1 SMOOTH QUTER COATI NG FOR COMBUSTOR COVPONENTS AND
COATI NG METHOD THEREFOR BACKGROUND OF THE | NVENTI ON
(1) FIELD OF THE | NVENTI ON The present invention
generally relates to coatings for conponents exposed
to high tenperatures, such as the hostile thernal
envi r onnent Her j ly, this
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by reduci ng the convective and radi ant heat transfer
to the conponent in the conmbustor section of the
turbine. (2) DESCRI PTION OF THE RELATED ART Hot
section conponents of aircraft and industrial (power
BarEGRIOOND QRS HEUINVENTIRQgI nes are often protected
by a thernmal barrier coating (TBC), which reduces the
tenperature of the underlying conponent substrate and
(Dhgﬁ@HQ(H@BHEH§§@ﬁﬁ30@%rvice life of the conponent.

Ceramic materials and particularly yttria-stabilized
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deposition process, in which "splats" of nolten
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resulting surface of the TBCis relatively rough, with
a surface roughness of 250 to 350 m croinches Ra )
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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



hel ps to reduce the tenperature of the conponent on
which the TBC is deposited. In regard to infrared

(IR transmissivity, analysis has shown that APSTBC is
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by F1J:hermal 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 improveinents would be desirable for the ability of TBC

on combustor components to reject heat and resist spallation.



3 BRI EF SUWARY OF THE | NVENTI ON The present

i nvention generally provides a coating and nethod for

overcoating a TBC on a conmponent used in a

hi gh-t enperature environnment, such as the conbustor

section of a gas turbine. The invention is

particularly directed to a3oating that reduces the

conmponent tenperature by reducing the convective and
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conbustor section of an industrial gas turbi ne The

coatlngnof .this invention defines the outernos

The pepeit ovgpitien goneplyaavides ¢ cogsing pad psthog fgr Perastinga TBC
af cath
o S ipSAPLLHD L HELEARADR CLULGIRL MR b
secgien o gaajmrhmepaﬂm nivestwm Isapaimcsllaﬂ;alduacaad momt:aatmgnglat
X mat er| ee, of Z|nct|tanate

fedE%“rFséh&%on@%%ﬂ{ Cg?rre\ya%’fe EY Feuging they ?Qfaf@et%avcgradlant heat

tran®edrltd 1R corpRnbitlis thetloHBubidr RRibh 6f &§m|aﬁé‘[ﬁalaga9 albing! ©
size that is coar ser than the second al umna
particles. An outer er of the coating contains

The wpaténg af this n&vqﬁl@pm 1@ gs hls@\/pnfgrraoqiaaurfacd: of $he eomponent it
progéctcst Eﬂcibfétf‘o&[?e(f t{){rh%ieatsﬂ[ 1 lgigers Bg\ﬁgé %lefﬁegelﬁ C?"g‘ﬁgiigo?sn% mner

rat erl
lay&eof)ﬂté Scbdtingaccﬁmﬂhﬁmu%d s@RbAd dalurBingr padlicleO NS iaSfilsNGilica-
essentially of silica, silicate and/or mullite. The

CONIRIAR Mm% fnatf‘éa'al thabisdesstaf ﬁgwﬁlé@laé? adraoasisls esgphr s siffca,
siliffd afl/6Pk Gt Efﬂe gg améﬁzﬁq% gQ % hR% %%@8&? s?ize that {shcgarser

m cromnmeters ernost ‘surface o
thag ahe ceamid, alumlmbamcteed Ao ddm lahet of arebiisiting Nccp@BAS third

W, .t hin.the conbustor secti The thod of this
alumifpePA s DAVEE FeRATHFIE 4 %@trﬁmrle% waH thea dba direll andrseend

aluxfn'h% WReRD a ksm%s 182129 %Hltcec'ita+1zﬁ¥% $ &b ﬁ&ﬁh@?%ﬁtg%éng

are ormsd’ such, the first slurry is free o
matrixtraatetia cansistucgﬁsaenmslly bésitica, stlicatedind@c andlital (e pater layer

of (iptasieRas & it PRy UGRL oRer IHE 1IN oI aT oo 3

mick@htters! B9, andghaie FedrRlok@durfaddf me%n{ﬁohaﬁaisesu'bﬁc@d to the
second silica-form ng binder materi al I'T ow ng

hot gepbeitiohanrsestwithe thermenrhalstob sgotiper coat i ng on the
conmponent, the first slurry is deposited on the

t I i.er..coat i frer Wi 14, S .

