THERVAL BARRI ER COATI NG COVPCSI TI ONS, PROCESSES FOR APPLYI NG SAME AND

ARTI CLES COATED W TH SAME BACKGROUND OF THE | NVENTI ON [ 0001] The invention

~relates to thermal barrier coating conpositions, processes for applying
same and articles coated vvith same. More particularly, the invention

relates to thernal ﬁﬁf@%ﬂﬁé%@b&ﬁ@%bﬁf‘@ﬁ sto w t hst and sand

infiltration, processes or pl'yi'ng sane and articles coafed with sane.

[0002] The d@emcmimasamcm Alwlbxmmzm.m\m VANRIABTUCBES OCSARTED WETHt 8AMHI St ress
of thermal barrier coatings ("TBCs") is a concern with respect to all
turbomachinery in use in the Mddle East. Sand related distress is

responsi bl e for the premat (§g$h5 t ﬁ%ﬁN oxi dati on of
t urbomachi nery and their Lﬁ eﬁ(iphanls%; fﬂ%% sand rel ated distress
is the [wagatlr a‘l['hen:LnfrehhéoiﬂBEelbyem)tbelﬁhEaﬁdl Barimier toatseiul 1ife,

sand may enter the turbomachinery, agglonerate and becone nplten upon the
TBC sur COERCSRMGINE 1 PHIRESTRT @Mw%r%ar&@ e 2¥ e BLRBCAPAREY |

hi gher than the %&Elﬁdf@g)«ﬂlﬂbecom o atyre ﬂflveﬂﬁt'foﬁalpéjlaége g‘fée)eé#e{‘ui%%hand

aggl oner ated sand parti onewhat nolten, pene

reach t harrderamdedineialdompaositteidrae eledihmnddi tairel tistdued TB&hdccurs by a
combi nat,i on _of molten sand attacking the thermally grown oxjde at the

cer am cARHATEAE G e MERGE RO T APRHEL RS RRTE o‘?ﬁn‘f‘ PrEi¢aeh F9REFAnce,

the ful Ly ehnfddtd ated TBC, to thermal cycling. Failure of the TBC occurs by
spal | ati on which exposes the part's surface to the elenents, thus causing
the accel erated oxidation of the turbomachinery part in conjunction with
nol t en

[0002] The degradation of turbomachinery parts due to sand
related distress of thermal barrier coatings (“TBCs”) is a
concern with respect to all turbomachinery in use in the Middle
East. Sand related distress is 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 of 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.



sand attack. 1 [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 graded | ayer of at |east_one ceram c based conpound

broadl y e} sCrgesaquenidy  ofbiere: sristd ecteed fon thEhpaipl doHsi Y ng of
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lutelium indium scandium yttrium zirconium hafnium titanium and

m xtures thereof. [0005] In accordance with the present invention, a thermal
barrier coating broadly conpsSi®eBRRy @Qradet CoENTgZAN oadly conprising at

| east one ceram_c based conpound broadly conprising at |east one netal
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barrier coating broadly conprises a_porosity of no nore than about_30
per cent IRFIUrRASH t@ﬁwmr%ﬁl Y FOBRBE $HYY 2% 0boBFt | AnackeF8hnce with
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broadly conprising at e surface broadly conpriSing a thernal
bar ri er potesodymidingpasseiteeu pormomaetiel@nn sdreat hempatéubapiumy coati ng
br oadl . , . . . .
ygadollnlum, terbium, dysprosium, holmium, erbium, thulium,
ytterbium, lutelium, indium, scandium, yttrium, zirconium,

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, ytterbium, 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 coating broadly
comprises a graded coating broadly comprising at least one
ceramic based compound broadly comprising at least one metal
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conprises a graded coating broadly conprising at |east one ceram c based
conpound broadly conprising at |east one nmetal 2 selected fromthe group
consi sting of |anthanum cerium praseodym um neodym um pronethium

- samarium europium gadolinium terbium dysprosium hol mum erbium

t hul i um tterbium lutelium indium scandium yttrium zirconium
haf ni umseleagdiniramdthe xyuees coeeest inghefelanthanuner gariumarri er

coating ngaq&¥ cqﬁﬁrises a orosit% o{hno nore than_ about 30 percent by
vol une dt* THe  THet i %%??Y‘B "Rt TRYT-"t 08077 TR allor GHAEE WY h the
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| east one silicate and a thernmal barrier coating conposition, wherein said

t her mal Yize¥hiumcobat el ebnposidiwnn draadiyneodprrius, agireasiubne ceranic
based c und broadly. conprising at least one.nmetal selected fromthe
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broadly conprises a porosity of no nore than about 30 percent by vol une of
the coating. [0008] The details of one or nore enbodi nents of the invention
are set forth in the acconpanying drawi ngs and the description below O her
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and a thermal barrier coating composition, 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 meore embodiments of the invention
are set forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the invention
will be apparent from the description and drawings, and from the

claims.

