PA 0003042-US (07-421) PLASMA APPLICATION OF THERMAL BARRIER
| T EDUCED THERMAL CONDUCTIVITY ON
P@%ﬁ@@?ﬁﬁ_d' DWARE STATEMENT OF GOVERNMENT INTEREST
[0001] The Government of the United States of America may have rights in
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thermal conductivity on combustor hardware, which coatings are applied
using a plasma. [0003] Ceramic thermal barrier coatings (TBCs) have been
used for many years to extend the life of combustors and high turbine
stationary and rotafidg pMENT g2is GviERBIMiNS. INBEREBPICally consist of
allic,bond coat and a.ceramic.top £o lied to a nickel or cobalt
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theprdtidigeemperatures, and improved turbine efficiency. Typically, the
ceramic layer is a 7 wt% yttria stabilized zirconia applied by air plasma spray
(APS). New low thermal conductivity coatings have been developed which

BACKGROUND

[ 0002] The present disclosure is directed to thermal

barrier coatings with reduced thermal conductivity on
combustor hardware, which coatings are applied usin ga
plasma.

[ 0003] Ceramic thermal barrier coatings (TBCs) have been

used for many years to extend the life of combustor s and
high turbine stationary and rotating parts in gas t urbine
engines. TBCs typically consist of a metallic bond coat
and a ceramic top coat applied to a nickel or cobal t based
alloy substrate which forms the part being coated. The
coatings are typically applied to thicknesses betwe en 5 and
40 mils and can provide up to 300 degrees F tempera ture

reduction to the substrate metal. This temperature

reduction translates into improved part durability, higher
turbine operating temperatures, and improved turbin e
efficiency. Typically, the ceramic layer is a 7 wt % yttria
stabilized zirconia applied by air plasma spray (AP S). New
low thermal conductivity coatings have been develop ed which

can provide improved part performance.



can provide improved part performance. 1 PA 0003042-US (07-421) [0004]
tj 1ich,\has been used in the past for TBCs is gadolinia stabilized

P%%@%ab%g wh(\ztell)mal barrier coatings. 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

cess for forming a thermal barrier coating comprises ﬂt teps of

T e SR AR PE D B-SRLORER ALABE GichHa powder, and S
is fganhatigia thebiliakbariies tiadiingedévinmal kzast one of a porosity ied range

of from 5 to 20% and a dense segmented structure on said substrate by

Cosal}m?/lng 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 pl I ' Tﬂ;g/xﬁ advantages
attendant thereto, are se; ¥o®%ﬁ%r§ﬁgﬁ%ﬁng e ail\§(§\| description and the
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ng(?a?ﬁlagigsre?aﬂof%lf %%(gmgmgp:gé?g{mt howing a low conductivity

cracked coating using a asma-Spray Gun, which coating
includes a ceramic layer consisting of 30 wt% Gd203 and 70 wt% ZrO2 with
[ Godib P1aHBYSBEARY herein, there is provided a process fo r
forming a thermal barrier coating comprises the ste ps of
providing a substrate, providing a gadolinia stabil ized
zirconia powder, and forming a thermal barrier coat ing
having at least one of a porosity in a range of fro m5to
20% and a dense segmented structure on said substra te by
supplying the gadolinia stabilized powder to a spra y gun

and using an air plasma spray technique.

[ 0007] Other details of the thermal barrier coatings

applied using an air plasma spray technique, as wel | as
advantages attendant thereto, are set forth in the

following detailed description and the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[ 0008] Figs. 1 and 2 are photomicrographs showing a low
conductivity cracked coating formed using a F4 Plas ma Spray
Gun, which coating includes a ceramic layer consist ing of
30 wt% Gd ,0; and 70 wt% ZrO  , with a air plasma sprayed
MCrAIY bond coat);