it 8RR S BC I Shi SPRLORSS BiebfipLitf had ORoRF SRR gl Which

the immﬂi dutert lagerk bf the cathgsae dnehed| Wsrsuels, the Arst bluad i Bee of
formthe |nner, and outer ]ayers, respectively, of the

zing Hinatrgandyepipaing he dirgh andgisond ‘alumina particles 1n 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. 4 As
not ed above, the coating of this invention reduces the
conmponent tenperature by reducing the convective and
radi ant heat transfer to the conponent. In particular,
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Figure 2 15 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 liner 14. Both fuel 5 and water may be

injected into the conbustion chanber through the

nozzle assenblies 16, with the injection of water
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to 13 microneters Ra) bei ndg PI cal for YSZ deposited
Thepl BRAYS is AloRirtsd)as l\pwmgebeen eposited 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



depositing the TBC 26 by APS is of particular interest

to this invention, other plasma spraying techniques

coul d al so be used, such as |ow pressure plasnma

spraying (LPPS; also known as vacuum pl asma sprayi ng
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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
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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 (ZnyTi04) 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 (ZrO;), magnesia

(MgO), titania (TiO,), 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



alumna in a silica matrix material, while the outer

| ayer 32 includes alumna as well as a glass and zinc
titanate (Zn2TiM) in a silica matrix material. Wile
alumna is the preferred constituent of the coating

28, up to about 65 percent by weight of the alumna
coul d be replaced by other &etal oxides, such as
zirconia (ZrQ2), magnesia (MO, titania (TiQ2), or
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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



The slurry is prepared by conbining the al um na

powders with a silica precursor and a sufficient

anmount of carrier liquid to enable the slurry to be

applied by spraying. A suitable precursor for the
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about 0 to about 35% zinc titanate, about 0 to about

balagseslsfsilidaenggiiggraterisht eri al , and the bal ance the
silica-containing matrix nmaterial. A nore preferred

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
sturry 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 shurry,
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



conposition for the outer |ayer 32, by weight, is
about 25 to about 65% al um na, 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 layer 30, the outer layer 32 is deposited in
the formof a slurry that 10is subsequently dried and
fired. Contrary to the slurry for the inner |ayer 30,
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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.



precursor and a sufficient anount of carrier liquid to
yield a slurry. Simlar to the inner |ayer 30, a
suitabl e precursor for the silica-containing matrix
material of the outer layer 32 is a silicone such as
pol ymet hyl sil oxane, a partlcular exanple of which is
a resin manufactured by GHISi | i cones under the name
SR355. This silicone is also classified as a
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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
Jayer 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



425C to about 1370C). The hold tenperature is held for
a duration of at |east one hour to convert the
precursor to the desired silica-containing matri x
material and at |east partially sinter the resulting
ceram c constituents of the layers 30 and 32. The
degree to which the layersl30 and 32 are sintered can
be tailored for the service tenperature of the
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appeairs to be on the order of about 10% porosity,

The tutegtratiogs werediatined bapmpatioy stpgrase slggiesdet the dpter and outer
N N T
lay&l8 GORRARILdLRGL Of6 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



the organic portions of the matrix material precursor
and the carrier of the as- deposited slurry coating.
In an investigation leading to the invention, testing
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the invention is to be limited only by the following claims.



about 48% al um na, about 24% gl ass, about 24% zi nc
titanate, with the balance essentially the silica
matri x material. The buttons were then subjected to a
test in which a flane was directed at their coated
surfaces, followed by cooling air. The backsi des of
the buttons were continuous4y subjected to cooling
air. During the test, in which a tenperature of about
Cléi®50F (about 1400C) was attained at the coating
surfaces, the buttons protected with the outer
coating of this invention exhibited backside
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_particles, about O to about 35 weight percent of a

micgpraersRet eri al , about 0 to about 35 wei ght percent
zinc titanate, and the bal ance being a second
silica-containing matrix material consisting

2. A component according to claim 1, wherein the outer coating has a thickness of

less than the thermal barrier coating and the outermost surface has a surface roughness of

not greater than | micrometer Ra.

3. A component according to claim [, the inner layer contains about 40 to about 65

weight percent alumina.