BRIEF DESCRIPTION CF THE DRAWINGS
[00092] FIG. 1 is a flowchart representing a process of the

present invention;



[0009] FIG 1 is a flowhart representing a process of the present
invention; 3 [0010] FIG 2 is a representation of an article coated with a
bond coat and at |east one graded |ayer of a thermal barrier coating of the
“present invention; and [0011] FIG 3 is a representation of an article
coated with at |east one graded |ayer of a thermal barrier coating of the
present i(AQ&RT| FHEG{ 0D1] aikepresenkacronupbers andidbsi gaateenyifh &he

eedhor 2RE"REE, aRR) 5B\ Tenst " pRer BEA R Re 6 3 BT LSt i on

conpri si Bgaslinbeast thnepeesam:C ibased icegnpednd and at | east one netal
capabl e of reacting with silicates, and exhibits a coefficient of thernmal
expansi on val ue sufficient for use in any turbonmachi nery application. [0014]
As used herein, the term"at |east one netal” nmeans at |east one netal

original lfgopigsentici m the  oFdpRisant®t fbn IBIRN aPXidPe 8BLABLASALERL apd the
like, that is capable of reacting wth at |least one silicate to forma

react i onlppetuenceghibiets layher pddpndiiesmadd bereviiegalcoaduiing o thenwhen
conbi ned_wi.th or. makes contact with a ceram c based conmpound, any silicate
based nﬁfgﬁ?gﬁ,lﬂﬁanEHQHFike. [0015] The thernml barrier coating
(hereinafter referred to as "TBC') of the present invention is designed to
prevent at |east one silicate, such as a conponent of sand including, but

not |im 0,  .cal cium magnesi a .alum na_silicate (herejinafter .
[68925 Lfke re ereé%e numbers and esfénatéons &n the various

drawings indicate like elements.

DETATLED 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] A=z used herein, the term “at least one metal” means at
least one metal originally present in the form of a metal, metal
oxide, 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



4 referred to as "CMAS"), from penetrating the ceram c based conpound of
the TBC, thus causing premature oxidation of the article and preventing
spal l ati on of the TBC. Sand generally conprises at |east CVMAS as well as
*ot her conmponents such as, but not limted to, sodium iron, potassium and

the like, gepending upon the geographi cal and geol ogi cal conditions of the
sand. SBRESTE®At BPnRfg FIBR” AndTENMMSPEBEratEBICHRS) cexpEd cchisisfered a
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i nt eraction anﬁ their penetration of the ta I|cheran1c interface of the
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process of the reseni I nvention is shown. An article may be provided and
Tor eod
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known nmetal coating systens 1n I C enotes ni cke 0 ron, Their
al | oys, wapdn ohetgeegrapbieeal; afid denbdbgicehr oohdit ishsdedotee akbmdi.num and
rium MITAY,materials are often known_a rlay coQatings

Y denot e t , ov

because gﬂﬁésa?%ngﬁbP?Bﬂ +hoH ﬁpgdgwéﬁnﬁﬁea-coﬁﬁégwﬁﬁim aiﬁ& G e RCer act
significantly; whtd thsssubshiabe Hubbignthgs deRashbkanaBLoeesse Ee/ some
non-linmting exanples of MXA'Y fmiterials see U.S. Pat. No. 3,528,861 which
descri besranfelhd\| ¥ntevatthgnasndotbelilrSpeRatrabidon3o542h830. | n addition
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coating. U S Pat. No. 3,676,085 describes a CoCrAlY overlay coating while

U S. Pat. No. 3,754,903 describes a
[0016] Referring now to FIG. 1, a flowchart representing a
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 denotes 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.S. 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
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Ni CoCr Al'Y overlay coating having particularly high ductility. U S. Pat. No.
4,078,922 describes a cobalt base structural alloy which derives inproved
oxi dation resistance by virtue of the presence of a conbination of hafnium
and yttrium A preferred 5 MCrAl'Y bond coat conposition is described in U S
Pat. NoywdRasy 82ntPboathi el Asshgned dadNg.B1 eaeny dsshaneouandee

i ncorporated herei'n by reterence,” as having a wei g percent " conpositi onal
range o0f32514Q ,Cwhi8h35 Alasdldiret] ko, tHk presint Asdighdée Hind bal ance
selected fromthe group consisting of Ni, Co_ and m xtures thereof. See al so
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i ncor por, Leiln4b € [[Q017]_ -k bo oqt terial al so
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the desire sition, su ut n Iimte an overl a
di f f usi eefleamehcecat, cat hodic arc bond coat, etc. Such techni ques may
include, but are not limted to, diffusion processes (e.g., inward,
outward, etc.), |ow pressure plasma- spray, air plasma-spray, sputtering,
cathodic arc, electron beam physical vapor deposition, high velocity plasm
spray tdolii7quethe (Isogyd , codOFpatyAbal wapbaibtboooppedessard, BEAR spdayhe
techni ques, | aser beam cl addi ng, el ectron beam c| addi ng, etc.
Iike, that are often known in the art as diffusion coatings. In
addition, the bond coat material may also comprise Al, PtAl,
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, etec. Such
techniques may include, but are not limited to, diffusion
processes (e.g., inward, outward, etc.), low pressure plasma-

