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coating material does not crack. Zirconia has a high coefficient of thermnal
expansi sagapelidgyYi s a primary reason for the success of zirconia as a
t hermal barri [ e ' : : with
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with cooled gas turbine aircraft hardware. By using a thermal barrier coating, the amount of

cooling air required ¢an be substantially reduced, thus providing a corresponding increase in
cfficiency.

Such coatings are invariably based on ceramic. Mullite and alumina have been
proposed, buf zirconia is the current material of choice. Zirconia must be modified with a
stabilizer to prevent the formation of the monoclinic phase. Typical stabilizers include yttria,
calcia, ceria, and magnesia.

Generally speaking, metallic materials have coefficients of thermal expansion which
exceed those of ceramic materials. Conéequently, one of the problems that must be addressed
in the development of successful thermal barrier coatings is to match the coefficient of
thermal expansion of the ceramic material to the metallic substrate so that upon heating,
when the substrate expands, the ceramic coating material does not ¢crack. Zirconia has a high
coefficient of thermal expansion and this is a primary reason for the success of zirconja as a
thermal barrier material on metallic substrates.

Despite the success with thermal bartier coatings, there is a cootinuing desire for
improved coatings which exhibit superior thermal insulation capabilities, especially those
improved in insulation capabilities when normalized for coating density. Weight is always a
critical factor when designing gas turbine engines, particularly rotating parts. Ceramic
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mol%. The at least one lanthanide sesquioxide has a formula A,O; where A is selected from
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the group consisting of La, Pr, Nd, Sm, Eu, Tb, and mixtures thereof.

Other embodiments of thermal barrier coating in accordance with the present
nvention include the following. |

In a second embodiment of the present invention, a thermal barrier coating is provided
which broadly comprises an oxide present in an amount from 5 to 60 mol% with the oxide
having a formula A;Q; where A is selected from the group consisting of In, Sc, ¥, Dy, Ho,
Er, Tm, Yb, Ly, and mixtures thereof, and the balance comprising a first oxide selected from
the group consisting of zirconia, hafnia, and ceria.

In a third embodiment of the present invention, a thermal barrier coating is provided
which broadly comprises a lanthanide sesquioxide and the balance comprising a first oxide
selected from the group consisting of zirconia, hafnia, and ceria. The lanthanide sesquioxide
is present in an arnount sufficient to create more than one oxygen vacancy on average
adjacent each zirconium, hafhiwm, and cerium ion.

In a fourth embodiment of the present invention, a thermal barrier coating is provided
which broadly comprises from 15 to 60 mol% of a lanthanide sesquioxide having a formula
A,0; where A is selected from the group consisting of Er, Nd, Yb, Eu, Dy, Pr, S, and La,

and the balance zirconia.
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In 2 ninth embodiment of the present invention, a thermal barrier coating is provided
which broadly comprises greater than 30 mol% Sc;0s, a lanthanide sesquioxide having a
formula A;O; where A is selected from the group consisting of Nd, Eu, Dy, Gd, Er, and Pr,
and the balance zirconia.

In a tenth embodiment of the present invention, a thermal barrier coating is provided
which broadly comprises from 11 to 20 mol% In; Os, and a lanthanide sesquioxide having a
formula A;0; where A is selected from the group consisting of Er, Nd, Eu, Dy, Gd, and Pr,
and the balance zirconia.

In an eleventh embodiment of the present invention, a thermal barrier coating is
provided which broadly comprises more than 20 mol% In;O;, and a lanthanide sesquioxide
having a formula A, O3 where A is selected from the group consisting of Er, Nd, Eu, Dy, Gd,
and Pr, and the balance zirconia.

In a twelfth embodiment of the present invention, a thermal barrier coating, is

| provided which broadly comprises from 5 to 60 mol% of at least one of La;03 and Sm, 03,
and from S to 60 mol% of at least one oxide having a formula A;0: where A is selected from
the group consisting of Sc, In, Y, Pr, Nd, Eu, Sm, Gd, Dy, Er, and Yb, and the balance
zirconia.

Other embodiments of thermal bartier coatings in accordance with the present
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formul a A203 where A is selected fromthe group consisting of Er, Nd, Eu,
Dy, Gd, and Pr, and the balance zirconia. In an el eventh enbodi ment3 PﬂN?ﬂU@
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whi ch exhi bi t $n sds6tilancd Witk thel fresemtinvestivilig Girst einpodiaidnt dELhedal be@st 15 nol %

of at |east one l'‘anthani de sesquj oxi de and_the bal ance COfTiDI‘I sing a first
oxi de Sep@@tngdwhlglbﬁqumg such a lower thermal conductivity comprises at least 15 mol% of at

