PLASVA APPLI CATI ON OF THERMAL BARRI ER COATI NGS W TH REDUCED THERMAL
CONDUCTI VI TY ON COVBUSTOR HARDWARE STATEMENT OF GOVERNVENT | NTEREST

[ 0001] The CGovernnent of the United States of Anmerica nay have rights
in the present invention as a result of Contract No. N00019-02-C- 3003
awar ded by the Department of the Air Force. BACKGROUND [ 0002] The
present disclosure is directed to thernmal barrier coatings with
reduced thernmal conductivity on conbustor hardware, which coatings

are appl i edrusiinoxfei@s Ty bROPREmER! %ﬁlkﬁ%é@h@ GHOE RESGEHYS
(TBCs) have been used tor many years to extend the |ife of conbustors

and hi gh turbine sffEERYARr§OERETLITLAY | A PHASTOR HABDWARDI ne

engi nes. TBCs typically consist of a netallic bond coat and a ceram c
top coat applied to a nickel or cobalt based all oy substrate which
forms the part being coated. The coatings are typically applied to

t hi cknesses between 5 agg, {?ﬁéﬁf %FaggggéﬁﬁéﬁfnﬂﬁﬁgRgtho 300 degrees F

tenperature reduction tot substr I's tenperature
reducti on taml ates GavernmaptovedtparinidedaBidtey othidghoica und ne

operating f ueesn a0d IavedyLUEDgie £ B Leney.oJypi cal |y,

the ceramc aye iIs a7 wm%yttria st zirconta applied by
ai r pl asnmeCoaprract( APS) NONelp 41 v Ct-RE P Radwzokrdu dtyi vheyDepmttinegs kbdve
been devel gped, whigh can provide inproved part perfornance.

BACKGROUND
[0002] The present disclosure is directed to thermal
barrier coatings with reduced thermal conductivity on
combustor hardware, which coatings are applied using a

plasma.

[0003] Ceramic thermal barrier coatings (TBCs) have been
used for many vears to extend the life of combustors and
high turbine stationary and rotating parts in gas turbine
engines. TBCs typically consist of a metallic bond coat
and a ceramic top coat applied to a nickel or cobalt based
alloy substrate which forms the part being coated. The
coatings are typically applied to thicknesses between 5 and
40 mils and can provide up to 300 degrees F temperature
reduction to the substrate metal. This temperature
reduction translates into improved part durability, higher
turbine operating temperatures, and improved turbine
efficlency. Typically, the ceramic layer is a 7 wt% vytiria
stabilized zirconia applied by air plasma spray (APS). New
low thermal conductivity coatings have been developed which

can provide improved part performance.



[ 0004] One coating which has been used in the past for TBCs is

gadol inia stabilized zirconia based thernmal barrier coatings. SUWARY
OF THE I NVENTION [0005] It is desirable to forma thermal barrier
coating which has a relatively I ow thermal conductivity. [0006] As
described herein, there is provided a process for formng a therma
barrier coating conprises the steps of providing a substrate,
providing a gadolinia stabilized zirconia powder, and formng a
thermal barrier coating having at | east one of a porosity in a range
of from5 to 20% and a dense segnented structure on said substrate by

suppl yi ng {#&04Yadere merSngoibicedpoiean veed Spridie gastafar Uiy an
air pl asmalé%éaeﬂl%qanggg@lli%@%r%%é B8 [9elhal h@am@éﬂml

barrier coatings applied using an air plasma spray technique, as well
as advant agedtiddsendant thereto, are set forth in the follow ng
detail ed description and the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON

OF THE DRAW NGS
SUMMARY OF THE INVENTION

[0005] It is desirable to form a thermal barrier coating

which has a relatively low thermal conductivity.

[0006] As described herein, there is provided a process for
forming a thermal barrier cecating comprises the steps of
providing a substrate, providing a gadolinia stabilized
zirconia powder, and forming a thermal barrier ceoating
having at least one of a porosity in a range of from 5 to
20% and a dense segmented structure on said substrate by
supplying the gadolinia stabilized powder to a spray gun

and using an air plasma spray technique.