spray, air plasma-spray, sputtering, cathodic arc, electron beam

physical vapor deposition, high velocity plasma spray technigques
(e.g., HVOF, HVAF), combustion processes, wire spray techniques,

laser beam cladding, electron beam cladding, etc.

{0019] 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
)



[0019] The particle size for the bond coat may be of any suitable size, and
i n enbodi ments. may be between about 15 microns (0.015 mm) and about 60
mcrons (0.060 M with a nean particle size of about 25 mcrons (0.025
"mm). The bond coat 30 mmy be applied to any suitable thickness, and in

nbodi t 6. be. ab i | 0.127 1 i 254
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coat layer to the article, the article may be coated with a thermal barrier

conposi th@mke1t of bl $ hed kT8 bamt i ehiebati ng at box 12 of FIG 1. The
article may conprise any part that is typically coated wth a thernal
barrier conposition and, in particular, nay conprise a part used in

t urbomachi nery applications such as, but not limted to, any part having an
ai rfoil, [G#30barfthayamplyingealn ogitrifmidls boegehlcpataidehe ta ke [ 0021] The

th | barri it lied to th ] i mb
of pr o0 dbaek Rov FHS b7 T e, SoR bRl PR RheRarrelshRTEbrE )
appl i catdQihPE DERSS 8o | ASHHUL, tIdHma A BaPPiel | AbhEING Oat PBYRI £8l o¥aPOs.

deposition (e.g., electron beam, thermal spray (e.§., air plasm, high
vel oci t yl oxXSieerarifielg mapuromprhes @oybbant i bhat cbaptipingliy teatedone of

t he forggﬁgqg rocegfqg and the like..The therpmal_ba riei conposi ti on may
conpri s&art | 2aste et R Ent e baBC RO Blnd At 17 RAST LG et BRY i ncl udi ng
metal oxidlgsridl td Pant ol @de@NDh OfurbeRAcEinEdy r §5pDscatdénshguthkas, ABut
recogni zed by one of ordinary skill in the art, a thermal barrier coating
appl i ed Rty Iimited to, any part having an airfoil, any part having a

seal, airfoils, seals, and the like.

[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




an el ectron beam physi cal vapor deposition process forns an intercolumar

m crostructure exhibiting free standing colums wth interstices, that is,
pores, voids, and the like, fornmed between the colums. Al so as recogni zed
" by one of ordinary skill in the art, a thermal barrier coating applied via
a thermal spray _process_exhibits a tortuous, jnterconnected porosity due 7
to the &9 &€ &hdahT ARG B IGFREE VirTer Yierthe Sherpal prBed¥s. [ 0022]
The at k&@@%sgqe nmetal may be co-deposited with the ceram c based conpound
to format |east one graded | ayer as known to one of ordinary skill in the
art using such suitable application processes such as, but not limted to,
physi cal vapor deposition (e.g., electron bean), thermal spray (e.g., air

east o SRt niF o bqbr ARt pr bhonstat il bk o FREBLIRECRA O R, 210 &

cer ani ¢ deas@ cC AR o ald |waslomneat Medadt Aind heraddd neyyde appl i ed
using the sanme processes, for exanple, applying both the ceram c based
conpounéngnd ttipe oite qfegxrdigpe vtk L lusithg-he s i weing aperh depblakblen
process .adi t ] o] . t.le tal may
forma ?85’%%%‘:&%& %%%%Eﬁce%@?%nsg’ ne alrlgorr"g;%bnté{%cgs%é\t aEﬁ%}l{ng%‘lr?f-’lj<’;1n3rrt)unt of
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barrier conposition nmay conprise at | east one ceram c¢ based conpound for
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|t|hﬁ1 f‘;écto(l??l%g%%@t Al RaddYBloPAHd HokYPH S rd e e, Di @e not
like. The at least one ceramic based compound and at leagt one
metal of the TBC may be applied using 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.,

[0023] The thermal barrier composition may comprise at least one
ceramic based compound for use with turbomachinery applications
as known to cone of ordinary skill in the art. Representative
thermal barrier compouhds 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 7Ysz’.