MCrAJY bond coat); 2 PA 0003042-US (07-421) Fig. 3 is a photomicrograph
p~b 81&.%‘@]@}15‘91 ystem which includes a metallic bond coat, a ceramic
bond coat, ahd a ceramic top coat formed by a low conductivity coating in
which the metallic bond coat is an air plasma-sprayed MCrAfY bond coat,
Fithesgsrapipsmiteaphistesholédgiatedatrg systéhe ceramic top coatise30
. Wt% Gd203 - 70 wt%, Zr02 top layer. DETAILED DESCRIPTION OF THE
in %@%@Tﬁ@@%mﬁﬂ%@%%ﬁgfﬂ §88Lribed herein, a plas?‘HQ a

cespraic tehomtefosmaiili bychttoappiy dugaditiniaatiabilized zirconia baggith
thermal barrier. coatings on.combustor hardware such as panels, chambers,
which i SiRdells RS EaatS 0 g ElRERASR e plasma spray tétfinique
M@y Y é ancaoo g atre s s@ayadcndqeainsadicly 8desirable coating
I i%né pray, the coating te_ri%is

. microstructure is produced. [0010].1n I
mpGrro%\é%réoa P(?W%r%éfgﬁea%r a?g 8?#%1(%53%8%({?‘2{9'[0 e coated. The codtirig

witataiab itoi leyeform 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
meltBdE Tl BB Ble&EdRIFMAaN Gk Stifab&REHER BEI3 R0 B/ EDELED)

[ JdgovAE dRRHiER e it 12 GGy A ptétifiglieddecd rate. A carier
gas flow such as an argon gas

utilized to apply a gadolinia stabilized zirconia b ased

thermal barrier coatings on combustor hardware such as

panels, chambers, heat shields, transition ducts,

augmenters, etc. The plasma spray technique may be an air

plasma 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. Th e powder
or powders forming the coating material are fed alo ng with
carrier gases into a high temperature plasma gas st ream.

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 gu nata
desired feed rate. A carrier gas flow such as an a rgon 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. Standar d
conditions may be defined as about room temperature and

about one atmosphere of pressure.



flow is used to maintain the powder under pressure and facilitate powder

i ier gas flow rate is described in standard cubic feet per hour.
i %%gg%gr}d (:o(r?(izleig[ilzé1 s may be defined as about room temperature and about

one atmosphere of pressure. 3 PA 0003042-US (07-421) [0011] The gases
[ doatimakehenghsesldsamanghe Sifeaia plesnmisRe stisaaty gas (such as an

argon gas or nitrogen gas) and a secondary gas (such as a hydrogen gas).
QIR AT L dSUoh AL A GRB AT S M aesied. (0012 THEUED
gaypandsainedodesdhegisinidneaslatiygirgprayagyin so that the nozHelisim

ositio%jed at a des& ed distance from Iﬁgesurf e to be coated. The substrate

095 DL OGP RIA e SRS IAN 985 ThSSET of powder particles

emanating from the spray gun. [0013] The spray gun to be used to form the

jngs—disclosed herejn include both internal feed and external feed
| o R BBk SRR BRI ASEC 100, Suiver
gWetod BN Be7nuiEz lei9Blianddtas dPilesadréchnic F-4. The desirgiéince

I ad wi | ition rate Sulzer Me
fr%%ﬁ%%ﬁ%%iﬁo&%h@%%re\tﬁlgvg%gﬂ%]oéjgﬁfr? 0014] Zirconia baség%ted
mpybhadrassrdibratdiidhe sprayeoidapidgabiittenessuch as gadolinia, have
e,hgﬁatfﬁgr?g)m tM@@Ip?Qﬁtﬂlﬂﬂws having lower thermal conductivities than many

i

current thermal barrier cdatings. A useful zirconia

[ 0013] The spray gun to be used to form the coatings
disclosed herein may include both internal feed and

external feed spray guns. Suitable spray guns incl ude the
Plasmadyne SG-100, Sulzer Metco 3MB, 7 MB, or 9 MB, and the
Plasma Technic F-4. The desired coating may also b e
applied with the high deposition rate Sulzer Metco Triplex

gun and/or the Progressive HE100 gun.