Jeast one lanthanide sesquioxide and the balance comprising a first oxide selected from the

group consisting of zirconia, ceria, and hafnia. Preferably the first oxide is present in an
amount geatér than 50 mol%. Each lanthanide sesquioxide has a formula A,O; where A is
selected from.the group consisting of La, Pr, Nd, Sm, Eu, Tb, and mixtures thereof. Ina
preferred embodiment, the at least one lanthanide sesquioxide is present in a total amount in
the range of 15 to 45 mol%. In a most preferred embodiment, the at least one lanthanide
sesquioxide is present in a total amount of at least 25 mol%. In the thenmal barrier coatings
of the present invention, where the first oxide is zirconia, each zirconium ion has more than
one adjacent oxide vacancy on average, and preferably at least two adjacent oxide vacancies.
If the first oxide is hafnia or ceria, each hafmum ion and each cerium ion would also have
more than one adjacent oxide vacancy oniaverage, and preferably at least two adjacent oxide
vacancies. The presence of these oxXygen vacancies minimizes the thermal conductivity of
the coating. Thus, they are a highly desirable feature of the coatings of the present invention.
A second thermal barrier coating in accordance with the present invention comprises
an oxide present in an amount from 5 to 60 mol% and the balance comprising a first oxide
selected from the group consisting of zirconia, hafnia, and ceria. The oxide has a formula
A;0; where A is selected from the group consisting of In, Sc, Y, Dy, Ho, Er, Tm, Yb, Lu,
and mixtures thereof In a preferred emoodiment of this coating, the lanthanide sesquioxide

is present in an amount from 10 to 40 mol%,
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this coating system may be present in an amount i the range of 15 to 22 mol% and the
lanthanide sesquioxide may be present in an amount from 1.0 to 35 mol%. In a particularly
useful embodiment of this thermal barrier coating system, ytiria is present in an amount
greater than 22 mol% and the Janthanide sesquioxide is present in an amount from 1.0 to 38
mol%.

In a sixth embodiment of the present invention, a thermal barrier coating having a
lower thermal conductivity comprises from 9 tc 15 mol% Yb;04, and from 1.0 to 48 mol% of
a lanthanide sesquioxide having a formula A;O; where A is selected from the group
consisting of Er, Nd, Eu, Dy, Gd, Pr, and mixtures thereof, and the balance zirconia. The
zirconia is present in an amount greater than 40 mol% and the coating has less than 10 vol%
of a pyrochlore crystal structure.

A seventh embodiment of a thermal barrier coating in accordance with the present
invention comprises greater than 15 mol% Yb,0; and a lanthanide sesquioxide having a
formula A;0; where A is selected from the: group consisting of Er, Nd, Eu, Dy, G4, Pr, and
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a in an amount in the range of 0.001 to 30 mol%.

In a tenth embodiment of the presenf invention, a thermal barrier coating comprises
from 11 to 20 mol% In;O; and a lanthanide sesquioxide having a formula A;Q; where A is
selected from the group consisting of Er, Nd. Eu, Dy, Gd, Pr, and mixtures thereof, and the
balance zirconia. In a preferred embodiment, the lantanide sesquioxide is present in an
amount from 0.001 to 36 mol%. The zirconia is preferably present in an amount greater than
40 mol%. The coating also preferably cqntains less than 10 vol% of phases with a pyrochlore
structure. '

In an eleventh embodiment, a therria] barrier coating is provided which comprises
more than 20 mol% In, O3, and a lanthanide sesquioxide having a formula A,O; where A is
selected from the group consisting of Er, N',df. Eu, Dy, Gd, Pr, and mixtures thereof, and the
balance zirconia. In this coating system, the zirconia is preferably present in an amount
greater than 40 mol%, the lanthanide sesquioxide is preferably present in an amount from
0.001 to 40 mol%, and the coating contains less than 10 vol% of phases with a pyrochlore
structure. '

In a twelfth embodiment of the present invention, a thermal barrier coating comprises
from § to 60 mol% of at least one of 12,03 and Sm,0s, from 5 to 60 mol% of at least one
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formul a A203 where A is selected fromthe group consisting of Er, Nd, Eu,

Dy, Gd, Pr, and mixtures thereof, and the bal ance zirconia, As befoné, JiN®Egs
zirconia is preferably present in an anount greater than 40 nol % Further,
the thermal barrier coating has | ess than 10 vol % of phases with a

hl . - di .. t.h hani
B i o 74 T theThinif 465 whireBs B Bl Rty Hipel BRORO R i of §7 1, P
enbodi MENY, B, SoheGdDBS Bal Y, e Hhikues therebE ai@thebAlanbeFirdonal | ik SoftlrgYi ded

whi ch conprises greater than 30 nol % Sc203, a | anthani de sesqui oxi de~havi ng
a f or nul ¥stenp iz Zfrena inpreferably peesent i1 ap aronnt greoapthends nml Yorrgddlie dwdtingu, Dy,