stabilized zirconate, any stabilized hafnate, conbinations conprising at

| east one of the foregoing conpounds, and the |ike, for exanple, yttria
stabilized zirconia, calcia stabilized =zirconia, nagnesia stabilized
zirconia, yttria stabilized hafnia, calcia stabilized hafnia and magnesi a

stabili fn.,a. . Yttria stabilized zirconia is. conmerciall vai |l abl e as
vaz | §OPRBBaT I A S b SO Ty S HF S CURE, PERah LPRRE - one
netal . Jhe prtah . Muebactaleahed Rased uRel haeRbiiddy di dPacicwidd at

| east one silicate and forma reaction product. Thé reaction product

exhi bi t sepothwihber abdyrasicc oard sdRdwiadal angqdicititbei ureadierore gsichatt wit h or
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samarium europium gadolinium terbium dysprosium holmum erbium
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haf ni u titaniu Lxtures thereof,. and the Like. .The at |east, .on t al
may be BEpbePTEMeEAyE! Y08 o bitEin ey ARG 1SR B a B T
processtgpelahtRgntANdcbkrensm, Prasdbdyheas! eredymiidim, Myt diiesent as the
netal (e.g., fine particulate, solid target, powder, etc.), netal oxide

(e.g., S3MAgLEM, bEHAPPivFel gRELAHRivmet ETEANM, (EYFProstingt e hadimiaim,,
pol ymet é%ciaiuﬁ?dthﬁﬁih{-nkeyt?é%ﬁ%mt hg ‘E%ﬂgl 0S It IQQ P %%?'Eiiutrrhe ol
may ‘' r éac Y5 0 <t db

one neta w th*the céram ¢ baséed dompound 'to ~form ized
cer am czbasediaapphuitias, Kaavaniamgnaisturesdichaieoiki land tHeha idd.. For

exanpl e, gadol i nium may be co- deposited with 7YSZ(r) to form a gadolinia

stabi | i B8 2fréBapk one metal may be deposited, e.g., co-deposited, in
any form as reguired 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-deposgition 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 7Y82° 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
pei} 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




t hermal barrier coating. [0025] Once the TBC is applied, the article may be
contacted wth a solution conprising at |east one ultra-violet or heat
curable resin at a box 14 of FIG 1. Wen the TBC conprises col ummar

" structures with interstices; the article nay be dipped or imersed within
t he sol (u‘ﬁthl on _at about, 68F (20C to about. 150F (66C) and |n|t|aII under a
vacuum &PSgdt QR?H?ﬁ§e%(?iﬁ? Hﬂ995¢(}¥ﬂﬁﬁHOQRﬁFW rPQHOY ¥ F%r about 2

i nut €9 <@ 300k naty IB DA o NiRHEROL Ay tmﬁrﬁﬁ%&wygﬁhﬁegsoaej ust ed

to atnospheric pressure, that out 760 torr 7 psi
conpri sé$°F t(@auhug,o iakcertc drfett ebEQJtE)osanc}/ idiei ally iwhdenmay becdupped or

I mrersed wthin the solutjon at ahout (20Q) to ab ut 150F (66C) and
initial OF GREME &Q/mn(loo'flga&ih hig tag? t(Olol b- At 1g@rtorr (1.9

psi) ToppRROYL 3 LRRROUl M AIYEE & afnidH b An rl’:'hé f}f?ré’éﬁfé”ﬁaﬁat’héﬁe”

be adjusted to atnospheric pressure. Suitable solvents use In the
sol ut i olrsi mdam@&ednnozaﬂmoﬂyhdrﬂntpKESsura%u3u;tabﬂ&xﬁmﬂv&nt@nﬁmnaﬂ&@ns

conpri si,ng  at .one of the fqregoin sol.vents, and the |like. [0026] The
ul tra-vitQl 5?‘ 3&1%1% sithf 'cgﬂ‘ﬁg'as‘%eg HesiiMitHd §_astetwe: of each of
the fol bQWok1d,Niddnti¥at iRl ldoktri SBY fdterle JBN UL o ANhO| £ P8BS indhe
resin may conprlse a urethane based resin that may require one or nore
curing sedyentsfomarskdms d,ike.dual curing resin. The at |east one initiator
may conprise a substance that initiates polynerization of the resin when
exposed to ultra-violet light energy of a conpatible wavel ength. For a dual

curing resin, two initiators may be
[0026] The ultra-violet curable resin may comprise a resin, at

least one of each of the following: initiator, additive,
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 microcolumnar structures of the coating
or at a certain depth in the coating as known to one of ordinary
gkill 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
registance and the like, of the resin. The at least one monomer

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

n 9 the TBC
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required such that the second initiator may require heat in order to
facilitate polynerization of the resin. Dual cure resins are effective when
curing coatings where the ultra-violet |[|ight energy may not reach the resin
material, such as in between the columar or mcrocolumar structures of
the coating or at a certain depth in the coating as known to one of