[ 0014] Zirconia based powder with the additions of rare

earth stabilizers, such as gadolinia, have been fou nd to
yield coatings having lower thermal conductivities than
many current thermal barrier coatings. A useful zi rconia
based powder is one which consists of optionally 3. Oto 14
wt% of at least one of yttria and titania, 15 to 70 wit%
gadolinia, and the balance zirconia. The yttria an d/or
titania, and the gadolinia, improve the thermal bar rier

coating’s ceramic mechanical properties, while stil I

achieving a reduced thermal conductivity ceramic co ating.
Coatings formed using these powders are shown in Fi gs.1
and 2.



based powder is one which consists of optionally 3.0 to 14 wt% of at least
0 il d tifania, 15 to 70 wt% gadolinia, and the balance zirconia.
P%ﬁ@g@@?ygn@?orgﬁania, and the gadolinia, improve the thermal barrier
coating's ceramic mechanical properties, while still achieving a reduced
[ Gharspal donekiréyitpeeisid eppiipen Loatingatéoraned using these powders
are shown in Figs. 1 and 2. 4 PA 0003042-US (07-421) [0015] If desir
B SHEANAS & BSAS BRLERBR RS NARA fHas a metalic bond (AN
typeatvatragMBetEYMtyplicoalng svberarvasiiris Co, a ceramic inteylayer,
such as Z cqating, depasited opn the metallic bond coat and a ceramic
SIS 858 Lo G O 505 58 oA G and the baiance o0
cdateimd exsiag 8y siproost ilostpisiagiffag B5[076] The air plasmalsptédy
o RIATEIS MR Adkisied 19, Praduce,a.gaqtiga with a desired leygof
porosity ora” coating with a’ dense segmented stfucture. For porous
is dhagingfedive Eigatthg may have a thermal conductivity which ranges from 3.0
to 10 BTU in/hr ft2 F. For segmented coatings, the coating may have a
thermal conductivity which ranges from 5.0 to 12.5 BTU in/hr ft2 F. [0017] A
[ QR&6]l cddimgihataarparssigyinanamstess onaydeagnwmstette desired porosity

prgfgl.;]%% #Q%ﬁiﬂwﬂ"\%ﬁ’% QRLHEg LY iSRRG 9un power settings, dhg

coating with a dense segmented structure. For poro us
coatings, the coating may have a thermal conductivi ty which
ranges from 3.0 to 10 BTU in/hr ft 2 F. For segmented

coatings, the coating may have a thermal conductivi ty which
ranges from 5.0 to 12.5 BTU in/hr ft 2F.

[ 0017] A useful coating has a porosity in the range of 5.0

to 20%. The desired porosity for the coating may b e
obtained by altering the gun power settings, the st andoff
distance, the powder particle size, 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 to pcoat
layer with a ceramic interlayer provides a useful ¢ oating
system.

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

shorten the standoff distance. One can do this by using



distance, the powder particle size, and the powder feed rate. [0018]
S@&g& t afings provide the coating with strain tolerance during
P%peratigng\%/fﬁgﬁﬁ?e&gds to increased spallation life. For combustor panel
applications, a coating system having a segmented microstructure topcoat
thiagettimigls aarefthimiisiliayes pro\gdsisLasisgstl coating system. [0@E9hi.
ired, one.can obtain a coating with a dense segmented structure by
5 S i 6 pBAE bENGR R CHIMCIFIREE Rt distance. O can do
hdhégnby using 5 PA 0003042-US (07-421) the settings set forth in columns 6 -
8 of U.S. patent no. 5,879,753, which patent is incorporated by reference
herein. [0020] For example, a useful coating may be applied using the
[ (028 hadyoecs&1fle, sprsefucostimg ansanyecappéiednegenof 350 to 825
S, a volt f 354Q.50 volts applied to a_cathode and anode within, th
R S 200 Yy S g el SR S Cm, = b
35 toRdaruas, fovolbhde0aib3t0te 86 Matisaahpliem gas flow of 45 - @30 a

cantddd: 8%%%%%&@8%%@%@%%@3@%@ %rg SCFH, a powgy, feed

rate to the gun o gun distance from the“surface
priveaiy gestéavwsiordm -3 10 I mchdy dagenssted) the coatings netgfheas

idPBfadoWith dreFRRpBIAaTIRANIMNG Gaé RBIAGAAE USing an amperage 75

SCFH, a powder gas flow exiting the gun of 4.0 to 2 0 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 3.0to
5.0 inches. Alternatively, the coatings may be app lied

with the Plasma Technic F-4 spray gun using an ampe rage
range of from 500 to 700 amps, a voltage of 55 to 6 5 volts,
an argon primary gas flow of 65 to 90 SCFH, a hydro gen
secondary gas flow of 8 — 22 SCFH, a powder gas flo w from
the spray gun of 6 to 12 SCFH, a powder feed rate t o 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 ¢ oating
having lower thermal conductivity than many current

coatings resulting in longer coating life, performa nce

improvements, and cost savings.

