THERVAL BARRI ER COATI NG CCNPCSITICNS PROCESSES FOR APPLYI NG SAME AND
EARTICLES COATED W TH. SAME  BACKGROUND OF THE | NVENTI ON [ 0001] The inventi on
relates to thernmal barrier coating conpositions, processes for applying
“sane and articles coated wth sanme. Mre particularly, the invention

rel ates toTreiiel sARaTHE CPaNO G mOStdens Sestenets t fopi Abst enda

nolten sand infiltration, processes for applylng sane and articles coated
wi th same. [0002] The d@}ﬂ%mmmaﬁlqnﬂ%mméﬁw@ﬁmmue 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

di stress is responsi bl e forgibrepoenBt yFeTuspakiratjrepyof TBCs and oxi dation
of turbomachinery and their parts. The nmechani sm of such sand rel ated

di st r ess[0@01he Thserigreattiiom ofe listesTRCs tﬂiyermﬂ]t draaiel @atimgits usef ul

lif d h hi D I
upon’ t el HROShT FaRE: FRECTBrPant AntoBbiPAaPRLel ABCTBE AR S5 CRNS 1 he

ceram c/wetRl dake | MsréagereIBe14A1 L Ur enef ihhentBon eetdkesby oA themiznat i on
of nolten sand attacking the therma Iy grown oxide at the ceramic/nmetallic

i nt er f acearsieel ¢O%t§11tlﬁe00m?@@lﬁtﬁ©ﬂsl designed tol wishssandf mopsenysppd
Lol TBC . 19y {RELIRLECHCELRIpERLLHECoghot HRATBE 0RFULS ik o

spal | ation e par e el emen VS causi ng
t he acowiema@a@eQX|dat|on of the turbonachlnery part inconjunction wth
nol ten sand attack. [0003] Consequently, there exists a need for a thernal

barrier coating designed to resist sand rel ated di stress.

[0002] The degradation of turbomaéhinéiy 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
gpallation of TBCs and oxidation of turbomachinery and their
parts. The mechanism of such sand related distress is the
penetration of the TBCg by molten sgand. During its useful life,
sand may enter the turbomachinery, agglomerate and become molten
upon the TBC surface. The molten sand penetrates the TBC and
reaches 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 gurface 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.



1, SUMVARY OF THE | NVENTI ON [ 0004] In accordance with the present invention,
a process of <coating an article broadly conprises (1) formng a | ayer 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 nanerBhelRsy & rid €SfRiNtiHn anmount of about 25
percent to about 50 percent by volunme of the solution (3) contacting the
ceram ¢ ba&@Hl cdmpeurndrdaayer wiithh tiee s asdritonnend: (@), dr ywngeede afticl e.

0005] In accordance with the sent inyention thermal _barrier. coatin
b oadly CoRETE ol B b h T paLER ComBELeas oL nEPkIEN Gel ARy Bngral

broadl y eormhisihkad dbSHBES@Ad 0bn aRQUArt 181 8aneapt %i»év&aiﬁgoat sb30@ ion
nanoneters and present In an anmount of at |east about 25 percent by wei ght
of the dereadly beweelrisbnpourmgtahapairnichéatachbmabdbyr comprdsaniong broadl y

conprises,_a porosity of nore than_about 30 pe t _by volune of .the
ceramc i?gﬁgﬁﬁﬁﬁ% .uTgg%GTaT%P%E%5?dﬁﬂcggﬁPEhiﬁﬁg_B?é?@ﬁFeFﬁvgﬁpion, a
coated pwddadie i aadll IGOPrdsi o@D BBt HEl8/OMREI §bBAtabol pashetRCby
surface conprising a thermal barrier coating disposed thereupon, wheréin

t he thervalumaref erhe ool wgion ofdll yeeohpettrg bheercanhuichbhseddcoppponad a
nmetal ox de; and.a tal 4.n an anpunt t .lea about 25 percent by

wei ght o ¥ He Vf:]g%l%\rﬁ = b%%jelﬂtlc%%o%% , (&){/\Hg]f%%ﬁgt ﬁéetﬁggﬁﬁ “barrier coati ng
broadly conprises a porosity of no nore than about 30 percent by vol une of
the thermal barrier coating. [0007] In accordance with the present

inventichO&ngE%iQgcordance 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 bérrier 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 compriging a reaction product of at least one silicate
5 ,



broadly conprising a reaction product of at |east one silicate 2 and a
thermal barrier coating conposition, wherein the thermal barrier coating
conposition broadly conprises a ceranm ¢ based conpound; a netal oxide; and
a netal in an anount of at |east about 25 percent by weight of the ceramc

based cogpound, , whes eh0, Lhe. ! NELR] DACLLEL; £08L! NG COIRL] $65 3.,Q10si ty of

no nore than a per cent “by vo thermal barrier i ng

conposi thareri¢P0082t The deinpbkst 0bnoRecan] oeempihedismentce reimildiedgadent i on
are set forth in the acconpanying drawi ngs and the description below O her
f eat ur esCOERPeRd 5, 2 aRAtadivarni@gesabt eheetatedni 88 afoMnthefaFrarka®st r om

t he descty pti o i Ag9S f e L | EF | PTI ON OF THE
DRAMVNGéh%8359?52$%fg%ﬂ¥gﬂg ??§§§Ea§?nkégrSggﬁﬁﬁﬁgbgggdgfﬁh gﬁﬁ%’ t he
present wiaeainovhe [ ORdBhaEl Bar2ies aoktawghabihpli-gépeesentdoi®sangt ke ar ocess
of the present invention of FIG la; [0011] FIG 3 .is_a flowhart,

r epr eserMFYy BARNRPOPE 02 @sBeBFeRhebYpredERE PhYEALFoMNSIGIo PamEders is a

fl owchar S i : her process of the resent invention; [0013
.éoé@ﬁ% m(%(ﬁ%}??&l@fQﬁ. p P [ ]

FIG 5is a representing anot her process of the present
invention; 3 [0014] FIG 6 is a representation of an article coated with a
bond coat and at |east one layer of a netal containing thermal

[0008] The details of one or 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 DRAWINGSV
[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. la;

[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 repregenting another process of the

present invention;



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
containing thermal barrier coating of the present invention. [0016] Like
“reference nunbers and designations in the various draw ngs indicate |ike

el enent s TAl SCRI PTION [0017] . The thermal_ barrjer coating.of the

o esent 1O BT0-o B dSsPomeR 5 PERST.Al (TE 0] CEE Lot T (e ant

|l ayer ooifd i &bdg 4 deardson eredusiewn bhi B hBeat hebnBkibahy e@her@at i ng.
Sand generally conprises at |east calciumnmagnesia alumna silicate

( her ei ndfa%Figpierzteing cohsthenmseyent nghvdnhgonet RBE conponents such
sodium iron, potassiumand the |ike, depending upon the geographical and
geol ogical conditions of the sand. [0018] As used herein, the term
"solution” nmeans a solvent and at |east one solute that forma solution, a
suspensi 1imk &iRer 7 & Ratepresentaltlion of we dntidle preszed withoak s) ,

conposi tion(ss), coating(s),_and cpated article . sed. herein, the_term
Cretar TRAHS Pt har 5A brecers bty "t Akrur P5H s feebinge of
met al ofgige SsdsedtO0kBleief&kring nowto FIG 1, a flowchart representing
one of the processes of the present invention is showmn. An article may 4

be provided and may optionally be coated with a bond coat material at a box
12. The bond coat material may conprise a fornmula MCrAlY. MCrAlY refers to

known nef@ji1gpating s¥ELeEs cen nutletly Mrdenrtasickils GPhald vdFQus
pl ati mum or m xtures
drawings indicate like elements.

DETAILED 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 “solution” 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(s), and coated article(s). As used
herein, the term “metal” meang 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



thereof; C denotes chromum Al denotes alum nunm and Y denotes yttrium
MCrAlY materials are often known as overlay coatings because they are
applied in a predeterm ned conposition and do not interact significantly
«wWth the substrate during the deposition process. For some non-limting

exanples of MYALY, materials see .. Pat . . 13,528, 86 I ch_describes a
Fear Al Y PEERTI SR Hotaray Seitnakly 52540858 wifRudaperinEoate, pPar. . |
No. 3, 64htdbi dlestd iDasoR TONPDEE tBosQatbAE mAtwRiEN Aakayempehisechrom umis
applied to a substrate prior_to the deposition of a. MJAY coating. U S
Pat. No.fxrmeyie ¥brAlscriGedlh wolemd Yeookepraymebatli Agahhinbde sysSempatin No.

ducti |1 p L Aifeq ERE, S FRA. BRI RRSE e hBRLT o 81 oy

whi ch detHesesof Mrobshexd slathBomi @at SABNE€EnbYedi All URialimt handpvegseneeeaf a
conbi nati on of hafniumand yttrium A preferred MIA'Y bond coat
conposi it iyt ddderibednate i ol e pare pBtemeknown agl1ovakilal coakdsbgned to

wo ght el a7 A ap PR T S BE 8t BRI pEB BERBEE1 1 3n AYE"Be]
Si, 0. Ik Girdfferdrad anicm Sl @atetly fwdtht bike gsaLPt 2a0&I GLirtiggothdi , Co and

m xtures_thereof. See also U.S. Pat. No. 4,585,481, which is_al so_assigned
to the SRR IILIRFREESHd T9%E P8R ted- hewntt ingyexppdeaned. MEod2¥] The

bond coaf yiat 11 2l sdity 4 S0pEOMN 563 Aap PO RUChNBeohikBect BabepERIO t en

known in the art as diffusion coatings. Itron, ond coat materi al
may al s@ceaniprg ses AlgedPttAl S . SRy AllY. a3, sescsBbedIabadditand, t Uesl.i katk .t hat
are Oft%ﬂhk%T%héfhzs 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
"MCrAlY bond coat composition is 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
compogitional range of 5-40 Cr, 8-35 Al, 0.1-2.0 Y, 0.1-7 Si,
0.1-2.0 Hf, balance selected from the group consisting of Ni, Co
- and mixtures thereof. See also U.S8. Pat. No. 4,585,481, which is

also assigned to the present Assignee and incorporated herein by

reference.