- or di nar pro¥kilingj andleraenhanisd ngt adbgst conécadgintfiare maresvmdre s€ax filler

chem cal _capabl e_pf enhancing ane.or _nore resi propertie ch as,. but not
1t ed St B P o P BORGBAPTG L b8l SRR (6 SOCe RUCTARE Suni A A T 1 oo
surfacepeiffecahtelicasheone Mediski 6heMBY i60MRH 5@ FeTWREIINRGE LARANR e of

I ncreasing the durability, for exanple, inpact resistance, crack resistance

and t hebpfkbonef of heheexEsinThadamaye 8SMPaAs enonPedymerprddnsei sdatt |east

one single_uni a Lyvoer._capable,of, _10_providi and/ or__enhanci n

adhesi o Otgggﬂéfgéemﬁ§?@¥ra g}%%oELaEXéWBﬁggst%@eag%g Fo@%ﬂpﬁ <§eﬁés! to

t he SUFEﬁéeuptréh@iélétcbarabgbn%eéﬂﬁtgdchTag,abuke@%k_Q@hﬁﬁaﬂQﬁﬁr 'S
recogni zed as the backbone of the resin and may conprise a pol yner unit of

about ehardnapsut chongshémsr ¢hemiceharesipaprseshamfashe gridiser thiredhsf  t he
uttra-vioLet,clt ol oefesl ool ;a3 e coUl, 08 of LI g0 ke: pUMESTrcaq

el ongat 1on, " chém cal "rési'stance, ernative,

ul tra-vivot Bt acul@hke bAsi RelRy cheablbstrbbiheds Wnblmattd east cmedEaiary
curable resin as known to one of ordinary skill in the art. [0027] After
cont act $RglintnTBeecBlEed article, the coated article may be treated with
ultra-violet light energy at a box 16 of FIG 1 to cure the ultra-violet
curable resin present in

[0027] After contacting the TBC coated article, the coated
article may be treated with uitrauviolet 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 sgeconds 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 similai guitable

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,
drying 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



the TBC. The coated article may be treated with ultra-violet |ight energy
for about 10 second to about 60 seconds using processes known to one of
ordinary skitl in the art. In the alternative, when utilizing a heat
curable resin, the coated article may be treated at a tenperature of about
300F for_about 20 mnutes to about 60 m nutes in an oven, or simlar

sui t abl der@pit drAN sRVeFPhnfastene didorbir neayt sRil #xri nthaesalvent0ofs]

that i s S SRR o PanTE R8BS odel aifusth iRy BRREF o n

mat eri alex & tBediraified 5 Gbods TheeRrid chlisownyl beo ori £drusbsgrany
processes known to one of ordinary skill in the art suitable for use

her ei n. ™Sduts €0 BBAHY I Jelevseas el eirder pee wen neff| thetsasis, air
drving. = b ;
ryrng maq:rélr_llrﬁ 4N %c;wew ’s Yike d%%%%ﬁ%" ﬁtgﬁ? glr‘%g&tiéngg%eéﬁge @flermal

conbi nations ‘conprising at’ | eas rocesses, “and the

li ke. Theprpywproddsd, nEhdneestas Ystep diiay tihecdtd | epeiddallegafdsrupon

several factors and, in particular, the solvent of the suspension. For
exanpl e O erBE xhttde REIEES may be dried at a tenperature of about 750F
to about 1600F for about 10 mnutes to about 90 mnutes in order to burn
off the resin materials. However, when applying the TBC using any thermal
spray process, the drying step may becone optional and/or omtted fromthe

process.[00#PA0] RréeErinagaagarnteoFERG 11, adtear opplovadlly damying titee

necessa AT R DOPOFTIRERE 18 oPlerTo Dl B0 SRS aPeafedets™

properticfren e desddthriBGpropsst ids i 1@, cpal®dbrder to achieve the
desired TBC properties. The desired TBC properties 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 one silicate and form a reaction
product, 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



article my be characterized as at |east a desired porosity of no nore than
about 30% by vol ume of the TBC, and preferably no nore than about 20% by
vol une of the TBC. [0030] The thernmal barrier coating of the present
-invention is designed to react with at |east one silicate and forma
reaction product, e.g., a layer, on or within the TBC. As a result, a

t hermal peoesére touenhgoot Fhe prespht.i avEBC compodisigd tosdedd ninmy
conprise_at, | east _a reaction praqd of at | east one il Lcate _and the
conponen?%a%ﬁf%ﬁ%dT§Er889ﬁg§ingnH%%ZtH@ayp?%§%5tw?ﬁbe§¥bgnéo[68§T]aThe
conponentsa &f i bhepFBSueeMpas ELRABriBY, beckhexaabaeemenhiiengd ax/fadtitene
ceram ¢ based conpound and at |east one netal described herein’including
t he anoudibickiel ogauneThegadeddnion peroéddst efirchaiat leddsicaonanisitiimest e

and at | east ope | of.the TBC of the present invention may conprise
further E%fr?% s?naﬁéﬁ?eg&F?On product as nore than one reaction product

may formduring the useful |ife of the coated article of the 12 present
i nvention. For exanple, a TBC conprising gadolinium stabilized zirconate

and 7YSZ eact with CVMAS to forma reaction product nmay, conprjse, for
exanpl e, [éﬁ? a @%W%Q%,Pr%‘{%tcaﬂ%,P Uts %%BI‘FW%‘%E%‘FEN&?@