&d, Er, . kXt o L ..and _the balance zirconia. The zirconia is
preferabF{P’tz'ﬁﬁsgl(sgSegn?t(.‘?ill1 xégﬁlfaﬂg@ﬂﬂsg%‘?‘ﬁ@ﬁ?ﬁ‘r‘?& | % The thermal barrier
coating may hourr baE6diRan ckohetRhihDfieibAGES: iWiakibrdancE Widhb PleEert ystal

structure. In a preferred enbodi ment, the |anthanide sesquioxide is present
in an anypRtioninglnde thadelowsng0. 001 to 30 rnol % In a tenth embodi nent of the

i Lon, | barrier coati ' || 20 ol %
"20 3 and o VaLCvafr SaTEn er e samRaons o f aars ool lrest ome g |
sel ect edofia@mavifiea SRl A0SWhire M0isQElefed Nm R grddf cofidlstid of 12 g@t ures

thereof, and the balance zirconia. In a preferred enbod ant ani de
sesqui oxToeandlp rasbined Mitharsecondomids felagihdifron thet gro@bcomsisting Sherconiaconi a i s

preferab resent- i n an_anmount .greater..than ,40. 0l % The coatin | so
pref er ab#%f“%b?ﬂ%gﬁmﬁg' %g“?%%%’b&%?@'ﬁb@%ﬁ?@@ﬁﬁ?‘?ﬁ FoEhfgpEitotat

st ruct ur Rastl7.5aR018h. eYRAEdatia Al¥ontatn FERI0B o $85 o, dFApfchftGnb Shify OVi ded
whi ch conmprises nore than 20 nol % 1 n203,, and a | ant hani de sesqui oxI de

havi ng a®fiée Famdhagwyp waesiding qfdn Qsdbebhe¥:Qx MeQ. KiaQy aod mixwresitbereofgvitf  Er

Nd. Eu, , ;[H &t . | anc, i.reonta. In this
coati ng %ss?‘%gﬁd OF Ldg b%“‘% onl ayilkgaipre 'ef%ﬁtf’? g’?%ts‘*gﬁ?"‘?"ﬁwﬁ?{'tﬁﬁéﬂﬁfm“ Bat er
than 40 pmekdnt.05till fietHepnhdcoititlg, inanatheovdrtiton,Ingy &intdif o Q5 €S20 nhdl%ASF
anount from 0,001 to 40 nol % and the coating contains Bess than 10 vol % of

phases wiitlFashons thgd piisleselegted Fomyths group comsisiing o eQmm BaOrdNd2Qoi Eekh, pr esent
| g . $ 5 pale t
| onot - ongta PRSI BCE Kbich, afiRickiiihs HPRLE 8Rhs pBdh Bud s ipPind e .7

2006 oxi Besthawihing dtide bangplesend 03 totdl@onteht ket greater ciamd2(3 avls%he group
consi sting of

(lcslﬁ:h tker:]r’ma\{bar?irei' coating coraprising from 0.5 to 1.0 mol% of at least one first
oxide from the group consisting of CeQs, Pr;0s, Nd;0s, Eu, 03, Gd20s, Dy;03, ErzO;, Y505,
n;03, S¢303, Y203, and mixtures thereof,.combined with a second oxide selected from the
group consisting of zirconia, hafnia, and céria. The thermal barrier coating may also contain
‘from 0.5 to 22.0 moi% of at least one third oxide selected from the group consisting of La,;04,
Sm;0;, Th,; 04, Tm;0s, Ho,0;, LuyO3, Mg0, Ca0, and mixtures thereof, with the at least one
first oxide and the at least one third oxide being present in a total amount of not greater than
22.5 mol%, and the second oxide being present injan amount of at least 77.5 mol%.

{15) A thermal barrier coating comprisingifrom 20,5 to 22.5 mol% of CeQ; combined
with an oxide selected from the group consisting of zirconia, hafnia, and ceria. In a preferred
embodiment, the oxide is present in an amount of‘at least 77.5 mol%.

{16) A thermal barrier coating com‘prisiné from 0.5 to 22.0 mol% of CeO;, and from
0.5 to 22.0 mol% of at least one first oxide:selected from the group consisting of La;0s,

Sm; 03, Tb;03, Tmz05, HoyO3, Lu;03, MgQ, Cal Pr;0, Nd; 03, E,03, Gdz0s, Dy 03,
Er;03, Y303, and mixtures thereof, combined with 2 second oxide selected from the group
consisting of zirconia and hafnia, and the CeQ; anld the at least one first oxide being present
in an amount got greater than 22.5 mol%. n a préferred embodiment, the second oxide is
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Nd, Eu, Sm &d, Dy, Er, Yb, and m xtures thereof, and the bal ance zqg%h%m
In this coating system the zirconia is preferably present n an-anmount J
greater than 40 nol % and the coating contains |ess than 10 vol % of phases

with; a pyrochlore structure. O her enbodi ments of thermal barrier coatings

I n accorlgrgg% "!ntzﬂrﬁlﬁ?of’ﬁtqé&‘%sﬂb‘i?m ion include the follow ng. (13) A
arr

t her nal I er coat om 0.5 to 22.5 nol % of at | east one

first oxide (ria)/Anbermal bmta:aﬁﬁ@&mhm&gﬁomsl Sl 203 281k KR, Hidn 9/ P
consistinp and #u conbi ned wiith a second oxi de sel ected

fromt he5%§ W bof HEPER" oA °E‘Idef?lF‘EGﬁ1 grn the, gronp sonsistigs @6 F2Qs. Scelaapd ef err ed

enbodi megt, v f | east 77.5 nol %
The coat| nﬁ?ﬁ@ﬁg%ﬁ@gﬁwﬁﬁq@gﬁ}ég&gﬂ@mgg@oﬁﬁgg}&& mft]éjhesqr Yhe third
oxi de fromsistieg of zirepniaand hafiinng of 1n203, Pc208, Y203, MyO, CaO, and