[0007] Other details of the thermal barrier coatings
applied using an air plasma spray technique, as well as
advantages attendant thereto, are set forth in the
following detailed description and the accompanying

drawings.

BRIEF DESCRIPTICN OF THE DRAWINGS
[0008] Figs. 1 and 2 are photomicrographs showing a low
conductivity cracked coating formed using a F4 Plasma Spray
Gun, which coating includes a ceramic layer consisting of
30 wt® Gd;03 and 70 wt% Zr0; with a air plasma spraved
MCrAlY bond coat);



[0008] Figs. 1 and 2 are photom crographs showi ng a | ow conductivity
cracked coating fornmed using a F4 Plasma Spray Gun, which coating

i ncludes a ceramc | ayer consisting of 30 wt % Gd202 and 70 wt % Zr 02
with a air plasnma sprayed MCrAl'Y bond coat); Fig. 3is a

phot om crograph showi ng a coating systemwhich includes a netallic
bond coat, a ceram c bond coat, and a ceram c top coat forned by a

| ow conductivity coating in which the netallic bond coat is an air

pl asma- spraygd :JV%A' YpQQBme&?Jgratpﬂesﬁ%ﬁﬂ%Ca %&Qiﬁgaéyééen@ whifRZ
interlayer, and the ceramc top coat is a 30 wt % GJd202" - 70 wt % Zr 02

top layer. 1nclude|:aE11AmEE®1DES@QrﬂTlc@NtO:anmE:ERREm%mmENT( S)
[0009] As desghibadohenel neoadd 89M8 01 Aol £ENLANS Loatitd iized Lo

apply a gadolinia stabilized zirconia base rmal “barrier coatings
on corrbust@hl%rtdwarﬂ@tgm&hc arrshireks, 1ghambels plhent - shiatafks,

{ransi ti oncighs pAUIBBIL ST She Clianl BeLRAE ST SALAY tiew?é‘i“ que may be

an air plasma spray technique in Whi Gh-a desirabl e coat

m crostr uci@t@ﬂ@%r&dudet—jhe [GOEOE cl hormi cogptt dsyra SPr |y QCh@3 coatl ng
material s, gprzorrbel Lgﬁlf d the surface of the substrate to be

coat ed. The coatl’ ng material is in the formof a spray. The powder or
powders formng the coating nmaterial are fed along wth carrier gases

into a high t epgpe %‘ﬁgﬁg %ﬂﬁ??’i‘é@@ﬁo&‘sqﬁa%%?%%ﬁﬁo@m g@% )st ream

t he powder particles are acceler e surface of
the substrd@@0glo be dwatgdedTherpowder plasthrcbesavreechedate &s spray

gun at a j 1 d . car fl1.0 uc on gas
flowis ugg?ji{%%r%i%ﬁt gﬁﬁifhaeé’pg% é!rﬁén%ga?mlrlez\sgsdlsu‘z é%ﬁ% % aﬁrl ate
powder feetherfizd darrier ga%t:frigmmonatemblsstd:esdmrkiedrensmramard cubi c

feet per houre, St andapd. conditd Qns iay be defined ageabout room
t enper at ur ‘about oneé’ at nhosphére of pressu
augmenters, etc. The plasma spray technlque may be an air
rlasma spray technique in which a desirable coating

microstructure is produced.

[0010] In air plasma spray, the coating material is
propelled toward the surface of the substrate to be coated.
The coating material is in the form of a spray. The powder
or powders forming the coating material are fed along with
carrier gases into a high temperature plasma gas stream.

In the plasma gas stream, the powder particles are melted
and accelerated toward the surface of the substrate to be
coated. The powder particles are fed to a spray gun at a
desired feed rate. A carrier gas flow such as an argon gas
flow is used to maintain the powder under pressure and
facilitate powder feed. The carrier gas flow rate is
described in standard cubic feet per hour. Standard
conditions may be defined as about room temperature and

about one atmosphere of pressure.