Zi 1 CoNi ansi &3 of ¥har B¢ Bbeﬁﬁefpﬂegehheihbéﬁtibgoé%]tBQEa&EQ%%@%none |
product or products formthroughout"the entirety of the TBC of the present
i nvent i oretzsl the dispemsedonkronghaliti shdi speisetiyt hifotigleoTBC kaderthier etty of
the TBC and the at east one silica

t hr ough TP ThePRC oAt ca ?rc?egsrnEPQEFFgﬁgBﬁagggggﬁFE%%%é&%%%ﬁ%ﬁgt%féﬁfi

one coated article’s metallic/ceramic intexrface. The at least one
reaction product 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 reformg, 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. Ag known to one of

13



reaction product forns a seal ant conposition or |ayer throughout the TBC.
The resultant 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,
t he seal an | ayer reforns, remains intact and effectively tgﬁes t he place
of the FEEDIRE %%%Ht%tt%%a%m TRy eFORBy aPs 608X AHBPPTRREINGEY| Pad TS

por osi tyh&; S04 Eg E}fﬁy o2 urre o Qﬂﬁi‘é?i””?r@f tw?ﬁ%%%?t LRg cand (pref erably

no nore than bout 20 coating Referring now to
FI GS. 2 EBd Spatiwmgs eBat tantbpnadutheryn partsohavmagpancassésldf blre present

|nvent|o e an artlcl 30. coat ed th an optional _bond co | ayer 32
and at bﬁ% 1) Qe e%l%?w%S?hegﬁﬁlcﬁﬁF? ePTEDSEPRgOS4T %gee FIG 2),
or an %féééﬁt %@&%f&%aﬂe@é tsashe @elﬂaageﬁ |§¥§hd8§dtsh?mb%r gl

barrier "coating (See As descri ed ear the article my
conprlseonsrmﬁtorérmhrm $h1bbnnnhtherqrappl|cat|ons such as, but not
limted to, any part having an airfoil, any part having a seal, airfoils,
seals, and the like. As known to one of 13 ordinary skill in the art, TBC

coatings for turbomachinery parts having seals, or seals in general, are
typi cal | pa3dkkeort kxamplBC chat iargd cfler ntayr derdAatdenemyutpaird sndtavl igi teed
airfoil, o rfoils in general. Likew se, the, coated artlcles of the

present § J%lﬂfﬁ%%f VARG B TFRES: | M sTEY- SuBRiBe dETRASEn B/ 0AB YT
ordi nar y,,gkijd 'ébcérl&@lé” tend 0%1cf@rm§g§m%§%dé hepgEt %g' ﬁogaxm&leleﬂdgo but

i S not I|n1te des, vanes, stat m d-tfurbine franes
yet gseals, combustor panels, combustor chambers, combustor bulkhead

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
abdut 15 mils in thickness. And, generally, coated articles
having a seal, or a coated 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 embbdiments of the present invention have
been described; Nevertheless, it will be understood 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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anot her exanple, the article may include, but is not Iimted to, seals,
conbust or panel s, conbustor chanbers, conbustor bul khead shields, disk side
pl ates and fuel nozzle guides. [0035] Generally, coated articles having an

= airfoil, or a coated airfoil in general, of the present invention generally

conprise a graded coating of the present invention of about 0.25 mls to

about 15 mils in thickness. And, genef&RIYS coated articles having a seal,

or a coated seal in general, of the present invention conprise a graded

coating of the present invention of about 0.25 mls to about 50 mls in

t hi ckne These, ran .of ~coating thicknesses for such coated articles of
%r?ft J’%n%eln Ll“%%sr%fy b

t he prese e broadened or narrowed dependi ng upon the
particul ar application of the article as will be recognized and understood
by one of ordinary skill in the art. [0036] One or nore enbodi nents of the
present _i nventi on have een described. Nevertheless,,it will be understood
t hat .vafLi'ousR REAESEatd @W%@W“\%ﬁt

o CTRIDLF Y from the spirit

and scope of(lt)h%ﬂp!l\yelrafq UporP\GRONENH YonDLNEFE LD NBNt Sr@fg1aM 4Hi n the
scope of the followng Cclains. 14 CLAIMS Wat is claimed is: 1. A process

of coat Legs&n caet indladed dgyesiafyat( Deagiplyingamoni atbasedtconpowndf ace of
an arti%Ie at. .Ieas% ﬂne raded kgyﬁé of. at kﬁg;t 0 ceram ¢ based go ound
conpr i sERFPAT B B orE At S5 Sttt F T h et & RDUE T &R | TS bFE 09
| ant hang 1e@khafund’ 2e8AW T Hha SRRREMEUMY AHRFRININ MprSAd@LLtA) eur opi um
gadol i nium terbium dysprosium_ hol mum
samarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, lutelium, indium, scandium, yttrium,

zirconium, hafnium, titanium, and mixtures thereof.

