THERMAL BARRI ER COATI NGS W TH LOW THERMAL CONDUCTI VI TY BACKGROUND OF THE
| NVENTI ON This invention relates to thernmal barrier coatings nmade from
ceramic materials and to netallic parts having such thermal barrier
coatings. The thermal barrier coatings have particular utility in gas
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efficiency.

Such coatings are invariably based on ceramic. Mullite and alumina have been
proposed, but 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 yitria,
calcla, ceria, and magnesia.

Generally speaking, metallic materials have coefficients of thermal expansion which
exceed those of ceramic materials. Consequently, one of the problems that must be addressed
n 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 ¢rack. Zirconia has a high

coefficient of thermal expansion and this is a primary reason for the success of zirconia as a

thermal barrier material on metallic substrates.

Despite the success with thermal barrier coatings, there is a continving 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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Despite the success with thermal barrier coatings, there is a continuing
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capabilities, especially those inproved in insulation capabilities when
normal i zed for coating density. Wight is always a critical factor mhen

desi gni nghegasl basribi dm@tlﬁgbg!raﬁ&loﬂﬁéﬁppsﬂin%rrﬁdfeﬂﬂ 35‘%& E‘«%{;g@e}.ﬁy th%ﬁrdﬁ wight

thermal barrier coatings are not |oad stpportin

conseque Fi‘f‘ﬂ?“i ResFasng stietht Therg iskotrong desiedfor nceraicahgiral baer RaicfiaP
strong d i A&t |__barri mat.erial, whi.ch adds the

m ni mum \?gil]%hﬁ%dd%q I'e pr%\%‘gﬁléiﬁg}%ﬁ% P&%%PWE%?W@’F‘FP&'I‘“ Fhﬁg'ﬁﬂ]d’ﬂﬁ“&ﬂﬁ“’@&%ﬂktw y.
| n addi t imadditdetierase thdgoriol Hﬁiredﬁﬁ'lléx%s]lféogtaﬂlgﬂt}%hleg&oné} ability and
econonmy. SUMVARY OF THE | NVENTION Accordingly, it is an ofject of the
present invention to provide thermal barrier coatings having | ow thernal

conductivity. It is a furthg Ummd%f:ﬁﬁgwﬁ;m@{l nvention to provide

thermal barrier coatings as y in gas turbine

engi nes. The Astediighg ltobpmobjsctarfehfsgbrt‘:@nneﬂe:mbnttb9:&]’@@%@35&18@r coat i ngs
.nvent i on ccordance with a first enbodi nent of the

of the P,
present |§a\§/e %h%vﬁng WW@WICOB%}‘FW coat i ng |s prow ded which broadly

conpri ses at Iﬁgg@;ﬂh‘@ b(%difth ui oxi de and the
bal ance corrprl sing a %Pgst oxi ereiéeg@g%?@gﬁf gro&%aw%ﬁg(?aélpfg‘hﬁ of

zi r coni a Qi’ér“?llicmaﬁm%f)mnegaswbmﬁlensnmm de |s pr ef erably present in an

anount greate |, % as{ on ant hani de sesqui oxi de has a
formil a A203 Wh T é %Eg’ngsl’b &'e arteeaBaIPF%Wﬁ{ ﬁ& ’ﬂ’rag bTiersrratags ofghepresant Pr,  Nd,
Sm Eu, iﬂypntmmd mxtures thereof. Qt her enbodiments of thernal barrier

coating in ac ordwgce with the present i nvention include the following. In
a second enbo e Witha frt swhedimen b@i&thenresaltnmmm alilermiabbarderat i ng i s

B0 ol %6 gy L1 ?#é%‘??‘ﬂ‘é’”“’%%&f o el F 108 B B ros “Rerd oBEFlomiter rom e
gr oup co%ﬂ%‘?’lﬂﬁ@ ang thepalages corpprising dHirst &Xide dalactedofrorh the @06p Bdnsisuhe st
e A B0 TR e i S S e s
mol%. The at least one 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,
Other embodiments of thermal barrier coating in accordance with the present
invention 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;O; where A is seIcctcﬂ from the group consisting of In, Sc, Y, Dy, Ho,
Er, Tm, Yb, Lu, 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 amount sufficient to create more than one OXYygen vacancy on average
adjacent each zirconium, hafnium, 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 baving a formula

A20; where A is selected from the group consisting of Er, Nd, Yb, Eu, Dy, Pr, Sm, and La,
and the balance zirconia.