[ 0011] The gases that nake up the plasm gas stream conprise a
primary gas (such as an argon gas or nitrogen gas) and a secondary
gas (such as a hydrogen gas). Heliumgas may be used as the secondary
gas if desired. [0012] The process includes the step of translating
a spray gun so that the nozzle is positioned at a desired di stance
fromthe surface to be coated. The substrate to be coated nmay be
passed through the spray of powder particles emanating fromthe spray

gun. [0013}odiey SPRAYG LYY ftﬂalgemy}s@chda AHOLMLERE #é)ﬁtsjtl}gﬁmdi scl osed
herein may include bo%h internal feed and external feed spray guns.

Sui t abl e s%@f@@rﬂgqms?‘ PHéngte 94 Puabmadyde |EON0OASSAE Zektivseso 3MVB,
7 MB, or 9;AB, apd t@ecg’hﬁ%? }esch@uehFaé a R8sk §4s Foating ARy

al so be applled w th the osition rate Sulzer "Metco Tripl ex
gun and/ or 9&henpy dgr essflves I—E!E-O@@ganda{fﬂoaaﬁ iAi desakadbased powder
with the additions of rare earth stabilizers, such as gadolinia, have
been found to yield coatings having | ower thermal conductivities than
many curref®0i3ier Ma¢ myrasiser iegé@fﬂmgg:heﬁ\scclssf af tiar@imténbaseﬁbm\der

I's one whi gly, conshsts gl I‘Pc%éloé‘ éaoi@l&?ed”a ‘EQEE? a! gastone of

yttria and titania, 15t Inira, and t ance zirconi a.
The yttri afzenl/tdre tsm-’énca ttaﬁ@ td@@tgeldolThﬁ gubisproeet ¢ hee tdreitedl

bar 1 er_cogly L $aERLANLE JBANAACL, DY OPE! dififlr YALLECRLL |

achieving ar errra con ram ¢ coat1ng. Coatings
f or med usi ¢engpndidsw foadetrlse aﬂre:aerham |n F| gs. 1 and 2. [0015] |If
desired, one could apply to a substrate, a coating which has a
nmetal lic bond coat, such as a MCrAl'Y type coating where Mis N or
Co, a cerah@@liint €r¢ ayrerey suchtasba UTSeY‘JSZoc@armn@ﬂ,.e deposnged on the

netal | bongcadly ANd.2, CELANICLOR £OBY SAIMLISI BO.ETQM 15 Lo 70

wt % gadol i nia an e Zirconia a coa Thg Systemis
||| ust r at eelxtigriEilg fe8d spray guns. Suitable spray guns include the

Plasmadyne SG-100, Sulzer Metco 3MB, 7 MB, or 9 MB, and the
Plasma Technic F-4. The desired coating may alsoc be
applied with the high deposition rate Sulzer Metco Triplex

gun and/or the Progressive HEi00 gun.

[0014]1 Zirconia based powder with the additions of rare
earth stabilizers, such as gadolinia, have been found to
vield coatings having lower thermal conductivities than
many current thermal barrier coatings. A useful zirconia
based powder is one which consgists of optionally 3.0 to 14
wt% of at least one of yttria and titania, 15 to 70 wt%
gadolinia, and the balance zirconia. The yttria and/or
titania, and the gadolinia, improve the thermal barrier
coating’'s ceramic¢ mechanical properties, while still
achieving a reduced thermal conductivity ceramic coating.
Coatings formed using these powders are shown in Figs. 1

and 2.



[0016] The air plasma spray paraneters may be adjusted to produce a
coating with a desired |l evel of porosity or a coating with a dense
segnented structure. For porous coatings, the coating may have a

t hermal conductivity which ranges from3.0 to 10 BTU in/hr ft2 F. For
segnented coatings, the coating nay have a thermal conductivity which
ranges fromb5.0 to 12.5 BTU in/hr ft2 F. [0017] A useful coating has
a porosity in the range of 5.0 to 20% The desired porosity for the