[0020] The bond coat material wmay also couprise 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,



the art as cathodic arc coatings. [0021] These bond coat materials nmay be
applied by any nethod capable of producing a dense, uniform adherent
coating of the desired conposition, such as, but not limted to, an overlay
“bond coat, diffusion bond coat, cathodic arc bond coat, etc. Such

techni qugs gy Lachude. spub aig ot Lipided {9, diffusign, prosesses,(eyg..
i nward, outward. etc.). TOW pressur & pl asia-spray; ai rpl asha- spray,

sputteriape agthedi eaghediel esly edaegas physi cal vapor deposition, high
velocity plasma spray techniques (e.g., HVO-, HVAF), conbustion processes,
W re spray techniques, |aser beam cl adding, el ectron beam cl addi ng, etc.

oot THBSRNL LA ol ol LopbORt 9L, B0 200 St 0 hERLERE 73,
m crons ¢8pAblenvf pirbHueimgas deasid,Cheificren,ofadbardnt? od imnsof G125

mm). The bond coat 30 ,may be applied to any suitable thickness, and in
embodi meflEE1KBY CHEPEHGECR  nPHST @S2 Pubnyriaty igsted G 1 (W SBAYM)

thick. | 0 nbQdi : t hickne B3 4 %Qp i ( 2 m
t o about B9n§1' Féa?(). %‘d}g%m%%%tnh%gﬁld ?8%5’3] %%\'ftt er lgieop Vi lrﬁ(\:jorgﬂrlrl:!o(%oatgcl ’o%a bond
coat | ayenchotebbnigntichay tihelars,cbatmaydacodiied ted it tdicffmdidmarri er
conpound to forma thermal barrjer coatin hereinafter "TBC') at a step 14

g
of FIG BFOFRESEPt (Bl 8- may WaHPri SECHRF Patt-Hat 1% REAFTHEG P Hi%d with
a ther MipPay! | g1 -CoTRAHAdspRgy | BpuRRlh ity aloa AL S & 1R Ay Uk | 1

t urbomachi nery appfication s, but not imte , any part 1T1aV| ng an
airfoil,phygipatt vhpeirngeposealionai hfighl yelesdlty, mrbnahesdnske .t edhme quess nal

barrier conpoun ise a,ceran c based , .
?eVB., QVSBY ﬁ%gBB, combust%on processes, wire spray techniques,

laser beam cladding, electron beam cladding, etc.

[0022] The particle size for the bond coat 30 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
be about 5 mils (0.127 mm) to about 10 mils (0.254 mm) thick. In
gome embodiments, the thickness 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
applications 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



6 compound for use with turbomachinery applications as known to one of
ordinary skill in the art. Representative thermal barrier conpounds
include, but are not limted to, any stabilized zirconate, any stabilized
* haf nate, conbinations conprising at |east one of the foregoing conpounds,

and the J ke, JOred %%ﬁfitl’y Jfﬂf@oﬁﬁﬂﬁéﬁ%@é%aﬁgﬁtf‘oze dé%agrnx%ﬁbtb' zed

2|rcon|a gnesi a i zed zitconi a a cal ci a
stabi | i oee dfaforida rand, negiidsiim sttl*a@id:’rtzecké;aﬁm@mté(tive acséahbli bedrier
zirconia is comrercially available as 7YSZ . [0024] The ther mal barrier

corrpount‘foﬁ’ﬁ’g‘?’uﬁléisaﬁﬁlq S0 Rie 2%F 17 el 1R FRA aFyr nifHett 3P pideesses known
to one ofi QUMRAY 5 t:laﬁlrldgit%d fnac:tyéta@érﬁaﬂ?ﬂi&ﬁé'@&nﬁ%?&?ﬁéeéFectron

i ncl ude, but are not I'imte ysi cal vapor deposition
beam, teastmlorsprdy tie Coregaind awmo&n@, vaehdcthy bikgenfotuekample,

sputtering, ,sol l.,. sluyr conbi nations conprjsin | east one of the
foregoiﬁ§% 'ﬁéﬁﬁ¥%+%ﬁi) l%ﬂﬂFQ#ﬁgqlﬁégg i%zg%c%bﬁ?Q%ﬁabymﬁﬁ%e%¥a
or di nar xét%*slllllaera tﬂ%c%ﬂy jx{i@ﬁ@'sua@mﬁéd 19:?1:1599 appl &g ui 82 zeq
el ectron beam physi cal vapor eposition proces orns an I ntercol umar

m cr ost hadtuirme aneix mslgirte sig fsrtmdns]uamtl rpoolanmstwris stalkikizeds, that is,
pores, vqids, ,and the |ike, rmed between the colaumms. Al so as recognlzed
by one GFr&PHIRary §HWWeQQ+§ aal %gh%ﬁ%%J Y$%rrier coating applied via
a thermal spray process exhibits a tortuous, interconnected porosity due to
t he splats and m'crocracks fornmed via the thermal spray process. [0025]
Once th% g%g S lied, the article may b ksed wi,thin a sol ution
conpr i sili§441 ]P%ﬁm% SABTASEL camﬁasan GmaY e 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 depogition (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
depositidn 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



of FIG 1. The suspension may conprise a solvent, a netal originally
present as an oxide of a netal, and at |east one 7 ultra-violet curable
resin, at |least one dispersant and in the alternative, or in addition to,
~at |east one surfactant. Wien the TBC conprises columar structures with

I ntersti ti pPR&d 14, [_mge[ L on at
about ggﬁfaogﬁotl%q:abgll%tgb?%f—‘%%égl I%gn |arﬁ |aeIS$ﬂuE)rﬁ gﬁ%g/}?ﬁ%ﬁ?o about
10 torr &Dtéfnpsiiyet oocabdut aﬂ@@.tﬁ.@ﬁ']l’ tEl,. atpJicadtoronealoinf sttt athdo about
5 m nut es at _whi ch point the pressure may then be adjusted to at rmspherr C

pr essur eFRENEEC; §°m86’6§?576’6’ WeRE @fﬁ“?tb?%s “WYéhltqke TRSG Cohpriles

t ortuous i r nect 0 g%%%q ﬁﬁf
Wi t hin tﬁgtsg%%eﬁggo%%a?q %Elt %ggém{r%%% %ty out %’fb%‘“‘% andﬁll nit |y
under a gaeBuUfROPCaboot abdutons0CE. 1% epw)) atnnl iakimita 1180 vreter (al.v&aqaaim for
about 2 tg apout 10 m nutes at vvhr ch point the pressure may then_be

o

adj ust ed® a%l‘PH'Bs[BHeFP€r BPedSuPEl) Of® SRRl ot |1 % BsHe AT wi l |
k t
recogni Z&bﬁﬁtsz Biﬁﬁﬁéﬁ k5 abeat! eomn%%e\éa%%umgopfgs%gy& of%rhh B]%B%llﬁl is to

draw out e alr present in the interstices or n order
to make mapnthen bbeadgualtedotenaemosweﬁaird paressoray dltatt Hes aiabdute 760
article ma bZ agitate Eggple noved . within the suspensron to force

out any SPFTr&hér i Hﬁlsj[ OUEG]“ el BOrroreri§Sthé FSEed article, the

coat ed ﬁﬁﬁéf&énﬁ@&t@@ Fb%%*s%yv"' ‘i:?lematr‘t%c‘i'e()lm%ﬁz ']degf&hp?fé%[ Bt altmfeRpg 18
of FIG 1 to cure the ultra-violet curable resin present in the netal

cont ai niwgthBC. tHhesvepeadiont Atl ebomy 166 °Fr dRA0SE Initich ahghutr 4-54°F el6d9QGht
energy fordagggEl%91§e%% d to %%%%Bnﬁgf 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 ccated
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
gimilar suitable apparatus, as known to one of ordinary skill in

the art.