In a third enbodi nent of the present invention, a thermal barrier coating
I's provided which broadly conprises a | ant hani de sesqui oxi de and the
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In a ninth embodiment of the present invention, a thermal barrier coating is provided
which broadly comprises greater than 30 mol% S¢;03, 2 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 mo!% In;Os, and a lanthanide sesquioxide having a
formula A;O; 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% InzOj, and a lanthanide sesquioxide
having a formula A;O; 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 Sm1, 05,
and from 5 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, Br, and Yb, and the balanice
zirconia.

Other embodiments of thermal barrier coatings in accordance with the present
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and the bal ance zirconia. In a tenth enbodi nent of the present invention, a
thermal barrier coating is provided which broadly conprises from1ll to 20
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group consisting of zirconia, ceria, and hafnia. Preferably the first oxide is present in an

amount greater than 50 mol%, Each lanthanide sesquioxide has a formula A;0; where A is
selected from.the group consisting of La,'Pr, Nd, Sm, Eu, Th, and mixtures thereof. In a
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 thermal barrier coatings
of the present invention, where the first oxide is zirconia, each zirconjum 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 hafnium ion and each cerium jon would also have
more than one adjacent oxide vacancy on'average, 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, Hafhia, and ceria. The oxide has a formula
A;0; where A js sclected from the group consisting of In, Sc, Y, Dy, Ho, Er, Tm, Yb, Lu,

and mixtures thereof. In a preferred empodiment of this coating, the lanthanide sesquioxide
is present in an amount from 10 to 40 mol%.
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coating contains less than 10 vol% of phases with a pyrochlore crystal structure, The yttria in
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 eoating system, ytiria is present in ag amount
greater than 22 mol% and the lanthanide sesquioxide is present in1 an amount from 1.0 to 38
mol%.

In a sixth embodiment of the presentinvention, a thermal barrier coating having a
lower thermal conductivity comprises from 9 tc 15 mol% Yb,0,, and from 1.0 to 48 mol% of
a lanthanide sesquioxide having a formula A203 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 smount greater than 40 mol% and the coating has less than 10 vol%
of a pyrochlore crystal stricture.

A seventh embodiment of a thermal barrier coating in accordance with the present
invention comprises greater than 15 mol%, Tb;0; and a lanthanide sesquioxide having a

formula A0y where A is selected from the group consisting of Er, Nd, Eu, Dy, Gd, Pr, and
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Yb, Eu, Dy, Pr, Sm La, and m xtures thereof, aw the bal ance zirconia, The
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cryst al s%ruc ur(f A seventh _enb%ﬂgi?rgnt_%g#@?t ﬁm&%ﬁh@ﬁ@ﬂﬂ‘%@“in
accor dancé™ i the Sefifconian datziropniz rpefesbly geeat @rantath@dlnfiGedin %

Y' b203 anHarpdd mBithamhde, Ha9% a8 havi a, farmyla A2Q3 where A is

sel ected fromthe; grougﬁgglnm s%icﬁgtmgfm %VWSSEWHWPI@GFPWFS withja 5

s RS 1 SO 4 MBI Ly E ST o
pr ef erablly contai ns eexggge[%@q lfﬁg\QdﬂiW%f phases ’

In a tenth embodiment of the present invention, s thermal barrier coating comprises

from 11 to 20 mol% In, O, and a tanthanidé sesquioxide having a formula A,0Q; where A is

selected from the group consisting of Br, Nd. Eu, Dy, Gd, Pr, and mixtures thercof. and the
balance zirconia. In a preferred embodiment, the lantanide sesquioxide is presept 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 contains less than 10 vol% of phases with a pyrochlore
structure.