coating navom]obiglmxl@a abhertbgrd @e;pqg&nteoaoeéuﬁﬁéﬁa@t@gs the

standof f di stance, the er particle size, and the pomder f eed

rate. [001%92 Seghehied géﬁtﬁi e aprla¢i Bend rfé)aetoatswﬁa APt d MinAdivn

tol erance dyrd Qﬂ:a%&%&a%hQPeVﬁ“l@ Ni€ddscho 4 rtféx%%&%dlﬁ\@éﬂﬁéxon life.
For conbustor panel applications, a coatlng system having a segnent ed

m cr ost r uc¥yfte asoFcdal’ SEagertid-h dgrest bed col rither mayet libe ddrges a
useful coatdig S¥sLelrhfifdHod fod@SLbREri ONEy Cfé'amo%at@ o GRALI ng

with a dense segnented structure by increasing the power settings and
shorten t headaldmdel Andi shankelargee zéaacwba t hisichy ausPaging tRysdemt i ngs
set forth {f QLHHHH%t?d 8 @, UsS. patent no. 5,879,753, which patent
is incorporated by reference ereln [ 0020] For exanple, a useful

coating may be applied using the Plasmadyne SG 100 spray gun using an

anmper age T age 10f r300Q, 1,0 p%%éananpg M/aqlaﬁnagsrgfmé; 3P o %gugeleasto

applied to a cathode and “ano l'asma-gun b an argon
primary gagrdduse &f C¢5t1n910:51t8(:|a-|dealh @Irbgeai %cpndaazyt:ga@: fal ow of

1.0 to 10 SCK e SCF r gas

flow exiting ,%jh%r “ﬁﬁﬁo% ﬁ @%Jflgl%g&gé{ 545N(:t\g'»}(siper f'glgd rat%ﬁfo t he gun

of 10 to 4@D§H%ﬂﬁﬁ|ﬂthe comding gy @agEaﬂcthénmﬂh theadsgt facey bhdiing

coat ed of 035 ternatd vely h i_ngs may be
{]&H@hé f%lognanOTtéé(): ﬁgﬁg ALYGENALA el yp L ge%%r%%tteﬁ

applied w't spray gun using an anperage range
of from 50€atrigB0 &hpscoatiral treye hefre5s tleBElvobnguchivingoedich

primary g =63 o ogenpsecondary gas flow of 8
- 22 SCFQ%%ﬁ&é%ﬁﬁ# ggstngyfgggFFﬁéggg%é%ﬁgun of 6 to 12 SCFH, a

powder feed rate to the spray gun of 35 - 55 granms/mn. and a gun

di stance ffgmhe, sSdAGe RGLoE, A & Qi kLY f Gl rhnBe! BENESy
to 20%. The desired porosity for the coating may be
obtained by altering the gun power settings, the standoff
distance, the powder particle gize, and the powder feed

rate.

[0018] Segmented coatings provide the coating with strain
tolerance during operation which leads to increased
spallation life. For combustor panel applications, a
coating system having a segmented microstructure topcoat
layer with a ceramic interlayer provides a useful coating

gystem.

[0019] If desired, one can obtain a coating with a dense
segmented structure by increasing the power settings and

shorten the standoff distance. One can do this by using



[ 0021] One of the benefits of the process of the present invention is
the application of a thermal barrier coating having | ower thermnal
conductivity than many current coatings resulting in |onger coating
|ife, performance inprovenents, and cost savings. [0022] Burner rig
testing of a | ow conductivity coating forned in accordance with the
present disclosure with a ceramc interlayer was found to be 1.6 to
1.9 tines better in spallation resistance than w thout the

interlayerynd nie@ddichi @B FOMW1EaRAUCH 1 MhEYe COBL 1398 W tDa@lht no.
interlayer are 1.3 to 1.5 tinmes better in spallation than current

coatings. >[¥02353 nvhéebreRirRE Wist Ancheremrigfbibvgrafsesesre, there
has been pypovided a plasnma application of thermal barrier coatings
with reduced thermal conductivity on conbustor hardware. Wile the
pl asma application of thermal barrier coatings has been described in

the cont eXEo&ioﬁ%?N&%ﬁT%@%ﬁQé&i h&/89hg RLPSSe WHALeseqable

alternatives, nodifications, vari ations nay becomeé apparent to
t hose ski |l teel Flasmedvart Shall hgrreadgtheuf e gl ngrdesee i pariamn of