m xtures thereof with the second oxi de bei n%(?resent I n an anount greater
than 40 nol % WAbA thermal Barpigr epeting compr g SerkS.0 ©r32.3 mplie ofetleast bes fmht i ng,

i 1o o o St B Bl pMo R B0l SO 100y e BB B BRisof 0

Gd203, Dyfiinedaw?D3 secvhd 0Rideaeldeted &bmrﬁsgdﬂ?hﬁﬂﬁsmg@@zﬁ%@haﬂnﬁaﬁﬁd one first
oxide and the at _|east one third oxide being:present in a total content not

great er $5dn I»3 preforprdgm etf, 1 E3cRRP OBide 15 RFscabisan FgnosBhErLter than 77.6m 0. 5

to 1.0 0 My of Ce2,
Pr 203, NASGH, TR A s Corgleahey @i TanipRlh O 94 RUBLARRE BN G0 e 2
m xtur esthtrkl@nmiafs;lected) flonmihel gmdphoas&mgmfd’b@@b,dﬁz@es'aog EY.0;f GRONRIgQr oup
consi sti of .zirconi and .cer The thermal barrier coating nay
al so conégq)’r?ndf“i“&w tg‘:"FBF‘Z@‘ g“rf‘ﬁ?% ﬁ“%t%e%?s%ﬂé apRmeynipfiatisagdlect ed
from thegpgepup consisting of La203, Sn2GB8, Th2G8, Tnk03, Ho203, Lu203, MO

Ca0,,, and m xtures thereof, with the at |east one first oxide and the at
| east one thlﬁla)éﬂlﬁmabbﬁngr?ﬂﬁ%gmmwrnﬁ%ﬁMIS Gtodd it mole nﬁaﬁgteﬂaﬂer t han

22.5 nmol % second e c mount | t 77.5
PR S R e B U LR A R T A
Ce2 Conblaer&eﬁh oxitlé Eeledﬂemmehssglogpbﬁﬂlshhgth?&nﬂ:hﬂ&mxa,cmeﬁhl ng of zirconia,
haf ni a, and ceri a. preferre enbgdi nment e oxide is present in an

amount of at | @AbA thermsl hsries cqaiig conipmengpmifhy to 395 melk PAByzdrsdifiomng fr om
T B T
Ho203, Lu-amlxnhbﬂheﬁaﬂ comBin20 athNd Mst, 405403 of 4003 sel¢BdFrom fHeedip Yb2CB,
and m xt ggn%fsuﬁguetiz%]:)ma, g%a’naer% ggn%.h g second oxi de selected fromthe group
(21) A thermal barrier coating comprising from 0.5 to 22.5 mol% of Yb;0;, and from
0.5 t0 59.5 mol% of at least one oxide from the group consisting of In,0s, S¢;,0;, MgO, Ca0,
and mixtures thereof, combined with at ledst 40 mol% of an oxide selected from the group
consisting of zirconia, hafma, and ceria.
(22) A thermal barrier coating comprising from 20.5 to 60 mol% of at least one oxide
selected from the group consisting of InzOj, SC"zO'j'_, and Y,0;, combined with at least 40
mol% of an oxide selected from the group consisting of zirconia, hafnia, and ceria.
(23) A thermal barrier coating comprisiilg from 15 to 59.5 mol% of Y03, from 0.5 to
45 mol% of at least one first oxide selected from the group consisting of La; O3, Sm;0s,
Tb703, Tmy03, Ho;03, Luy05, MgO, Ca0, Pra0s, Nd; 03, Eu; 05, Dy;0;3, ErOs, Yb,0;,
In.0s, S¢;04, and mixtures thereof, comb'inéd with at least 40 mol% of an oxide selected
from the group consisting of zirconia, haffa, and ceria.
(24) A thermal barrier coating com[:ﬁsir'!lg from 9.0 to 23.0 mol% Gd;0;, from 0.5 to
51.0 mol% of at least one first oxide selechl from'the group consisting of L2;03, Sm;0,,
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consisting of zirconia and hafnia, and the CeOz and the at |east one first
oxi de being present in an anobunt not greater than 22.5 nol% Zn a preferred
enbodi ment, the second oxide is 7 13 JUN 2006 present in an anmount of at
least 77.5 mol % (17) A thermal barrier coating conprising from 0.5 & dUlpi%

or oup_conachy FRSs Proidhy 13505 M e, sty KDL EiennthaPs Heasho tRedb i t h at
| east  40mpo), Beglhs, and Mbitiies GRIQE RS 185040 m PR bFlaf bkide Saté%tay coni a

and hafnia. (18) A thermal barrier coating conprising from?9. 2.5 nmol %
of at | effem temeronp pensistipg of eirepnias bakpik, fndesrizne group consi sting of Pr203,

