitm.um
ytterbium t(\jatrﬁﬁlhprfhte'hﬁ'ﬂ' {8iu S% i y%ﬂLﬁrﬁ' ﬁ‘&orﬁ hC P8, Bahpiym

titanium ahd m xtures thereo erein erma barrier’ coating
conpri ses aarpbnmsurteytbérenf) more than about 30 percent by volunme of said

| cast one netal Brechite MRPER BaBRhEodh e BoEn by at o BLet R desur f ace
of said thetamlabbar 3@ gercent by volume of the thermal barrier coating,
wherein said graded coating comprises said at least one metal present
in an amount of about 100% at least at a surface of the thermal barrier
coating;
wherein said at least one metal reacts with at least one silicate to form

a reaction product.

2. The thermal barrier coating of claim 1, wherein at least one of said at
least one ceramic based compound is selected from the group consisting of
yttria stabilized zirconia, calcia stabilized zirconia, magnesia stabilized
zirconia, yttria stabilized hafnia, calcia stabilized hafnia, and magnesia
stabilized hafnia.

3. The thermal barrier coating of claim 1, wherein said at least one
ceramic based compound comprises gadolinia stabilized zirconate and yttria

stabilized zirconate.
4. The thermal barrier coating of claim 1, wherein the thermal barrier

coating comprises a porosity of no more than 20 percent by volume of the

thermal barrier coating.
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coating; wherein said at |east one netal reacts with at | east one silicate
reaction product. 6. The coated article of claim5. wherein at
| east one of said at |east one ceram c based conmpound is selected fromthe

to form a

group consi

sting of yttria stabilized zirconia, calcia stabilized

zirconia, magnesia stabilized zirconia, yttria stabilized hafnia,

stabilized
of claimb5,

gadoiinia stabilized zirconate and yttria stabilized zirconate. 8.

coated arti
porosity of
coating. 9.

fromthe
16 10, Theg(%:o%g

calcia

haf ni a, and nagnesia stabilized hafnia. 7. The coated article
wherein said at | east one ceram c based conpound conpri ses

The

gl e o cehdbmrfle Wih&isihg: he thermal barrier coating conprises a
no nore than 20 ercent bil vol une of said thernal barrier

The &bartsde a:pmnﬂsmgoat B

conpri ses a thi ckinees clicaltbetma afrert coatingutindiddes Ias.graded Tdvmtiogat ed
AR U558 e e beELE ohoiEh “Lhvburi! R 881
bul khead shhe{acﬂs,se@cféﬁ skdeh phrat egr@md Esrlistimgz zbfe %trﬂ#ﬁjm 12erilf€

claim1l, wherein said thermal barrier coating conprises a
t hi ckness d¥rag@RsMIBMs NEoH¥MiUN 2Bt B, 5arariurg. ewopb.i SRCIBYADY i si ng:

article of
consi sting

article of

reaction pry

conposi tion,

ther arri'er coat conposi

coat ed

i, Qs AbshiRSio ey SLRGR Hufeh SULRSEARIERES | Rliyroat | ng

on conpri ses:

| east one csraadiun, lym;lenh zmmnwndhaforqn itsanigmaand Em)ﬂUre(snbeneef al selected
fromthe group consi st E hanu ceri ur’rb é)r aseod neodym um
promet hi um  sama¥ P/ g}?f'ﬂﬂf @féfabFP e OorRHS ﬂ]poro ' o ho more

than about 30 percent by volume of said thermal barrier coating,

wherein said graded coating comprises said at least one metal present
in an amount of about 100% at least at a surface of said thermal barrier
coating;

wherein said at least one metal reacts with at least one silicate to form

a reaction product.

6. The coated article of claim 5, wherein at least one of said at least one
ceramic based compound is selected from the group consisting of yttria

stabilized zirconia, calcia stabilized zirconia, magnesia stabilized zirconia,

yitria stabilized hafnia, calcia stabilized hafnia, and magnesia stabilized hafnia.

7. The coated article of claim 5, wherein said at least one ceramic based
compound comprises gadolinia stabilized zirconate and yttria stabilized

zirconate.
8. The coated article of claim 5, wherein the thermal barrier coating
comprises a porosity of no more than 20 percent by volume of said thermal

barrier coating.

9. The coated article of claim 5, wherein said article is selected from the

group consisting of blades, vanes, stators and mid-turbine frame.

16

NG, sWaseehavivgiad tharmiag lbaries sel ect ed
ﬁ gl%g%% ? @ | ades, vanes, stators and m d-turbine frane.
g rtrcle c‘aim9, wherein said thermal barrier coating

a
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dysprosium holmum erbium thulium ytterbium lutelium indium
scandium yttrium zirconium hafnium titanium and m xtures thereof;
wherein said reaction product conprises a porosity of no nore than about
30 percent by volume of the coating, 14. The coating of claim 13, wherein
at | east one of said at |east one ceram c based conpound is selected from
the group consisting of yttria stabilized zirconia, calcia stabilized
zirconia, nmagnesia stabilized zirconia, yttria stabilized hafnia, calcia
stabi | i zed h&f ni Ahe Loaterhgrics of AR B »d@reiarsAid thermml bajdec 6adlingg of

claim 13, whenBliteoabodlest SRsbofNerielamay 133k, compound corpri ses

gadol i ni a st Ized zirconate an rra sta Ized zirconate, 16. The
coating of claim 13, wherein said reaction product conprises a porosity of
no more than, 20 RRL Ce0 LYYR! il 5 \WSeréRAdid ricl is selected from the

group consisting of seals, combustor panels, combustor chambers,

combustor bulkhead shields, disk side plates and fuel nozzle guides.

12. The coated article of claim 11, wherein said thermal barrier coating

comprises a thickness of about 0.5 mils to about 50 mils.

13. A coating, comprising:

a reaction product of at least one silicate and a thermal barrier coating
composition,

wherein said thermal barrier coating composition comprises:

at least one ceramic based compound comprising at least one metal
selected from the group consisting of lanthanum, cerium, praseodymium,
neodymium, promethium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium, lutelium, indium, scandium,
yttrium, zirconium, hafnium, titanium, and mixtures thereof;

wherein said reaction product comprises a porosity of no more than

about 30 percent by volume of the coating.

14.  The coating of claim 13, wherein at least one of said at least one
ceramic based compound is selected from the group consisting of yttria
stabilized zirconia, calcia stabilized zirconia, magnesia stabilized zirconia,

yttria stabilized hafnia, calcia stabilized hafnia, and magnesia stabilized hafnia.
15.  The coating of claim 13, wherein said at least one ceramic based
compound comprises gadolinia stabilized zirconate and yttria stabilized

zirconate.

16.  The coating of claim 13, wherein said reaction product comprises a

porosity of no more than 20 percent by volume of the coating.
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