13DV 125144 1 SMOOTH OUTER COATI NG FOR COVBUSTOR COVMPONENTS AND COATI NG
METHOD THEREFOR BACKGROUND OF THE | NVENTION (1) FIELD OF THE | NVENTI ON The
present 18DWertSia4 general |y relates to coatings for conponents exposed to
high tenperatures, such as the hostile thermal environment of a gas
turbine. Mre particularly, this invention relates to a snooth outer
coating for conbustor conponents of;a gas turbine conponent, in which the
coating reduces the conmponent tenperature by reducing the convective and

radi ant heat transfer ' t or section of the
turbine. (2) DES@IM@%@W@%&#Egﬁ%Wmn conponent s of
aircraft and industrial (power generation) gas turbine engines are often

protected by a tREyRONENTS AN CaiATINNG VBOHODNHEREBORCES t he
tenperature of the underlying conponent substrate and thereby prolongs the
service |ife of the conponent. Ceramic materials and particularly
yttria-stabilized zirconia (YSZ) are widely used as TBC materials because
of their high tenperature capability, |low thermal conductivity, and

rel ativey LARBRASUNPRIS T PlG§ma spraying, flame spraying and

physi cal"vapor epogls?i on EL’% techniques. Air plasma spraying (APS) is
often preferred over other deposition processes due to relatively |ow

equi prerl) FORLDB GIMTHEANYENTI&PY! i cati on and maski ng. TBC s deposited by APS

are clh?ra](c:t eLi ze(cji by a degree of inhonogeneity and porosity that occurs as
a resu of the .deposition.process, in.whieh "spl . mat eri al
are depodietRIgseahipve B‘B‘%gﬁﬂféﬂ& V?ag?ﬁ fodiFymESd B Sﬁ‘%llﬁsnagéousgggg&gf the TBC

is rel attbﬁﬁgéﬁétdreg%chvust fhedhostil Hiagmal eHgidnasetosf 25As ttorbddd ioreoi nches Ra
(about 6 t0 9 mcroneters Ra) being typical for YSZ deposited by APS

( APSTBO)partitidailph tris gamention agldtesotosi smoeth quiEPatipg 119y epmbustor
components of a gas turbine component, in which the coating reduces the component

temperature by reducing the convective and radiant heat transfer to the component in

the combustor section of the turbine.
(2) DESCRIPTION OF THE RELATED ART

Hot section components of aircraft and industrial (power generation) gas turbine
engines are often protected by a thermal barrier coating (TBC), which reduces the
temperature of the underlying component substrate and thereby prolongs the service
life of the component. Ceramic materials and particularly yttria-stabilized zirconia
(YSZ) are widely used as TBC materials because of their high temperature capability,
low thermal conductivity, and relative ease of deposition by plasma spraying, flame
spraying and physical vapor deposition (PVD) techniques. Air plasma spraying
(APS) is often preferred over other deposition processes due to relatively low
equipment costs and ease of application and masking. TBC’s deposited by APS are
characterized by a degree of inhomogeneity and porosity that occurs as a result of the
deposition process, in which “splats” of molten material are deposited and
subsequently solidify. The resulting surface of the TBC is relatively rough, with a
surface roughness of 250 to 350 microinches Ra (about 6 to 9 micrometers Ra) being

typical for YSZ deposited by APS (APSTBC). The inhomogeneity and porosity of a




pl asma- sprayed TBC enhances the thermal insulating property of the TBC, and
thus helps to reduce the tenperature of the conponent on which the TBC is
deposi t ddDV h251ddgard to infrared (IR) transnissivity, analysis has shown
that APSTBC is about 20% to 70%transparent to thermal radiation

(wavel engt hs of about 780 nmto about 1 nm when deposited at typically

t hi cknesses of about 250 to 500 mcroneters. As a result, the thermal
protection provided by APSTBC is conprom sed in environnments that have

hi gh thermal_ radi atd | pads, .sueh - £ hi iaon of a gas
turbi ne.plﬁsgl%%’r@f et}??\? o %ﬂ}se;tg’f:ren?é 1%12{?&?@&%%%5@&%?%&? gﬁit lfeg conponent
and r engelps tadbwice e fehiperslio Wi tHvrsynpoasit oigwhich tieoDBCrig deyosited . InThe | at ter
requirenent is particularly demandi ng due to the different cog{yji cients of

t her mal Tesqrde indrarqgdFR) trapupisgieity, capliHs basehosr TQP"SAB%FBBFH%E"%‘G‘!S foat es t hey
pr ot ect o Wil 0 RpSeh¥B it raaPABRT Ayl IAUIELCROGH fo BN | upOMPOSI t e
S re als . o p e

(CMO) materia 0 use r ono adhesi on and extend the service
i fe of whehBfepsyisidemypicallgxhidhtdssss-ofabowt230tto SH@ ndcrooaters. sAp# tashltenpl oyed.
.an _overl.ay. .coati S as Mor A1LX