Nd20G3, Eu20Cs, ' th nmbi ned, wi,t h id
sel ect eduf ron?]ﬁue gp%ﬁl%gg%‘%rﬁﬁg'ﬁgg%%ﬁ%dﬁ%b%\ﬁf%@%‘?’f@%&%@ iag?(l I ﬁ a

pr ef er r egbl@nta@triiernie. t he second oxide is present in an amount greater than
77.5 mol % The therpal barrier coating may further conprise from0.5 to 51
nol % of at | eABArtisHe having partiwlageilik pea compenephin higasqurbing enginsi may by

of Yb203, 208 . ] and m xtures thereof with the
second xljf)d@%g} ah%ég’grg%%%%&%}hﬁ %%%%%QOBT %%) h{tlégcsrf‘alﬁgaver?ﬁflﬁ}t?l PHAN ¢ her mal

barri er acinend teclreshiicheltmukbbliritcdAlngs 4pplita &f thasitstrite. ThE BRmmge! ect ed
fromthe group consisting of Dy24 and Yb203 conbined with at |least 77.5 not%

of a sclaswer Oatiegmay be eppliedditseily ina YrlBopoliba sibstratepr afaydierspplisddp ahat hi a,

d [ - ' ' .SL.ng, .f .5 1t0.59.5
ol 116 Qo Beepoti dine BPHoEburBOR ol SQPLIAL. ArSThabar i Bidis e
gr ?Ep folnﬁm&i ihmlge mﬁyﬂfmsed&oﬂﬁosiwl ; gal%zieﬂaﬁhttiﬁiigm woeﬁdahké?ﬁrﬁ@fntag '510nbic ned
with at |east 40 nol %of an oxide. sel ected fro € group consisting o
zi rconi a‘,ﬁile ﬁﬁ#’ﬂ IHJF‘IE'MH-O thepresent %(32'?’3“%- tsﬁlg'?‘ﬁlﬁlte"ﬁ&ﬁ‘%im & EleRgenlndpy i si %g from

Fr om ¢ nePtgr ey Aordspe et cxpital LA dhopilen EERS (BMhat ol GBS °TF Peof -
conbi nedpmidskesaThie aztal substratet Miay Eoraprisexind of 8 alokel wded superailhg, agobalpbased
conpr ; si FIeRGh SE Hleurifiest Sepamoiioy A 988 Lebect ed from the
group consi stTHgbddd coftiRlly cotapiiie anf Bk tab2DFondCRAINAG MildurBtFdredshpld0 Ot %
of an oxi de selected fromthe group igbonsisting of zirconia, hafnia, and
ceria_ thebond coat may be formed from an aluminum containing material, an aluminide, a

platinum alumimde, a ceramic material, such as Twiv yttria stabilized zirconia, or a MCrAlY

material. The bond coat may be formed on the substrate using any suitable process known in

the art including, but not limited to, low pressureiplasma spray, electron beam physical vapor

deposition, diffusion processes and chemical vapor deposition processes. If desired, the bond

coat may have an oxide scale on an outer surface; which oxide scale consists essentially of

ahumina. The thermal batrier coatings of the present invention may be bonded to the oxide

scale using any suitable technique knownif thée art.

If desired, a ceramic layer may be:band:ed_i_ to the thermal barrier coating. The

additional ceramic material may be selectéd fromthe group consisting of materials which

reduce oxygen diffusion, provide erosion and ﬁbfasion resistance, and/or provide optical

emissivity of 0.7. Examples of high emisSivity ceramic materials which can be used are

alumina and mullite. High emissivity reduces the heat transfer across a thermal bartier

coating by internal radiation (radiaﬁon of ithe thetinal barrier coating material itself) due to

the temperature difference between the hotter quter surface of the coating and ths cooler

interface between the coating and the TG(:]{), théréEy reducing the temperature of the TGO,

thus the bondcoat, thus the alloy. Thus, high emissivity increases the insulative properties of

the TBC. The additional ceramic layer may be, formed over an exterior surface of the thermal

9



(23) Athermal barrier coating conprising from15 to 59.5 nol % of Y203, from
0.5 to 45 nol % of at |east one first oxide selected fromt$e group

consi sting of La203, S:nR03, Th2C3, Tnk(C3, Ho203, Lu203, MyO CaO , !ng}gﬁ,zaaﬁ
Nd203, Eu203, Dy203, Er203, YbzGa, 1n203, Se203, and m xtures thereof,

conbi ned, - | east 40 nol % of an oxide selected fromthe group

consi st R?n{gpc%ﬁlpgoni a, hafnia, and ceria. (24) A thermal barrier coating

conpri sing fr tsdnderhbodiBefts, thé HtiEE2AB; have afoRids stale obits SurfRbdardlondlof! east
one first oxide selected fromthe group consisting of La203, SnR03, 13