2. The process of claim 1, further comprising (2) optionally

drying said article.

3. The process of claim 1, further comprising (3) optionally

repeating steps (1) and (2).

4. The process of claim 1, wherein applying said at least one
ceramic based compound comprises co-depositing at least a first
ceramic based compound and a second ceramic based compound to

form a graded layer.

5. The process of claim 1, wherein applying comprises a method
selected from the group consisting of physical vapor deposition,

thermal spraying, and sputtering.
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erbium thulium ytterbium lutelium indium scandium yttrium zirconium
haf nium titanium and m xtures thereof. 2. The process of claim1, further
conprising (2) optionally drying said article. 3. The process of claim1,
further conprising (3) optionally repeating steps (1) and (2). 4. The

process of ¢ im1l, wherei | ying sai d.at | east . one eram c based _
conpound n%ﬁ S%EGE%SEGBESF?gE at WE§§F1§ PRAE: PhYSLSRc VBROK conpound
and a seggpds el ah ﬁrBé‘é@Q £8MRAUBHeEBrohObELA ghg-@%alla ¥Rloor el IRiREESS
of claim 1, wherein applying conprises a nethod” Sel ected #ﬁon1the group

consi st ipgoeesphysi cal vapor deposition, thermal spraying, and sputtering.
15 6. The process of claimb5, wherein said physical vapor deposition
process is an el ectron beam physical vapor deposition process 7. The

process 9f CTﬁéU¢§GCQQ§fSEnc§§hﬂ BhGWHﬁkeiﬁfQﬁhagthﬁkﬁéﬁs%
vel ocity oxygen fuel thernal spraylng process or an air asna erwm

sprayi ngoppeeessis gz Hh@hpvabesstw o:ewgem fuewhshermadr yamgiya@«mmrmss

heat i ng osald ceran% ﬁ% | ayer _at a tenperature of about 750F
to about®1600Ft0orP %%ﬂ? tﬁ?r?gl Boblt °66°fi'nutes. 9. The process of

claim1l1, further conprising the steps of: optionally form ng a | ayer of a
bond coat material upon . said at | east one surface of said article prior to
form ng 8ai dThe cpapeespagbdciaipolndwhayein dndingr gonpriges des&ing based

conpound éf&eéeﬂﬁg Sﬁagegocgmpound layer at a temperature of about
750°F to about 1600°F for about 10 minutes to about 90 minutes.

9. The process of claim 1, further comprising the steps of:
optionally forming a layer of a bond coat material upon
saild at least one surface of said article prior to forming said
ceramic based compound layer; and
forming said ceramic based compound layer upon said bond

coat laver.

10. The process of c¢laim 1, further comprising the steps of:

contacting said coated article with a solution comprising
an ultra-violet curable resin at a pressure of about 10 torr to
about 100 torr for about 2 minutes to about 5 minutes at a
temperature of about 68°F to about 150°F;

curing said coated article using ultra-violet light energy
for about 10 seconds to about 60 seconds; and

heat treating said coated article at a temperature of about

750°F to about 1600°F for about 10 minutes to about 90 minutes.

11. The process of claim 1, further comprising the steps of:
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coat layer. 10. The process of claim1, further conprising the steps of:
contacting said coated article with a solution conprising an ultra-violet
curable resin at a pressure of about 10 torr to about 100 torr for about 2
"mnutes to about 5 minutes at a tenperature of about 68F to about 150F;

curing said coated article, using, ultra:yvjol et ii ht enerqgy. for about 10
seconds to aBout-E-S&E ot ?#Eb% atvirRati 79 Eg?BHCSSFg%lEFPSCPQ at a
t enper atiirea- Hfv et (R0 d orabowt 3 16905 -E88upbodE dBofibNUbes ke abBout 90 |

mnutes. 11. The process of claim1, further conprising the steps of: 16
cont act iakpwaild Griexy efai tdbeusol uniantesnpei sbagtah0 winnaeei eket curabl e

resin at__a pressure of about orr to about 100 torr for about 2 m nutes
to aboutt_ erﬁaﬁt_l}f%es %ﬁ %O%n%%?%p%?ea%?ugbgg{) 8F to about 150F; curing
said article disdivy Wdid-a0l €le | by RPE 8Y - 061e8bDUGhEOcfigeghdsol-o about
60 seconds; and heat treating said article at a tenperature of about 750F

to abouttbBODR F gteaiosia H® abhoiut 60 t eebods; 98ndi nut es. " 12. The process of
claim1l, further qPQPrisin
a

x o nutes. 12, The pro
ARG oS i S BN EETRE A of EeBrebatrECoPEaBBREC 195 bt 1o

sol ution conprisin

about 1@} tagut fraoE®Utor dBAUE €50 tifi RlOdE o MaPstessat manhesperature of
about 68F to about 150F; curing said article at a tenperature of about 300F

for about 20 mnutes to about 60 minutes; and heat treating said article at
a tenperature of about 750F