Bond coats are typically in the fo n C
(where Nbg éhqrm@h)ﬁp%%@p%lprawé%ﬁyrﬁﬂé@é@& 13 AETRIGESHH f‘ﬁvr’ﬁ%’ﬁwn ntgf er rare
earth el ey aimdl didifutl RAS! dith B A6 ARTH BombEMbE Beoherepasi tion  of

the ceramc sequent exposures to high tenperatures, such as
during tutbild.ne operation, these bond coats forma tightly adherent al um na
(A1233) |l ayer or scale that adheres the TBC to the bond coat. The service

life of BC_system.is typicall imted, by a I I ought on
by ¢ her ik PPAERYGLS. THC suitpee anest otep e Caet 8 Pk e GRhaL 2" o2
and a ngfakdnk qh&ugﬁadt%ﬁly 0 gadidofodling Belder 0TS edteagequiretst is of t he
TBC bei ng subjecte to substances within_the hot gas path of as

t ur bi ne. p#Eteulakadphendisp di¢ ta therfifererpevetfivients @Sﬁlﬁﬁ%’ﬁb‘?xﬁ%ﬂﬁ%ﬁ@ﬁg% such as
i ners, heatshields and t.ransiii.on_pi r ‘Lhyy ndustri al
gas.t o DRGSR arG ot dh B EEERS, GEF iifiech RLETA Apihly "I

abat emengypeldlloys %lﬁ_%il dehgmRbaxeix fompdste (CVIC omateeiatssaracldodudsd. dEsi r abl e

for the ability of TBC on combustor co oneet s toreject .heat. ?a%g resi st
spal | at i premote adhesion and extend the service life of a TBC system, an oxidation-resis

bond coat is often employed. Bond coats are typically in the form of an overlay

coating such as MCrAIX (where M is iron, cobalt and/or nickel, and X is yttrium or

another rare earth element), or a diffusion aluminide coating. During the deposition

of the ceramic TBC and subsequent exposures to high temperatures, such as during

turbine operation, these bond coats form a tightly adherent alumina (Al,Os) layer or

scale that adheres the TBC to the bond coat.

The service life of a TBC system is typically limited by a spallation event brought on
by thermal fatigue. In addition to the CTE mismatch between a ceramic TBC and a
metallic substrate, spallation can be promoted as a result of the TBC being subjected
to substances within the hot gas path of a gas turbine. For example, spallation of TBC
from combustor components such as liners, heatshields and transition pieces can be
accelerated in industrial gas turbines that burn liquid fuel or utilize water injection for

NOx abatement.

In view of the above, further improvements would be desirable for the ability of TBC

on combustor components to reject heat and resist spallation.




13DV 125144 3 BRI EF SUMVARY OF THE | NVENTI ON The present invention
general ly provides a coating and nethod for overcoating a TBC on a
conponed8DV¥sEXf1#h a hi gh-tenperature environnent, such as the conbustor
section of a gas turbine. The invention is particularly directed to a
coating that reduces the conponent tenperature by reducing the convective
and radi ant heat transfer to the coprponent in the conmbustor section of an
i ndustrial gas turbine. The coating of this invention defines the outernpst

surface i , and is formed of at |east two | ayers
havi ng &ﬁlﬁﬁmm%?ﬁﬁwﬁﬁﬁ er layer of the coating contains
first and second alumna particles in a first silica- containing matrix

mat er i alThe padsehtSnfdngion @knethiiCprovides atceatapthnd anahal for esaesdtingld PBOf si l i ca,
silicate and/or mullite, The first alumna particles have a particle size
that isoacaeemponanhased He aduglniempsraire snyaennetetichds Bgtemusiosr of the
coati ng aj iLrel. al el r i-cles: i.ngk L ;S

Gi ot 1 AP o gpS ifbinel £ FRRRE i€ pERCHRH QAP BRORIRL IR, g1 ass
mat er i alredirvs thid BEmpboicanatrapératuze dgceddeing Ithe aewantise mndgadiaat heat mat eri al

consisting essentially of sjlica, silicate and/or |lite. The outer |ayer
of the d3asiEnly thesompansptigdthe ?%a}@j‘ﬁﬂgﬁc%’ln 9fap “gqc’)'@té{gggastt ©20 mi croi nches

Ra (about 3 microneters Ra) and, as the outernost surface of the

Somponeihe éo%tiﬁgﬁig?ﬁ efbvERid8efillQl the YR EIJSO BurBRBEst Wet dynipdnlft RONMbust or

f
section. The ne of this invention involves preparing first and second
sl urri eprétectsy ankliis formeth of atnlnast ten dayous levingadifersniogonmppsitionat Aigneere f or ned.
As such, the first slurry is free of zinc titanate,and ¢ i:ns, the first
and sec Rt ALRF Foapng tcP’gﬁaB? :lrr??gngisF%‘fr%dsfﬁluf%%% Pft lrc}ﬁsnlg_ %?ﬂ%}ggrlﬁ%aat erial,
whi | et RenBAGANRafIUhAKiAIARAaE e bNEnt Hiahste ahd BomastPektntalleof siligh,ass
material, and zinc titanate in a second silica-formng binder material .

Fol | owi rsgicatiepaigirtigtitenf Thenhfirst plomind pastieles bavecopartiplg st¢ thftds €8¥pBnent , the
first slurry is deposited on .the therpal rrd ' efiiighi ch the
second §F‘%ﬂ }‘/}iﬁ F%COB@&@‘EPP&W&&CIC%hé& i E’H{eg? 1?%3&?. t%%hcfabgg}g%? rggéﬁrgsye% s formed by
the firsfyand Hecasdhaling hipRstias sizkidiadbiton finemhhhehd firkerandnecandt er
| ayers, respectively, of the coating, with the outer |ayer . .

alumina particles, a glass material, and zinc titanate in a second silica-containing

matrix material consisting essentially of silica, silicate and/or mullite. The outer layer

of the coating has a surface roughness of not greater than 120 microinches Ra (about 3

micrometers Ra) and, as the outermost surface of the component, is subjected to the

hot combustion gases within the combustor section.