In an eleventh embodiment, a thermial barrier coating is provided which comprises

more than 20 mol% In,0;, 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. In this coating system, thie 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 therma} barrier coating comprises
from 5 to 60 mol% of at least one of L2;03 und Sm,0;, from 5 to 60 mol% of at least one
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wi th apyrochl ore crystal structure. The hwt hani de sesqui oxi de maybe present
in an amount from 0.001 to 45 nol YD In an ei ghth enbodi nent of the present
i nvention, a thermal barrier coating is provided which conprises from 20

to 30 nol % Sc208 and a | ant hani de sesqui oxi de having a fornula A203 where

Ais selef TRt ergEs e Qsothers Aitnglafiedirom Nk gibup cbdéistink &f B, €Nk

m Xt ures | ance. zi rconi a before, the zirconia is "
pr ef er abl %Fg’ggeﬂn‘i G?ﬂ)%gﬁ ggm%mﬂ%gﬁﬁ @Wﬁéﬁa!ﬂ@ badange zireani4 eln, thisteeatinger mal
barrier ceptimghhziscdnesis prdfefablGryhPinCh anfhia L 5h g.pyrochl ore crystal
structure, In akgrﬁéﬁrred enbo%i%rrent. , the Ianf%ﬁ%@aﬂgg%ﬁ](ﬁﬁd&éﬁ%&nﬂg
present i FOHARSIFSYHen 1P 381% ofphasee withe pyrdc¥dore stnactrent h enbodi ment of t he

present invei apirz ] | i .coati.ng i.s provided_ which conprises
greater than 30 mfl&?gac'}a@ Oaﬁﬁ%maﬁéarﬂiﬁrec%ggw&?%@m@awwhapfeetntuI a A203
where A i sivsefiaachelddé therfolidwingr oup consi stiog of Nd, Eu, Dy, Gd, Er, Pr,
and m xtures Qﬁiaﬁgt and the bal ance zirconia. The zirconia is preferably
present in an crpal Resgier coating camprisingfroihe.5 td22 5 ined]YOer 4t 1€kt &fearking

may have §688hi i Xoof es W th I. rochlorc crystal structure.
In a pref err ed(}‘g%%di mntgz(?%‘gﬂé}g%ﬁg\#feﬁgd'&g%F Sovgeorystmgafda; Smj fban
amount i ntmhand bihgenbhed willl alsetandoxide gl id! b e ' t. of. the
preseht ijngentian, .a thermgl balfier coae:ti ng comfgl?&s%s%ﬁ?gghﬁp?mfﬂlﬁo nmol %

I n2C8 an B ER o 8B ; hemhodiracntihe second muide isyReSnharanimeunt sehect ed

romtne lgasvup.5eRs1%). SThd\&h coidi , r,..and mixtures

thereof, and the bal ance,ag‘iz_% lr;%gr?lﬁg.c I'n a#%z}ggfseﬁ%?segdf@ﬁ%ﬁﬂ‘elﬁ%ﬂ?ﬂ%thud

| ant ani de™SESERMANG BrOUP soRsissingof Tiy0)s 2r; 08, WHD3} MeOp a0, ARilmtGur3s k%thThe

zi mani a iiﬁe?éc%(%?iﬁb)é L% ent,.in_an ampunt greater than 40 nol %epé% e

coating also pire eraB?? g%sﬁ?a{f‘ﬁg anodnt greater then Qo) %6 twhen sketurdioxideds

pyr ochl orpresest ritdl further, kit @atig} v 8nd Lent, [  er_.coating

IS provi dagg i clr’r:la%gn;rrl ses L‘ri:'éor e tﬁgbrﬁ%?lvgél% | %58%%%&?% &%@WU@ °?

sesqui oXi eam\éﬁ?ﬂe o¥ige peleciedrirom\the group g@l’la_istingmlfébOﬁ,CPri(D? mdzo% Ei,04P

consi st i ngy ; : ~. nd.pi xt yres_thereof, and the

bal ance zi rz%’n%?j{\%ztog’rgbzc a?“%"@{%ﬁ@ﬁ@?ﬁ&é ﬁ}er"(‘:mq"@ﬂr@mﬁmﬂlﬂw at

present ileashencethisd oxidedreigtpzesehiian 1¥Q1 8ot nbhgehe ﬁi_g?ndﬁ?iqm 0><it de is
n e coating

SRRy RN MR e e
oxide from the group consisting of CeQ,, P03, Nd; 03, Eu,Os, Gd,03, Dy,0;, Ery0;, Yb,0s,
Inz0s, 8¢;05, Y203, and mixtures thereof, corbined with a second oxide selected from the
group consisting of zirconia, hafnia, and céria. The thennal barrder coating may also contain
from 0.5 to 22.0 mol% of at least one third oxide selected from the group consisting of L2,0;,
Sm;0;, Tb,03, Tm, 05, Hoy 03, Lu,O;, MgO, CaQ, 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 inian amount of at least 77.5 mal%.

