THERVAL BARRI ER COATI NG COMPQOSI TI ONS, PROCESSES FOR APPLYI NG SAME AND
ARTI CLES COATED W TH SAME BACKGROUND OF THE | NVENTI ON [ 0001] The invention
relates to thernmal barrier coating conpositions, processes for applying
sanme and articles coated wth sane. Mdrre particularly, the invention
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nol ten san ion rocesses yi'ng sanme and ar |cles coat ed
w th same. [0002] The degmMadANDOARTTCLESHCTATEDNSITTHO@AME due to sand
related distress of thermal barrier coatings ("TBCs") is a concern with
respect to all turbomachinery in use in the Mddle East. Sand rel ated
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of turbomachi nery and their par he mechani sm of such sand rel at ed
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life, sand may enter the tur bOITB.ChI nery, aggl onerate and beconme nolten
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infiltrated TBC, to thermal cycling. Failure of the TBC occurs by
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the accalg afge oxidation of the turbomachinery part inconjunction wth
nol ten san atat ack. [0003] Consequently, there exists a need for a thermal
barrier coating designed to resist sand related distress. 1

[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. The molten sand penetrates the TBC and
reacheg 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 inconjunction

with molten sand attack.

[0003] Consequently, there exists a need for a thermal barrier

coating designed to resist sand related distress.



SUMMARY COF THE | NVENTI ON [ 0004] In accordance with the present invention, a
process of coating an article broadly conprises (1) formng a layer of a
ceram ¢ based conpound on an article; (2) providing a solution broadly
conprising a netal particulate broadly conprising a dianeter of about 10

" nanoneters to about 1000 nanoneters and present in an anmount of about 25

percent to about 50 percent E%wm%%&“%E~QTEF@%V§N d n (3) contacting the
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ceram ¢ based conpound | ayer olution;, ‘and (4) drying the article.
[ 0005] | poeesor daneecwrdanicee wiates efle ipheinitonnverditiesipla pescees spating
broadly conprising a ceran c based conpound; a netal oxide, and a netal
broadl y ¢otp¥iciafy & ahetleroadl nbeorprrisenahbhetersing abdaveroed a
nanomnet er s %Fd
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of the c&ramec ba el eth rrie ing broadly

conpr i S%ro@dmr&@ﬁﬁﬂiﬁn%oa s €al hedrabeul a88 peocsanyy bympeligibgoh the
ceram ¢ based conpound. [0006] In accordance with the present invention, a
coated d¥anetier whabgutohpriziemeerartpcilbosbnbpfP8i ngnamekexst avde
surface conprising a thermal barrier. coating disppsed,thereupan erein
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netal oxréRimensf anetabluticn aPUidnOiceing! €REt cabami c2baBerCebnpbiind
wei ght of the ceram c based conpound, wherein the thermal barrier coating

br oadl y kaig ivwdsh &hpprasgiugionf aednbtlk dhabnabbbe 3otpeleent by vol ume of
the thermal barrier coating. [0007] In accordance with the present
i nvention, a coating broadly conprising a reaction product of at |east one

silicate 2
[0005] In accordance with the present invention, a thermal

barrier coating broadly comprising a ceramic based compound; a
metal oxide; and a metal broadly comprising a diameter of about
10 nanometers to about 1000 nanometers and present in an amount
of at least about 25 percent by weight of the ceramic based
compound, wherein the thermal barrier coating broadly comprises
a porosity of no more than about 30 percent by volume of the

ceramic based compound.

[0006] In accordance with the present invention, a coated
article broadly comprising an article comprising at least one
surface comprising a thermal barrier coating disposed thereupon,
wherein the thermal barrier coating broadly comprises a ceramic
based compound; a metal oxide; and a metal in an amount of at
least about 25 percent by weight of the ceramic based compound,
wherein the thermal barrier coating broadly comprises a porosity
of no more than about 30 percent by volume of the thermal

barrier coating.

[0007] In accordance with the present invention, a coating

broadly comprising a reaction product of at least one silicate
2



and a thermal barrier coating conposition, wherein the thermal Dbarrier
coating conposition broadly conprises a ceram c based conpound; a netal
oxide; and a netal in an amount of at |east about 25 percent by wei ght of
-the ceram c based conpound, wherein the thermal barrier coating conprises a

porosity o nor e. t han about 30, percent by vol une. of sai arrler
oat  ng Foba e POTL (B85 ST HeodELaR| CoBPORYE LGP  nBhE TEIBo G T E TP
inventi qih -2 & S&baf Phd hcbrﬂpégftfaﬁOHPaaawgcefn@Maag %n@etr'&%l@e%%rs'eﬁt i on
bel ow. Ot her features,” objects, and advantages of the invention wll be

appar entcdmmprnnde demetabtomndandaﬂdaanmgsalamd anoambhet olfaiats . 1eBRIEEF
DESCRI PTI.ON OF. THE DRAW 0009 F is a ro hart re res nting one
process POYhe? FP%E%%?tBhw %??%R %o&bf EFERMAC ggﬁegl epresenting

anot her HOeess ﬂflett?&?errl?éfsﬁﬁriéi‘e%heﬂn chJngrlEés an %%bs'i_['tg? o% h% a

fl omchart representing another process of esent entio
FIG.‘4impnefﬁhmnhmeute@@egenmeng byovhéumgrofesaldfthbemaﬁrbsemuer
invention; [0013] FIG is a flowhart representing another process of the
present G 9 m@PTb@iﬁT FIG 6 is a representation of an article coated
with a bond coat and at |east one |ayer of a netal containing thernal
barrier coating of the present invention; and [0015] FIG 7 is a

representation of an article coated with at _|east one | ayer of a netal
cont ai ni P Her Fite Betaide Sfacmfy g more 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 OF THE DRAWINGS
[0009] FIG. 1 is a flowchart representing one process of the

present invention;

[0010] FIG. 2 is a flowchart representing another process of the

present invention of FIG. 1la;

[0011] FIG. 3 is a flowchart representing another process of the

present invention;

[0012] FIG. 4 is a flowchart representing another process of the

present invention;

[0013] FIG. 5 is a flowchart representing another process of the

present invention;



the present invention. [0016] Like reference nunbers and designations in the
various drawings indicate |like elenents. DETAILED DESCRI PTI ON [ 0017] The
thermal barrier coating of the present invention is designed to react with
nolten sand to forma sealant |ayer conprising the reaction product within
~the thermal barrier coating. Sand generally conprises at | east calcium

magnesi a icate (hereinafter, referred to as S udlng
ot her HH§L§ﬂ13%§hcﬁ &6 PuheBLESE R oed L %ﬂmﬁ??&?%?k Oat%%ﬁ%h upon
t he geO%@mﬂ@@ét andy agel pghsel ofandhiEens ok h@%alsae)@ma[&%@] tﬁ%qu
herein, the term"solution” neans a solvent and at |east one sol ute that

forma doixtien, coatsimpenti bhe preseher invancabinenasdi t abl e for use in the
present method(s), conposition(s), coating(s), and coated article(s). As
used herein, the term"netal" nmeans a netal originally present as a netal
of an oxide or as a netal of a salt. [0019] Referring nowto FIG 1, a

fl owchar [00ED) eFaNt.i 17y i@ afeprideenyaariessest ain taet prbsambatedeni tlonat s
shown. An article may 4 be provided and may optionally be coated with a
bond coa%ea%t%wa}aﬁ%rao%o% lmgtairhgo%ﬁanéaat %F@Pﬂa%aﬁﬁt%oﬁﬁlaté@gad

formul a to known netal coating systens in which M
ML Ao o MY AL 5L 205

denotes nic iron, platinumor mxtures thereof; C denotes
chrom um Al denotes aluninun1 and Y denotes yttrium MrAlY materials are
often known as overlay coatings because they are applied in a predeterm ned

composi t g and 1 49.e 08l o ALRLAH LAl TLepudds gy die SIS A8 fyrd no the

drawings indicate like elements.

DETATLED DESCRIPTION

[0017] The thermal barrier coating of the present invention is
designed to react with molten sand to form a sealant layer
comprising the reaction product within the thermal barrier
coating. Sand generally comprises at least calcium magnesia
alumina silicate (hereinafter referred to as “CMAS”), including
other components such sodium, iron, potassium and the like,
depending upon the geographical and geological conditions of the

sand.

[0018] As used herein, the term “sclution” means a solvent and
at least one solute that form a solution, a suspension, or other
variation suitable for use in the present method(s),
composition(s), coating(g), and coated article(s). As used
herein, the term “metal” means a metal originally present as a

metal of an oxide or as a metal of a salt.

[0019] Referring now to FIG. 1, a flowchart representing one of

the processes of the present invention is shown. An article may
4



deposition process. For sonme non-limting exanples 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, US. Pat. No. 3,649,225 describes a conposite

.coating in which a layer of chromumis applied to a substrate prior to the

d it f Al ti 676, 085_d b CoCrAl'Y
osgffngg%a§¥ﬂ§i@§ﬁ)%P%;gg?Fégglﬂﬁa§§Y7gﬁ §8§t&§s thed QO%EF%%@EZI$ over | ay
coating [ | y5 hi d t 922
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resi st anbertwyl i MCoRl Vi MOeAlYresEacs Db Enoenbimesbilokoaft ingf sywnesisd in
yttrlunuﬂ %grefe red MCr Al Y bond coat conp05|%hon Is described in U S. Pat.

No. Re. TPEPS | R15Ke1 gnBAPRAL: hdThRes PtA§§FbﬁEé“3ﬁ§ureﬁcorporated
herel n bé’hﬁfé&fe dé’t?o%é '@Hg?mﬂﬁgngfl‘%%pgéf_z'?%ga%(iﬁ?&%h ;0Bal '?a'a%%ones5 40

, 8-35 I'ancé sel’ected fromth
group copst siumg MmrAlY ateandl ol arar eftehekaoln 3ee ogkexdaly. SanahgsNo

4,585,481, which is also assigned to the present Assignee and incaorporated
herein HYECR&FerieiRe. a{%o%?fﬂrﬁé bBnd EBgteharainga ﬁﬁ’g‘PQISéGl@Bnﬁ‘ﬂds

Pt Al a”%é@%né%}.‘&% df:%nf‘ffc&ﬁf:f aﬁel’i’”th E018s8ihtaS d EB%?AFE% coat i ”95-

In addition oat mater may a SO conprise 5 MZr AlY as
descrltmﬁbpmmwtaomupk¢¢ms$1kEorthameaneneinmmtkngwnxbmpleheo&rMC&&l&athodic

g;c coatlng b%ﬁ%Z%%eThese bond coat ngter al s y bﬁ aggl ed gy ag§ t hod
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bond coat, OdIC arc bond coaf, ef
No. 3 649 225 describes a comp081te 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 bylvirtue of the
presence of a combination of hafnium and yttrium. A preferred
MCrAlY bond coat composition ig described in U.S. Pat. No. Re.
32,121, which is assigned to the present Assignee and
incorporated herein by reference, as having a weight percent
compositional range of 5-40 Cr, 8-35 Al, 0.1-2.0 ¥, 0.1-7 8i,
0.1-2.0 Hf, balance selected from the group consisting of Ni, Co
and mixtures thereof. See also U.S. Pat. No. 4,585,481, which is
also assigned to the present Assignee and incorporated herein by

reference.