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 tenperature of about 300F for about 20 m nutes to about 60
“mnutes in an oven, or simlar suitable apparatus, as known to one of

ordi nary | the art. 0Q27] After, curi.ng the , TBC coat.ed arti.cle,
the arti %@Jﬁayhg‘éérdfjpédnﬁoﬁpgn%é Ct‘:’r‘?&tedl g,rt. or ST 53 Bhe
excess Holaetlo MHgRAL Saa@Ntld Ol v 8SbPatBIEF i BhPnabr A, beXe28x0EcEI G 1.
The article may be dried using any processes known to one of ordinary skil

in the @alwaitablisdorsane drdéon. rSuitabheertr s ngt probessas phAcFlide, but
are not ,.ted to, ar dryi

i ., . dryi d ' d
neat | ng 61 OHA (S T T S TELR FEFR S | BESRSBRe® ok bHE Fir 851
processessdirdiid, tde 11 ki e /PPURki©@dbld MBoRagESSREYein. dEYithBIartiCl e

depends upon several factors and, in particular, the solvent of the
suspensidyirbprmcatsies inelude albeonee Moy TBGitedted. airi ékgingy be
dried at, a tenmperature of about.750F to about . 1600F for about 10 minutes to
about SGTHIE GETGT GHER e b o 1IRAE redi i Tber FaPESif 0028]  Sui t abl e
sol vent s irte dt tdinStisPensi 0 1oestidene b t1¢ efdPbgbindt gok8ss¥aY er,
al cohol s, conbinations conprising at |east one of the foregoing solvents,

and t he andk&hesdiitksh| Shefiapmnams fye congrssarvriyanity diBpeasthesewnhi ch
may evapar nd/ or r.n -of 1Ly ring the drying s . [esentative
organicg%éﬁé%%aﬁF%lﬁéﬁ%ﬁﬁ;)éﬁé%§;% %%#’I} 'Q%ﬁ?%%ﬁiagbléﬁgtﬁ§$ﬁ% ad yl ate
(al so ko ASpdBiRvn. HEt Yoddamble, the metal containing TBC coated

article may be dried at a temperature of about 750°F to about

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/or 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,
gamarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, lutelium, indium, scandium and
vttrium. Such suitable metals may originally be present in the
sugpension in the form of an oxide of the same metals. The metal

oxides may disassociate to form the aforementioned metal as a
9



al cohol, and the like. The aforenentioned "at |east one dispersant' nay be
present in an anount of about 0.25%to about 3% by vol une of the
suspension. Suitable netals for use in the process of the present invention
“include, but are not limted to, |anthanum cerium praseodym um
neodym um onethiu samari um _europi um gadolinium terbium dysprosium
hol i U iwt%ﬁﬁl%m %@ewsiﬁaﬁ! PREESFIARTES RAVURPTOEARE Gmidmgeter
ytiri umoSughostil § abhensREBLESMBY bLALNAbbY RSnBREEREL L Ry sispension

y

in the formof an oxide of the sane netals. The neta oxl des

di sassoghraezenip foramt Asoahbr effeabounedsSnpeakbeas &o9aietidl Spaptircgndat &y The
ut 10_nanoneters to about

netal partjcul at conprise a dianeter of abo

1000 nanOhet®T sC ngﬁ%aﬁuﬁ enﬁ?@?enpgﬁnSéﬁeaﬁéuﬁgeopeﬁﬁéupa§§lﬁ%g€%¥ﬁ to
about 50, PEEFENMEHEOYMe ¥l URB Pén&ﬁ?a@HSEﬁ@STQB-aﬁaes§t€§eo%iEﬁﬁnﬁ%%@
particulate allows the nmetal to penetrate the TBC and settle wthin the

i nt er st i tekensiti ¢ost andstorhtiensonhateedopoeosietly pofr0828)y .Referring again to
FIG 1, after drying the article, boxes (16), (18) and (20) may be repeated
as often as necessary at a box 22 in order to achieve the desired netal
containing TBC properties. The desired netal containing TBC properties of
t he coal®wRk%)t Relfermmndgeagshar agl FiGed asafttert ehstimgg dass raack 1 obalj ng of
metal wiithin the jnt rs%ice g&giortuous, i nt erconnect ed porosity of the

p

TBC, i ndifHigithk, dELft e i B9Yobet hePRaESH &8nPEFRPN§STBECSTRETY
desired dpadipg: 03>t he ~pBLAl £ LhhRetRecfBC3aRY YR RRRYYE é%ochqn%guhtrskgo%

by weight of the TBC, and preferably about 60%to about 7%@6by wel ght o

the TBQrdpwridbssretheodesitygdohethé mehbbhivongalBCngrdBErmagsbefnghe
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 cligomer. 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
photeoinitiator 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
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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 followi ng: photoinitiator, additive, nodifier, nonomer, and ol i goner.
“The resin nay conprise a urethane based resin that nay require one or nore

curing s a v£8£egxi‘ h@ Bt ?sta |39 LS o @[ szlne%%at a]tlon ch

phot oi ni |se a s ce that 1niti ynerlz

t he resi asv\mﬁnbexwesﬁdth@ dblluamerobet mllbgbholemlragy sﬂru@t@mmatdﬂolmae
wavel ength. For a dual curing resin, two initiators may be required such
that theCIREsRE PHi 2FaRoFekhRiny é&@ﬂchelﬁeﬁﬂﬂeu ﬁoé‘rtdé’fg ta@ fkamnt ene of

pol yneriz f | e ar W?ﬁn curing
coatings %ﬁgr Skggluﬁ?rghslgg IlghFEeEe%§§ ﬁ%ﬁ ﬁb é&% e resin
mat eri al cospebseas fhlberweheniibalcebpabie of m&mhgmame iy wedny es of

the coating or at a certain_depth_in the coatlg%las knogwn to one of _
or di nar yr@Ri1| PraPekbigpt Sutheagy bihshobné iBdded o ndy-owcabsse a filler

cher calygepatibe l16RNaBSAG.ane 0L URGE LIS SREILISsSUch Arediut ot

limted to e, wetting, uoresc e and ‘achi eving fack-free
sur f acesThe The héabeaeheomed&ﬁdeilmaynawmp®&99|aesak&mh&k@n@egaaﬂabhé'of
I ncreasing the durablllty for .exanmp | npact resistance, crack resistance

and the }PRES28+19NhE ?eé}lﬁabﬂétat: ﬁeas?XéWElﬁmnéﬁ’@ﬁctnﬁfse@ﬁﬁqcse Srackast
one Singl&suBEhno anaOkMgB&lﬁapaB!fetﬁfg gﬁew dippg apdAhQs enhgcing Adhesi on

to surface materials, for exanple esion of the resin to the surface
of the amayctempbesegato&Eadt ﬁhe aungéasunmneodlngnﬂwﬂwa'megm@ﬂﬁzed'as the
backbone of tge reS| and rise.a poI %It of about
providing an /or en nc1n esio o sur ace materlals, 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 asg, 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 aforementiocned 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.
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nononer units to about 40 nonomer units that inparts the basic properties
of the ultra-violet curable resin such as, but not Ilimted to, hardness,
el ongation, chem cal resistance, and the like. In the alternative, the
“ultra-violet curable resin my be substituted with at | east one heat

curabl e Lpn,as known to one ord| skil]l.in the art 03 o
ot orr kO RaR f b A Tee e f) B ARt Trer s lopbeesd withie

present angsmawenl éo%em@ménx. 958?@%51%50'&%%@1&19&%(1 o tl'e%alsecs AR ke
provi ded and may be coated with ionally one or nore of

aforenenpanhedubahd onaglnﬁéﬂgrpabsenandsoaa oxidger efofa mh@aéfomhaﬂarMm£d

t her mal npou revio sI di scussed as.i ndi cat ed at boxes 30 and
32 of ﬂ?%#a m?ﬁeth%PHgFeﬁaFPu %&FlH&lﬁﬁyaﬂeeéﬁﬁlqﬁ? &g Cany of the

af orerrenaéﬁagﬂt%ht 59&&@9%@3&%@9 PEOERRs 8 %ﬁ%la%ds que'fﬁ the [Q9032]
At a box 34 of FIG 2, the article may be inmersed wthin a solution

conpri si hg ad@mSpenstonthenmataﬂngaat1beéatea MbEabusp&mBuowlaE@'@ﬂmw nal |y
present as an.o

| d to the TBC
P re arCaRi S8 e Lendt TRbRo P ERE or Bhelbost. EREuRA: &apt 15Eagr nary

skil '”olbif'foﬁélly éndilgﬁé&baﬁtt QthngEbﬁlalllI§r 1 %‘ih@%@: the suspension may
al so conprise at” | east one solvent, at |east one pH stabilizer, optionally

a di spersant and optionally a bi nder . [ 0033] The net al partlculate
concentration of the suspension may be about 0.001 wei ght percent solids to

about 5 yEhgyf REIE Gl 1S Uit i MR Uiinlndier SUSRENSLIAD. & B0k £ET

about 0.005 weight percent solids to out .05 wei ght percent solids b
be about 0.001 weight percent sollds to about 5 weight percent

sclids by weight of the suspension, and preferably about 0.005
weight percent solids to about 0.05 weight percent solids by
weight of the sugpension. The metal particulate may possess a
diameter of about .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 isoelectric point of the metal particulate may be measured
uéing any number of processeg 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 cof 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



wei ght of the suspension. The nmetal particul ate nmay possess a dianeter of
about 0.02 mcrons to about 0.2 mcrons, and preferably about 0.05 m crons.
[ 0034] Throughout the el ectrophoretic deposition process, the suspension