(15) A thetmal barrier coating comprisingifrom 20.5 to 22.5 mol% of CeO, combined
with an oxide selected from the group consisting of zirconia, bafnia, and ceria. In a preferred
embodiment, the oxide is present in an amount ofiat least 77.5 mol%.

(16) A thermal barrier coating comprisiné from 0.5 to 22.0 mol% of CeQ,, and from
0.5 to 22.0 mol% of at least one first oxide selected from the group consisting of La;0s,
Smz0s, Tb203, Tmz03, Ho,03, Lu;03, MgO, CaC, Pr,05, Nd;03, Bu;0;, Gd;0s, Dy;0s,
Er205, Yb;0s, and mixtures thereof, combined with a second oxide selected from the group
consisting of zirconia and hafnia, and the CeQ, and the at least one first oxide being present
In an amount not greater than 22.5 mol%. |In a préferred embodiment, the second oxide is
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structure. In a twelfth enbodi rent of the present invention, a thenal
barrier coating conprises fromb5 to 60 nol % of at |east one of U203 -and
Snm201, from5 to 60 nol % of at | east one 6 oxide having the forrmula A 203
where A i~ selected fromthe group consisting of Sc, Ky.) pr, Nd~ Eu, Sm
Gd, Dy, EPresegsn amamppstiof pblsastfi@San6l%.and t he bal ance zirconia, In this

coating systnyy | is. preferably present 'Man Munt greater
Chan 40 mol 9% and (Tt Blrr iR cPmBrins omha 1.2 sioMicleCahBiem® Suict h-,

pyr ochl or 89.§tmal¥%t afrat Jeasitdde oxRIFREEEEE R, -pal.: ba Mear cojtings in
accordance.wi th the piesent jnvention itﬁéﬁfﬁé%ﬁ%@%ﬁ%ﬁaﬁéczbiﬂgA

thermal b P tezeali sombunadovids siepst £omolle St oRide Selembd b6t Rl ﬂ{, st one
first OXWﬁisHﬁybPﬂr&n[Fh%%ﬁZ% where Ais ~electe~i fromt eﬁlgroup
La, Sm , In,

consi sting of and Lu conbined with a second oxi de

sel ect ~d from §l8pAghen! batist 65atiRe coinddifs BRI fhi e, and ceria. _In a
preferred e%}m?i menl_tlr, tho second %)cd e idéég?%l?é?\P}lﬁhﬁgﬁw&ﬁgi‘fdfa%?n%ﬁm | east
Fletdirom

77.5 ol 8% theagrown susisting of P05, 0Nd,0;, £16,05, 39, ,Sﬂﬂﬁ{g,@,jl.%@{&mle st
~Y203, NMyO,

one t hir deonthih L.sting of Irt203, |SC203, )
CaO, and r%‘xt uéﬁig\;{tﬂti ﬁgéféglg? O\g\}rdtg Eae‘ﬁﬁﬂﬁg@ghﬁgroggmg:mg RE2iproaise hafnianarah  anoVat

great er 840 Imd prefertedremibivaith ity tHe S3th A€ okide idYrE ] i fin-ther, fhe
coati ng, ﬂlfé'lﬁ/angﬁehﬁre va(-l\i)i dtion,. may contain fsﬁf)gnﬁ%gﬁ% a’?(?{nf _togrﬁ%?rooﬂ]r’?‘i.%t,
| east one thiTd oxide SETEEEANE T ferbergomppise Bomdl Stoi S1gnealts GRReastynd03,
M2. C~, Euhi2@3xide 6ele0Bfio L3 and mxtyures therebf, and the
at |east one first oxi de@;ﬁg%oﬁg at j]Ingg’g'?%é)on%T‘Pﬁlﬁ’r%:z(gkﬁgghﬂ%hﬁ)g’ MeBsent in
a tot~l :@RE mHEureg thereafiwitththn s@2né oxide biing (pldntAy ki &SRl o??( ledsPhg COALI NG
coni prisihge, from0.5 to 1.0 nol % of at I=t one first oxide romt%e group
consisting of Ce@, Pr20 3, 0,070.3, Fu2,03, (4203, Dy2G3, Er20G3, Vb203,