[0020] The bond coat material may also comprise Al, PtAl and the
like, that are often known in the art as diffusion coatings. In

addition, the bond coat material may also comprise Al, PtAl,



Such techniques may include, but are not limted to, diffusion processes
(é.g., inward, outward, etc.), |low pressure plasma- spray, air plasnma-spray,
sputtering, cathodic arc, electron beam physical vapor deposition, high
velocity plasma spray techniques (e. g., HVOF, HVAF), conbustion processes,

wire sp hni qyes er bean1c| ddi ng,, .el ectron bean1 addi.ng, etc
[0022) TRechEF (7% HESF5bRar SPREChORHA: SHE- 30 Wiy THE oR Lany L e YA sive,
and in egpgdéggngg ggyhgglgegygeeoggg P815 m crons (0. 015 nn) and about 60
mcrons (0.060 M wth a nmean particle size of about 25 mcrons (0.025

mm). The bond coat 30 may be applied to any suitable thickness, and in
nmbodi b t. 5 I 0.127 bout_ 10 | s . 254

Chi ok, "t POORERY THRBSIHRER SORh DAt kR iy PBSEBbLES cP ¥ FAY (05599 )

to aboutodpibis &8 %zngnghécﬁenégozahr%Hﬁ{ APl DRANLRE thpnd

coat Iayer to the rticle, “the arti¢le may bé coated with a thermal barrier
conpounddealfednmampbsmnmbnbasuchrasoabuhgn@heﬂamn&bﬁem o, TBEA' pveatliay step 14

of FIG 1. The arti may coppri.se any part that is ically coated with
a t her maPOB r??%?'céﬁggﬂﬁéoa nﬁncoﬁﬁrtpéﬁkg lch&ﬁ’c&ﬁ%#% §83L p&HC-used in
tUrbonacquSVUecﬁﬁP&hééth9951ﬁ8§ﬁdé5 bAkt s2Qt nbicmitied te@y t%PYdB%@héwﬁﬁ ng an
airfoil, any part having a seal, airfoils, seals, and the Ii'ke.”” The t her nal

barri er pvopesses mhy. gonpnnwerd ceu&wacdbasé@ 6 cdmpowu@ssameu@éaﬂmd+

turb hi | t k ki || th t.
Ropr esertRTThe TherRLAoPaT FPERY - C SRS EATAABnc PARBOON e AOLCIERR GF A,

any Stab?ﬁ&éf@alZ#éﬁ@fa&époéﬂﬁléﬁabhhgﬁe@eﬁ%ﬁﬁ% pl%%ﬁ%!%%&b%n%é@ﬁﬁ@ddﬁéuJ
at | east one of the foregoi ng conpounds, and t i ke, for éxanple,
{(e.g., HVOF, HVAF}, combustion processes, wire spray technlques,

laser beam cladding, electron beam cladding, etc.

[0022] The particle size for the bond coat 30 may be of any
suitable gize, 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
be about 5 mils (0.127 mm) to about 10 mils (0.254 mm) thick. In
some embodiments, the thicknegs may be about 6 mils (0.152 mm)

to about 7 mils (0.178 mm) thick.

[0023] After applying an optional bond coat layer to the
article, the article may be coated with a thermal barrier
compound to form a thermal barrier coating (hereinafter “TBC”)
at a step 14 of FIG. 1. The article may comprise any part that
is typically coated with a thermal barrier compound and, in
particular, may comprise a part used in turbomachinery
applicationsg such as, but not limited to, any part having an
airfoil, any part having a seal, airfoils, seals, and the like.

The thermal barrier compound may comprise a ceramic based
6



yttria stabilized zirconia, calcia stabilized zirconia, nmagnesia stabilized
zirconia, yttria stabilized hafnia, calcia stabilized hafnia and magnesi a
stabilized hafnia. Yttria stabilized zirconia is comrercially avail able as
- 7YSZ(r). [0024] The thermal barrier conpound nay be applied to the article
using a processes known t n th

nhe .
S 1 2o o, o RS oG Tt PG aPhl i AR onB ' FEOvBNE S Ca

vapor dedi‘QsS'cEﬂ %dﬁl&y SLECE r PR theamt th@pﬂ@éeﬁ@aayvéetﬁemaurba!r@cigﬁ
hi gh velocity oxygen “fuel), sputtering, sol gel, slurry, conbinations

conpr i squtgnpa:tundseaﬂstchuteofbmmalf@r@gbu himapedi gat | anypsbabidaégedand t he
barri er

lik . d by f ki ll

cont i ng DR R 2 B B0 THrEh eI bE T capmbpbF FoRBpbeRPEOR LBRoREse
forms a&édﬁ&”dﬁél&ﬁﬁﬁhé“Eﬁfé@éiﬁéué@mpgﬁﬂdgltaﬁa Eﬁéel§kéndE89 Eﬂbmﬁmé W th
interstices, that is, pores, voids, and the |ike, forned d between the

colunnsytﬂrmazﬁtahxixgﬁdzaur@gnnme odloiadi abapiskeed £hrcbsiart magnehdanal
barrier coat.i.n plied via a thernal [ ocess.exhibits a uou

ot er coMRAtiT A5 GIASPRAR (6 i o aPLE LrRA SR ERAET LeRbeTar neabor a2t Re
ther mal Il RIRE ne LBt APLEi 168 HBEnLS. apetied. sEQE:@&EéQ' € nmay be
imrersed wthin a solution conprising a suspensiop as shown at a box 16 of

FIG 1. ZErvequspersicommenc bohdy ixecablableens, 78SAet al  originally present
as an oxide of a netal, and at |east one 7 ultra-violet curable resin, at
| east one dispersant and in the alternative, or in addition to, at |east
one surfactant. Wien the TBC conprises columar structures with
i nterstildR4]t hFheatherimalnbpriréedi ppegpomnd magr ed aprtlhied ttwe thespensi on at
about . X :
article using any number of processes known to one of ordinary
gkill 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, sol gel, slurry, combinations comprising at
least one of the foregoing application processes, 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 to the splats and

microcracks formed via the thermal spray process.

[0025] Once the TBC is applied, the article may be immersed
within a solution comprising a suspension as shown at a box 16
of FIG. 1. The suspension may comprise a solvent, a metal

originally present as an oxide of a metal, and at least one

7



68F (20C) to about 150F (66C) and initially under a vacuum of about 10 torr
(0.19 psi) to about 100 torr (1.9 psi) for about 2 mnutes to about 5

m nutes at which point the pressure may then be adjusted to atnospheric

- pressure, that is, about 760 torr (14.7 psi). Wien the TBC conprises a

t ortuous interc ect ed or05|t e article di pped N rsed
Wb TP DR CuERhR Peahk, (50CH BhEto e CterrrasE 2 GhdH S ol |y
under a-yp@@ﬂﬂain@boai iR aaa&tﬁenlgopSEL teastbeuk %Qbe@&bn&l %H@ﬂ) for
about 2 to about 10 m nutes at which p0|nt the pressure nmay then be

adj ust edth® 'éB@n@cprhErlseSpceésmner Sheugtuyerdi Wath dkicklrsiticelse &bl wil |

recogni ze t hi proc so_known ac regnation.. The go IS to
draw out? ¥$%c§?r sﬁnglPReghgrlﬁ?@?§??9e§lgﬁlﬁogg | CYSBREUERET REC a%ﬁ”&rder
to make goom {pgeo éhetBE&Bbuﬁolgﬂbﬁr(6E°C§Uéhﬁeﬁnlﬂﬁa%ﬂ9uhnbg% 3l FalR@im

article my be agitated, for exanple, noved wthin the suspension, to force

out any Qirab@wulhOngor¥0®Q6}9Apsei tnnabsunglﬂﬁetﬁlﬁ ddaepsant ifolre, t he

coat ed tlglg na% E eat % h h eger%%tat a box 18
of FIG & cturB HHe=H ?aa ?BFe @aPH FE ﬁ 15heBBARE; FPe RESFSILE

cont ai ni gk, TEen The &Q?ﬁQQeQVEbChﬁmBB%héﬁlbrﬁébgguﬂbththﬁht&%'vh%b%k H7igght
energy for about 10 second to about 6 seconhds using processes known to one

of ordineeyrski4l7ipsihe When. the TBE ebmpraaesve, twkénousilizing a heat
curabl e reS|n t he coated ar ﬁ? reated. at .a tenperature of .about
S00F 1 or A RomRE A0 RETP 8L b ouEPBOSFERGLES PR kR G9BReT0Pr drferaed
sui t abl ey PRREs At RS, s@SpEASTEN! 8t 0BBoAt BBAFNaLY 8K kb hBouthesart. (B6l@927]
After curing the TBC coated article, the article my be

and initially under a vacuum of about 10 torr (0.19 psi) to

about 100 torr (1.9 psi) for about 2 to about 10 minutes at

which point the pressure may then be adjusted to atmospheric

pressure. One of ordinary skill in the art will recognize this

process is also known as vacuum impregnation. The goal is to

draw out the air present in the interstices or porosity of the

TBC in order to make room for the metal to enter. To further

draw out the air the article may be agitated, for example, moved

within the suspension, to force out any air remaining.