Accor di ngl it i el de e;@?rg e-th | t8rRaL L yes
nndificati%%%fkan SVE%?gfi%H%QES aI? aktﬁ?ﬁﬂﬁﬁ%)%go%% sé%%éxbf'the
appended ctaimgle apdAznp&e= GLAINNED thg: plasma-gun body, an argon

primary gas flow of 75 — 105 SCFH, a hyvdrogen secondary gas
flow of 1.0 to 10 SCFH or a helium gas flow of 45 - 75
SCFH, a powder gas flow exiting the gun of 4.0 to 20 SCFH,
a powder feed rate to the gun of 10 to 40 grams/min., and a
gun distance from the surface being coated of from 3.0 to
5.0 inches. Alternatively, the coatings may be applied
with the Plasma Technic F-4 gpray gun using an amperage
range of from 500 to 700 amps, a voltage of 55 to 65 wvolts,
an argon primary gas flow of 65 to 90 SCFH, a hydrogen
secondary gas flow of 8 — 22 SCFH, a powder gas flow from
the spray gun of 6 to 12 SCFH, a powder feed rate to the
spray gun of 35 - 55 grams/min. and a gun distance from the

surface being coated of from 4.0 to 7.0 inches.

[0021] One of the benefits of the process of the present
invention is the application of a thermal barrier cecating
having lower thermal conductivity than many current
coatings resulting in longer coating life, performance

improvements, and cost savings.

[0022] Burner rig testing of a low conductivity coating
formed in accordance with the present disclosure with a
ceramic interlaver was found to be 1.6 to 1.9 times better

in spallation resistance than without the interlayer. In



1. A process for formng a thermal barrier coating conprising the
steps of: providing a substrate; depositing a bondcoat |ayer on said
substrat e; depositing a ceramc interlayer on said bondcoat

| ayer; providing a gadolinia stabilized zirconia powder;

formng a thermal barrier coating having at | east one segnented
structure on said ceramc interlayer by supplying the gadolinia
stabilized powder to a spray gun and using an air plasma spray

techni que; ,@Atkion, 1052L0nRONIRS: R QULELNGs I8 CAMPRESHNG, & Qyiedi ng
a powder consisting of from3.0 to 14 w% of at |east one of yttria
and titani&;3 o b5 tipegobek teyddoseal a2t berd thise bukaaele zirconi a.

coatings.

[0023] In accordance with the foregoing disclosure, there
has been provided a plasma application of thermal barrier
coatings with reduced thermal conductivity on combustor
hardware. While the plasma application of thermal barrier
coatings has been described in the context of specific
embodiments thereof, other unforeseeable alternatives,
modifications, and variations may become apparent to those
gskilled in the art having read the foregoing description.
Accordingly, it is intended to embrace those alternatives,
modifications, and variations as fall within the broad

scope of the appended claims.



2. The process according to claim1l, wherein said substrate providing
step conprises providing a conbustor conponent. 3. The process
according to claiml1l, wherein said substrate providing step conprises
provi di ng one of a conbustor panel, a conbustor chanber, a comnbustor
heat shield, a conmbustor transition duct, and a conmbustor augnentor.
4. The process according to claim1l, wherein said powder providing
step conprises providing a powder consisting of from3.0 to 14 W%
of at | eag#aDnes afLAMMED asand titanium from 15 to 70 wt % gadol i ni a,
and the bal ance zirconia. 5. The process according to claim1,
wherein said thermal barrier coating form ng step conprises using an

anperage 1anges dir&adkd B2FAMSg 8 ¥AEtAge Birdbet SO MRY LS, an
argon primary gas flow of 75 to 185 SCFH, at | east one of a hydrogen

secondar yC@BRr ¥$0W dthel 6 P *SCFH and a hel i um secondary gas flow

of 45 to 75 S : -gjcg%/\daer g9as flaw exiting a spray gun of 4.0 to 20
SCFH, a powdefg e"élcaidlra e tsél thé:aspray gun of 10 to 40 granms/mn., and