b1203, SC203, (¥D0Btheanal bariériebeng dobiRRing fio i i cond, oxi de
sel ect cd ft;_otné%rge ?roup cor{si st igtng of zi’g,rf{:og(rfl?g?tﬂg?'ﬁwaofl%aonasﬂﬁgroﬁ%ﬂe The
thermal BEFFFEFORSAE BIRYPapsiingefdbntatmd YoiOsmombirkd wath22 1dstn Sinefe; ot

| east onQ serdndbxe I - he.- ar cansi sting_of U, 1 3, SMWMO03,

Th203, T3, HS‘ZQ@E%%‘S’?‘%Séé“@gﬁ@%%%’i?w@aﬁwgwnwth the at Int

one first oxi#d Zakgrmildanmicricoatig conbﬁ%ﬂﬂ'gtﬁimﬁﬁ.isdﬁs@sinﬁﬂ%ﬂféﬁgﬁg and Gt OF @l
i de b

ampunt o t rethan, 22 .5 npl % and the second oxi ei ng present
ittan arrft())hsrr:'? Sg%r ]’g?ﬁ/?(gg%t{]eaﬁ?%e %‘ilqn‘lf)%m the group consisting of In;03, S¢;03, MgO, Ca0,

and mixtures thereof, combined with at ledst 40 mol% of an oxide selected from the group
consisting of zirconia, hafnia, and ceria,

(21) A thermal barrier coating comprising from 0.5 to 22.5 mol% of Yb,0;, and from
0.5 to 59.5 mol% of at least one oxide from the group consisting of In,0;, Sc;03, MgO, Ca0,
and mixtures thereof, combined with at ledst 40 mol% of an oxide selected from the group
consisting of zirconia, hafnia, and ceria.

(22) A thermal barrier coating comprising from 20.5 (o 60 mol% of at least one oxide
selected from the group consisting of In; 03, ScﬁOjf‘, and Y>Os, combined with at least 40
mol% of an oxide selected from the group consisting of zirconia, hafnia, and ceria.

(23) A thermal barrier coating comprising from 15 to 59.5 mol% of Y03, from 0.5 to
45 mol% of at least one first oxide selected fromn the group consisting of La; 05, Sm,0;,
Tb;03, Tm; 03, Hoz03, Lu;03, MgO, CaO,,flf’rz(D;, Nd; 03, Eu;03, Dy, 03, Ery0s, Yb,0;,

In; 04, S¢;04, and mixtures thereof, combired with at least 40 mol%,
from the group consisting of zirconia, hafinfa, and ceria.

of an oxide selected

(24) A thermal barrier coating compﬁsing from 9.0 to 23.0 mol% Gd,O;, from 0.5 to
51.0 mol% of at least one first oxide selccted from'the group consisting of La,0s, Sm;0,
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(15) A thex-mal barrier coating conprsing from20.5 to 22.5 nol % of CeQ2
conbined wth an oxide selected fromthe group consisting of zirconia,
hafria, and ceria, In a preferred enbodinent, the oxide is present in an
amount of _at least 77.5 nol % (16) A thernal barri er coat| ng conpri sing

-from 0. STPZpﬂiﬂﬂoa{ﬂi%fbfLﬁé@Mg&ldfaﬂrBﬁO;,Q\J@CIJ,OEL%2)39) ﬁE@;‘?‘bz east one
S

first oxi L edqfro up gonsi sting of La20 . “Th203,

T s, Hogr%?%’e‘étcﬁg {'T‘]ﬁ‘qgﬂ? ; combinodywith gt pas 40musI0i30f MGk seRyRES,

Er 208, Ybﬂ@ihtha@fbuﬁﬂdéhﬂﬁ 61*%?1-&6’19 g E ith a second oxide sel ected
fromthe group con5|st|ng of Z|rcon|a an aftda, and the 6eCz atid the at

| east one fi rs&NSYFERBS Bharmgl rdermoatingsrsebforthrietei a9 be SR &Sz Rid% 5 ! %

i ~m a pregﬁﬁﬁlﬁ% i ment, the second oxide is present in an anount of at
| east 77 A thermal barrier coat| ng conprising from0.5 to 22.5