[0026] After immersing the TBC coated article, the coated
article may be treated with ultra-violet light energy at a box
18 of FIG. 1 to cure the ultra-violet curable resin present in
the metal containing 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.



dried to renove, that is, evaporate or burn off, the excess solvent,

di spersant and/or resin materials at a box 20 of FIG 1. The article nmay 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
limted to, air _drying, .drying under pressure, dryln under a heatlng

el enent , [0QBHhi Adtesnsugdmst itdin B 9oafad @ iGlanen® HHE PP R es
and the # & dher Qt Phatl 89§§8§5¥ t8rdE¥th8ﬁfrtEﬁ € exiieRends upon
several tactors an I n" particular vent fhe’suspensi on. For

exanpl e, sélmemelaﬂlsp@r@antngn&BﬁrCﬁaBEd matértchesmay hebdxi ed af &FIG.
t enper at ure_of about_ 750F to about = 1600F for about 10 m nutes to about 90

ni nut es }n TRAATECHRIrHRY o @HéeﬂegﬁnnﬁaﬁﬁYlHF@CGF6928FHSWPt§8I@n§oP§ents
for use ingd USIPEIS1 ) tﬂ§ F sQEEa gLeeBpt yLLmyLediho. sYatghiedl cohols,
conmbi nattons C ri'sing east one the oregol ng sol'vent's,  and the
like. Suifyﬁmgeprbé@@me@niﬁcnﬁdecobntlaeeonganlEmdtedeteanhirwﬁryhngay
evaporate and/or _burn off easily durlng the drying ste resentative

or gani c ‘%I%Jp@ fler | preegsiare hudryiednBRder nitt BEaE &g BEFV‘#@ myl met hacryl at e

(al so know Asa+ " y o] a I oned
T at Ieast one |s er%%n€£i¥¥ﬁa 2 ?%éggtbP% gg %ﬁ%u%?§§EOIE§u?E§%§gaJE
about 3&mbytheﬂlﬂkecﬁTh@eamosnenefonlméunEaebsaﬂptabsdkyrtheearnltme
process of present invention include, but are noi limt
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| utelium | m scandi um a @ttr suita s may originally
be pr esesnttlcnlet heay shis pgnsednat nathemperatufeaofoabdatofisohe senmebpatal s.

The net a|

1600°F for about 10 minutes to about 90 minutes in order to burn

off the resin materials.

[0028] Suitable solvents for use in the suspension include, but
are not limited to, water, alcohols, combinations comprising at
least one of the foregoing solvents, and the like. Suitable
dispersants may comprise organic dispersants which may evaporate
and/oxr burn off easily during the drying step. Representative
organic dispersants include, but are not limited to,
polymethylmethacrylate (also known as “pmma”“), polyvinyl
alcohol, and the like. The aforementioned ‘at least one
dispersant’ may be present in an amount of about 0.25% to about
3% by volume of the suspension. Suitable metals for use in the
process of the present invention include, but are not limited
to, lanthanum, cerium, praseodymium, neodymium, promethium,
samarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, lutelium, indium, scandium and
yttrium. Such suitable metals may originally be present in the
suspension in the form of an oxide of the same metals. The metal

oxides may disassociate to form the aforementioned metal as a
9



oxi des may di sassociate to formthe aforenentioned netal as a 9 netal
particul ate. The netal particulate may conprise a dianmeter of about 10
nanoneters to about 1000 nanoneters and may be present in an anount of
-about 25 percent to about 50 percent by volune of the suspension. The size
of the nmetal _particulate allows the netal tq penetrate the TBC and settle

wi t hi n tRBalnPRESEFYeStand THEr MESad, PRt RURECIEY FOMBNISE § chiagleter
Referri nggagﬁbﬁtt gthQno?nFt%Efseftod%&% 4% 02l tei%)?g\%ﬁ'i Grgjag) ,qé 18) and
e Yy 0oX In or r (0]

(20) nmay be repeated as often as necessar at a achi eve
t he desipedsantalincant ampung SBCabpinperst pescehite tdesiborrt st gdemmnitaiby ng
TBC properties of the coated article may be characterized as at | east a
desi red VohEMRgoEf thet suskengilen:hdhenedizet ode$her MedaludFEt L% onnect ed

porosity e Loegl udi Si.hed .QSy A0 I nt ai ni ng
TBe e bt onsaY 5P BRpetEatE AR PR TheYhs BeTEE 5t o
about 100fkbysvecgbt aall tblreudblds, dmtaycehnticaitley saautsiGPo t o about 70% by
wei ght of the TBC. The desired porosity of the netal containing TBC may be
no nore than about 30% and preferably no nore than about 20% [0030) The
ultra-violet curable resin may conprise a resin, at |east one of each of

the fol | ppbp9] PAOIFidd dddinagdifige, 1, BEEF edry IBHOPRE , 22D DE] gOMTET .
The resin nay conprise a urethane based resin that nay require one or nore
curing skepss (16).exafpl anda (@03l mayr ey repsiagedriie sftieghas gncessary

photoinitjpato conpr.i a,su ance t . ni.ti S ol ri.zatj o
Phe. reo Rt uhoroRe 3o S prale? s SRhRAVR, R el e O IR e ol
wavel engphRop&dt iasdudheCdesigetefetall Wontiaintingt ARE PRGHeEtieGliged Haich

that the second initiator may

coated article may be characterized as at least a desired
loading of metal within the interstices or tortuous,
interconnected porosity of the TBC, including the desired
porosity of the metal containing TBC. The desired loading of the
metal within the TBC may be about 25% to about 100% by weight of
the TBC, and preferably about 60% to about 70% by weight of the
TBC. The desired porosity of the metal containing TBC may be no

more than about 30%, and preferably no more than about 20%.

[0030] The ultra-violet curable resin may comprise a resin, at
least one of each of the following: photoinitiator, 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
photoinitiator 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 rxesin.

Dual cure resins are effective when curing coatings where the

10



require heat in order to facilitate polynerization of the resin. Dual cure
resins are effective when curing coatings where the 10 ultra-violet |ight
energy may not reach the resin material, such as in between the col umar or
“mcrocolumar structures of the coating or at a certain depth in the

coating known 1o e of ordinary ski|l_in the ,art. The at |east ane

cadi trveTTe A ety oLaRt | pREPOTh Dby caPt cupARReCRR ERRAMCIA 518 Lor SHPe
resin propeihigscwesh e8e BYlunfbr! b# hedrbeoliihfdy! steuctvebkl bg, thel or,
fluorescence and achieving tack-free surfaces. The at |east one nodifier

may conprdaleing sebsranaeceunpabhedepthi hur bhsi agathagdasabnbiny Lof eneeranyl e,

| npact resistance,, crack sistancg, and _the | ke, of the.resin. The at

| east oﬁ%réﬁﬁﬁﬁ%rskhgﬁ %%n%ﬁ?s%rgt ?Eﬁs?toﬂgégknan ﬁﬁpfgéyeamsg!yner
capabl e @mpPiswi4li AD) pad/ SheRNbanCLAPaBUBESEOBNhANS hEa68eMBembalks, for
exanpl e, the adhesion of the resin to the surface of the article being

coat ed. YRRintPIepertbee suchoasr betraebghimdtedstohellbuckbbAe of the
resi n and. ) coq$rise a goI%ner uni t _of abﬁut 6 ngnoggr uni t.s %o about 40
monomer U7 Y5 hatot Poar EEUPRESEEEFE 2BP opePt FEETEr CRfiE GFEFaSYTSPEESeur abl e
resin S UKk ast Iéﬁs$0$ne|m@ﬁi@ﬂekomaﬁaégﬁ§§§seehoaﬁﬁbtaﬂcePBaﬁhﬁab of
resistance, and the like. In the alternative, the ultra-violet curable

resi n neyndeeazingtihetdarapihiby, | fast evaspheat ivpaghl sepéstangs  kgowakt o

one of ordinary skill in the art, [0031] Referring_now.to, Fl 2...a
lowchartet biled g terhese p6cEBE beothe BPEZaR: tPRTEnpIn PEOD G
Any of tie, edmpeisntdwonesastt btesingYebenpt oyEdadpangmarychpaboated W th
optionally one or nore of the aforenmentioned bond coat materials, and one
or mor e RFOTHRG Gingvex | oRbanchegnagheaiphefo surface materials, for

example, the adhesion of the resin to the surface of the article
being coated. The at least one oligomer is recognized as the
backbone of the resin and may comprise a polymer unit of about 6
monomer units to about 40 monomer units that imparts the basic
properties of the ultra-violet curable resin such as, but not
limited to, hardness, elongation, chemical resistance, and the
like. In the alternative, the ultra-violet curable resin may be
substituted with at least one heat curable resin as known to one

of ordinary skill in the art.

[0031] Referring now to FIG. 2, a flowchart representing another
process of the present invention is shown. Any of the
aforementioned articles may be provided and may be coated with
optionally one or more of the aforementioned bond coat
materials, and one or more of the aforementioned thermal barrier
compounds previously discussed as indicated at boxes 30 and 32
of FIG. 2. The thermal barrier coating may be applied using any
of the aforementioned suitable application processes described

herein.

11



conpounds previously discussed as indicated at boxes 30 and 32 of FIG 2.
The thernmal barrier coating may be applied using any of the aforenentioned
sui tabl e application processes described herein. 11 [0032] At a box 34 of
-FIG 2, the article may be imrersed within a solution conprising a
suspen5|on contalnlngxé} Ieast a netal partlculate originally present as an

oxi de of [@0%2l aPt whécx e ofndlld: oy the Piee t%’i}f Hee THIKFeR whthin
el eC”OPA‘O%SLtl&oSeQ rﬁ#igf | &-Ea8péiis QRV\@?}E}QaQH§n aQr;dLgQQEY Shl khyin the
a a

art I n par € SuSpension

conpri sepa@ttleabitONSrsginghdly prebenst aQn&npbbc$Habb|El aefnetacnpt me&bl yhe
di spersant and optionally a binder. &0033 The netalﬁgarticulape
concent regtah waYthe apRbéedi bA KRG TBE uBsLE enoeie Fgﬁhoﬁé'riéént soI ids to

about & YELEDLe PEL B0 88! LISy HeLghtad! of e aUARENSERT: 1200 BLET SLRD! v

about 0 percent  so out t perce

wei ght o,fntmdﬁu_smms@OBheTxh@taEtpbr@aéhnéuéat ehgﬁﬁuQPéﬁQi&namaﬁil amber of
about 0.02 mcrons to about 0.2 mcrons, and preferably about 0.05 nicrons.
[0034] TermEREhoRItaE h@@qﬂéc@n@pﬁ@l@@n@ débo%ﬁ@ﬁ‘énopﬁo§33§tabhé1Z§Espens| on

"R, be LM AMPR, A B LEEPELALULRAChpBRRHL O6T5 ERR Lo ebout 120 (490,

WMIea nper a I 00 tammalue is preferred.
When i mrersing the article into the suspension, the suspension may have a
pH mai nt ai ned at a val ue below the isoelectric point of the netal

ot ng. ang) Gbert et THEAleFRRE DTS CTHE Yy I8 1T SHEnS R Ry
The pH \@ét@o&itt@@o@y%{@h@npmeﬁe 8810831 p8daBbubHs weight percent
solids by weight of the suspension, and preferably about 0.005
weight percent solids to about 0.05 weight percent solids by
weight ¢of the suspengion. The metal particulate may possess a
diameter of about 0.02 microns to about 0.2 microns, and

preferably about 0.05 microns.