[ 0022] Burner rig testing of a low conductivity coating

formed in accordance with the present disclosure wi th a
ceramic interlayer was found to be 1.6 to 1.9 times better
in spallation resistance than without the interlaye r. In



range of from 500 to 700 amps, a voltage of 55 to 65 volts, an argon primary
Of 65 1 SCFH, a hydrogen secondary gas flow of 8 - 22 SCFH,
P'ggggg\%éﬁgsaéﬁgv% rom 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

adiirh cRatesbatilionidy Gt ineiesaddvzddOne of the benefits ofiheare

1 3roc|$[ of the present invention iE the application of a thermal barrier

-ed Qi 3?‘@9& ORI RN Al QB ABEHMY B many current coatings

coasditng 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 interlayer was found to be 1.6 to

[ A02 8nesrbaticor daspalatio the fistgwaddisciatuea; thermterlayer. In 6 PA
0003042-US (07-421) addition. Jlow. condugtivit atings with an interlayer

et B B B SRS BB Conngs. To02a

caatingsavite neithabd thesgeihgatidoicsute omemmheas been providedsigslasma

' tiog,ﬂ | e Te ' ed thermal condugtiyity.on

haggran;ﬁ%s'tor h%?ﬁv%ﬁe%%é ﬁ?g %‘%{ﬁgﬁly a@él?@;éuﬁ;pn of thermal barr%ry thep

caaiifyBambaniedessstitsbhitheheasiadafsigricific embodiment§ahereof,

eSS fese BliRtPalivssdificalignsaind variations maydecome

apparent to those

modifications, and variations may become apparent t o those
skilled in the art having read the foregoing descri ption.
Accordingly, it is intended to embrace those altern atives,
modifications, and variations as fall within the br oad

scope of the appended claims.



skilled in the art having read the foregoing description. Accordingly, it is

' brace those alternatives, modifications, and variations as fall
Pé/vwa?éﬁ%riggdﬁs@ope of the appended claims. 7 PA 0003042-US (07-421)

WHAT IS CLAIMED IS: 1. A process for forming a thermal barrier coating

comprising the steps of: providing a substrate; providing a gadolinia stabilized
V@ﬁ?i@éﬂwiﬁgﬁg _forming a thermal barrier coating having at least one of

rosi ﬁ‘ 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 aif _plasma spray technigue. 2. The process according to claim
1'1,2\%8?5%8585@% 'Q@a?eﬁﬁ%%%ﬁﬁg%f)%%%ﬁﬂses providing a combustor

caroprEingnihe3st€ps pfocess 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
compastshingugysigrstoate}. The process according to claim 1, wherein said
powder providing step comprises providing a powder consisting of optionally

from 3.0 to 14 wt% of at least one of yttria and

providing a gadolinia stabilized zirconia powder; and
forming a thermal barrier coating having at least one
of a porosity in a range of from 5 to 20% and a den se
segmented structure on said substrate by supplying the
gadolinia stabilized powder to a spray gun and usin g an air
plasma spray technique.
2. The process according to claim 1, wherein said
substrate providing step comprises providing a comb ustor
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 h eat
shield, a combustor transition duct, and a combusto r
augmentor.
4. The process according to claim 1, wherein said powder
providing step comprises providing a powder consist ing of
optionally from 3.0 to 14 wt% of at least one of yt tria and
titania, from 15 to 70 wt% gadolinia, and the bala nce

zirconia.