mol % CeC, froﬁn@rtﬁzlé(hmwﬁg prtieBlabuffityat alc6 elected fromthe
group conms%ieggn In203 SeZCB anty %cxt E’%@R&g? drﬁrb SoNBYied2NPE h at

| east 40 BBV Blaperevith Fféfdltré@nff Im)mtidne 'ijecau[tle manhivtd Iﬁgapg‘ubgth{tgom a

and hafnlﬁ,d(gn@ft&gfgl% |er n r|S|ngfrom90to 5 ol %
of at |east one first H%gllﬁlg Sugutl B’% F@}l&@f?@@ﬁ‘&sgﬂfﬁnghetheﬁnﬂ%

Nd2C8, Eulzamf:r ®addBmagbed appliddtiRstly ﬂﬁ{ &Rface SPMR ISE&?{ W b &)% %g gﬁ%om de

Aivar e °9 3

sel ected fr F‘fﬁ@ﬁ Ptdtp consi sting of zirconia,
oref er r e °88 fite °I‘Fém§é’66’f?aemesﬂsfhpm@émbstmteammma@&mﬂql@g t han

77.5 nol Beowhhig thd 8t AR r further co e from0.5 to 51
nol % of at |east one R??Eédotgldgg %@%#ngynghc?aﬁlgg&% "@B‘ff‘s‘f”é‘i profof
Yb203, | nhogmb sél;_r@ats olewrcs:emzmenﬂd;omw@;emﬁuea MEMAS Sledtha 1 W' th the

second o nt iLn_an armut of.at_least 40 ml% (1
t her mal E‘“‘.%‘F %?1%81& F@Eﬁa}lﬁap"f BrfsitiongLPRS tephmqugs) %dc&iﬂ’guswn rst oxide

sel ected rfrocnssash é‘hgmmwn sGiNNGteThiEbneyirisbad otPﬂ %c?f@l%ed%%ﬁ?ﬁaség '3 60%4]‘ Bl.4 east

77.5 mol % of ..a second oxide selected fromthe group co
zi r coni a,S"REPIY% 2 temepsalioy gucly ssijeel artitenivmlallops andercoppartallag conri si ng-firom

from the SOE‘S‘hfé*r?E.“ Y ey gty i3l oo P ey n S o ForreSRner cof
conbi ned tgﬁ deroat way be fomed dickh of alakinun d@t&ﬁlr@ﬁﬁﬁ&nd‘l rBhRidY £UP
consi sti rbgatﬂlfl.lmzél{n%ﬂﬁ&ea 2 BRI Hated suc% as Jwt% 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 ﬁ:ressure-lplasnla spray, electren 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
alumina. The thermal barrier coatings of the present invention may be bonded to the oxide
scale using any suitable technique known:fn the art.

If desired, a ceramic layer may be: bonded: to the thermal barrier coating. The
additiopal cerarnic material may be selected from;the group consisting of materials which
reduce oxygen diffusion, provide erosion and ﬁbrasion resistance, and/or provide optical
emissivity of 0.7. Examples of high emisgivity ceramic materials which can be ysed are
alumina and mullite. High emissivity reciices the heat transfer across a thermal barrier
coating by internal radiation (radiation of the therimal barrier coating material itself) due to
the temperature difference between the hotter outer surface of the coating and the cooler
mterface between the coating and the TGQ, thefréBy reducing the temperature of the TGO,
thus the bondcoat, thus the alloy. Thus, Iugh emissivity increases the insulative properties of
the TBC. The additional ceramic layer may be,formed over an exterior surface of the thermal
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(21) Athermal barrier coating conprising fromO0.5 to 22.5 not % of Yb2(C3,
and from 0.5 to 59.5 nol % of at |east one oxide fromthe group consisting
of 1n203, Se203, MO, CaO, and m xtures thereof, conbined with at |east 40
nol % of an oxi de sel ected fromthe group consisting of zirconia, hafnia,
and ceri abaquepgoafingher mal barrier coating conprising,from20.5 to 60 nol %
of at | east ong, é)oxiede sdgl ecte fr_O{n t he, group consisting of In204, 5c203',
and Y203, conbithad WERedimentsthe agigle may havean grids seadeomits surface dndams ofie