[0034] Throughout the electrophoretic deposition process, the
suspension may be maintained at a temperature of about 68°F
(20°C} to about 120°F (49°C), while a temperature of about 68°F,
e.g., room temperature, is preferred. When immersing the article
into the suspension, the suspension may have a pH maintained at
a value below the isoelectric point of the metal particulate.
The isocelectric point of the metal particulate may be measured
using any number of processes known to one of ordinary skill in
the art. The pH value of the suspension may be maintained at pH
range of about 2 to about 7, while a pH range of about 3 to

about 4.5 is preferred.

[0035] Suitable solvents for use herein may include, but are not

limited to, water, alcohols (e.g., methanol, ethanol and the
12



range of about 2 to about 7, while a pH range of about 3 to about 4.5 is
preferred. [0035] Suitable solvents for use herein may include, but are not

limted

to, water, alcohols (e.g., nmethanol, ethanol and the 12 |ike),

trichl oroet hane, m xtures thereof, and the |ike. The pH |evel of the

- suspensi

on may be maintained by the addition of at [|east one acid. Suita

acids for use herein_may include, but are not |limted to, nitric acid,

hydr ochl b¥f@) actBichterpetheprs, MEKEHEPE EBPESOR x Bifes hehdriksr-, Thed bhhe
ik h !
| ke. “ié@%i gi §R§a§a§§§PE95Pa§§y Béeh91598258§6p§ g %ﬁ%ﬁ% ilgn %P%F

settling

I CuU I nC are n mte

pma, anmu%ﬁéeaeaae sahdabbe htkas Suirt abkehbirader mayay ndlneleyd@utbut

are not
parti cul

limted to, € yvinyl alcohol and the like. [0036] The netal
a¥e BRy bemb aéeHOmnﬁhtalsogﬁ@dvehwér0§hép§é0w@pﬁ AFetdgs geish o

AL Lhe SBEELLITCacilie ATLERLESTRKA DSED! aRd pl §1RNegRtiug B char ge to

accel era

e suspehde cul owar ds St hg " yr

bl e

n.

ace of the TBC

The met adiispersants akernaget h@ﬁemf tbt pakeehbeadBlonkeatavanand seeratinat e
the interstices and torturous, interconnected gor03|t of the TBC coatin
t

m cr ost ret HRegnetghi Bart heghBEeempy adnagudsl

Volts t
dep05|t|

§§sarﬁayoﬁaﬂg@lﬁﬁdnﬁﬁbout
:ﬁR&“taﬁﬁ %1Nﬁ'géeaé%§20“99d plLanet Olgag%aﬁgg %%gr% pgher

n rates, ages may al 50 as - an

g
50

wor kpl acenshiidéy buSsHes. n[:>903ﬂuéédatbQXpaﬁyOﬁnEr[LGal'éohbhe afEt &hecqQnikai.ni ng
TBC coated article may be dried at a tenperature of about 68F for about 1

hour to

about 20 hours, and preferably about 3 hours to about 10 hours.

anount of tine may be reduced to about 0.5 hours to

[0036] The metal particulate may be biased with a positive DC
charge within the suspension. At the same time, the article may
be biased with a negative DC charge to accelerate the suspended
metal particulate towards the surface of the TBC. The metal
particulate may then infiltrate the TBC, for example, penetrate
the interstices and torturous, interconnected porosity of the
TBC coating microstructures. Typical negative biasing voltages
may range from about 50 Volts to about 2000 Volts. Although
higher voltages may lead to higher deposition rates, higher
voltages may also lead to hazards and raise workplace safety

issues.

[0037] At a box 36 of FIG. 2, the metal containing TBC coated
article may be dried at a temperature of about 68°F for about 1
hour to about 20 hours, and preferably about 3 hours to about 10
hours. The amount of time may be reduced to about 0.5 hours to
about 5 hours, and preferably about 1 hour to about 2 hours, by
raising the temperature up to about 250°F. After drying the
article, boxes (34) and (36) may be rxepeated as often as
necessary at a box 38 in order to achieve the desired metal

containing TBC properties.

13
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about 5 hours, and preferably about 1 hour to about 2 hours, by raising the
tenperature up to about 250F. After drying the article, boxes (34) and (36)
may be repeated as often as necessary at a box 38 in order to achieve the
-desired netal containing TBC properties. 13 [0038] At a box 40 of FIG 2,

t he netal contalnlng TBC coated article may also be heat treated,

sintered[08883 A A oF BlHdut2 195TF Tﬁ%t%&@n%mmgoTngGG@t%‘ghburs
to aboug¥ﬁlgggrﬁa and Spr eE@?kyt§Ea§ engeratugqnggr%gpu%t;%]SF for about

4 hours Ssired neta con alnlng pértles 't he" coated article
nmy be chbampeiratuzedodsabbukeastoardesi abdutl Qadiong Thrmalkautwit hdurtsheo
i nterstices or tortuous, _interconnected porosity of the TBC, |nclud|%g t he
desi red 2BBuEsht PobEsy handepirLesabaynrhgaTBEmPRRatygs odd atead Ag he

b TEE ot B 6 A g R T

por osi t yoof théecﬁsat:ali agbtiale ngyTBe Eﬂmrbetﬂﬁlzéﬂr act han laeut a3Asiard
preferably no nore than_about 20% [0039] Referrin nom/to FIG 3, a
f | owchar $Op8pREseht PMREAANYLRBAN FRecéBsesPtiRespPESEMLURPENt i on is shown.

Agai . 2 gnBonhelbeq BLOCRURY! LENEd-abic! opciiuibe Rravidled.apd my be

coat ed I ona one ornore o OI’ enentrone coat

mat eri al porasdtgnefor:héometafl tbatafias agerBronetet desitledbaloaddng rm‘rrmmds
previously discussed as indicated at a box 50 and a box 52 of FIG 3. The

t her mal BaEALeViEBARI RemBPChBaxppRi aBoutisRAG 5ﬁya@Pthé0§ﬁ0P§h§ﬁﬂﬂ@ﬁe@f
S”'tabletﬁﬁ kh&atéﬂa ﬁ%@f%?ﬁﬁ%ﬁegﬁggE'Qﬁg b8 §bButl 9940LyO0Ra ghlte o FBEHeS

appl i ed, art
TBC. The desired porosity of the metal containing TBC may be no

more than about 30%, and preferably no more than about 20%.

[0039] Referring now to FIG. 3, a flowchart representing another
process-of the present invention is shown. Again, any one of the
aforementioned articles may be provided and may be coated with
optionally one or more of the aforementioned bond coat
materials, and one or more of the aforementioned thermal barrier
compounds previously discussed as indicated at a box 50 and a
box 52 of FIG. 3. The thermal barrier coating may be applied
using any of the aforementioned suitable application processes

described herein.

[0040] Once the TBC is applied, the article may be immersed
within an aqueous golution as indicated at a box 54 of FIG. 3.
The agueous solution may comprise a solvent and a metal
originally present as a salt of a metal. The article may be
dipped or immersed within the aqueocus salt solution at room
temperature and vacuum impregnated with the metal contained in

the aqueous salt solution. When vacuum impregnating a TBC

14



wi thin an aqueous solution as indicated at a box 54 of FIG 3. The aqueous
solution may conprise a solvent and a netal originally present as a salt of
a netal. The article nmay be dipped or imersed within the aqueous salt

* solution at room tenperature and vacuun1inpregnated with the netal

contained in ,the aqueous salt solu When vac ngregn %& 9 TEC 14
Compri o SR BT Gnar COLRBRAr BCRUGFHGS HeUros sB5erPhaCerr Bhe ik

di pped Ofai "BE' §£6p éa'éfaihMeﬁéeé §RTReRAG Y §LOh EQQ@Era@%Ee(%chbbﬁtabOUt
150F (66C)" under a vacuun1of about 10 torr (0.19 psi) to about 100 torr

(1.9 psig8t®r (2000l QonahquSISOGFalﬁﬁﬁf’CB nndatree HBC\AMmchrfpebn)utt i)

pressure e ust dto pressure abo t 760

Porr (1 a2y Loy o i fibe 2Bt e aBhr BSBFT ki RETT a6l aPOUbod: TaBELES

about 1505 ywuhd @emyhhﬁeéegt'®h393 ﬁthE'QHeeEPéQBE%Q RayVkBeasbky capable

of inpeding the infiltration of the rmnetal In the TBC When the TBC

conprlsesiﬁu$bedubosatmoapbermqnpreaduperoShay 1sheahputc060naprhe (dédpfed or

I mer sed thlnﬁt e suspension at roo erature a gnlti IL nder a
B ablyt Fof

vacuum d*hbout BH9RGF r CEBPEEARYF T Wbtg%ﬁuF fo62P3Fr © OH&;i Sabout 2

to aboutadfui Mwhep FbuYli 6O 9Lk DL zbHeipr eRSULE10RY ont A1 Be cad) HStE‘d to
at nospheric pressure. Again, vacuum inpregnation as well as agitating the

art|cIe‘wu$¢malthecagabbesofstpedbngiShetihfiéﬂrabidnamiouhethetaﬂr pr esent
in the erstéces § p@éosit% o% @he TBC.in _order %o make room for the
metal t " ETEER . CR80% % ehpHResERYeRPETPFLPEls® FRTEHBYSqueous sol ution
i ncl ude, 1ﬁ%€r@6ﬁh@@€e&'ﬁb£§§1ﬁ9; éeértﬁémglﬁéylﬁésdiﬁﬂﬁal SrNgmmdtskgast
water, and the like. Suitable Tetals use in
within the suspension at room temperature and initially under a
vacuum of about 10 torr (0.19 psi) to about 100 torr (1.9 psi)
for about 2 to about 10 minutes at which point the pressure may
then be adjusted to atmospheric pressure. Again, vacuum
impregnation as well as agitating the article within the agueous
solution is utilized to draw out the air present in the

interstices or porosity of the TBC in order to make room for the

metal to enter.