The method of this invention involves preparing first and second slurries from which
the inner and outer layers of the coating are formed. As such, the first slurry is free of
zinc titanate and contains the first and second alumina particles in a first silica-
forming binder material, while the second slurry contains the third alumina particles,
glass material, and zinc titanate in a second silica-forming binder material. Following
deposition of the thermal barrier coating on the component, the first slurry is
deposited on the thermal barrier coating after which the second slurry is deposited on
the inner layer. The slurry layers formed by the first and second slurries are fired to
form the inner and outer layers, respectively, of the coating, with the outer layer

defining the outermost surface of the component.



defining the outernost surface of the conponent. 13DV 125144 4 As noted
above, the coating of this invention reduces the conponent tenperature by

r educi nd3D¥eldAdecti ve and radi ant heat transfer to the conponent. In
particular, the fine particle size distribution of the outer |ayer enables
the outernost surface defined by the outer layer to be sufficiently snooth
to significantly reduce convective hgat transfer to the conponent, and the
zinc titanate contained in the outer |ayer serves to reduce the IR
transm ssj vi f .t | NBp.: T [ ' ' [ Lhution of
the i nne‘?S %‘%%%?Qoﬁeb%tceg%%ggg 1Se%%%§}0%?%gé%e§§gés&%hn§p n?b g%lrrﬂeltsdglﬁrg? S;t he i nner

| ayer. rbdudidpetheebvectine andifsdiant Ay trahsfectoeht campynenanpapartidudarnibieh t he

outer layer and the _absence of zinc titanate _in the in&g{ Ig%fer pr onot es
t he adhd¥leqiriile sige distrilartionof dhe euier laper cnablss therfutermostgigiacs 8¢9 t he above

benefi t g,y §0&u60 qg}e’? 9o ¥ sh%%eﬂtgrxﬁﬂ(?dtﬁrﬂ s%g%}ﬁé%ﬁﬁ? rbdifRe %Bg%écﬁ% Band

erosi on resistance of the s therefore tapable significantly
ext endi rngansfee td ibkeoafponéig, gabsthe wirsi titenato npoaiesd irpthetositdr day cbyerveretot her mal

barrier coatinpg, O her, abjec d.ad t f t.his.i i ill b
ot t ot ARpHePOTR FarmBimTiG of T toBliRtg Lo b hpaicle RSB i |
DESCRI P}, O, 37 1I§!§nﬁ§@aé>:t&%eFé&H{i@aﬂinEﬁnés P&t dtaWiliGy B8 $hes Bkt 0@k, Vi ew

through a single a conmbustor structure. Figure 2 is a cross-sectional
vi ew of Rurtheomorey teoinnet tayet israhentficatly pomgpatibleawith shovrten layguprd theyer out er

coating qverlaying a thermal .barrier coating in, accordan A hi s
i nvent i .Ser}ﬁE‘PilzL Iﬁ‘tﬁ%ﬁ:ﬁn%?llﬁﬁr “reEm 2 Weo%rg?a?gtﬁ % E{/{é)nti on will

be descrigbednigant i eHLAGHbR 18 thOEBYSS BEnckRs,Ofhe adbating wstthisainvergiam t ur bi ne
10, a portion of which is shown in cross-section in Figure 1. Th

] e
conbust ampt@ves sheospallatiomarididrpsien tesistanemof te THpand dvtheraiere seRablea®bout t he

et i nos Seubarionalis b8 o sREtplp R abdB bRt MRRRFL T S6 Ve
into a tAA& dofilz.Pi €ce 18 with

Other objects and advantages of this invention will be better appreciated from the

following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a partial cross-sectional view through a single annular combustor structure.

Figure 2 is a cross-sectional view of the combustor structure of Figure 1, and shows a
multilayer outer coating overlaying a thermal barrier coating in accordance with this

invention.
DETAILED DESCRIPTION OF THE INVENTION

The present invention will be described in reference to a combustor 12 of an industrial
gas turbine 10, a portion of which is shown in cross-section in Figure 1. The
combustor 12 is one of multiple can-annular combustors located about the periphery
of the turbine 10, and has a can-type liner 14 whose interior defines a combustion
chamber of the turbine 10. The liner 14 is inserted into a transition piece 18 with

multiple fuel nozzle assemblies 16 located at the head end of the liner 14. Both fuel




mul tiple fuel nozzle assenblies 16 |ocated at the head end of the |iner 14.
Both fuel 13DV 125144 and water may be injected into the conbustion chanber
t hrough1BB¥ 0244 e assenblies 16, with the injection of water being for
the purpose of reducing conbustion tenperatures and consequently NOx

em ssions. The invention is not limted to conbustors having the
configuration shown in Figure 1, butsinstead is applicable to other
combust or configurations such as the well-known annular type. A thernal

barrier coati,n B f . t
the int8Pfof? tgﬁﬁéaélcgé ec%eﬁfnl?z[ @‘P %%n?{‘gs “’ig:cf%a?“ene? %‘9 c?%egg %%clt Pgﬁl ?tnl "
Fi gure Zsseffblies N®Mwith RBe TiBectys MR ibeed i d@s tir ?@@ds@@ﬁtreadcmgerl ying a

substrate 22, which is typi cally but not necessarlly the base material of
the |i nepmbustion fempptagiranted cansqpetily NOx emissiopst d BBAnYeHn: Kelof or e t he

omer, afiniledo Al hayint AR 30AERRAL SRABE in FUARLAL KOV s di® 10 | 25

nonnet a Or FR Y s In ceram C tri’x conposite (CMO)
mat er i alapplichbR td Bﬁﬁeﬁ&@hﬁ[ﬁt&&oﬁﬂgﬁl’aﬁmmg mhladﬂ& Well—hmmhnrhﬁrrtymr coati ng,
herei nafter TBC 26, that pr OVI des the thermal protection for the substrate