4, A compenent according to claim 1, wherein the outer layer contains about 25 to

about 65 weight percent alumina, about 10 to about 25 weight percent of the glass



essentially of at |east one of silica, silicate and
mullite, the third alumna particles of the outer
| ayer having a particle size distribution that is
finer than the particle size distribution of the
first alumna particles and finer than the particle
size distribution of the $&&cond alunmina particles of
the inner layer, the outer |ayer defining an outernost
mategipk, aevbabogf | ¢ teerbowirASome ght petchies zinettéanmbst sur f ace
having a surface roughness of not greater than 3
m cronmeters Ra. 2. A conponent according to claim1,
5. whehAebmpbiat sutbelincoatdind, hrgneer ldyecdoneiss o0fhe al@sifa and the
than the thermal barrier coating and the outer nost
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the inner |ayer contains about 40 to about 65 wel ght
percent alum na. 4. A conponent according to claim1,
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about 25 wei ght percent zinc titanate. 5. A conponent
according to claiml, the inner |ayer consists of the
7. al uRicBapaet 406rdifd thlaifid, WadreHQARt Bddal G MR chémical
material, and the outer |ayer consists of the alum na,
compppaition caissstingeesentilly af eckel, plromjunambiteinumangirivearsidiseidental
. al s - r | . C
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micoem¢étls. surface of the conponent and bonding the
thermal barrier coating to the conponent. 7. A
conmponent according to claim®6, wherein the bond coat
8. hasA oBp@TEhCatleorda@ PRt 10Wh&OMThStheithl 8a8RNEdadhk Wasdeen
ni.ckel, chrom um alum num yttrium and incidental
deppsiisd by pirddasmasgrayig. bond coat has an average surface
roughness RO of at |east about 8 mcroneters. 8 A
conponent according to claiml, wherein the thernal
9. bark cenpasat icagdiasobeén 8, dbpowithedcinyal darieptasinghas a
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conposition consisting essentially of zirconia, yttria
and incidental ippurities. . . ) . ]

10. A component according to claim 1, wherein the third alumina particles are in a

single particle size range.

I, A component according to claim 1, wherein the combustor component comprises
a liner whose interior defines a combustion chamber of the gas turbine, and the surface

overlaid by the thermal barrier coating is a surface of the liner.

12. A combustor liner of a gas turbine, the liner having an interior defining a
combustion chamber of the gas turbine, the liner comprising:

a thermal barrier coating overlying a surface of the liner; and



10. A conponent according to claim1l, wherein the
third alum na particles are in a single particle size
range. 11. A conponent according to claim1l, wherein
t he conbustor conponent conprises a |iner whose
interior defines a conbustion chanber of the gas
turbine, and the surface owverlaid by the thernal
barrier coating is a surface of the liner. 12. A
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conddustidmgnsisaw ithie klescoafbustbiechamber, | ayer, the outer [ayer
defining an outernost surface of the liner, the
out ernost surface having a surface roughness of not
greater than 3 mcroneters Ra; wherein the outernost
surface defined by the outer layer is subjected to hot
conmbustion gases within the conbustor chanber. 17




SMOOTH OUTER CQATI NG FOR COVBUSTOR COVPONENTS AND
COATI NG METHOD THEREFOR ABSTRACT OF THE DI SCLOSURE A
coating (28) and nethod for overcoating a TBC (26) on
a conmponent (14) used in a high-tenperature

envi ronment, such as the conbustor section of an
industrial gas turbine (1b). The coating (28) defines
the outernost surface of the conponent (14) and is
formed of SMOOEHDUTHER COHENSG FBR GOMRAERITOR di fferent
conpositions. An inner |ayer (30) of the coating (28)

ator o O PRl O SRt EEHEET ARG | L,

(32) of the coating (28) contains alumna, a glass

material, and zinc titanate in a second

silica-containing matrix material. The outer |ayer
of the coatin 28) has a surface roughness of

AB%ERAQ;:; ¥ O5tEHE DHERL m crometers Ra and forns the

out ernost surface (34) of the conponent (14). The
A S AP OB ARSI ATRER LR Y v
highhiemptatur&leGvir@ment, such as the combustor section of an industrial gas
turbine (10). The coating (28) defines the outermost surface of the component (14)
and is formed of at least two layers (30,32) having different compositions. An inner
layer (30) of the coating (28) contains alumina in a first silica-containing matrix
material that is free of zinc titanate. An outer layer (32) of the coating (28) contains
alumina, a glass material, and zinc titanate in a second silica-containing matrix
matexial. The outer layer (32) of the coating (28) has a surface roughness of not
greater than three micrometers Ra and forms the outermost surface (34) of the
component (14). The coating (28) reduces the component temperature by reducing

the convective and radiant heat transfer thereto.

FIG. 2