12. The process of claim 1, further comprising the steps of:

contacting said article with a solution comprising a heat
curable resin at a pressure of about 10 torr to about 100 torr
for about 2 minutes to about 5 minutes at a temperature of about
68°F to about 150°F;

curing said article at a temperature of about 300°F for
about 20 minuteg to about 60 minutes; and

heat treating said article at a temperature of about 750°F

to about 1600°F for about 10 to about 90 minutes.

13. A coated article, comprising:

an article comprising at least one surface having a thermal
barrier coating disposed thereupon,

wherein said thermal barrier coating includes a graded
coating comprising at least one ceramic based compound
comprising at least one metal selected from the group consisting
of lanthanum, cerium, praseocdymium, neodymium, promethium,
gamarium, europium, gadolinium, texrbium, dysprosium, holmium,
erbium, thulium, ytterbium, lutelium, indium, scandium,'yttrium,

zirconium, hafnium, titanium, and mixtures thereof;
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to about 1600F for about 10 to about 90 m nutes. 13. A coated article,
conprising: an article conprising at | east one surface having a thermal
barrier coating di sposed thereupon, wherein said thermal barrier coating
" includes a graded coating corrpri sing at |east one ceram c based conpound

conprising at_| east e t al electedfromthe grou consistin 0
| ant hanum  c&PiShR q%% g%ﬁﬁWﬁ; et AT e%aﬂap?gﬂ§lgﬁr85ium

gadol i NigdMmdizey b.mm B o8 tﬂ@r&@{ﬁnwwm@é USE il i ek rihl epRE YT
lutelium indium scandium yttrium Zirconium hafnium titanium and

m xt.ur esoefienenf ; 17 wherein the thermal barrier coating conprises a
porosity of no nore than about 30 percent by volune of said thermal barrier
coating. 14. The coated article of claim 13, wherein at |east one of said
at | east one ceram c based conpound is selected fromthe group consisting
of yttrilad.st dhid icoedexi rroonicd,e cdl clmist did | iwesrgin milsaamgmaei af

stabilized zircqnia, yttria stabiliz hafni a, .calcia stabil|z af ni a,
S mgRESTh ACe L AR e IR BASerh & QU 8 | 35 1 0reR BF a1 She whor ei n

sai d at rRR% RS itahRNdE %%@qapog%mmohfé&mﬁmg@d%mﬁast abi l i zed
zirconate and yttria stabilized zirconate. 16. The coated article of claim

13, whersgiabilieedhedmmoriar,r iegnesda istplridnred esincpuiasiyytoiano nore
t han 20 cent |.ume of, sai d .t her.nal rrier coat n 17. . The coated
L P o Rk e Sh A Sl UL a B Wagrdsid |

stabilized hafnia.

15. The coated article of claim 13, wherein said at least one
ceramic based compound comprises gadolinia stabilized zirconate

and yttria stabilized zirconate.

16. The coated article of claim 13, wherein the thermal barrier
coating comprises a porosity of no more than 20 percent by

volume of said thermal barrier coating.

17. The coated article of claim 13, wherein said article is
selected from the group consisting of blades, vanes, stators and

mid-turbine frame.

18. The cocated article of claim 17, wherein said thermal
barrier coating comprises a thickness of about 5 mils to about

15 mils.

19. The coated article of claim 13, wherein said article is

gelected from the group consisting of seals, combustor panels,
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selected fromthe group consisting of blades, vanes, stators and

m d-turbine frane. 18. The coated article of claim17, wherein said thernal
barrier coating conprises a thickness of about 5 mls to about 15 mls. 19.
The coated article of claim13, wherein said article is selected fromthe
group consi sting ofseals, conmbustor panels, 18 conbustor chanbers,
conbust@@mbuﬁkhgadhsmbetds cainbikssiogde bplldthesd aid efligsl, mbisi esigld delsat 0.

The coateg %rt# i 19 wherein said thermal barrier coating
conpri s28%a* ' cﬂﬂ@% 9ué GGt 0.5 nils to about 50 mils. 19

20. The coated article of claim 19, wherein said thermal
barrier coating comprises a thickness of about 0.5 mils to about

50 mils.
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