22. A preferred materlal theTC 6 t - st gbi. |
(Vo) & freanilioair ORI oN B8 AoLbouE Sl ol iy oBer cont

ytiria, l}xehﬁl't’ Ybr%hﬁ%es(‘tﬁrtﬁ@hﬁer f‘@?sexrebfé'sént&?l{h%&%—s@&% inSKX JGrea§ Msum na,

nonst abi |ze zirconia, or zirconia partitally or fully stabilized by
magnesi ahoxam,rthaTB@csgmt&naZ(bmchtdhea bond dess 24 Dierlyiogd sslsitated2?, ydych i5e an

X1 "y Ol e Hah Bedarativa e tasy ARgiebABRe) e 45 e B B e M
coating tﬁéielfﬂoﬁ%tézz RARe tﬁ%%fb?é tH Ieder4) ThgudBaickel, iifordemi ebtddi-basehavi ng
been deposited by air plasma spraying 2APS) by whi ch "splats" of nolten

mat er i alsuperellolep @siwatiap nonmetablim strecatal mpteriels inrdnding egrami¢ HBAtMEC 26 has a

d
or aduced ByopaRrCs . TR TH el 0 R Thotta @ efpd b0, 1O°

relati velytig squa%mawei Be mmﬁaagﬁ)vﬁaasgmmﬁnafpr@tbam fBﬂfhetmbﬁﬂﬁe m cr oi nches
Ra (about to 13 mcroneters Ra) being |caI or d by APS

( APSTBC)A piafierrest m@lfépdsfpt thegl BG 86'[58@ 2@“459“ @4 @TQS’PI c%u ‘§ erf erest to

t hi
S nvc%g;[plogﬂmn%emg atpou?%n% about 8 weight percent yttria, though other ceramic

materials could be used, such as alumina, nonstabilized zirconia, or zirconia partially
or fully stabilized by magnesia, ceria, scandia or other oxides. The bond coat 24 may
be an overlay coating such as MCrAlX (where M is iron, cobalt and/or nickel, and X
is yttrium or another rare earth element), or a diffusion aluminide coating such as a

platinum aluminide.

The TBC 26 is depicted as having been deposited by air plasma spraying (APS), by
which “splats” of molten material are deposited on the bond coat 24. As indicated,
the TBC 26 has a degree of inhomogeneity and porosity that typically occurs in
coatings produced by plasma spraying. In addition, the surface of the TBC 26 is
relatively rough, with a surface roughness of about 200 to 500 microinches Ra (about
5 to 13 micrometers Ra) being typical for YSZ deposited by APS (APSTBC). While
depositing the TBC 26 by APS is of particular interest to this invention, other plasma
spraying techniques could also be used, such as low pressure plasma spraying (LPPS;

also known as vacuum plasma spraying (VPS)). The TBC 26 is deposited to a




sprayi ng techni ques could al so be used, such as |ow pressure plasm

sprayi ng (LPPS; also known as vacuum plasma spraying (VPS)). The TBC 26 is
deposi t d8DMol2%144DV 125144 6 thickness that is sufficient to provide the
required thermal protection for the wunderlying substrate 22 and |iner 14.
The bond coat 24 is preferably an NiCrAl'Y overlay coating and the TBC 26 is
zirconia stabilized by about eight wgight percent yttria (8%wSZ). The bond
coat 24 is preferably deposited by APS to a thickness of about 0.007 to

Curt ace Potyhate’ B Sicigt to; SePRBL I el APERA R Aptln ol g8 Ve o°

m cr oi n@h@@)yiﬁgjsw's@mtzg agdasi @n of the TBC 26. Though not required by the
invention, the TBC 26 is depicted as having a construction disclosed in

commonl y-assigned U. S. Patent No. 6,047,539 to Farner, vvg%gﬁé the TBC 26
has ver thheatongi ¢oap haiskareeelinan NiGréhy evrigygtoating aaddhe JRE KRIF ¢ he

t hi ckne . -1 . J : i ably at
| east Q%f%: of Et{ﬁ %%%g?fg%qll?@%b{eg’@lgggﬁgﬁg/ﬂf%gés‘/%?fﬁgg ?Ll(%’%oglg%)gt{%@by vol une
and nor erefeabbr ddpbyited lSAPS haa tl8ekipes afSattopt BP0V &b aivrert 0418 indhabeutt hi ckness

for the TBC is aboyt 760 to _about 2500 mcroneters.. \Wile BC systens
use YSZ ldépeabewymigpengers) ﬁggg‘ﬂi & ABSRET é‘ﬂfg,e ro'@ﬁ}ﬁ\ﬁﬁa}lékgggtnn%f‘%dg t%e
r Oughnegﬁ?@%wﬁﬁ&@ﬁcﬁw (aBE8: 8 BliODHRAS)AS I b ABELadRSEN JF HRNFBICS36.Vity to

infrare radration. Wthin the opérating environnment of a gas
-t ur bi ne,Tloughace requighddss thedneasies, the HIBE6 healepiciethss dravitgom t he hot

conbusti on ases.to the conpongnt and S ro ) mance.