[0041] Suitable solvents for use in the agqueous solution
include, but are not limited to, water, combinations comprising
at least water, and the like. Suitable metals for use in the
process of the present invention include, but are not limited
to, lanthanum, cerium, praseodymium, neodymium, promethium,
samarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, lutelium, indium, scandium and
yttrium. Such suitable metals may originally be present in the
agqueous solution in the form of a salt of the same metals, for
example, gadolinium acetate, gadolinium nitrate, zirconium
acetate, zirconium nitrate, and the 1ike. The metal salts

disassociate to form the aforementioned metal as a metal
15



process of the present invention include, but are not limted to,

| ant hanum cerium praseodym um neodym um pronethium samarium europi um
gadol i nium terbium dysprosium holmum erbium thulium ytterbium
~lutelium indium scandiumand yttrium Such suitable netals may originally

be present in the aqueous solution in_the formof a salt of the sane
metal s, PBFCigkaRbFe, THRBFEALURRAEAFHLBECGBAYI PRI AP Patd aMETEZoRtum

acet at e apLieORb UL AbhLELEs BdabBAE! 1KBo IHRMBLALSAlls nadl BRSp0ckaLE 1O

formthe aforenmentioned netal as a neta particu Paf'e.
parti cul aheamagmoonpr ofeabodtagst peroéntaboutbdltnanopetreentt byaloldtim:000
nanoneters and nay be present in_an anount of about 25 percent to about 50

percent 8% ¥ Puﬁ%ueﬁFStﬁ@18&&€6u5T§6Iﬁ%FGnO ThBesmegads Pepé iFudate
part | o1 81808 EAYERLE1 TELALehSCPERE! ERLCTLACALHCS Fggigle%ﬁlw then the

interstices and tortuous, Interconnected porosity. ter dipping or
I mer si nintbesiBfegoahddtartuolhe, theerdoppedtadt polkesday.be dried at a
tenperature of about 300F for an amount of tinme necessary to renove, that
i's, evaporate or burn off, the solvent at a box 56 of FIG 3. After
renoving the solvent, boxes (54) and (56) may be repeated as often as

necessar yoa42a bpeer8 dlrpplrrfgeroxt O ned ¥ MRy e diesd reshie) adrt £ond ai thélg TBC
properties. The article may then be heat treated at a tenperature of about

300F (149&pred ab’%@l?S@FY( Bgodyiedt ah Bokewpesptpre of AHOHEMSVE *ExE6Fs
reagent s, pr S@Sﬁﬁt {a?”HHSTﬁgSgSBH% 59%3%%{3&& Of p§xanpl egv%ﬁ%&%’tgs

nitrates, 8srrd coht ai ning operties of the
coat ed hﬂfncbefnauhbesemaéﬁﬁtatlaeﬂoﬁS5atoEea$G a3degfted readiiggothenet al

within the_interstices or tortuyous, interconnected
solvent, boxes (54) and (56) may be repeated as often as
necessary at a box 58 in order to achieve the desired metal
containing TBC properties. The article may then be heat treated
at a temperature of about 300°F (149°C) to about 750°F (3%9°C)
at a box 60 of FIG. 3 to remove excess reagents present from the
aqueous solution, for example, acetates, nitrates, and the like.
The desired metal containing TBC properties of the coated
article may be characterized as at least a desired loading of
metal within the. interstices or tortuous, interconnected
porosity of the TBC, including the desired porosity of the metal
containing TBC. The desired loading of the metal within the TBC
may be about 25% to about 100% by weight of the TBC, and
preferably about 60% to about 70% by weight of the TBC. The
desired porosgsity of the metal containing TBC may be noc more than
about 30% by volume of the TBC, and preferably no more than
about 20% by volume of the TBC.

[0043] Referring now to FIG. 4, a flowchart representing another
process of the present invention is shown. An article is

provided and may be coated with an optional bond coat material
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porosity of the TBC, including the desired porosity of the metal containing
TEC. The desired |oading of the netal within the TBC my be about 25%to
about 100% by wei ght of the TBC, and preferably about 60%to about 70% by
-wei ght of the TBC. The desired porosity of the netal containing TBC may be
no nore than about 30% by volunme of the TBC, and preferably no nore than
about 209RK¢TrveRdna SherRalTBerrieg4SPTROUEC: igkg and®d J OFiaGd £ ke¥ | RudHar t

. | : kg &Rt I 1 [ Buctfa
e e S e R A e A T

and a thprorldedr ahar magnpeukdagedawieh theand mdiex of2 téfe FI G 4. Again,
any of the aforenentioned articles nmay be provided and may be coated with

one or nBfersfenkdongtopPpidANAdn eGP CrgkaMaberd adSarNdhitdieraiad HRFBRIRT nal
barri ' ' d. i onal h |
arrier csﬁgBBHBQS 99%2’\%’%%?% gﬁ's%%.%%%. Tgf'%e Pﬁvgﬁ'o%g"l b%?x% £ A therma

barrier coating nma dasi ng any arorenentioned suitable
appl i cat tharpadcbasesedtesonthed hayebe applQ4d] ugiesy gy BECtim applied, the
TBC coated article may be sprayed with (a) the aforenenti oned suspension
conpri si A§orREensdpnef: suikabkst APPACGILAGN Procesess sesgribedidsgfeithe
metal, and the at |east one ultra-violet curable resin, at |east one

di spersant and in the alternative, or in addition to, at |east one
surfactant as previously described, or (b) the aforenmentioned agueous

sol uti on[88AB1| e tthe STBGcir applied, s TBOr¢ghbad| §rpietenmansba salt

of the netal as pteviqusl descri bed, .At _bhoxes 74a .and 74b, .the

af or enentPOREA s HeFBndPont PEnd LF STEREHETSHed RESHOIETS STBFAT M Beh be

sprayed gpdftedt, tBashetBe 6BEgehaling PBEsehd! @ amt iddifleUT NG hanadizacesses
and the at least one ultra-violet curable resin, at least one
dispersant and in the alternative, or in addition to, at least
one surfactant as previously described, or (b} the
aforementioned aqueocus solution comprising the solvent and the
metal originally present as a salt of the metal as previously
described. At boxes 74a and 74b, the aforementioned suspension
and aforementioned aqueous solution may each be sprayed upon at
least the TBC of the TBC coated article using any processes
known to one of ordinary skill in the art suitable for use
herein. Suitable spraying processes include, but are not limited
to, air pressure spraying, airless spraying, thermal spraying
procesges, air plasma spraying processes, high velocity oxygen
fuel spraying processes, combinations comprising at least one of

the foregoing spraying processes, and the like.

[0045) After spraying the TBC coated article, the metal

containing TBC coated article may be treated with ultra-viclet
light energy to cure the ultra-violet curable resin present in
the metal containing TBC as previously described herein. After

curing the TBC coated article at a box 76a, the metal containing
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known to one of ordinary skill in the art suitable for use herein. Suitable
sprayi ng processes include, but are not linmted to, air pressure spraying,
airless spraying, thermal spraying processes, air plasma spraying

" processes, high vel ocity oxygen fuel spraying processes, conbinations

conprisin | east one of _the foregoing sprayin ocesses, and the |ike.
Cooas] *fafia Rett oDl haY The picnatar PrapRe tRe rBrars  2eabsfntny TaC

coat ed a&%a&iﬁlﬂaylﬁethée@ﬁed ﬁb&heﬂhhﬁﬁeV'QEebobeghkaeaﬁagﬁsbo EHee the
ultra-violet curable resin present in "the netal containing TBC a

pr evi oushgtakbsconbainhegecoatAfit exrticliei mgyt he mB¢edoanddraatNabaumto£ box

76a, the nmetal _containing 17 coated article may be dried tq renove an
excess raBgeht 0 ?%ﬁﬁlh?n@%PHtthgoTEEIrFﬁF @xﬁ%ﬁ @raEFISOQESaEQHtaﬁg %Bb

the metahoeONt @5NhBGuECREGIFaTEE6LE FBY AR QﬁbﬁﬂtuB@e'{:lﬁ\evéﬁwﬁb%nta%‘“
10 torr to about 100 torr at a tenperature of about 68 (200C) to about-

150F (664yyf thhe amoabbogt of tinme sufficient to dry the coating. [0046] Wen
utilizing the aforenentioned suspensi on, boxes(74a), (76a) and (78a) may be
repeated as often as necessary at a box 80a in order to achieve the

af orenenti oned desired netal containing properties as described above. Wen
utilizingoode] ahernerrilliionedy atie dforsaldtit ihed axespdntinn arsbXes)4apy be
repeated as often as _necessary at a box 80b in order to achieve the
aforenenﬂ?%%bda%@sﬁ7%ﬂ)n@?XIbEOHFHFﬁFﬁé BPoPEEENe3SaBeCRESREYhBE BhEPE.

[0047] A§096§8r69§9re@6'%gﬁle%ge He€a0b 8 ANYEAUY gggu&banmeegﬂpr'S'ng a

metal sa requires an a |t|0na Step to renove e excess reagents from

t he met atompaimi my nogrdBérecbaseds described above. When utilizing the
aforementioned aqueous solution, boxes (74b) and (76b) may be
repeated as often as necessary at a box 80b in order to achieve
the aforementioned desired metal containing properties as

described above.

[0047] As described earlier, the use of an agqueous solution
comprising a metal salt requires an additiocnal step to remove
the excess reagents from the metal containing TBC coated
article. At a box 80b of FIG. 4, the article may be heat treated
at a temperature of about 300°F to about 750°F to remove excess
reagents present from the aqueous solution, for example,

acetates, nitrates, and the like.

[0048] In forming coated articles using the processes ghown in
FIG. 4, the resultant metal containing TBC coated article may
comprise a desired loading of metal within the TBC of about 25%
to about 100% by weight of the TBC, and preferably about 60% to
about 70% by weight of the TBC, and in addition, or in the

alternative, a desired porosity of no more than about 30% by
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article. At a box 80b of FIG 4, the article may be heat treated at a
tenperature of about 300F to about 750F to renobve excess reagents present
fromthe aqueous solution, for exanple, acetates, nitrates, and the |ike.