group ; coufithérAUbatierédBaRN S8 thd a0l v@ﬁ'l?n CRhd 3) gA Lhermal Rarrier
coati ng con%ri sing from 152‘%0_59.&% r?gf%ﬁ) 0 rvgé%?e?épiﬁﬂl.r%"t FvenE bf at
| east onel¥ e sxidgrraleusing eny vitable depasitiongediniue GAGWE in 1he aftfindtdR A by iz 03,
Th203, T Lu203, M CaQ, ! Pr203, Nd203, Eu203, Dy203] FEr203,
Yb203, Fﬁ‘g‘g‘?l t‘%ﬁ%ﬁf&“ RaCHRL %?%?“t%%ﬁ"&gﬁ@w%aﬁmrrdéwwwa@dfon chagiicall0 nol | a
of an oxi depos deenition tedhntyilet. MBh QA8 RS Sdn; W59 e Ao Na, and
ceria. (24) A téPgr | barrier coati nsézcorrp)?i gi&gtgé?l ?%ﬁn%[ag?(?fglgnﬁ%'o nol %
Gd203, from O. ‘W&QJ}? Bepildaagicr geatings of thepecsentristentinn deresgevelshePfof r om t he
group congirtichiie i8feal 826 10203, Trnz03, 208, Lu203 O, G0
Pr 203, NG Eaa g Dyzoﬁf’%%gﬂe%%g't%,ﬁ“ﬁ i ?@EPll%ﬂanwh%rg%&l

t hereof , teowsfahes sk ehoamtdrel sich4 fiMboesahd ateraX) ceﬁlbﬁﬁioﬁ%ggle fromthe
group consi Sti@%ﬁ&lﬂ tconi a, hafnja, .and ceria. The variou tTiermaI barrier
coatings set f RIS Feapples gee 1ateadkrioshoy dar advantages of tewonthigssif thect ur e
An arti cl gresdn@itivBgigigr ticul ar utility as a conponent in a gas turbine

engi ne, nmay be provided in accordance with the present invention. The
article may have a netal substrate and one of the aforenentioned thermal

barrier coatings applied to the sub%&g The thermal barrier coating may
be applied directly to a surface of . Ergétrate or may be applied to a

bond coat depoSdntides @i 7ok 2 baldhidedES, Q) £:4 ANY
s D RatE o Bl G

sui t abl e t.echni in the art nmay be used

e. kno he ¢ Y
barri er c%’é%gﬁijﬁét%w Q2 GensHY 836 dftheorstisak ifhsdampletdiscaf0. 025¢ ipr esent
I nvent i onthickintsk vadte @odtBE A L N ; r b si cal vapor
deposi ti on,c chemi cal O\Eapg’?ﬂigegost{:‘t ?%%%ﬂgﬁg%%@%}ﬁ%ﬁ@?%%Elea-?‘FFIHgF n
pr ocessesVerpimadausiap thalpssr flasteappasatuso Hulk densivyovaobetaminedis) cased
super al | Gfeastrefi@RPbE 128388 e dimensions and weight. Thermal conductivity vatues of 1.95

W/mK were calculated from the data measured-at 1200°F, hinearly corrected to theoretical
density.

EXAMPLE 2
Samples of 16.7 mole% Y03, 16.7 mole% Gd;0;, balance ZrQ,, were similarly
produced by cold pressing and sintering of Imxed powders to a density 90.8% of theoretical.
The 0.025"-thick samples were again coated 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. Thermal couﬂucﬁyity values averaging 1.37 W/mK were

calculated from the data measured at 1600°F, linearly corrected to theoretical density.

EXAMPLE 3
Coatings with an average composition of 19 mole% Sm;0;, balance ZrQ;, were
deposited by electron beam physical vapor deposition onto alumina discs. High temperature
measurements of thermal diffusivity were made in the Jaser flash apparatus. High

temperature specific heat values were estimated from previous measurements of monolithic
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superal l oy, a ferrous alloy such as steel, a titaniumalloy, and a copper
all oy. The bond coat may conprise any suitable; bond coat known in the art.
For exanple, the bond coat may be formed from an al um num contai ni ng
material, an alumnide, a platinumalumnide, a ceramc material, such as