Wi | e s&Pfl%FEgtloP g&ﬁ?ﬂ‘?@@én ﬁ%fﬂ"p“[‘}@g'r' wRed i’ﬁ@'ﬁ%ﬁ@ﬁ?'n@?@ htoasJlr %Jf’fbl ing or
hand polyishiRGhe BT 56 AR verbl haGBchbry Sthanektédi @ivighst khstidne-hRBC cannot
be closely controlled and the additional processing costs are undesirable.

Though dhethickinessaf tSTBICs26; eng theedsnsityapi the (1B G2 o isi rspilerabhicatdeast Poe

i st f SZ APSTBC i s. Si_gni-f) foit
bor osi t PIAPEPTRR ) ocr et (ret T Yop BBl o SEHGER A8 nfbre pREMST 11
par ti cl gesshpabaypmptindby voRars &maitiblpidcarsofortthe TBBGs aboutr Eiflatod to | R

transm ssi vi tg/, )
about 2500 micrometers.

While many TBC systems use YSZ deposited by APS as the outermost layer,
drawbacks include the roughness of the TBC surface, erosion resistance, and
transmissivity to infrared (IR) radiation. Within the operating environment of a gas
turbine, surface roughness increases turbulent heat transfer from the hot combustion
gases to the component and reduces aerodynamic performance. While surface
roughness can be reduced by polishing, such as tumbling or hand polishing, the final
surface finish and thickness of the TBC cannot be closely controlled and the
additional processing costs are undesirable. Though crystalline YSZ is very resistant
to erosion, the erosion resistance of a YSZ APSTBC is significantly reduced as a
result of its porosity and microcrack structure, the result of which is that fine particle
bombardment dislodges small pieces of the TBC. In regard to IR transmissivity,
analysis has shown that YSZ is about 20% to 70% transparent to thermal radiation
(wavelengths of about 780 nm to about 1 mm) when deposited by APS to thicknesses
of about 250 to 500 micrometers. As a result, the thermal protection provided by

YSZ APSTBC is compromised in environments that have high thermal radiation




anal ysi s has shown that YSZ is about 20%to 70% transparent to thermal
radi ati on (wavel engths of about 780 nmto about 1 nm when deposited by
APS t o t1BDWkIZS844es of about 250 to 500 microneters. As a result, the
thermal protection provided by YSZ APSTBC is conprom sed in environnents
that have high thermal radiation 13DV 125144 7 | oads, such as wthin the
conmbustor 10 of Figure 1. Finally, another consideration is the
susceptibility of YSZ TBC s to attack by CMAS, which is a relatively | ow

I ti [ wh I LS. abl jnfil ’ i
and. protits SEba pafroRSaaReRgeL FEphEiR f FRg ol BbeuipiERg ole T

concer Nghe ul@pliBihty?6f V7 ATRIUE € #tdck b9\CGVIASaWaIthhya eelatislety loay@eltingut er
coating 28. AS the outernost coating on the liner 14, the coating 28

def i nes etiteetic dhatewhew tmeltanf ic ablgatoofnfiltyate| ¢apwentional nEBE nande PEYROE| so

det er m nes,.t.he surface .roughness of the |iner 14. The outer coating 28 of
this in@gaﬁ{algl%d}]%n ﬁ‘gromzflé:?' %}ge‘d to serve as a barrier to thermal

radi ati on, while also having the advantage of being nore resistant to
er osi on Tandid&VBGei dbové tormieianthcNEBC hén FRGreD is dleecaatddery € oadtilager 28

achi eves these features of the inventio s a,result of jts.conposition and
met hods Oyfer coEpEsiS: i AhihgOUEREs! 9ating et awﬁm?ﬁé“’c}ﬁ? 8??“6‘@%& ‘f‘?&n SN
gener al lo%tﬁqglo?ﬂ[ %Eepfaﬂ:%_ DRASE Rl hinsR1R0MRO nEpEBIE GlsBBlREhithes tHDERTace

parti cular outer coating 28 contalns alum na (A1203) dispersed
Wi t hi n aoudlinesiesf theatinex 1 4ra e ioater coatigs 28l obthis inviestor( i abey taileraditeat es

and/or mullite_ (3A1203.2S O2),. the .relative amounts . of i C il vary
dependi ﬁ@wﬁﬁstafbé?rfqrrt? ﬁ&rmger%% 190 [ea‘ﬂﬁ’ l%"d’b‘%%@ﬁ arg%%eﬁ ce' _er}rqr%ljgr atures
seen by L1, 603d 80 §nd MRS IhERLEDN RIPMBITBORGMIHE higed @atinggsat hi gher
tenperatures. The coating 28 is depicted as conprising an inner |ayer 30

cont act iachievésthTBGebreand taninventim dsayrssulgof iteeampasiianrand methedsfst  sur f ace
34, with the.conbj ne%?ﬂ%i knesses of the layers 30 and 32 being |ess than
that of YeRESHEASAESCHIA BM¥hositions of the |ayers 30 and 32 are tail ored
for their particular function. The inner layer 30 is preferably limted to
cont ai iy o@klBddidgl T8 & Sédekally ARbIIninAbher bilita-buimd eernirdc materall ayer 32