9
JUN 2006 theghermal irgrpigncoatipgnaf the ptsesnt inyspsionoaay beagitisd dnestyHveramtmnde) 203,
o203, YEZRE oxial el usint P oudBf dhlib R R A0bwn IR I D, B ppeast 40

nol % of an oxi de se rom-t ‘group Cconsi'sti ng zirce ani a, and
ceria. Thienitedns,diffusidreprovdssdsaeledtem aatphysisalsepor dupbitifie a8H/0r Btynib
characterized with a columar structure. An article, having particular
utility AapordepRsnTdRthnigres dhgopds ﬁﬁaﬁ‘ﬁnﬁh&?qﬁ& sybgtantally ofiabiminad i n
accordance w t, ' Wot | rt:\Y

substrate an&ﬁkgﬁg&o Et e g‘%%ﬁ%&?%ggﬁtﬁt@%fﬁgarn e‘{géég%‘t%?‘%é%épm ied to
t he substpplication inegas verbivelengines, thesrodtimgsthiang utility ib ethapsgppliestiohis méeid high 0 a
surface of the substrate or nay, be applied.to a, bond.coat deposited on one
or nore STRRCIRBES afe W%“WF%I“E‘IJ%@F@F%?“ APteEd] comUstpREaEiNeSLe  known i N

the art may bqhygfjﬂ,vﬁﬂg bd arEXHREARYE td ol tﬁEa&%iaigEQoftEf g&?@gﬂ@fﬁg Wi th

one of the enbodi ments of the present invention.. Suita ni ques

i ncl ude e@resentrioventiemm physi cal vapor deposition, chem cal vapor deposition,
LPPS techni ques, and diffusion processes. The netal substrate may conprise
one of a nickel based superalloy, a cobalt based superalloy, a ferrous

all oy such as steel, a titanium al |l g¥Anmek & copper alloy. The bond coat may
conprise any suitable bond coat known ih the art. For exanple, the bond

coat may be f Samplespf 37 arplefoulKl:ralines £rQi, WergPreducsd by(coldpressingranini de, a

pl ati num_al un _ni ' ar b . 9 [y tabilized

zi rconi a,sﬁ'é%mé Org%rﬂii@’oq’?réf er faaﬁg%%ﬁ%ggg&g%g?ﬁm@@ E{aelﬂé% fﬂr?gsd%b@ t He

subst r at ehivkiesg wany/ coatsd with graphiec eSpecifio diest dnd thdrinal diffusivitg insekupgneniut not
limted to, |ow pressure Igl sha S@I’_aé, 5e4(eec_t ron beam_physi cal, vapor
deposi t i dYFre BRAS psing e lissE PRS- Hulg degpity, wWas et | i FFFIPr ocesses. | f

desi 1 ed, dduBOB of AP dBRHS0RL RN &S TRbsnd Rothc S4oFa%s; whi ch
oxi de scale co%gllgtsot S esséntla P%Oof 'g’ ° %Wal *
WK were calculated from the data measured at 1200°F, linearly corrected to theoretical

density.

EXAMPLE2
Samples of 16.7 mole% Y,0s, 16.7 mole% Gd;03, balance ZrO,, were similarly
produced by cold pressing and sintering o'ﬁmix','er:l powders to a density 90.8% of theoretical.
The 0.025"-thick samples were again coat¢d with graphite and measured in the laser flash
apparatus. From careful measurements of $ample weight and dimensions, the bulk density of
the sample was determined. Thermat conﬁuctiv(ity values averaging 1.37 W/mK were
caleulated from the data measured at 1600°F, linearly corrected to theoretical density.

EXAMPLE 3
Coatings with an average composition of 19 mole% Sm;03, balance ZrO,, were
deposited by electron beam physical vapor deposition onto alumina discs. High temperature
measurements of thermal diffusivity were made in the laser flash apparatus. High

temperature specific heat values were estimated from previous measurements of monolithic
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al um na. The thermal barrier coatings of the present invention may be_bonded
to the oxide scale using any suitable technique known the art. If desired,
a ceramc |ayer nay be; bondedi to the thermal barrier coating. The 1§JUN2M
additional ceramc material maybe selected fromthe group consisting o b
mat eri al g, whj reduce ox n_di ffusjan ovide erqgsion and. abyasion

resi st an%ﬁ“ok%ﬁwsb E’B@P‘&ee Fes. 't?ﬂ%ﬂ%%q"g{“f Q}hg? SRS 'I‘:‘ﬁsa‘f?gﬁuéagec{)gmﬂi gh

em Ssi Vi th¥ chReSiR WeilRi £idi tHicEnddk bEthe Aaids BerinS@AiAY, nd AleidisAetard TR t €.

Hi gh em ssivity reduces the heat transfer across a thermal barrier coating
by i nt er¢aductivatyvaluss aysraging i i26nWV nkwree edlelatad fioarthe data serasuredyatntd081E, al
itself) dQE tag th% tqﬂggga&yg di fference between the hotter outer surface
of the c8k Pﬂﬁogﬁﬁlpﬁ% (ofe]0) "'nterface between the coating and the TGO

t hereby reducing the tenperature of the TGO, thus the bondcoat, thus the
alloy. Thus, high em ssivity increases the insulative properties of the
TBC. The additional ceram c Layer maybe; forned over an exterior surface of
the thermal 9 13 JUN 2006 barrier coating. In sone enbodinents, the article
may save an oxide scale on its surfaces and one of the thermal barrier
coatings of the present invention nmay be applied directly over and bonded

to the oxide scale using any suitable deposition technique known in the art
including, but not I|imted to, diffusion processes, electron beam physi cal
vapor deposition, and/or chem cal vapor deposition techniques. The oxide
scal e may consi st substantially of alum na.. Al-though the thermal barrier
coatings of the present invention were devel oped for application in gas
turbi ne engines, the coatings have utility in other applications where high
tenperatures are encountered, such as furnaces and internal conbustion

engi nes. The follow ng exanples are intended to show the advantages of the
coatings of the present invention. EXAMPLE 1 Sanples of 27.3 nol e% Y203,

bal ance Zr 2, were produced by cold pressing and sintering of m xed powders
to a density 95% of theoretical. The sanple discs, 0. D25" in thickness,
were coated wth graphite. Spepific heat and thermal diffusivity
nmeasurenments were made using the |aser flash apparatus. Bul k density was
determ ned by careful neasurenent of the sanple dinensions apd wei ght.