titania, from 15 to 70 wt% gadolinia, and the balance zirconia. 8 PA
P AOQ&%%%&S&(Q—ZQ%D 5. The process according to claim 1, wherein said
powder providing step comprises providing a powder consisting of from 3.0
to 14 wt% of at least one of yttria and titanium, from 15 to 70 wt% gadolinia,
5.amd éhsr edaBcecetadinig 16 clid ArogBesescriding to claim 1, wherggwerid
thermal barrier coating forming step comprises using an amperage. range of
PrOVEACEIER SRIPHSR RIS RN U S gon primary gas AV bF 75
frém1D0 SCHHVe0lefsit deesobachyidyagaraaseadndary gas flow of 1.0témiln,
SCEH and a helium  secondary gas flow of 45 to 75 SCFH, a powder gas
T e A LB ARG Bt 41 A By SRRER 438 cer feed rate. o o spray
gun of 10 to 40 grams/min., and a gun distance from a surface of the
e.sﬁ%”élrt&%%'s” &@oartg‘%ﬁg‘ﬁér&%‘lgﬁﬂ t%h%%lﬂ%“ﬁa- 7. The process acgarding to
claim 1, wherein sal rmal barrier coating forming step comprises using
banemspatigefaumiyg stérobDiteI 0Giagmps, ampltage of 55 to 65&m@Igs an
j of gen secondary gas flow of
ra@%@&%@éﬁ&%ﬁfé@ & Sg\zoﬁ%é%é%%%a&%gé%n of 6 to 12 SCF ,’aé?]
argowdsinesyl gateftovnef éptaylemSEBE t@Isagtims/min. and a guekseirtce

hyR8Y8n LRI PEHORTR LN &CRRIEE Pfita 4.0 10 7.0 inchegq)iym

secondary gas flow of 45 to 75 SCFH, a powder gas f low
exiting a spray gun of 4.0 to 20 SCFH, a powder fee d rate
to the spray gun of 10 to 40 grams/min., and a gun distance
from a surface of the substrate being coated of fro m 3.0 to
5.0 inches.

7. The process according to claim 1, wherein said thermal
barrier coating forming step comprises using an amp erage
range of from 500 to 700 amps, a voltage of 55 to 6 5 volts,
an argon primary gas flow of 65 to 90 SCFH, a hydro gen
secondary gas flow of 8 to 22 SCFH, a powder gas fl ow from
a spray gun of 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 to 7.0
inches.

8. The process according to claim 1, further compr ising
depositing a ceramic interlayer on said substrate p rior to

said thermal barrier coating step.



8. The process according to claim 1, further comprising depositing a ceramic
P %%@;%\ﬂ%rﬁ}@ggjz ubstrate prior to said thermal barrier coating step. 9 PA
-US (07-421) 9. The process according to claim 8, wherein said
ceramic interlayer depositing step comprises depositing a layer of 7.0 wt%

9.ytiria phefvbizechetoadlity 16 clHie 1BopRsseteiding to claim 8, furthegramic

ERIRHE R R AU GO i F40 9B dbbes mccorcing o ceL6!

7. whateiptadadstabilidechtil@ymialepositing step comprises depositing a metallic
bondcoat layer. 12. The process according to claim 1, wherein said thermal
barrier coating forming step comprises forming a segmented coating having

1G theeaboesdatoatyglinghie ctange&ffiraherscOrigl2.5 BTU in/hr ft2rising.

d%@%@lﬁ’z :6'0%%&%3%?%}% GRINY %Vu'laesrf?é’leso%'r‘%'otrherm‘?" barrier coatigg. ;4

p comprises forming a porous” coating having a thermal

carantadtitétjayehdaepogiiing ft@m. 3.0 to 10 BTU in/hr ft2 F. 10

11. The process according to claim 10, wherein sai d
bondcoat layer depositing step comprises depositing a
metallic bondcoat layer.

12. The process according to claim 1, wherein said thermal
barrier coating forming step comprises forming a se gmented
coating having a thermal conductivity in the range of from
5.0 to 12.5 BTU in/hr ft 2 F.

13. The process according to claim 1, wherein said thermal
barrier coating forming step comprises forming a po rous
coating having a thermal conductivity in the range of from
3.0 to 10 BTU in/hr ft 2 F.

10