i ncl udes al um na as wel | . . ) s
More particularly, the outer coating 28 contains alumina (AL, O;) dispersed within a
binder matrix material composed of silica (SiO), silicates and/or mullite
(3A1,0328i0,), the relative amounts of which will vary depending on the firing
temperature and subsequent service temperatures seen by the coating 28, with greater
amounts of mullite forming at higher temperatures. The coating 28 is depicted as
comprising an inner layer 30 contacting the TBC 26 and an outer layer 32 defining the
outermost surface 34, with the combined thicknesses of the layers 30 and 32 being
less than that of the TBC 26. The compositions of the layers 30 and 32 are tailored
for their particular function. The inner layer 30 is preferably limited to containing
alumina in a silica matrix material, while the outer layer 32 includes alumina as well
as a glass and zinc titanate (Zn,TiOy) in a silica matrix material. While alumina is the
preferred constituent of the coating 28, up to about 65 percent by weight of the

alumina could be replaced by other metal oxides, such as zirconia (Zr0,), magnesia

(MgO), titania (TiOy), or mullite.

A more particular composition for the inner layer 30 contains about 5 to about 85

weight percent alumina, more preferably 40 to about 60 weight percent alumina, with




as a glass and zinc titanate (Zn2Ti04) in a silica matrix material. Wile
alumna is the preferred constituent of the coating 28, up to about 65
per cent 1BpWEISg# of the alumi na could be replaced by other netal oxides,
such as zirconia (ZrQ2), magnesia (MO, titania (TiQ2), or mullite. A
nore particular conposition for the inner |ayer 30 contains about 5 to
about 85 weight percent alumna, ngge preferably 40 to about 60 wei ght
percent alumna, with 13DV 125144 8 the bal ance being essentially the
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In the preferred size ranges, the finer particles are able to fill the spaces between the
larger particles at the surface of the inner layer 30 to reduce its surface roughness.
Another benefit of the bimodal size distribution of the alumina particles is that at very
high temperatures, silica within the matrix material of the inner layer 30 preferentially

reacts with the finer alumina particles to form a mullite phase.

The slurry is prepared by combining the alumina powders with a silica precursor and
a sufficient amount of carrier liquid to enable the slurry to be applied by spraying. A
suitable precursor for the slurry is a silicone such as polymethyl siloxane, a particular
example of which is a resin manufactured by GE Silicones under the name SR350,
and classified as a methylsesquisiloxane mixture of the polysiloxane family. A
suitable carrier liquid is an anhydrous alcohol such as methanol or ethanol, though
acetone, isopropyl alcohol or trichloroethylene could be used. A suitable slurry
contains about 40 to about 65 weight percent of the alumina powder (preferably

having the two particle size ranges discussed above), about 1 to about 45 weight




a sufficient anount of carrier liquid to enable the slurry to be applied by
spraying. A suitable precursor for the slurry is a silicone such as

pol ynmet AgDVsi2A5ao%éne, a particular exanple of which is a resin manufactured
by GE Silicones under the nane SR350, and classified as a

met hyl sesqui si |l oxane m xture of the polysiloxane famly. A suitable
carrier liquid is an anhydrous al cohpl such as nethanol or ethanol, though
acetone, isopropyl alcohol or trichloroethylene could be used. A suitable

slurry conta out 40 to t ht,~ REr f na powder
(preferQSV§HtWﬁ@?ggw?ﬁnghﬂrﬁggt 8Pt§§t (g?gﬂﬁg%gh 8%8%%Q§§g%¥%§ about 1
t o aboutjgfl, Vﬁiegﬁﬁrséﬁe@\i findP ddhifla paticles pre@dratil eoﬁstimeabypwaghtr sout and about
5to about 90 wei percent of t carrier i quid. The coarser and fi ner

al uni na20% ta @hogsg@‘}/oear@r@mwe%n@tabput 40%pgespratigRly, OB SUUITPORS about 55%
and abO%SWZg?%%a gﬁ"[é%é YT HES t eslu}‘tablgfsg}egf% r KoY e tat, thpei ng

sprayed i'ng “any bI e's kKnown 1 n the ‘art, the
ConMposi tcoMPosieibn logn B¢ ideidd at rddh@tﬁrﬁm&feadndrtﬁemlﬁded fmehsurﬁldfﬁﬂletoarrtﬂnr n off the

carrier liquid and yield a substantially honogeneous in | a Bl 30. A
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desi red "SUF &ce °r ot nore than 120 m crol nches Ra (about 3
m cr onet1gnmiBamehas). t he out ernmost surface 34, the outer layer 32 nust have
a snoother surface fini sh than t he underlyi ng TBC 26. As noted above, the

outer layer .32 of the co co i NS n to

al um na higve ithedesgedpugtace r‘g‘é@??%é’l% ﬁ@%‘g?@cgﬁs qagi)@
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capability, the zinc titanate content is dispersed in the outer layer 32 of the coating 28.
A particular composition for the outer layer 32 contains, by weight, about 5 to about
85% alumina, about 0 to about 35% zinc titanate, about 0 to about 35% of the glass
material, and the balance the silica-containing matrix material. A more preferred
composition for the outer layer 32, by weight, is about 25 to about 65% alumina,
about 10 to about 25% zinc titanate, about 10 to about 25% glass material, and the

balance the silica matrix material.