- [0048] In formng coated articles using the processes shown in FIG 4, the

resul t ant tal containing TBC coated article may  conprjse a_desjred

| oadi ng %?flﬁ%? a‘PfC v&%?.i%B?heaﬂ%@’ﬁ?’%%%ﬁiyzg%m% abdRt ﬁ%@%‘b?g\ﬁe ght of the
TBC, and,pr&herap! ynabppd 60%to about 70% by weight of the TBC, and in
addition, or 1nthe alternative, a desired porosity of no nore than about

30% by 18 volune of the TBC, and preferably no nore than about 20% by
vol unme of the TBC. [0049] Referring nowto FIG 5, a flowhart representing

| ] now to Fl G repr
b ovi aedt e b e g e i R B, Ao R P nlch R ep i ] e

thermal hedther seoposndot ochiorprasdBE ahvenbosn990s agHoan. bax a2tiAgai g any
of the aforenmentioned articles may be provided and may be coated with one
or nor e RFOYHED Ard dhantboreeropdi BhEP dBnePebarakdbenrdareatnBat AEl Al

barrier i i.bed, T pt i | _pond ag.a her ma
barrierEg%gg?ﬁgggévgg§¥%§%f+%dg§§§%%ggn§o0$8¥ﬁeé g?%r%ﬁe%t?é%egosﬁﬂ?aéle
appl i cathsed P OERSSHS, dOFErdbethdes Eohemen0050Ed Qiceitbes TBEyI Beappl i ed, the
TBC coated article may be brushed, or painted, with %aé t he af orenenti oned
suspensiRFPVRHrIrd oY Hee sepaedd  wikh ARe aPT oPPEE n@F | YhPresent as an oxi de

of the @Eéﬁerg&?@ié%@daﬁéf&%él %&&'ééé‘ﬁﬂﬁé?ﬂ&fé%& Eﬁ?ﬂﬂal BLrigast one
di spersant and in the alternative, or rn addition to, at [east one
sur f act asdmpsumpde vipoersl yusibg cdededibed . (Dhetdptional bond coat and

thermal barrier coating may be applied using any of the

aforementioned suitable application processes described herein.

[0050] Once the TBC is applied, the TBC coated article may be
brushed, or painted, with (a) the aforementioned suspension
comprising the solvent, the metal originally present as an oxide
of the metal, and the at least one ultra-violet curable resin,
at least one dispersant and in the alternative, or in addition
to, at least one surfactant as previously described, or (b) the
aforementioned agueous solution comprising the solvent and the
metal originally present as a salt of the metal as previously
described. At boxes 94a and 94b, the aforementioned suspension
and aforementioned agqueous solution may each be brushed or
painted upon at least the TBC of the TBC coated article using
any brushing or painting processes known to one of ordinary

skill in the art suitable for use herein.

[0051] After brushing or painting the TBC coated article at box
%4a, the metal containing TBC coated article may be treated with

ultra-violet light energy at a box 96a to cure the ultra-violet
19



af orement i oned aqueous sol ution conprising the solvent and the netal
originally present as a salt of the netal as previously described. At boxes
94a and 94b, the aforenentioned suspension and aforenentioned aqueous
“solution may each be brushed or painted upon at |east the TBC of the TBC

coat ed articlf using any brushing or pai ting pr.ocesses known to one_of
or di nar yCUkaP{¢ FRsiRePrREeRhi tBpFBSt BRtade CRBEGIRINGOABE] 2B PERVBLUSHYNg or

painti ng&@@ﬁ@é&ﬂ@}g%?fﬁ&seéﬁ @Er?ﬁgl tfdametle BBhehifenbamaingEBegcoat ed

article mwy be treated with ultra-violet |1 ght energy at box 96a to cure
the ultraxvioletinlSteprabl ethesnatplesentainihhecoratel aontiailel ngyTBE as
previouséﬁ,%gescribed herein. After curing t he net al conta'nin% TBC coat ed
article PhieebC45eMPYE ABY afXEBRBaFRPAGD ﬁaFéﬁaéPPPSIénnﬁbebg Cdried to
remove any excess reagents remaining in the TBC. [0052] At a box 98a of FIG
5, the article may be dried using any of the suitable processes as
previouslg@described herein. At a box 96b of FIG 5, the article nay be

dried tol %I/eAéx(Seé%?x S aft i nd arhofantickainab ke pi@'e%%sl_é%i%&a
Suspensi SN SEehes ToAEro Ty oREr aRG Pone) Phey BE=Tdpiarey eCor PR As A

necessary lbéx @sboxsf 180a. of, Fthe Arthcdedpayt beadkiedetbhecaboeearatisened
desired netal containing properties as described above. Wen wutilizing the
af or enen®PbYRRL destedsaBy| 9f | BRe svkbablespyosrgseposH) PrEY1BES ¥peat ed as

often as % box 98b of FIG 5 in order to achieve the
aforeneﬁ%?%%ggggés?éé f%étal contai ning properties as descri bed above.

[ 0054] As described earlier, the use of an aqueous sol ution

{0053] When utilizing the aforementioned suspension, steps
(94a), (96a) and (98a) may be repeated as often as necessary at
a box 100a of FIG. 5 in order to achieve the aforementioned
desired metal containing properties as described above. When
utilizing the aforementioned aqueous sgolution, boxes (94b) and
(96b) may be repeated as often as necessary at a box 98b of FIG.
5 in order to achieve the aforementioned desired metal

containing properties as described above.

[0054] As described earlier, the use of an aqueous solution
comprising a metal salt requires an additional step to remove
excess reagents from the metal containing TBC coated article. In
step 100b of FIG. 5, the article may be heat treated at a
temperature of about 300°F to about 750°F to remove excess
reagents present from the agueous solution, for example,

acetates, nitrates, and the like.

[0055] In forming coated articles using the processes shown in

FIG. 5, the resultant metal containing TBC coated article may
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conprising a netal salt requires an additional step to renpbve excess
reagents fromthe netal containing TBC coated article. In step 100b of FIG
5, the article may be heat treated at a tenperature of about 300F to about
~ 750F to renpbve excess reagents present fromthe aqueous solution, for

exanple, acetates, nitrate nd the like PO55] In formn at ed
artlclesC%EPﬁbS?h% %%E%é §°§ﬁbﬂﬂ PR mefel 1t?h€ FB§UFF§nP%n§g8Pt 25%

cont ai i JHeuCors 0 By LELGnmYe 2NeCORPY | SRaspdepbiadLoang BhameLa

Wi thint out” 25%~to a ut C, and
preferabébowbomm%6@@6WGughmoof Eﬂ@bmycmeagﬁtlnfadﬁetiaﬁ amdinntaddi ti on, or

in the Iternatlve esired porosity of no nore tﬁan apout 30§ B; volune
of the e‘é‘i‘\%ltb‘f"efe?a ‘P?/lﬁ%dnla%oﬁﬁ'éﬁ boti? BOYEbyRaRorEREt 0P PFNBY TBC

[0056] They ks ubt aEﬂepf Ucéndl FePhniPenp’ RSESSERAA abBht BHESEY
e Té% g

i nvention may be a oxl| ont al ni ng coated artfcle.
descri betbband i @f , tm@eTmmtlcle may conprise a part used in turbonachlnery
applications such as, but not limted to, any part having an airfoil, any
part having a seal, airfoils, seals, and the Iike. As known to one of
ordinary skill in the art, TBC coatings for turbomachinery parts having

seal s, DJ0SER! Thien rgenditant produdd Gal lallt Rifckele thrsreldesaat itlgs for
turbonachlnery parts having an airfoil, _or airfoils in general.  Likew se,
the met RTeLMRa| HIVRNTED JBAY i PRsa oPetnd ebahetal aprideesOBEaLRENGr EBEnt

) RGP E Ky LAGHSE ek aDORRES kAgLgLcoREn gl SLfpar B
to bl adgsarvanesd Hi atwrlsomachimeriuapphecit boks fodh &8, yBut not
limited to, any part having an airfoil, any part having a seal,
airfoils, seals, and the like. As known to one of ordinary skill
in the art, TBC coatings for turbomachinery parts having seals,
or seals in general, are typically thicker than TBC coatings for
turbomachinery parts having an airfoil, or airfoils in general.
Likewise, the metal containing TBC coatings of the coated

articles of the present invention adhere to these industry

standards known to one of ordinary skill in the art.

[0057] For example, the article may include, but is not limited
to blades, vanes, stators and mid-turbine frame. And, in vet

another example, the article may include, but is not limited to,
seals, combustor panels, combustor chambers, combustor bulkhead

panels, disk side plates and fuel nozzle guides.

[0058] Generally, the metal containing TBC coatings of coated
articles having an airfoil, or a coated airfoil in general, of
the present invention are about 5 mils to about 15 mils thick.
And, generally, the metal containing TBC coatings of coated

articles having a seal, or a coated seal in general, of the
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anot her exanple, the article may include, but is not limted to, seals,
conbust or panel s, conbustor chanbers, conbustor bul khead panels, disk side
pl ates and fuel nozzle guides. [0058] Generally, the netal containing TBC
"coatings of coated articles having an airfoil, or a coated airfoil in

general, of the present inventjon are about 5 m|s to _about 15 mls thick.
And, geneF&PEYt tHESHEESP éﬁﬁtQPﬁPHQOTECm&iﬁtFﬂg@LSFtcégtgﬂ Saftil*es havi ng

a seal, Bho8:CPRLEM Sﬁ?'TEE QSEEEﬁ$htﬂEckH§sgésp B3eBhLchNLeRkAN 4348 Akt

0.5 mls to about 58 s thic ese ranges of TBC coating thicknesses
for suchmapabedbavttdehed omapabeohedadepeddingnappowetedgpendicngaapon t he

particular _applicatign of the article a 111 be regogni zed and under st ood
' the fOPR} LBy SReOD! LBPARRLS §kPP!WFi1?h@ aFFpgpeégg]aﬁ@r@@%ﬁﬁétﬁaﬂ to

FICS. 6 apdiye EG@uESSH?tBHE BEOSEaﬁnbgy @k%l?fihh%h@raﬁ%ﬁses of the present
i nvention may be an article 110 coated™wth an optional bond coat |ayer 112

and at |east one layer of a netal containing TBC 114 (See FIG 6), or an
article 120 coated with the at | east one |layer of the metal containing TBC

L SR b AR P RIS 5 U L2 S S 00

havi ng aalhi6fothe phycessésha¥i Bgeapregaht ahvekatlisn #eyl Be andatle clieke.
As known to one of ordinary skill _in the art, TBC coatings for
t ur bonachl Pefgapait YikhvpRrgorséanal bpndespati hAayerelar, adfeatypragt| pne

t hi cker Q?%:T c Lng L ur o hi ngr r haying_.an_.ai .t i.l ., or
airfoilsi n dg%;?a@éE%?kéaﬁgé}hFﬁg ?§§t232a¥?9§|EzGénghe°%r8§eﬁ%%1°1e
i nvent i o2 @dbesecl owli brsehendusleysst andaidgeknofnthe aeeadf coatdindbhy SKil

'n the q%éé 122 (See FIG. 7). 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 ordinary
skill in the art, TBC coatings for turbomachinery parts having
seals, or seals in general, are typically thicker than TBC
coatings for turbomachinery parts having an airfoil, or airfoils
in general. Likewise, the coated articles of the present

invention adhere to these industry standards known to one of

ordinary skill in the art.