Ther mal conductivity values of 1.95 -
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WnK were cal culated fromthe data neasured- it 1200F, linearly corrected to
-theoretical density. EXAMPLE 2 Sanples of 16.7 nole% Y203, 16.7 nol e%
Gd203, bal ance Zr2, were simlarly produced by cold pressing and fﬁ%ﬁrﬂ]ﬂ@g
¢of mxed powders to a density 90.8% of theoretical. The 0.025"-thic

sanpl es were again coated with graphite and neasured in the |aser flash

appar at%ﬁﬁfsgﬂgﬁhgf)gg nmeasur enents of sanple wei ght and di nensions, the

bul k de npl e was determ ned. Thermal conductivity val ues
averaging 1.37 WnK were calculated fromthe data neasured at 16006F,
linearly corrected to theoretical density. SAMPLE 3 Coatings with an average
conposi tifbthegnal barrigs ceang somprising Besates than 3P moled 2:Ogcfauthlee by el ectron
beam phs)é§c!pﬁé¥lidé’l?ﬁﬂ{g FRPATIaA 0] viHREOA 3 MR flins BR- rbﬁ]ﬂ&bxﬁﬁﬁﬁ?&ﬂﬁ&r e
measurenents of thermal diffusivity were nmade in t%e | aser fTash ‘apparat us.
H gh tBwgss SiduEs Popadimikirésahereofa pudbibe helancestirconiat ed from previ ous
measurenents of nonolithic 19 13 JUN 2006 33 nol e% SnRC3, bal ance Zr Q2
sanpl es. Bul k density of the sanples was cal culated from the changes in
wei ght andthehha lbaeis codtinghecordingas cldin il nghereiatshidgircamd i¢ prebant th @anet er s.
Thermal conductivity val yes averaging 1.26 Wm G were cal cul ated fromthe
dat a rre%[%‘i’ﬂ“é&rcéferi}lf’@(ﬁg,mc’%th no correction nade for density. i | WHAT IS
CLAIMED IS: 1. A thermal barrier coating conprising greater than 30 nol %
Sc233, a | anthanide sesquioxide having a formula A203 where A is selected
f rom t he Aythsupal bariier seating aseordimg to glgim by whergin sgid copting basdessithanukles t her eof |

and thevoti@‘ll(grﬁﬁgsegmtﬁ%r}jygo%?méw%ﬁpgtmkmgar rier coating according to claiml1,

wherein said zirconia 'l res In an anmount greater than 40 nmol % 3. A
thermal barrier coating according to claim1, wherein said coating has |ess

than 10, vgl % qf phases. with a. hi yst al ture. 4. A thermal
par 11 er*¢bRETTH] CalEForing e BB e i Bpar e g haie i iexide Baui oxi de | s

present in an amount in the range of 0.001 to 30 mol%.

5. A thermal barrier coating comprising more than 20 mol% In,Os, and a lanthanide
sesquioxide having a formula A,0; where A is selected from the group consisting of Er,

Nd, Eu, Dy, Gd, Pr, and mixtures thereof, and the balance zirconia.

6. A thermal barrier coating according to claim 5, wherein said zirconia is present in an

amount greater than 40 mol%.

7. A thermal barrier coating according to claim 5, wherein said coating contains less than

10 vol% of phases with a pyrochlore crystal structure.

8. A thermal barrier coating according to claim 5, wherein said lanthanide sesquioxidec is

present in an amount from 0.001 to 40 mol%.

9. A thermal barrier coating comprising from 5 to 60 mol% of at least one of La,O3 and
Sm,0s3, and from 5% to 60 mol% of at least one oxide having a formula A,O; where A is
selected from the group consisting of Sc, In, Y, Pr, Nd, Eu, Gd, Dy, Er, Yb, and mixtures

thereof, and the balance zirconia.
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present in an anmount in the range of 0.001 to 30 nol% 5. A thermal barrier
.coating conprising nore than 20 nol % |1 n203, and a | ant hani de sesqui oxi de
having a fornmula A203 where A is selected fromthe group consisting 30§NE006
oNd, Eu, Dy, Gd, Pr, and m xtures thereof, and the balance zirconia. 6. A
thermal barrier coating according to claim5, wherein said zirconia is
present | n unt greater than 40.mpl % 7. A thermal barrier coating
hecor di Hy A Board BRier GhERaFfordidRde Hai P THCAN AT PREL RIRSE S vol 06 of
phases ahédht ardayer dedd 44y MoBbystal structure. 8. A thermal barrier coating
according to claim5, wherein said | anthani de sesquioxidc is present in an
amount from0.001 to 40 nol% 9. A thermal barrier coating conprising fromb5