As with the inner layer 30, the outer layer 32 is deposited in the form of a slurry that
is subsequently dried and fired. Contrary to the slurry for the inner layer 30, the
slurry for the outer layer 32 preferably contains alumina particles in a single particle
size range and which are finer than the alumina particles used to form the inner layer
30. The alumina particles constitute about 5 to about 80 weight percent of the slurry,
more preferably about 25 to about 65 weight percent of the slurry for the outer layer
32. A suitable alumina powder for the outer layer 32 is commercially available under

the designation A-16SG from ALCOA, and has an average particle size of about 0.48



about 10 to about 25% zinc titanate, about 10 to about 25% gl ass materi al,
and the balance the silica matrix material. As with the inner |ayer 30,

t he out @3DVdAPSsi4B2 is deposited in the formof a slurry that is
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particles in a single particle sizeygrange and which are finer than the
alum na particles used to formthe inner layer 30. The alum na particles
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of the slurry for the outer layer 32, with a suitable particle size being -325 mesh (less

than 45 micrometers in diameter).

The above solid components are combined with an appropriate amount of silica
precursor and a sufficient amount of carrier liquid to yield a slurry. Similar to the
inner layer 30, a suitable precursor for the silica-containing matrix material of the
outer layer 32 is a silicone such as polymethyl siloxane, a particular example of which
is a resin manufactured by GE Silicones under the name SR355. This silicone is also
classified as a methylsesquisiloxane mixture of the polysiloxane family, but yields
less silica when fired than the SR350 silicone used to form the inner layer 30. A
higher silica content is preferred for the inner layer 30 to promote the yield strength of
the inner layer 30, thereby increasing the compliance of the inner layer 30 to promote
strain isolation resulting from CTE mismatch between the TBC 26 and the outer layer
32. Finally, the same liquid carrier used to form the slurry for the inner layer 30 can
be used to form the slurry for the outer layer 32. A suitable slurry contains about 1 to
about 45 weight percent of the silica precursor, and about 5 to about 95 weight

percent of the carrier liquid.




inner layer 30, a suitable precursor for the silica-containing matrix
material of the outer layer 32 is a silicone such as polymethyl siloxane
a parti ¢BDar128xépl e of which is a resin manufactured by GE Silicones ’
under the name SR355. This silicone is also classified as a
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425°C to about 1370°C). The hold temperature is held for a duration of at least one

hour to convert the precursor to the desired silica-containing matrix material and at

least partially sinter the resulting ceramic constituents of the layers 30 and 32. The

degree to which the layers 30 and 32 are sintered can be tailored for the service

temperature of the component. In a preferred embodiment, the layers 30 and 32 are

not sintered to full density, so that voids (not shown) are present in the coating 28.

The voids serve to reduce the thermal conductivity of the coating 28 as well as

provide stress relief.

An important feature of the outer coating 28 of this invention is that it reduces the
temperature of the component it protects by reducing the convective and radiant heat
transfer to the component. In particular, the outermost surface 34 defined by the outer
layer 32 of the coating 28 is sufficiently smooth to significantly reduce convective
heat transfer to the component, and the zinc titanate contained in the outer layer 32
serves to reduce the IR transmissivity of the coating 28. The inner layer 30 is

formulated to be compliant (for strain isolation) and chemically compatible with the




hour to convert the precursor to the desired silica-containing matrix
material and at |east partially sinter the resulting ceramc constituents
of the 11aPdrK5384and 32. The degree to which the layers 30 and 32 are
sintered can be tailored for the service tenperature of the component. In
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In an investigation leading to the invention, testing was performed with one-inch
diameter (about 25 mm) superalloy buttons on which a bond coat of NiCrAlY was
deposited by APS to a thickness of about 0.006 inch (about 150 micrometers), over
which a TBC of YSZ was deposited by APS to have a thickness of about 0.005 to
about 0.008 inch (about 125 to about 200 micrometers. Some of the buttons were
additionally coated with a two-layer outer coating in accordance with the invention.
The outer coatings were formed by preparing separate slurries for the inner and outer
layers of the outer coatings, as discussed above. The slurry composition for the inner
layers contained about 316 grams SR350 silicone, about 376 gams of the fine SM8
alumina powder, about 516 gams of the coarser A-14 alumina powder, and about 500
gams of reagent alcohol as the liquid carrier. The slurry composition used to form the
outer layers of the coatings contained about 150 grams SR355 silicone, about 500
gams of the A-16SG alumina powder, about 250 gams of zinc titanate, about 250
grams of the V212 glass, and about 500 gams of reagent alcohol as the liquid carrier.
When preparing the slurries, their respective silicone constituents were first dissolved

in the liquid carrier, after which the powder materials were added and then the




deposited slurry coating. In an investigation |leading to the invention,
testing was performed wth one-inch dianmeter (about 25 nm superall oy
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t hi ckness of about 0.006 inch (about 150 microneters), over which a TBC of
YSZ was deposited by APS to have a thickness of about 0.005 to about 0.008
inch (about 125 to about 200 m cronggers. Sone of the buttons were
additionally coated with a two-layer outer coating in accordance with the
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about - 120 EpBrErEney R R edat SRRy diRed i ahel T 4o
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subjected to cooling air. During the test, in which a temperature of about 2550°F
(about 1400°C) was attained at the coating surfaces, the buttons protected with the
outer coating of this invention exhibited backside temperatures of about 1730°F

(abouf 943°C) compared to about 1830°F (about 998°C) fo the buttons coated only
with TBC, for a difference of about 100°F (about 55°C).