[0060] The metal containing TBC coating of the present invention
may comprise at least the ceramic based compound, the metal
comprising a particulate having a diameter of about 10
nanometers to about 1000 nanometers and present in an amount of
at least about 25% by weight of the coating, and the oxide of
the metal. The metal may be dispersed throughout the entirety of
the coating, and preferably dispersed from the surface of the
article to the surface of the TBC. The metal particulate is

preferably dispersed within the interstices of the columnar
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[ 0060] The netal containing TBC coating of the present invention may
conprise at |least the ceram c based conpound, the netal conprising a
particul ate having a diameter of about 10 nanoneters to about 1000

" nanoneters and present in an ampbunt of at |east about 25% by wei ght of the
coating, _and the oxide of e netal . The netal . be_di sper,sed._t hr oughout
The. ent) FERSCorted o Cole RO ot e cFeF BBPYEai SPErERan PO ErhE TaA She o
the artigderge. tAe suréaget Pf thbendBSl dbRtaehahgpenti eshatagl maypreferably
di spersed within the interstices of the col umar %2 structures of the TBC or

t he torte@uBrisatBrcunereca epoporeby obt nhemPBE. thanaabevtl B0%t by wetlame
cont ai ni hg JBC ti na [of0) ise further, a porosity.ef,no re than
Sbout S0P LRT o e 8 BrarSEBLL o et e, baRy P REOHb: LoBhal xBBhFes0% by

vol une ofhettmwcTBC. [0061] The netal containing TBC coating of the present
invention may generally conprise the netal in an anount of about 25% by

wei ght to about 100% by wei ght of the TBC coating, and preferably about 60%
by wei ght to about 70% by wei ght of the TBC coating, w th remai nder

conpri si agoé ‘i‘ﬁ(ea%%aﬁa%%%t%Q%l%g{T‘@B@%attﬁ%g{T%@'tr@(iﬁf‘ese[r@@?rlvéﬁ@im

ceram c based conmpound of the TBC t he presen I nvention nmay conprise any
st abi | | zesly zgewemat By ocomprabsé i zlkbe mébdhatie, afhoamexahpbE, abouti a5t blyi | i zed

zirconia, calcia stabilj i rconia, ghesi tabi|ized zirconia, yttria
st abi | i 28 _?rﬁ?géhﬁﬁEi%ﬁéga%YIV?kﬂhﬁagﬁi% %nﬁBﬁaﬁﬂ@EFag's?ﬁ i1ized hafnia.
The net ghy Oxé S8 TRYaOTPT 668 B X148t OfoabJBE A 0§UBY @8ight oROEhkI FrEed
to, lanthanum ceérium praseodym um neodym um pronethium samarium

eur opi ungeating, with remainder comprising the ceramic based compound

and the metal oxide.

[0062] The ceramic based compound of the TBC of the present
invention may comprise any stabilized zirconate or stabilized
hafnate, for example, yttria stabilized zirconia, calcia
stabilized zirconia, magnesia stabilized zirconia, yttria
stabilized hafnia, calcia stabilized hafnia and magnesia
stabilized hafnia. The metal oxide may comprise an oxide of a
metal such as, but not limited to, lanthanum, cerium,
praseodymium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium,
ytterbium, lutelium, indium, scandium, yttrium, combinations
comprising at least one of the foregoing metals, and the like.
The metal salt may comprise a salt of a metal such as, but not
limited to lanthanum, cerium, praseodymium, neodymium,
promethium, samarium, europium, gadolinium, terbium, dysprosium,
holmium, erbium, thulium, ytterbium, lutelium, indium, scandium,
yttrium, combinations comprising at least one of the foregoing

metals, and the like.
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gadol i nium terbium dysprosium holmum erbium thulium ytterbium
lutelium indium scandium yttrium conbinations conprising at |east one
of the foregoing netals, and the like. The netal salt may conprise a salt

~of a netal such as, but not limted to | anthanum cerium praseodym um
neodym u oprt hi u S ry u r opd ol iniy terbium. dysprosi um
hol m um IETéaor %ﬁj m Ch lr.ﬂelrpl.? r:h %yqi%tdee r gfu %L‘rllel utééqniouf‘?n%qﬁen &t n%rg%tc aln]%c)ﬁeunnr% 10%,[ % I um

conbi natf Sifed OAPr4 SEOGuUBE bEasirepengf ohbether pgot8gseBebal sheapdekbatl i ke.
23 [0063] The netal oxide of the TBC of the present invention is forned as
a resul tinfertioyihy dutoxhdlipiegeeveironnent. phasknewni hoeanPorfi n an

oxi di zin lron o] of _ordina ski Ik e.art C
coatingégkéig%%?l€ﬁf%%lﬁ%egﬁgr%fé’ogggego?glﬁggn%¥glgég#¥ cﬂ%%?gglmgFégility
and enhagiepdédetd peoncbe | thyir ThReretal oxhHeliBy &08PehR&ndesthplhie net al

oxide, a_binary netal oxide, a tertiary netal oxide, a_poly netal oxide
(quat er riryabelity, Hpel makal | geidsi nayycomprisary ahEppel petadt akidri dés

f d h f th | _initjall '
o asent DIMFr b PORESEC Pa Ol L Ey R SIPORERS: o\ BbILRhgbatoplids (o
as a reagjuepifeycteed. f hean@t @he PiksenBiharyhet et agr¢ Bagegotonpound

and the netal oxide or netal salt during the processes of the present
i nvent i dretal jpeiges mavieferngiiee nke athexpresenye bef presenthas eRe ®etgdnal

| .. . . il ; | of
the cer s inbE B s it 0G| Rt MordRbPhocto e bhinchhd Bt M ef b on: ng
of the pesestal nvweide prot Smagesbanedst 9 reactivht preéguteast ghe mespdnent

of nolten sand, for exanple, calciummagnesia alunm na silicate (hereinafter
present in the ceramic based compound and the metal oxide or
metal salt during the processes of the present invention.
Likewise, the single metal oxide may be present as the original
metal oxide, the oxide of the original metal salt, the oxide of

a metal of the ceramic based compound, and the like.

[0064] The thermal barrier coating of the present invention is
designed to react with at least one component of molten sand,
for example, calcium magnesia alumina silicate (hereinafter
referred to as “CMAS”), and form a sealant 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 CMAS and the components of the metal containing TBC

composition of the present invention.

[0065] The components of the metal containing TBC composition
may be the aforementioned metal, metal oxide and ceramic based
compound described herein including the amounts disclosed. The
reaction product of the CMAS and metal of the TBC of the present

invention may comprise further at least one reaction product as
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referred to as "CMAS'), and forma sealant layer on or within the TBC. As a
result, a thermal barrier coating of the present invention during its use
may conprise at |east a reaction product of CMAS and the conponents of the
"nmetal containing TBC conposition of the present invention. [0065] The

f.th I inj C Pti : h .
af of omonlTERcH et Gre FEPAT -0 HECANGC cBrRnt o~ Ba Gt B0 Ry cadc 6

herei n ioel ¢l NGt He aBRUALAiHySTROSEE. thBepregaati eAvBnedust. Ghbrt he CVAS
and netal of the TBC of the present invention nay conprise further at | east

one reace¥ampp? oducrebal ganppivintafBEnecmprieiog prdeddnimmy form during
the useful .1{fe. of the netal talining TBC of .t resent _invention. For
exan o, S300 bt ot iitn T RORTAESRofter: EPAG Eoutbn AR E30AR5M i ARPORiEE and
1YSZ maypF&dedt WdRp£MSnG0at 01843 r 8L £QBe BRKOHPEEIERMBELIPIHIG iRy heast
silicate oxyapatite conprising at |east gadolinia, calcia, zirconia and
silica. looss|gadeliriati oalptadusiropnprodndt eitdeem-t hr oughout the
entirety of the netal containing TBC of the present invention as the netal
i s dispersed throughout the entirety of the TBC and the nolten sand
penetrates through to the coated article's surface. The at |east one
react i onl®@ &6l c f'hieo mem et isen lppmtduatompo sinaducts fayerthtmoylghoutthde net al
cont ai ni ng_ TBC. Thg resultagt seal ant _co iti remai ns _present .as the

motal O SER PR B e XBek fnCeRCR IR Rd TR aPE abfet BAFSCRb: 1BYSRGLED 29

abr asi O%hér&é&é’ﬂgiép&i%ﬁéi—@@d EhfoughORE! BHENEnYk FBLgeREr 8he 4L ahRUS, as
the nmetal containing TBC wears during its useful |life, the sealant |ayer

r ef or ns, themdhsen nsand padeefdeesi Vergughakesthhecphbed etttikderist a

containigﬁkgggé’Iyﬁérgéu éggé one reaction product forms a sealant
composition or layer throughout the metal containing TBC. The
resultant sealant composition remains present as the metal
containing TBC experiences typical wear and tear, for example,
abrasion, erosion, spallation, etc., consigtent with general
use. Thus, as the metal containing TBC wears during its useful
life, the sealant layer reforms, remains intact and effectively
takes the place of the metal containing TBC. The resultant
sealant layer may also exhibit the 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.

[0067] One or more embodiments of the present invention have
heen described. Nevertheless, it will be understood that wvarious
modifications may be made without departing from the spirit and
scope of the invention. Accordingly, other embecdiments are

within the scope of the feollowing claims.
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seal ant | ayer may al so exhibit the desired porosity of no nore than about
30% by vol une of the TBC, and preferably no nore than about 20% by vol une
of the TBC. [0067] One or nore enbodi nments of the present invention have
been descri bed. Nevertheless, it will be understood that various

nodi fications may be nmade w thout departing fromthe spirit and scope of
the invention. Accordingly, other enbodinents are wthin the scope of the
following clainms. 25 CLAIMS 1. A thermal barrier coating, conprising:. a
ceram ¢ based conpound sel ected fromthe group consisting of yttria
stabilized zirconia, calcia stabiligedI¥M$ conia, magnesia stabilized
zirconia, yttria stabilized hafnia, calcia stabilized hafnia and magnesi a
stabilized hafnia; a netal oxide; and a nmetal conprising a dianmeter of about
10 nanomnet-er s 4 BCHR) PRITIEHORALINELHNAESEES and present in an amount of at | east

about 25 percent Ly uelhahpad _coﬁgbnﬂldcﬁeﬁ&@dcfr&ﬂ?tﬁg QPP EsH3ttinpherRtiA t he

thermal barrier coating conpriseS a porosity of no nore than 20" percent by
vol unme of sai dtabidizethiicconas ealcipotgbilized zirdonid heagnasia stabillzad ziremmis ofitiang of

claim1, whereinpn, sajd netal ,oxide i n oxj de of .l east. one net al
selected fr onﬁ@ﬁ@%‘l%‘b’%‘&h&? é?l?lﬁﬁedj'fa?q‘%mdﬂwlaé@llﬁﬁﬁ?ﬁafﬁ\'aaseodym' um
neodym um pronet hj {gh| Sad@hah&m europi um gadolinium terbium dysprosium

hol mium erbium thulium ytterbium lutelium indium scandium yttrium
zi rconi um haf ni ura metet comiprisingardiametgy efrabguttiRaasgnetes. o Tt dHe} nal  barri er

2ol o at pemtehanh@ed® B ARAR of 8 Rk @oJr e RRRB Rbigh ot 1O

| anthanum  cejit ¥Bfamid BEePedmpdud, neodym um pronet hi um samarium europi um
gadolinium terbium dysprosium holmum erbium thul itum ytterbjum
futelium indium Wessgiaithpghermal barrier coating comprises a porosity of no more than 20

percent by volume of said ceramic based compound.