to 60 np % @fmll bheRs Lofthg aeforiiRg WRciaind9, %Qﬁzsaiﬁrbgatfiﬁé)éﬂnﬁa%é [@ss60 nol % of at
| east one oxide having a tornmul a A203 where Ais selected fromthe group

consi st thag 1@ Fol¥cof phases withpypyrogdlorggrystagtrughyre. Er | Yb, and mi xtures thereof,
and the bal ance zirconia. 13 JUN 2006 12 13 JUN 2006 O 10. A thermal barrier
coating according to claim9, wherein said zirconia is present in an anount
gr eat er 12. farard€le havifg a hiietal Aubstratermmld althermakbardentdatigg accleingidrig ahp cl ai m 9,
wher ei n_sai coaléisrg contains less than 10 vol % of phases with a pyrochlore
crystalorbet J@T e>12. An article havi ng a nmetal substrate and a thermal
barrier coating as claimed in any one of clains 1, 5, 9. 13. An article
according to claim12, wherein said netal substrate conprises at |east one
of a ni H%eﬁn BHele dccondiBe 1 ¢laimn bhavhereie paifl mety sehstratgromprisenat lepat ongn articl e
accordi@&ﬁi&&bﬁems%a]y&ggﬁj Qccﬁﬁ?t%a%tsﬁ %§Hg3§trate conprises at |east one

of a ferrous alloy, a tirtaniumall oy, ahd a copper alloy. 15. An article
according to claim 14, further conprising an additional ceram c |ayer on

said thernmal .barrier coatin and .sai.d addi tional cer.am ¢, |ayer being
For med 1% A tclateepnd STz AR B R B el B sn PR e aP¥REolr: 21
whi ch r fedeealipyygeanidin Aio$) 408 a copgt iatley.

15. An article according to claim 14, further comprising an additional ceramic layer on said

thermal barrier coating, and said additional ceramic layer being formed from a material

selected from the group consisting of materials which reduce oxygen diffusion, provide

erosion and abrasion resistance, and/or have a level of optical emissivity of 0.7.

16. An article according to claim 12, further comprising a bond coat intermediate said

metal substrate and said thermal barrier coating.

17. An article according to claim 16, wherein said bond coat is formed from an aluminum

containing material.
18. An article according to claim 16, wherein said bond coat is formed from an aluminide.

19. An article according to claim 16, wherein said bond coat is formed from a platinum

aluminide.

20. An article according to claim 16, wherein said bond coat comprises a layer of a MCrAlY
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erosi on and abrasion resistance, and/or have a | evel of optical em ssivity
.of 0.7. 16. An article according to claim 12, further conprising a bqrgﬂmpﬁbs
intermedi ate said netal substrate and said thermal barrier coating. 17 A
,article according to claim 16, wherein said bond coat is formed from an

al um num containing material. 18. An article according to claim 16, wherein
said bond coat is forned froman alum nide. 19. An article according to

clai m 18%WAerei n said bond coat is formed froma platinum al uninide. 20.
An article according to claim 16, wherein said bond coat conprises a |ayer
of a MCrAlY 13 13 JUN 2006 material, 21. An article according to claim 16,
wher ei n2&dtharels accosting ogigim Wewhereinsoidibogd coat comprises p dayier p28W@iazi r coni a.  22.
An arti gheiidscReehirg to claim 16, wherein the bond coat has an oxide scale
on its outer surface and the thernmal barrier coating is bonded to the oxide
scale. 23. An article according to claim?22, wherein the oxide scale is
subst anty . ] . .cl or.di al al 6. rein said
bond cog%'%%“lsyﬁe{a% g&é’?ﬁﬂ%g %)ﬁci%n%éta&ﬂfﬁ.tﬁ%ﬁ&gr? ?ﬁcl{ig arég%@% g‘%ar'f]@g lt’t)s %&%i m 12,

wher ei nswéicel amd the dleemaldaprier seating iclondedernhe avddedscale. a t ur bi ne engi ne. 26. An
article according to claim12, wherein said article conprises a conponent
used in an internal conbustion engine. 27. An article according to claim
12, whengiAn irfifle aBdordihg o Galks1y, dherehabe aXldO0aREs sitbalaftialBHI®hingUr f ace, and
the thermal barrier coating is bonded to the oxide scale. 28. An article
according to claim 27, wherein the oxide scale consists substantially of

al um na: [ : i | : psing a ceramc
bond cogﬁ'%%e%r%gﬁééoh@hg%oﬂ&eéﬁ{a{& g’g?%ﬁlesgid?gg%i ?%aé l%&jn%%]ﬁ% b{r?g?g(f ic substrate.
14

25. An article according to claim [2, wherein said article comprises a component used on

a turbine engine.

26. An article according to claim 12, wherein said article comprises a component used in an

internal combustion engine.

27. An article according to claim 12, wherein the metallic substrate has an oxide scale

outer surface, and the thermal barrier coating is bonded to the oxide scale.

28. An article according to claim 27, wherein the oxide scale consists substantially of

alumina,

29. An article according to claim 27, further comprising a ceramic bond coat between the

thermal barrier coating and the metallic substrate.
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