While the invention has been described in terms of a preferred embodiment, it is
apparent that other forms could be adopted by one skilled in the art, such as by
substituting other TBC, bond coat and substrate materials. Accordingly, the scope of

the invention is to be limited only by the following claims.




essentially the silica matrix material. The buttons were then subjected to
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at |least one o 1‘1I ca l'i'cate and nmullite, the outer |ayer (32)
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of silica, silicate and lite, the outer |ayer % deflnlng an

out er nosibosiu® ﬁ@a‘EOl(t@@)W@fght h@C@ﬁrqf@n&lﬁf&S mpateyial, tah@u% bRy 85 tFElice (34)
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consisting essentially of at least one of silica, silicate and mullite, the outer layer (32)

defining an outermost surface (34) of the component (14), the outermost surface (34)

having a surface roughness of not greater than 3 micrometers Ra.

2. A component (14) according to claim 1, wherein the outer coating (28) has a
thickness of less than the thermal barrier coating (26) and the outermost surface (34)

has a surface roughness of not greater than 1 micrometer Ra.

3. A component (14) according to claim 1, the inner layer (30) contains about 40 to

about 65 weight percent alumina.

4. A component (14) according to claim 1, wherein the outer layer (32) contains of
about 25 to about 65 weight percent alumina, about 10 to about 25 weight percent of

the glass material, and about 10 to about 25 weight percent zinc titanate.

5. A component (14) according to claim 1, the inner layer (30) consists of the
alumina and the first silica-containing matrix material, and the outer layer (32)
consists of the alumina, the glass material, the zinc titanate, and the second silica-

containing matrix material.




t hi ckness of less than the thermal barrier coating (26) and the outernost
surface (34) has a surface roughness of not greater than 1 m croneter Ra.
3. A conpbDNelt51444) according to claim 1, the inner layer (30) contains
about 40 to about 65 weight percent alumina. 4. A conponent (14) according
to claim1l, wherein the outer layer (32) contains of about 25 to about 65
wei ght percent alum na, about 10 tojgbout 25 weight percent of the glass
material, and about 10 to about 25 weight percent zinc titanate. 5. A

conpone acco
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and the second silica- containing matrix material. 13DV 125144 15 6. A

conponerompduEnt fldgor ding to claim 1, further conprising a bond coat (24) on
t he surface of t he conponent (14) and bonding the thermal barrier coating

(26) tosthe. gomanans ?%QI%ZO glof 8T ONGR hd dehls BGEQUSTHAL, {fnilal M ©.

wher ei n 't conposi L1 on’ consi sti ng
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wher ei n
lé@ i Fﬁﬁﬁé hattLd er coating (26) has been deposited by air plasma
sprayi ng Ey§1og Igneﬁ% (14) according to claim8, wherein the therga

barrier coating (26) has a chem cal conposition consisting essentially of
zirconi &, A(tcbgipanemQM)mccddmgio clainplyrwhaereis. thd hermalnstrhierdcagting éflci ng
convective, and radi heat transfer to a conmbustor conponent (14) of a
gas t ur hiakkequdsy OmFﬁéwﬁ@Uﬁﬁﬂp%%ﬁﬁPW%ing the steps of: depositing a)therwa

barrier coating (26) on the conponent (14); preparing first and second
slurriesy ARSmpbh&lt (84)ccdrdds ROcIARES, WherginntBe tHermabbariancbating (26)

has a chemical composition consisting essentially of zirconia, yttria and incidental

impurities.

10. A method of reducing convective and radiant heat transfer to a combustor

component (14) of a gas turbine (10), the method comprising the steps of:
depositing a thermal barrier coating (26) on the component (14);

preparing first and second slurries, the first slurry being free of zinc titanate and
containing first and second alumina particles in a first silica-forming binder material,
the first alumina particles having a particle size range of about 3 to about 6
micrometers, the second alumina particles having a particle size range of about 0.05 to
about 0.8 micrometers, the second slurry containing third alumina particles, a glass
material, and zinc titanate in a second silica-forming binder material, the third
alumina particles having a particle size range of less than the first and second alumina

particles;

depositing and firing the first and second slurries to form first and second layers
(30,32) of a multilayer outer coating (28) overlying the thermal barrier coating (26),

the first layer (30) being free of zinc titanate and comprising alumina in a first silica-




containing first and second alumna particles in a first silica-formng

bi nder material, the first alumna particles having a particle size range
of about3BVti@sadpbut 6 mcrometers, the second alum na particles having a
particle size range of about 0.05 to about 0.8 microneters, the second
slurry containing third alum na particles, a glass material, and zinc
titanate in a second silica-form ngiginder material, the third alumna
particles having a particle size range of less than the first and second
alumna particles; depositing and. firin he fi.rst and.second,slurries to
form {1 palaiing Easn Poayay B 00 39751 02) AomPTFRe T Bk G kT ng ( 28)
overlyi Boidifa€ ahBedBhc @hdt &1 a §RBh Blicd-EMitainirghiatfik hderlattyer (30) bei ng
free of zinc titanate and conprising alumna in a first silica 13DV 125144
16 containing matrix material, the second | ayer (32) conprising al um na,

t he gl asdheraimther segbnd fayar (30 defines an vuteamest wrigce 349 md the cPBRORSAt ai ni ng

(34)  of (Cheteormysiune Sudace) O47 RERGH L Fflee a0 R T ey W3S, Phce

roughnesgcofnct@é Rgreater than 3 mcroneters Ra.