-may be maintained at a tenperature of about 68F (20C) to about 120F (49C),

while a tenperature of about 68F, e.g., roomtenperature, is preferred.
Wien i meiEfhg PRéCRLOTrORENANRL oMLKE USRS ERSITERT t BECs (Hsersifeh e Wile a
pH mai nt aj % l; .soel P i f ot et
particulg%g.gfl %%etﬁgogpggﬁggégggﬁﬁﬁ %% ?ﬁg%kgﬁgﬁggg ﬂqﬁﬁzig?#giéﬂxgﬁégéured
usi ng anyeastbeneobcpdocssdesbipounitie doe aiseohdivmdty nekt lindludd hérart .
The pH value of the suspension may be naintai ned_at pH range of about 2 to

about 7,3%Ri retal pmiFgAgECer NabEHE 3Cid, SyEFPCRlonis mcdler P&Rt {DEs5d
Sui t abl e ts.tQr i i=nclude ut; sare . hiyd ted to,

wat er , ?%%%%Fg %8?8:,H§§Fﬁ§%§|?h§?ﬁgﬁé|a%ﬁdﬁh%elfgﬁq %g&t%¢$%hloroethane,
m xt ur esdi seeesdntanflorhaski kereThetpHpreeeeal abofllbmesuipensiamml nmtdld ng
nmai nt ai ne Eﬁ%the addition of at |east gne acid. Suitable _acids for use

herein n®& | ngealpRRTtaFElRsE MR LBFluge nPHt @recPPt Hydided dd-c acid,
acetic | k GrmaGh Lxtu r ard s | i I
dispersgﬁbgafo?ﬁﬁgéhﬁgrgrgafgkgfeégﬁtEggg?gkgfa?géﬁgg%g!ggf?%#ﬁéﬁegf t he
net al paitctudal ebuayairechode lildtedr €onopolliywitgd tdcohmimandaramenilike .
stearate, and the like. Suitable binders may include, but are not limted
to, polyvinyl alcohol and the |ike. [0036] The netal particulate my be

bi ased with a positive DC charge within the suspension. At the sane tine,
the arti f0@36hy The metal particulate may be biased with a posgitive 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 towardg 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 abkout 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 repeated as often as
necessary at a box 38 in order to achieve the desired metal

containing TBC properties.
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be biased with a negative DC charge to accelerate the suspended netal
particul ate towards the surface of the TBC. The nmetal particulate may then
infiltrate the TBC, for exanple, penetrate the interstices and torturous,
“interconnected porosity of the TBC coating m crostructures. Typical

negati ve _hiasi ng vol tages range fraqm about. 50 Vol ts,to about 200
Volts. N[Bhgﬁé;h%%iag Vel E%e"ﬁf’myzq ég*be (B R GHEP R R TOLRT | Bﬁcr‘a%%,eghi gher
V0|tageSaBEYc@ESﬂ%?eaﬁstbEaEééést%@ﬁtééL5%.#%rk%ﬁ%ﬁ%r%@ﬂe%k d ssues. [0037]

At a box 36 of FI 2, the netal containing C coated article nay be dried
at a tenpempeuptuvt elfoabc88F1PEN°Abbot abouhodO 006 Falfount a2@utour siovamd to

preferably apoyt., 3 hours_t.o_abaqut hours, The anpbunt qf ti

reduced ?%Oﬁgogthﬁggshoapg P5egﬁﬁﬁé?YSagoarg?mﬁﬁaaﬁpgﬁeP%b@%mgﬁogﬁ%%gﬁbur to
about 2 heur gholly 4" Bb&BY The HEEReEa! HEBaPchbAtakadhg?alc AldRirtdind Ng
the article, boxes (34) and (36) may be repeated as often asS necessary at

a box 38ofntbederatedashiévéet meydbsi chdraetealkizedntai aitnd ¢EBC pr clsevitriess.
13 [00381 Aﬁ.a bog 40 OE FlILG .2, #he,ngtal containing BC coated article
may al so-BBYHBg: ©fr B5FE ,Wégb?? EPRt &PEGESELCES PENHEFAETFE of about 1950F
t o aboutigREREchAECRRAUboBoBOHYSoEOthabett, 41 RelsingnEher ekarigkly at a
tenperature of about 19/75F for about 4 hours. The desired netal containing

TBC propeerpestyopft hbecoatad aenteliningyTBE.cRheadesriredd loading edstthg
desired _| i ng, ot | w-thin the_interstices qr tor ys ;
intercoﬂﬁ%@?gdwgggﬁgrﬁégoF h&*¥ e ?h8P§d?§@ gﬁeaESE%ré§%5p8P6§Fﬁ€h§fOFhe
met al corkel 1ROy dBE. prBeedabilyedbbq8deng eb kBeut 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%.

[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 mere 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

desgcribed herein.

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

the aqueous salt solution. When vacuum impregnating a TBC
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metal within the TBC nay 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% and
preferably no nore than about 20% [0039] Referring nowto FIG 3, a

f | owchar, resentin ﬂpag r 99? cj.ayengion_i.s. wn.
Agai n, %Oy{pgﬁeﬁggt%e&a or%erreshtf%ne éarkgl%#gg %@gggéb%%%rd% gaﬁgéﬁ%§8be
coat ed walyh beoplimsed | or ol sdarrtnDfid ey ador € mestpongcubendr capbut
material s, and one or nmore of the aforenentioned thermal barrier conpounds

pr evi oudi& Hi SUDed a2t B até &° Poxumteam WCBaR 8D abortGl03. The

Sui 1 anl 30! (4T e 0 ST R E R Kook L i AR P o=t “7RRLbaER

appl i edtd at iTIwinmyedeat meidedoint e afraskieossmep! théanbas
I ndicated at a box 54 of FIG 3. The aqueous solution nma nprise a

co
sol vent 3$idsfafbtER 2NIPIRTIG BresBme asthakald, dbaukel @ . tarE k41l e

may be i-ppe ; 'ﬂg’@réﬁg; L thint BOUS S ) | Q0

t enpera (uyrlg 'a(r%}jq{/laécuuml r%%%n%fe%‘gh\ﬁﬁ éhe mf%é%on‘%;%%%ntﬁés ]tgh%%aqueous
sal t solalticuan.1 530 wacldirbe ot Eginadd Nt ac HBGdYutcoompr ¢eh Higi Bed oh urmar
structure having interstices, the article  may be djpped or i mersed

i ni tial MSEOS WerfgaRift €MDY 681 (O L tiR bt 0L 50Re (B8 under a
vacuum qf; 1aRQpt 110 THE! yddh 1hPSHD tébré?&%%sl%o L Ffuddsd psi) for about 2

mnutes to about 5 mnutes at which poi'nt the pressure nmay then be
adj ust ed nte ratorosptterd Egrasisiy e, tidaris;labng FE0iipped (dd. immgssgd A

hi gher %v?.t E::Lrnat’c ree svl\iéphgnnsfor}? a{tann.goeorr(l) fté’j‘n?p?éjrtatelélgz":e ta?nd 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 aqueous
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 aqueous 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, pragecdymium, neodymium, promethium,
gamarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, lutelium, indium, scandium and
vttrium. Such suitable metals may originally be present in the
agueous solution in the form of a salt of the same metals, for
example, gadolinium acetate, gadolinium nitrate, zirconium
“acetate, zirconium nitrate, and the like. The metal sgalts

disgassociate to form the aforementioned metal as a metal
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about 150F would be utilized if the solution exhibited a viscosity capable
of inpeding the infiltration of the netal within the TBC. Wen the TBC
conprises a tortuous, interconnected porosity, the article nay be di pped or
imersed wthin the suspension at roomtenperature and initially under a

vacuum of about .10 tor 0.1 bout 100 torr .9 psi for out 2
to about® ?69 HieEE- aFLﬁﬁmﬁﬁaﬁoPﬁ%tﬁﬁE BF@S@BVeCH@Frlgﬁeﬁ %é L6t &4 to

at mosphegheupr 86SHABomAE8YE, t¥agHBlL hBBHeHRAbNEReRS WRl @ %@'b@%@@%tthe
article wwthin the aqueous solution is utilized to draw out the air present

in the lntensamoestoofpeboatt950perhenEBCO|abondeSOtpemabatr@qnwtdmmﬁhe
netal to gn%ﬁr. &0041 table sg|l vents for ge I n tg %ueou %olution
i ncl ude, © Gr 8IHDPYFI EﬁlPB EeP128oRbi hAE BRSdoRP t&FH@ | east
wat er, agd1bhe thgeme§ante@|5eﬁgkégéefeﬁeU@gclanah%etE&QC%§%h95 kn@ pr esent
|nvent|on i nclude, but are not limted to, |lanthanum cerium praseodym um

neodyn1unntprahechsuand samtnoum, eutepcqnnegaddlpnrosutyerblun1 dysprosi um

hol mum erbium thulium ytterbium lutelium indium scandi um and

yttrium Such suitable netals may originally be present in the aqueous

solution in the formof a salt of the sanme netals, for exanple, gadolinium

acet at e, [00dD] | Mitamiditgding 2y comarBirarceailat CBZIideomdiniiicht e, tland t he
' salts disassociate to formthe aforenentjoned netal as a

i ke. Th
n£t2| 15 bap?ﬁcara%%leTﬂ@yng?aﬂrbs@tﬁEuﬁaF%mﬁﬁyaEHHﬁrP§ea§°aFa%QPeF &pr
about 10aﬂaaaagﬁ@réftelaQOHécéQQQrgagen?éﬁa§eanéhaey196 REPBREtel Bran

anount of about 25 percent to abou 0 percent by volune
burn off, the solvent at a box 56 of FIG. 3. After removing the
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 (399°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 desiredlloading 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% 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 ghown. An article is

provided and may be coated with an optional bond coat material
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of the aqueous solution. The size of the netal particulate allows the netal