2. The thermal barrier coating of claim 1, wherein said metal oxide is an oxide
of 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, hatnium, titanium, and mixtures thereof.

3. The thermal barrier coating of claim 1, wherein said metal is originally present in
the form of a salt of 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, hafnitum, titanium, and mixtures thereof.

4. The thermal barrier coating of claim 1, wherein said metal is selected from the
group consisting of lanthanum, cerium, praseodymium, neodymium, promethium,
samarium, europium, gadolintum, terbium, dysprosium, holmium, erbium, thulium,
ytterbium, lutelium, indium, scandium, yttrium, zirconium, hafnium, titanium, and

mixtures thereof,
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yttrium zirconium hafnium titanium and m xtures thereof. 4. The thernal
barrier coating of claiml, wherein said netal is selected fromthe group
consi sting of |anthanum cerium praseodym um neodym um pronethium
samari um europi um gadolinium terbium dysprosium holmum erbium
thulium ytterbium lutelium indium scandium yttrium zirconium

haf nium titanium and m xtures thereof. 26 5. A coated article,
conprising: an article conprising at |east one surface having a thernmal
barrier coating disposed thereupon, wherein said thermal barrier coating
conpri ses’. a ceraamdartialsoengoisipgund sel ected from the group consisting of f
yttria stabilized zirconia, .calcia stabill ze€ zi rconi a, .magnesia stabilized
zirconia, yttria sthytiFlesagPrigag Af lgast pog %’ir%“s EGIERT 85“4@?“%5 and magnesi a
stabilized hafpinddiPodRidrefpohde; and a netal in an anmount of at |east
about 25 percent by weight of said ceram c based conpound, wherein the
thermal barrier cowhemip seohipeinsbbarnienenating egmpsfsesio nore than 20 percent by
volume of said thermal barrier coating..b6..The C e ] ..claimb5,
further conprising®$BOH aé%cg ompayag S%?Céeﬁ]o%%ra%eb%?ﬁ éejorggé’g#%l)@tyﬁ f%ast one
surface and said tkepiltedd barrier coating. 7. The coated article of claim®,
wherein said bond coat |ayer conprises a bond coat 6 material conprising a
formul a MOr Al Yircewiarcaicip ssabilizeizireomia, meagassiagatibized Zircppim Ythis stahHEed

consi sting of hg'}-n-%el , cobalt, iron and m xtures thereof. 8. The coated
article of claim®8, wherein said bond coat | ayer conprises a bond coat

mat eri al sel eciled sfabDired hefngrand agnessd sabiliggdof al umi num  pl ati num and

m xtures thereof.

hafnia;

a metal oxide; and

a metal in an amount of at least about 25 percent by weight of said
ceramic based compound,

wherein the thermal barrier coating comprises a porosity of no more than 20

percent by volume of said thermal barrier coating.

6. The coated article of claim 3, further comprising a bond coat layer disposed

between said at least one surface and said thermal barrier coating.

7. The coated article of claim 6, wherein said bond coat layer comprises a bond coat
material comprising a formula MCrAlY, wherein said M is a metal selected from the

group consisting of nickel, cobalt, iron and mixtures thereof.

8. The coated article of claim 6, wherein said bond coat layer comprises a bond coat

material selected from the group consisting of aluminum, platinum, and mixtures thereof.

9. The coated article of claim 6, wherein said bond coat layer comprises a bond coat
material selected from the group consisting of aluminum, platinum and MCrAlY,

wherein said M of said MCrAlY is a metal selected from the group consisting of nickel,
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9. The coated article of claim®6, wherein said bond coat |ayer conprises a
bond coat material selected fromthe group consisting of alum num platinum
and MCrAlY, wherein said Mof said MCrAlY is a netal selected fromthe
group consisting of nickel, 27 cobalt, and iron, and m xtures thereof. 10.
The coated article of claim5, wherein said netal oxide is an oxide of at

| east one netal selected fromthe group consisting of |anthanum cerium
praseodym um neodym um pronet hium samarium europium gadolinium
terbium dysprosium holmum erbium thulium ytterbium lutelium indium
scandi um cabatty dndriyonz andooinitures theteaf.ni um titanium and ni xtures thereof. 11.
The coated article of claimb5, wherein said netal is selected fromthe group
consi sting of |anthanum cerium praseodym um neodym um pronethium
samarium europium gadolinium terbium dysprosium holmum erbium
thulium yéter mamatedlauﬁcéé oflatgim de"rherqin sacb@nﬂiahaxidyistanioxﬁﬂe ofiat eestionen

haf ni um t|t nd m xtures . ther 12. The coate&xarticle of claim5,

wher ei n sg’ieﬁ" ‘?‘it?fjltg o ghegIpuR. ¢Qugistng, ftlﬁgalblpbﬁfflu%diﬁgﬁieg "HY™6f bl ades,

vanes, st ﬁéd@lﬁrﬁmﬁﬂ%r&%&hfﬂ RbA&ridrh &WRopidhs; gadbfniGAaeRGuAT dysploBiugf, claim 12,
wherein said thermal barri’er coating corrprl ses a thickress of about 5 mls

to about h@lrmum,serbmm, thnhisme piéerbidmatutélving indiurg) ssandigm, yikramaizirceziid. article is
sel ect ed m the grou consi l;tll ng of seals, conbustor panels, conbustor
chanbers, aélg" L?Bﬂﬁ'géd'regﬁ %8s, disk side plates and fuel nozzle

gui des. 15. The coated article of claim14, wherein said thermal barrier
coating conprises a thi ckness of about 0.5 mls to about 50 mls. 16. A

coat i ng, ction produc at silicate and a
t her mal bg T ejlrﬁ g{eld 15‘%8&&? f”ﬂﬁrelmﬂﬁ B’ie{i’l Kar thairroﬁh lgéﬁulpi er coating
conposi t i eehsRAAPLHS BRBanun? EliRNPrasddamBRint ABRBMIGN, promethium, samarium,

europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium,

lutelium, indium, scandium, yttrium, zirconium, hafnium, titanium, and mixtures

thereof.

12, The coated article of claim 5, wherein said article is selected from the group

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

13. The coated article of claim 12, wherein said thermal barrier coating comprises a

thickness of about 5 mils to about 15 mils.

14, The coated article of claim 5, wherein said article is selected from the group

consisting of seals, combustor panels, combustor chambers, combustor bulkhead shields

?

disk side plates and fuel nozzle guides.

5. The coated article of claim 14, wherein said thermal barrier coating comprises a

thickness of about 0.5 mils to about 50 mils.

16. A coating, comprising:
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a netal oxide; and a netal in an anount of at |east about 25 percent by

wei ght of said ceram c based conpound, wherein said reaction product
conprises a porosity of no nore than 20 percent by volune of the coating.
17. The coating of claim 16, wherein said at |east one silicate conprises
cal cium magnesia alum na silicate. 18. The coating of claim 16, wherein said
at least one silicate conprises iron calciummagnesia alumna silicate. 19.
The coating of claim 16, wherein said ceram c based conpound is sel ected
from the group consisting of yttria stabilized zirconia, calcia stabilized
zi rconi a, nmagaesicdon prodixitlof 2Eeldasy bnecohdate angtat thérmad barbiet ¢aatidg haf ni a, cal ci a
stabilized hafnia and rrggnesi a hst aag'bl i.zed hafnia. 2;0. The coating of claim
16, wherein sSPAPEION WhRiCHEsaidthermal Darger atiag cqrapasiion COMPIPST sel ect ed
fromthe groug .6apsd SdstdorRfounant hanum cerium praseodym um neodym um
pronet hi um samarium europium gadolinium terbium dysprosium holmum
erbium thul amefal pxiderdsidum lutelium indium scandium yttrium zirconium

wherein sai d et i 8 EnPulbla b RRE prdiy ol ARER e gimfe Nt ri

cerium ppaseeshpouda) neodyni um pronet hi um sanarium europi um

gadol i nium terbium dysprosium holmum erbiu t hul i um Oytterb' um
lutelium 29 iwhereimsaideasiinunipduet eQMRIHES & PPIOFR Qr?rﬂo Ree a0 RereeahdXim  and
m Xt ures ;/ag%gghhe%gaﬁ he coating of claim 16, wherein said netal is
originally présent 1n tthe formof a salt of at |east one netal selected
fromthe group consisting of |anthanum cerium praseodym um neodym um
pronet hi um samarium europium gadolinium terbium dysprosium holmum

erbi um t pyl i Ue QBhARS Bt T6URBLE I Bhid A sl Bne SERAGICHMpriddst i um  zi rconi um
haf nium titanium and m xtures thereof. 23. The coating of claim16,
wher ei n sedldumetanesis alomip siladakey present in the formof an

18.  The coating of claim 16, wherein said at least one silicate comprises iron

calcium magnesia alumina silicate.

19.  The coating of claim 16, wherein said 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.

20.  The coating of claim 16, wherein said metal oxide is an oxide of 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,

21.  The coating of claim 16, wherein said metal is selected from the group consisting
of lanthanum, cerium, praseodymium, neodymium, promethium, samarium, europium,

gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutelium,
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oxi de of at |east one netal selected fromthe group consisting of |anthanum
cerium praseodym um neodym um pronethium samarium europium

gadol i nium terbium dysprosium holmum erbium thulium ytterbium
lutelium indium scandium yttrium zirconium hafnium titanium and

m xtures thereof. 30

indium, scandium, yttrium, zirconium, hafnium, titanium, and mixtures thereof.

22.  The coating of claim 16, wherein said metal is originally present in the form of a
sait of 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.

23.  The coating of claim 16, wherein said metal is originally present in the form of an
oxide of 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.
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