a gun di st anceddpom @ rsurf doadgbathéagabstnaseiteswys tomteesd of from

3.0 to 5.0 inches. ..6. The process.according to clai 1, . wherein said
Chor ol bar 11 e tine i H-ARSE0 1ACERISELEE 4R 654 Mehaathar o 0
range of f#wer500 to 700 anps, a voltage of 55 to 65 volts, an argon

primary gas flow of 65 to 90 SCFH, a hydrogen secondary gas flow of 8
to 22 SCFH, a Pobtingad ﬂla&ﬁﬁflfl&ﬁn ateﬁﬁiﬁaﬁn%f%n%% RAPOSERH, a

powder feed rat&riihd he 1$RA% 10BR e e35cbAt PRy RAFBAG 4k 180HE 1A GlN
di stance froma surface of a substrate being coated of from4.0 to
7.0 i nchesegmented structure on saild ceramic interlayer by supplying
the gadolinia stabilized powder to a spray gun and using an
alr plasma spray technique; and
said powder providing step comprising providing a
powder ccnsisting of from 3.0 te 14 wt% of at least one of
yttria and titania, from 15 to 70 wt% gadolinia, and the

balance zirconia.

2. The process according to claim 1, wherein said
substrate providing step comprises providing a combustor

component.

3. The process according to claim 1, wherein said
substrate providing step comprises providing one of a
combustor panel, a combustor chamber, a combustor heat
shield, a combustor transition duct, and a combustor

augmentor.

4, The process according to claim 1, wherein said powder

providing step comprises providing a powder consisting of



7. The process according to claim1l1, wherein said ceramc interlayer
depositing step conprises depositing a layer of 7.0 wt% yttria
stabilized zirconia. 8. The process according to claim1l, wherein
sai d bondcoat | ayer depositing step conprises depositing a netallic
bondcoat | ayer. 9. The process according to claim1l, wherein said
thermal barrier coating formng step conprises formng a segnented
coating having a thermal conductivity in the range of from5.0 to
12.5 BTU fxdthr3 f@ Zd-.14 10.% Tfe apr deess aceornfi ngttoa cdral miltansher,ei n

coati ng HEGThGL s (et e GRAGALTIrey S FRS PAKGe or 1TSHE 0 to 1o

BTU in/hr ft2 F.
5. The process according to claim 1, wherein said thermal
barrier coating forming step comprises using an amperage
range of 350 to 825 amps, a voltage of 35 to 50 wveolts, an
argon primary gas flow of 75 to 105 SCFH, at least one of a
hydrogen secondary gas flow of 1.0 to 10 SCFH and a helium
secondary gas flow of 45 to 75 SCFH, a powder gas flow
exiting a spray gun of 4.0 to 20 SCFE, a powder feed rate
to the spray gun of 10 to 40 grams/min., and a gun distance
from a surface of the substrate being coated of from 3.0 to

5.0 inches.

6. The process according to c¢laim 1, wherein said thermal
barrier coating forming step comprises using an amperage
range of from 500 to 700 amps, a voltage of 55 to 65 volts,
an argon primary gas flow of 65 to 80 SCFH, a hydrogen
secondary gas flow of 8 to 22 SCFH, a powder gas flow from
a spray gun cof 6 to 12 SCFH, a powder feed rate to the
spray gun of 35 to 55 grams/min. and a gun distance from a
surface of a substrate being coated of from 4.0 tc 7.0

inches.

7. The process according to claim 1, wherein said ceramic
interlayer depositing step comprises depositing a layer of

7.0 wt% yttria stabilized zirconia.



8. The process according to claim 1, wherein said
bondcoat layer depositing step comprises depositing a

metallic bondcoat layer.

9. The process according to claim 1, wherein said thermal
barrier coating forming step comprises forming a segmented
coating having a thermal conductivity in the range of from

5.0 to 12.5 BTU in/hr ft? F.

10. The process according to claim 1, wherein said thermal
barrier coating forming step comprises forming a porous
coating having a thermal conductivity in the range of from

3.0 to 10 BTU in/hr ft? F.
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