to penetrate the TBC and settle within the interstices and tortuous,

i nterconnected porosity. [0042] After dipping or imersing the TBC coated

-article, the dipped article my be dried at a tenperature of about 300F for
an amount of tinme necessary to renove, that is, evaporate or. burn off, the

sol vent H2Y&rbdRA5s EPeHnﬁ Barpiesr CPERAYNAgaEhE Loyl VnERdhEx &K 52) odnd

56 t : ; ' t hi
he dosi Toa et aroecan & o5 T RFOEERInkiBhel ARt del naY Bl 1 be hoat -

treat ed pavvadeé@nped ahayebef cahoetl 300 64496r morabett the0F (399C) at a
box 60 of FIG 3 to renpve excess reagents present fromthe ggueous,
sol uti orrfppemenhaipned aekiapas, bandr pas, maRarinés| pRE. theprade Hargd efet al

cont ai ni o i d t] h terized as at
| east a §%§§§%%&%oggéﬁggg?9§n%?§fﬁﬁgéﬁrnT?%eégkgggggiggggoggggrgﬁgUS,

i nt er contieetedl parpsétycohitihe hBE beneppliag tiBéndeanyedfpahesity of the
metal containing TBC. The desired | oading of the netal within the TBC may
be about2bSvshernhbened1o0itablacpgRiicRtine PROCCHAES PrEFELRBAY heB6idn-60%
to about 70% by wei ght of the TBC. The desired porosity of the netal

contai ning TBC may be no nore than about 30% by vol une of the TBC, and

preferabl&gno more than about 20% by vol ume of the TBC. [0043] Referring
now to FI&44] fnasokdisaBG dft esurddiaty diwmt HEC qrafed fWiigie mredent

ment PSSR, Par s ExkRenBhOYLHES, RICLERL, R FRALETAMENID |

70 and agdb¥eri?, ofhe 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 aqueous solution comprising the solvent and the
metal originally presént as a salt of the metal as previously
described. At boxes 74a and 74b, the aforementioned suspension
and aforementioned agqueous 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, alir pressure spraying, airless spraying, thermal spraying
processes, alir 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-violet
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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FIG 4. Again, any of the aforenentioned articles may be provided and may
be coated with one or nore of the aforenmentioned optional bond coat
materials and thermal barrier conpounds previously discussed. The optional
*bond coat and thermal barrier coating may be applied using any of the

aforenentlog g sujtabl e a%CL a Erocesses descri bed herein. [0044] Once
t he TBC FE25pPI FEHICtfie™ alPi EFECTRy b e?ﬁ?&?eﬁeﬁﬁﬁﬁ €a) the

af orerren&éﬁ&@ﬁlﬁgwﬁnﬁhenwg@rmpb%l aga%nfs@e sgkvepkest heaMBLA 7@, 9ithRl |y
present as an oxide of the netal, and th € at least one ultra-violet curable

resin, ametadstonhaindngpersaat amdlchetMeyabEedmaEdvapd@m anva@@mnlad to,

at Ieast onge rfactapt a eyiqusly described, or (b tloned
agueous §B?HP|£§ EBﬁﬁrFQiﬁ Oﬁ% XQ@I@@%F datﬁngﬁEPﬁgr%rpg ﬁQPI ent as
a salt Oﬁzbh@)”EéaébéﬁtPEGMbPU%%¥°C?e§6&'Qﬁdaméthoé%stZﬁ% %ﬁ@fiégenkh%o

af orenenti oned suspensi on and aforenentioned aqueous sol ution may each be

sprayed dppnthe cdatsngthe TBC of the TBC coated article using any processes
known to one of ordinary skill in the art suitable for use herein. Suitable
sprayi ng processes include, but are not limted to, air pressure spraying,
airless spraying, thermal spraying processes, air plasma spraying

processeSOOhthWm@nmﬂuglanngﬁthét&ﬁoﬁqmenhimn¢ﬁ(EuﬂpmnsimnuﬁbmﬁééOﬁsa),
conprisin t he fore 0|ng€s rayln processes, and the Ilke.

[0045] Al(?_@? SRay A BaT hBRYEbS oBaPEATaRL BEI BECERe SRPRroeRanYaPh: Ay
coated agsholf GRYoPerbl gahedvl theUbtb2abalsbnell Ali2Rar ikche cure e

ultra-violet curable resin present in the netal containing TBC

pr evi oustgndestcindeprbpeet hesAdsedescuibad abevéBCWheatauléuzuugetae a box

76a, the Eeégﬁegogégéglngueous 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 aqueous‘solution
comprisgsing a metal salt requires an additional 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 ccated articles using the processes shown 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 porogity of no more than about 30% by
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17 coated article may be dried to renove any excess reagents renmaining in
the TBC. For exanple, at boxes 78a and 76b, the netal containing coated
article my be dried under a vacuum of about 10 torr to about 100 torr at a
tenperature of about 68F (20C) to about 150F (66C) for an anmount of tine

sufficien oat i ng. 046] ‘When utiliz t he afar ntloned
suspen5|8h Bo?g %?&a&B (78 )95% ?%&Y'Hﬁy”ﬁgeré 9%¥(%$%

necessayy] hedolOxXneBeaci n order to achieve the aforenentioned deS|red met al
contai ning properties as described above. Wen utilizing the aforenentioned
aqueous sol ution, boxes (74b) and (76b) may be repeated as often as
necessary at a box 80b in order to achieve the aforenentioned desired netal

cont ai niHg48) ORI S5 A5 ndlP S PRd. above. A G0ATL s, descrlpedngaphier, e

use of an aqueous conprising a ne urres an Irtiona
st ep toanetthee ptbeeescefstheageab&ntrdmmbhelmatab ebutval . niamg akBG cdeatied
article. At  a box 80b of FIG 4, the article may be heat treated at _a

t enper aPGP¥1gEd aBBGthEOPetSOQESétW?GQFaPoopéﬁﬁvé e?@@@scoﬁéaéﬁﬁﬁ§”ﬁ@esent

fro”‘th&néqHGEHérﬁ8hUbhggleQQEPﬁééﬂﬂheto ggéhage%acnakrat%%x E%%? "ke

[0048] I'n formng coated articleS using the processes shown In
resultahbanEaIAgamnalanygoIBeheoatedemehtdbﬁedaart¢&&pslsayakd95|red

| oadi ng wi.thin the TBC of about 25% to about 100% by wei ght of the
TBC, anﬁrﬁVggﬁaaBPQ BBYuPE6E9REEd WBGH: OR6UPky "REFYRE SPSthe TBC, and in

ggg/' L | 0B oPEmEAL 1 BRea@bpREBARLVBonA @88k! R A3kt ¥ndf tRR fHANe Hahah sabout
0

compounds previously described. The opticnal 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-viclet 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 agqueous solution comprising the solvent and the
metal originally present ag a salt of the metal as previously
described. At boxes 94a and 94b, the aforementioned suspension
and aforementioned aqueous 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
94a, the metal containing TBC coated article may be treated with

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




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

anot her process of the present invention is shown. An article is provided
“and may be coated with an optional bond coat material and a ther rral barrier
conpound to forma TBC at

box 92. Aga
af or emer T oHEE 217t e%r%%mbelnpg%‘?/l ‘H%‘ga%\n‘gé%?llﬁéggoﬁ?‘é é/l PHQXHB‘lﬁ}LYrmr e
of the @fseimad inned; Qptipnat @@fﬂngoeﬁenﬁégélabénaagnmgrﬂgb BarELar

conpounds previously described. The optional bond coat and™ thermal barrier
coat i ng eyl dlee ajppl e u%angtlaaym@tal h@onfaabmemn@whed sutiabeemappbecati on

processes de crlbed her ei n. éh TBC.is apg ieﬂ ﬁg TBC coat ed
article‘%ﬁf3 © B YRNEY, 2F ??ﬁ%dreﬁﬁ?% ? a5 CPRETLPDr iehtFohBY - suspensi on
conpri si ng the solvent, the netal originally present as an oxide of the

netal, and the at Ieast one ultra- vi oI et curable resin, at |east one
dispersewﬁ é¥1j| n the alternative, in addition to, at |east_one

surf act a pPEvRoRSKy 9885 Ofi Be§ - éw the efsicdromarems
sol ut i oaﬁw'a@%dgﬁ@é e C%%eéhgs ﬁ%é@lo&%i '8@&&%4}@%&?%&%.%@5’1' t

of the metal as previ ed. At” boxes and
af or enerd isned GuspeBI®GN S,antcheafaxrtemhdﬂma];edbaqdmwé sol némone nayceash be’
brushed oHnéPalnted upon at_least the TBC of the TBC coated.art#cle usi ng

any brusiEEYr WM i HY 7D KRN tRFIRRSBES o7 8i REFYICURIYI in the
art sui tahle-fidg ygs-dwrein. [0051] After brushing or painting the TBC
coated article at box 94a, the netal containing TBC coated article may be
treated with
[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 aforementiocned
desired metal containing properties as described above. When
utilizing the aforementioned agueous solution, 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 agqueous solution
comprising a metal salt requires an additional step to remove
excess reagents from the metal containing TBC coated article. In
gtep 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

20



ultra-violet light energy at a box 96a to cure the ultra-violet 19 curable
resin present in the netal containing TBC as previously described herein.
After curing the netal containing TBC coated article in Step 4a, the netal
containing coated article may be dried to renbve any excess reagents

e uEPRE= LAy % eﬁﬁ%‘)?ﬁ#a@ﬂ@gpP%Xa@?e&"i@%a@fc&%“@CS&%C' el e n

At a bey 86Bupl 16b% b9, wehghar UrClkaemandie adhl peelf /8Ty IRXaesHs ¥ vent
using any of the suita Ie processes as previously described herein. [0053] |

When ut Bbpricngokhbyatvedghtnbifoiée §E§beﬁ@ﬂodn sddis iofR4ar, iF06adle and (98a)

b ted. ft box 10 f FIG der t
Achi oveRLRE RRbA Ehents GNE4T HoSrrea Wl A7 COnPRER RO GREHS A0 B Neser i bed

above. WielQmeUbk! tﬁénq:at:heaﬁaobe-@f@tfa@lw nddHeeus tmlrptdb%t boxe s 94b) and
(96b) may be repeated as often as necesSary at a box 98b of FIG 5 in order

t o achi eedumkecsdf bhenBBCi.oned desired netal containing properties as
descri bed above. [0054] As described earlier, the use of an aqueous sol ution
conprising a netal salt requires an additional step to renove excess
reagents fromthe netal containing TBC coated article. In step 100b of FIG
5, the aﬂDBGHefmuy:ﬁﬁsﬂkhanurﬁmm@Mbalim.albn@érﬁh@rpr@éeaseﬂtoBOﬂEeto about
750F to_renove excess, rea Es presen fron1th§ greous sol yti,on, for

¥ 5P ¢

exanpl ePTEEERE at BYETRiPPAR gnd &3 RE. "F66 1l GOmtRg e
art'C'eéoHEbaga£E§cPéocﬁ§5éés%QQW@d'@ar&h@f,5thbh%r%%%q%t%@y'BQﬁﬂrlse a

contai ning TBC coated article my

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 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 yet

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
21




20 conprise a desired |oading of metal within the TBC of about 25% to about
100% by wei ght of the TBC, and preferably about 60%to about 70% by wei ght
of the TBC, and in addition, or in the alternative, a desired porosity of
no nore than about 30% by volune of the TBC, and pref erably no rmre t han

about 20% by val ume O.f the T 005 e resultant I.n of the
process&¢ ﬁlenfthé é\%{ "%:n ngr]_\/“Hg SOy Eﬁ% %x‘?kd“e 'ont ai ni ng
TBC coahedeakbingled a%z@@:sfadatt%geaerﬂllc@ines@& Fd ChEH Yo HUPriSei @ epart
used in turbomachinery applications such as, but not limted to, any part

havi ng alnyafbuef bmadmgeqoam Heawiawed degminditg nipon $hes ez iankat he | i ke.
As known t of or nary klII I n rt, TBC coatin for

tur bonaGRAGEFCiR & Fosle g meceErtad e AR

t hi cker jhhaneTBGreeat '}:@zg%pfeobf tdﬂdl@f&‘%h'sfk@m B tt%@%)‘ﬂﬁlg an airfoil, or

airfoils in general. Likew se, the netal 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 exanple, the

articl e 1gRygl ”Cﬂé’ﬁé‘rr%‘& hSwneb Frabted 2hg ! aggs, rééﬂ?%aioﬁt ggeaacanq

mdturblne ranme in yet anof her exanple, the art y 1ncl u
but is adfl bifrmched processes ©f mwememaneimnmmrbmrbe:mmcle

conmbust gr bul khead nels, dISk e p]ates and fuel zz| e guj des. 058] |
Goner al 190" ¢RE e 11400 ARG A RO (EE JPYeRded K 1 A taly |
airfoilj596racgoal Gtain fc@ﬂtdl@llgm%”%ﬁa@ ,11QLf (dehe sreset, ey 'a@c‘l:félee about

5 mls to about 15 mls thick. And, generally, the net'al cont ai ni ng TBC

coat i ngd26f coetirddwith the at least one layer of the metal containing
TBC 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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articles having a seal, or a coated seal in general, of the 21 present

i nvention are about 0.5 mls to about 50 mls thick. These ranges of TBC
coating thicknesses for such coated articles nmay be broadened or narrowed
dependi ng upon the particular application of the article as will be

recogni ders d N _the futur one _of ordinary skill in the
et OB R R Bt RS ke v ey e Shb dinad PE at1 of
the proenssescof akha peeser!, ithéehiian way:the ndmpaneccleatlity eeated with an

optional bond coat |ayer 112 and at | east one |ayer of a netal containing
TBC 114°pBREippGiushesr aapogesitle o170 seacedhain Rhoe 0% dustvadieng ayer
of the ot g, .contal BhAd, [BC, 123 (Fee ELG Thy ALARSCIPEY SATLIAL o he
article may “conpfise a“part Gsed in turbormac i nery appli cations Such as,
but nothki mBtted 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 aposi!f aile ot ré&ﬁﬁéiniﬁ%%@?@éatﬁdfe&\f S€he  PPe6ORE €tndEht £bRS Of
the present invention adhere to these industry standards known to one of
or di nar pagkgeheralinecampripe06be Mesadetinl azommeumtn@LfTBOGatZS%y f t he

present_inyvention_. nA prise at |eas e geramc . based _canpound, the
nmet al ggﬁﬁﬁ?s#ﬁgagoﬁérﬁﬁgglg ewﬁ59% g°§ %Egnéﬁgfcgﬁtéﬁgﬁtafghpnanoneters to
about 1P0GreaABIPt @bsudndoRr ByeRkightaRoABBBNE g @%{hmghtawttr@%ﬁw

wei ght of the coating, and the oxide of the netal. The netal may be
di sper segathrguglistf reBadnderecpmpirising 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
gtabilized 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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the coating, and preferably dispersed fromthe surface of the article to
the surface of the TBC. The netal particulate is preferably dispersed
within the interstices of the columar 22 structures of the TBC or the
tortuous, interconnected pores of the TBC. As a result, the netal

Cont o TufRETFC ARG MM SOTRE | 96, WAL TBE B PBSLY: oLy08, P08 LhoD,

vol unme obrmeblea®BE. rE8Q6t] ofheamfeya,hgc@I&tarthengr?éags@;@@t 0Ty tife tﬁ‘@gﬁrﬂﬁent
invention may generally conprise the netal in an armunt of about 25% by
wei ght $BVaBbuPN10D9ABy ORePGRINGf ehNa rPROeBSat Alg kngia tﬁ’ré’fﬂ@r y about 60%

by el 08 a2 800Ul 1976 BY HEI ABE , Ok LG, 08N 1L 1) {ﬁ%&a]

conprising the’ceramc conmpoun oxi'd

ceram cokaded conpevndtefl thberTBheafichhe spasenty anﬂe@trmmdmxtmwrl se any
stabilized zirconate or stabilized hafnate, for exanple, yttria stabilized
zi rconi durehiéihy - sTEBI MPEad PKiEEnMAY AREREIEE 3t SBIPLgedetialcoiide v ri a

stabi | | gedsb! pbger caksha Sbabliized aLend aadamoneais, st izadafnia

The neta de ma rise an oxi suc |mted
to, Ian(dgaauernaey; ustc.pr, aaaddyhieuiikae OBy Aty peamf&hlmyutamdsmy um

eur opi um adol i_nium terbium dysprosium holmum erbium thulium

yt t er bi HRf2 fuPéFﬁﬁﬁlmﬁﬁdﬁeﬁW dign PuﬁPeyPF?ﬁGﬁFe08§bmﬁ§ﬁlGﬁ§n SofpMedixdg a

| east 0{‘1‘%195# ?QEﬁ%EF??sgﬁEa' Ford Qah gel, |§|Sre Ig\ %' s T

conprise a such as, ut ot mte anun] cerium
pr aseodym metahecdydeynpr may form as a reaction product of the metal
| 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

compogition 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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promet hi um samarium europium gadolinium terbium dysprosium hol mum
erbium thulium ytterbium lutelium indium scandium yttrium

conbi nati ons conprising at | east one of the foregoing netals, and the |ike.
" 23 [0063] The netal oxide of the TBC of the present invention is fornmed as

I f [ h f | ' i in,
oxi i 21 PG 2 T PN ORISR b e B ch b g S | Yo7 ot ek TP Rc

coat i Nngsft ¥pieCakhali RArtdE MRiQITBOX ahd Gy el dhehtishenrsal stability
and enhance their durability. The netal oxide may conprise a sinple netal .
oxi de, &*aPPA&ry amEedalodandaiaine (TBr wamnwlsignd ddel Yeiymmet al  oxi de
(quat er nary.- -et. \ t | i tj.ar o) t | des
may for%ggﬁ}el 1§ (t')L%PLg p;&eésearql;%e P}ofgz m)rrréép %1%‘?1: %E"Felﬂnheta &nﬁ%%‘f‘?? b%‘%%(gﬁgg
present prbdiaceXadpip:i SIRIcE dthara@te giRtidatsdldxyatdal compelesigg amy form
as a reaction product of the metal present in the ceramc based conpound
and t helgeskl gededénge . matldliagalainggniisy akk Prldctsses of the present
invention. Likew se, the single nmetal oxide may be present as the original
metal oxide, the oxide of the original nmetal salt, the oxide of a netal of
the ceram c based conpound, and the like. [0064] The thermal barrier coating
of the J088&dt Thwereiohidy puedighedrtpreductswiohmathireaghootie thenponent
of nolten sang for cal ci.um nma lLum na sil.icate (hereinafter

ref err e§ G ESY" &%%@X%%l&‘i SPﬂtgl?é‘ﬁga%g&e?cho% pd:re%ﬁrf%ijrpv?éﬁ%l%@sm a
resul t, taect hetanl ikadilsglereed ithERigHARE: HRSeHEid if athdureMoand s use
may conprise at |east a reaction product of CMAS and the conponents of the
met al cEheampilhgnTeend penetrates through to the coated article’s
‘surface. The at least one reaction product forms a sealant
composition or layer throughout the metal containing TBC. The
resultant sealant composition remains pregent as the metal |
containing TBC experiences typical wear and tear, for example,
abrasion, erosgion, spallation, etc., consistent with general
use. Thug, 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
been described. Nevertheless, it will be understood that wvarious
modifications may be made without departing from the spirit and
gcope of the invention. Accordingly, other embodiments are

within the scope of the following claims.
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conposition of the present invention. [0065] The conponents of the netal
contai ning TBC conposition mnay be the aforenentioned netal, netal oxide and
ceram c based conpound described herein including the anpbunts discl osed.
The reaction product of the CMAS and netal of the TBC of the present
invention may conprise further at Iea¢#% ? reacti on product as 24 nore

t han one reaction product nmay form du @H he useful life of the netal
contai ning TBC of the present invention. For exanple, a nmetal containing
TBC conprising gadolinium gadoliniumoxide and 7YSZ may react with CVAS to
form a whaet ignclpiaddct sgonpri sing at | east silicate oxyapatite conprising
at least gadolinia, calcia, zirconia and silica. [0066] The reaction
product or products formthroughout the entirety of the netal containing
TBC of the present invention as the netal is dispersed throughout the

entirety, of Ah?rEBESQHQf tbatApkt am %@QQCH%UeEbﬁkﬁﬁsﬁﬁ%RUQh to the coated
article's surface. The at |east one reaction product fornms a seal ant

conposition or Iajéﬂ throdghoat leyermetfalz cemeailsi dng SERC coftppund syl taant
seal ant conpgshtbgn.renains present as the metal containing TBC experiences
typi cal wear ahdCt&ar, for exanpl e, abrasion, erosion, spallation, etc.,

consi stent W th gener ghovigengTBUSO1aE ibhe cBRipdi GORf & MidR1TBC wears during
its useful life, the sealant layer refornms, remains intact and effectively

t akes the pl RastérulpEembagingont diismegerBof Fhouted @ mamomed@itsario | ayer
may al so exhrpit,.t esir Si f._n I, han ut_ 30% une
of the TBC, %ﬁéhﬁrgﬁ 8§a F?%%lge%r%eaﬁqéa *e5 (1)'%? 1%0@0&%)? m\?gﬁqﬁ:rrf %faﬁ% yI'%C.
percent to about 50 percent by volume of said solution;
(3) contacting said ceramic based compound layer with
said solution; and

(4} drying said article.

2. The process of claim 1, further compriging (5) optionally

repeating steps (3) and (4).

3. The process of claim 1, further comprising optionally
forming a layer of a bond coat material on said article prior to
forming said ceramic based compound layer and forming said

ceramic based compound layer upon said bond coat layer.

4. The process of claim 1, wherein forming comprises forming
said ceramic based compound layer using a process selected from
the group consisting of physical vapor deposition, thermal

gpraying, sputtering, sol gel and slurry.
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[.0067] One or nore enbodi nents of the present invention have been :

descri bed. Nevertheless, it wll be understood that various nodifications

~may be nmade without departing fromthe spirit and scope of the invention.
Accordi ngly, other enbodinments are wthin the scope of the follow ng

claims. st Gl Modhal de BN Inedeid BLOFOSS Ol Loablpg,an artic] e
conpri si ng: ormng a |layer of" a ceram c bas onpound ©on an article;
(2) provetiaag tai @olprocss € aigprarsi eltp et ret deampashyeital evhpurndepodiiateher
of about 10 nanoneters to about 1000 nanoneters and present in an anount of
about 2®TSEent to about 50 percent by volume of said solution; (3)
contacting said ceram c based conpound | ayer with said solution; and (4)
drying said article. 2. The process of claim1l, further conprising (5)

optionald.y TrepeatocgepssteEPsci)m and WHreih ddid prlocsessl okpedpingl, furt her
conprising optionally , formng a |layer of a bond coat_material on said

arti cl e BEAESS 35 fortidy G QP Eef AeIphseirk JnRiie! | 3DERYRRA PEPRERE sai d
cl oy m 10 Rao PR AL My PRSe e caram o based bompound
| ayer using a process selected from the group consisting of physical vapor
deposit i70_n, T %erpnxp‘%lcessgroagicmga’.irgplu,t tw(_:i"lx’eixnegin Sc%n <Etec|t1a1[1]c_§j:I gclnggrnl;i/ées dipping
said article into =aid solution comprising a suspension of said
metal originally present as a metal oxide and at least one of
each of a dispersant, an ultra-violet curable resin and

optionally a surfactant.

8. The process of claim 7, wherein dipping comprises dipping
said article into said solution comprising said metal oxide
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.

9. The process of claim 7, wherein dipping comprises dipping
initially said article at a pressure of about 10 torr to about

100 torr for about 2 minutes toc about 5 minutes.

10. The procesgs of claim 9, wherein optionally repeating steps
(2) and (3) comprise dipping said article at about 14.7 pounds

per square inch.
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26 S. The process of claim4, wherein said physical vapor deposition

process is an el ectron beam physical vapor deposition process. 6. The

_process of claim4, wherein said thernmal spraying process is a high
vel ocity oxygen fuel thermal spraying process or air plasma therna

sSprayi ng, proc A ocess of claim1l1l, wherein.contacting conprises
o oo ng LEar taf PEped PR BE TR TLor ot MBS r ORGSR BT sa G
nmetal ordgbpahyyspig@septiaseaafehbbuextderans aboheagtogne of each of a

di spersant, an ultra-violet curable resin and optionally a surfactant. 8.
The process of claim7, wherein dipping conprises dipping said article into
said solution conprising said netal oxide conprising at |east one netal

sel ectedft onrh@eﬁ_%@égscgﬁsh%mgv , otu!:@ntehaaampﬁgah@mth@r gy gum
neodym um pronethium samarium europi um gadolinium terbium dysprosium
hol m um  er bfuninghahidnpriicéebhaingl ulerhumiolrdi dighscamdingy et ri um

zirconiu haf npum _titanium.and nixtures ,thereagf. 9. The process of claim
7, wher ef Oﬁgpg?néé%8ﬂ%?i§8258PBgi58 SFS?PQEFI§H aid article at a pressure

of about 10 tmeatterefeihg 38904t artikDe aboH! témpeRutes el @fak@iutd 7HorE es.
10. The process of clain1%, wherein optionally repeating steps (2) and (3)
conpri setdi pbrrg 6P @°Br £9¥| abautabBuninytespbanadbousePOsqaarsgsisnch. 27 11
The process of claim7, wherein contacting conprises dipping said article
at about 60F to about 65F.

13. The process of claim 7, further comprising the steps of:
curing sgaid article at a temperature of about 300°F for
about 20 minutes 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.

14. The process of claim 1, wherein contacting comprises
infiltrating said cerxamic based compound layer with said
solution comprising a metal originally in the form of a metal

salt.

15. The process of c¢laim 14, wherein infiltrating comprises
infiltrating said ceramic based compound layer with said
golution comprising said metal salt comprising at least one
metal selected from the group consisting of lanthanum, cerium,
praseodeium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium,
yvtterbium, lutelium, indium, scandium, yttrium, zirconium,

hafnium, titanium, and mixtures thereof.
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12. The process of claim7, further conprising the steps of: «curing said

article using ultra-violet light energy for about 10 seconds to about 60

seconds; and heat treating said article at a tenperature of about 750F to
"about 1600F for about 10 minutes to about 90 minutes. 13. The process of

claim7,;furt I.Si . St eps : ri .sal i.cle at a
tenperath%é 6?E%H§§$Bé%%FQ?O%T55%O§?’2§£ﬁ¥ﬁgﬁeg% 6E§bgﬁﬁ£%6%§%nutes; and
heat treaéwvaigeshhg @sidcterahia besperabupeuntl abgut 4506 thmmpalieutrkcF
for about 10 to about 90 minutes. 14. The process of claim1l, wherein

cont act | AgPRenpPPS®s infiltrating said ceram c based conpound layer with
said solution conprising a netal originally in the formof a netal salt.
15. The process of claim 14, wherein infiltrating conprises infiltrating
said ceram c based conpound layer with said solution conprising said netal
salt conpfi siHae aproeass @ﬁe01ﬁéMa165efB€tbarfﬂ@mptﬁéigggg§a§0ﬁ§ﬁ§tﬁwg of

gadol | i TS B b che HE SR ok Pobn (ADI AF i CEVBEGAY CERUPEUAPCLYt PUPRR

| ut el i unabbwEli ppegcandi um yttrium zirconium hafnium titanium and
m xtures thereof. 28 16. The process of claim 14, wherein drying conprises
dewat eri ng said ceram c based conpound | ayer at a tenperature of about
300F. 17. The process of claim 16, further conprising heat treating said

article pdterrisd oprdddsdtof LEAPR! 8t UERePE1APRHL L3RRk comprises
spraying said article with said solution comprising said metal

originally present in the form of a metal salt.

19. The process of claim 18, wherein gpraying comprises
spraying said article with said solution compriging said metal
salt 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.

20. The process of claim 18, wherein spraying comprises air
spraying or thermally spraying said coated article with said

golution.

21. The process of claim 18, wherein spraying comprises
gpraying initially said coated article with said solution at a
pressure of about 10 torr to about 100 torr for about 2 minutes

to about 10 minutes.
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about 750F. 18. The process of claim1, wherein contacting conprises
spraying said article with said solution conprising said netal originally
present in the formof a netal salt. 19. The process of claim 18, wherein

" spraying conprises spraying said article with said solution conprising said

metal sl COIISlN0.SL easli RN, kAl 5e! eShed LIom ERfygIaUR
consi sting of Tanthanum cerium praseodym um neoﬁynl m Brone hi um

samar i urbriezhiops waidathot i ¢l einyitler i idn sdyspiosi somprhel Ayusnidr hietal
thulium ytterbium lutelium indium scandium _yttrium zirconium

haf ni um®%iFERA RERESRK 1R dd1¢ HerEBfof 29, m9hal pFdtkss of claim 18,
wherei n spraying conprises air spraying or thermally spraying said coated
article with said solution. 21. The process of claim 18, wherein spraying
conprises spraying initially said coated article with said solution at a
pressur €df dBrutbraress rof Cbpbut2200vherein dprapbing 2caipyiess to about 10

m nut es. 2. The. process, of cl.aiml rein contactihg conpri se
oy ohi i HIB QT a0 Ol AUl d o JORLEL D, CORMEEI LOGSC PG BEEaL ||

present d414 heoripgriB g aatrEléddsiSabie WstallheeDe@e€SSEPOIMCLAEMyZ3upWwher ein
brushing conprises brushing said article wth said solution conprising said
nmetal SRS IEGHET Shglanthaaye, R e al PEFeeddl FRoneAGY L Blp

consi st : h i o] ! dy pr Ly
samar i ur% e“&tﬁtoﬂplﬁﬁﬁrﬁ gagoﬁq’ﬁlﬁ’u %ﬁﬁog%ﬁ’mdg%%@%gﬁgm %ﬁg}%“u m8§§#g|b% %]hm’
t hul i umhoiintiembi webiutt el dhui iumdipmlesshng) utelium, indium, scandium,

yvttrium, zirconium, hafnium, titanium, and mixtures thereof.

24, The process of claim 1, wherein contacting comprises the
steps of:

immersing said article into said solution comprising a
suspension of said metal originally present as a metal oxide and
at least one of each of a dispersant, a binder and an acid;

negatively biasing said article;

positively biasing said suspension;

infiltrating said ceramic based compound with said metal;
and

sintering said article at a temperature of about 1950°F to

about 2000°F for about 3 hours to about 4 hours.

25. The procegs of claim 24, wherein drying said coated article
comprisgses drying said article at a temperature of about 68°F for

about 1 hour to about 20 hours.
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yttrium zirconium hafnium titanium and m xtures thereof. 24. The process
of claim1, wherein contacting conprises the steps of: imrersing said

article into said solution conprising a suspension of said netal originally
present as a nmetal oxide and at |east one of each of a dispersant, a binder

and an id; gativel i-as) saj ticl.e; itivel [ asl j
suspens?gﬁ; Fﬁ% ﬁ?f}\é%s%’g%gg?&ggénr ?n%qc%aesrged‘%cgrfg%u%r#j M % %%?édé%%ﬂ&%nd

Si nt eri pgmpaiiGedr Hrgliticatsadd emaidlduzg of tah@drakahiF 46 upbotita@OOOF for
about 3 hours to about 4 hours. 25. The process of claim 24, wherein drying
sai d codP8dFafrircP&OUEoMpFi S8 Er FonGheaitd Satt9Udi%e at a tenperature of about
68F for about 1 hour to about 20 hours. 30 26. The process of claim 25,
wherein drying said coated article conprises drying said article at a
tenperature of up to about 250F for about 0.5 hours to about 5 hours. 27. A
coat ed &7ti cPReCcoasspr Peitdglean campirdlsengonpri sing at | east one surface

~having a thermal barrl er(jl%oatc)irtln%.dii%pos d teheregjoon,s Wr%eei nSad thermal
barrier coating c@npﬁqg%: §CEFAR S ed’éﬁﬁb Jﬁﬁ;ﬂf Tl %&ﬁd%; and a
netal in an amewiklobadtrikeasbathiont A%gerieertthddeupmi ght of said ceranic
based conpound, wherein the thermal barrier coating conprises a

wherein said thermal barrier coating comprises:

a ceramic based compound;

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 about 30 percent by volume of said

thermal barrier coating.

28. The coated article of claim 27, further comprising a bond
coat layer disposed between said at least one surface and said

thermal barrier coating.

29. The coated article of claim 28, wherein said bond coat
layer comprises a bond coat material comprising a formula
MCrAlY, wherein said M is a metal selected from the group

congisting of nickel, cobalt, iron and mixtures thereof.

30. The ccated article of c¢laim 28, wherein said bond coat
layer comprises a bond coat material selected from the group

consisting of aluminum, platinum, and mixtures thereof.
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porosity of no nore than about 30 percent by volune of said thermal barrier
coating. 28. The coated article of claim27, further conprising a bond coat
| ayer di sposed between said at | east one surface and said thermal barrier
coating. 29. The coated article of claim28, wherein said bond coat [|ayer

conpris a nd _coat .mat Cc i.sin rmul.a in said M
is a ne?il @ﬁscFSB%FPoﬁFE ?8r88nB&@5H%%§V|W e5€lﬁ<ﬁaﬁdwqgﬂé¥] %Y ron and
M Xt ur esai/ber e6hpridls AhBosabedrafbiehe a0f selldichedB Freieelid g&amia bond
coat layer conprises a bond coat material selected fromthe group

consi st cﬁgseﬁtangrrpﬁumlumnavmmumlaﬁnaum Rindr ¥ETAREn eoher@iB Baithd! afat ed

artlcle 4 8. mhere n,sai comprises .a _bond coat

mat eri af >3 selgg H%% 18n?twg a}oﬁﬁgeggﬁgigFlWbtbe§F6W¥h&ﬁn%ﬁ il tand

MCr Al Y, niBRER|, NceBaUtM ahd sabd, MehAl MiksugeletdlereeJracted from the group
consi sting of nickel, cobalt, and iron, and m xtures thereof. 32. The
coated article of claim27, wherein said ceram c based conpound is selected
fromthe group consisting of yttria stabilized zirconia, calcia stabilized

zirconi gz nagneskaatshali-tized 2Er eQRhA 29 hdretidDidhlized hakficaparlei a
stabilized hafnia and magnesi a stabilized hafni a. 33. The coated article of

claln12¢0mmhené|mssaﬁaeneeélfuwmdehesgranpomonelﬁtlag'béayttaneinetal
selected f 0 th u consi tlng f_l.ant hanu cer,i_u praseodyn1un1
meodym i E b 6Rd: At ERPRL GrmE PR R ACGT OB A SAad g RrY 2 dyspr osi um
hol m ur@t@bbwmadt Bﬂkb@ﬁhayt {eebiHMsthpt el e hiakeiiem c%(l@'l@' Whabilized

hafnia and magnesia stabilized hafnia.

33. The coated article of claim 27, wherein said metal oxide is
an oxide of at least one metal selected from the group
consisting of lanthanum, cerium, praseodymium, neodymium,
promethium, gamarium, europium, gadolinium, terbium, dysprosium,
holmium, erbium, thulium, ytterbium, lutelium, indium, scandium,

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

34, The coated article of claim 27, 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, indiuvm, scandium, yttrium, zirconium,

hafnium, titanium, and mixtures thereocf.

35. The coated article of claim 27, wherein said article is
gelected from the group consisting of blades, vanes, stators and

mid-turbine frame.
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yttrium zirconium hafnium titanium and m xtures thereof. 34. The coated
article of claim?27, wherein said netal is selected fromthe group

consi sting of |anthanum cerium praseodym um neodym um pronethium
samarium europium gadolinium terbium dysprosium holmum erbium

thuliu ytterbiu lL.uteliu i ndi ym, _scandi ttriu i rconi um
hafniyg?6f!tiﬁFuﬁ?ggﬁ8 ﬁ?&%ﬁgéso h5ﬁ36f{%%5.W%%teﬁﬁhfgﬁﬂ¥ﬁiﬁ%ﬁq§"f claim 27,
wher ei nbgaicdedr bt enyScofghesbed af EONIRe s@r QP 8RR ¥ iMia Pirdladag
'vanes, stators and md-turbine frane. 32 36. The coated article of claim

35, whetbimisgid thernmal barrier coating conprises a thickness of about 5
mls to about 15 mls. 37. The coated article of claim27, wherein said
article is selected fromthe group consisting of seals, conbustor panels,
conmbust or chanbers, conbustor bul khead shields, disk side plates and fuel
nozzl e §ti. deShe38oathd avatedeacti cleiof 27], awme3®inveerial mrtdial g hier mal
barrier c ating gongriﬁes a thickness, of ab%ut 0.5 mls_ to about %p mils.
33 selecte rom the group consisting of seals, combustor panels,
combustor chambers, combustor bulkhead shields, disk side plates

and fuel nozzle guides.

38. The coated article of claim 37, wherein said thermal
barrier coating comprises a thickness of about 0.5 mils to about

50 mils.
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