i wt 9% yt t r Pmeleth Sm.Pebakince Erdssarplesa Bk dén¥ity BR&8Sidples &Qﬁcaﬁang[e@gltn nay
be fornedﬂgqhthe subs%*gteigskggéay sui t abl e process kngmn In the art
i ncl udi ng, UL TS VRNt g thig! %&eé%%ca dutingtoating asg thejr, dishetedsr Mhctaeam

physi cal s@idactividoRnsdsab&agindisfFcuwi nd ehem cal vapor =
deposi ti on. rocegggg. | f d%g?ﬁéﬁﬁﬁFﬁgﬂﬁ%ﬁﬁﬁa§%§9%ﬁ@yﬁﬁﬁg@ngﬁmg #d498F. e on
an outer §U§P&@B¥fQMmGhmbﬁbdéﬂstﬁIe consists essentially of alumna. The
thermal barrier coatings of the present invention nay be bonded to the

oxi de scale using any suitable technique known,- ni' the art. If desired, a
ceram c | ayer may be; bonded to the thermal barrier coating. The

additional ceramc material nmay be selected fromthe group consisting of
materials which reduce oxygen diffusion, provide erosion and abrasion

resi stance, and/or provide optical emssivity of 0.7. Exanples of high

em ssivity; ceramc materials which can be used are alumna and nuilite.

H gh em ssivity reduces the heat transfer across a thermal barrier coating
by internal radiation (radiation of the thermal barrier coating nmateri al
itself) due to the tenperature difference between the hotter outer surface
of the coating and the cooler interface between the coating and the TGO

t hereby reducing the tenperature ofthe TGO thus the bondcoat, thus the
all oy. Thus, high em ssivity increases the insulative properties of the
TBC. The additional ceramc |ayer may be, formed over an exterior surface o
[the thermal barrier coating. In sone enbodi nents, the article may have an
oxide scale on its surfaces and one of the thermal barr~er coatings of the
present invention nay be applied directly over and bonded to the oxide
scal e using any suitabl e deposition technique, known in the art including,
but not limted to, diff-usion processes, electron beam physical vapor
deposition, and/or chem cal vapor deposition techniques. The oxide scale
may consi st substantially of alumna. Although the thermal barrier
coatings of the present invention were devel oped for application in gas
turbi ne engi nes, the coatings have Utility in O her applications where high
tenperatures are encountered, such as furnaces and intemal conbustion

engi nes.
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The follow ng exanples are intended to show the advantages of the coatings
of the present invention. EXAMPLE 1 Sanpl es of 27.3 nol e% Y20~, bahince
ZX02, were produced by cold pressing and si-Ptenng of m xed powders to a
density 95% of tbeoretical. The sanple discs, 0. D25" in thickness, were
coat ed wi WhiAT BHELAEMERpED' ific b at and themmal diffusivity measurenents
were made using the, |laser flash apparatus. Bul k density was determ ned by
careful neasurenent of the sanple di nensions aAd wei ght. Thermal

conduct i vji t ¥ tNedHBSarQ . |l.ated fromthe data neasured ~
at 1200"F, 1 i ncarl %/rcloglr?r %‘%Me@ggf?{tﬁee%ﬁeﬁtc#'gg}lc' density. EXAAPLE2 Sanpl es

of 16.7 Mflabbtas208 JantiBuwitic subjudsidi) s2fhSaidlahthaside fsGrioxide hevifj Hitb@fly
producedﬁﬁécq_léd gr.es ierg%jegnd éjsgrteri ng.ofti~_- edeowders to a density go.
g yo of fHeod-TEITodp e PEbTEopp FRISIIARRT £3. RieNd, Smakh Thoandbuixtwies h

gr aphi t e tR&tdoBASHE Be]al rom. caref ul

measur enents of’ s'arn?lglghab}e%c;gﬁﬁgtdsg%?ﬁl @ﬁ%%ns,%%ﬂaﬁﬂqﬁvgﬁ c'ft he

sanpl e waArceRiteqenraad hafifiasaiddirstommndeising pretent itpdnwsoray 6f 2983050 maRr, W K
were | calculated fromthe data neasured at 16001, linearly corrected to
t heoretical density. AANI~U 3 Coatings with an average conposition of 19

ol % Sni2. 20herinaliaee o366 acebittg HRRARL Alictiin ShERIERPRARM BONST 02

vapor deppsition onto alumna discs. |Ifigh tenperature neasurenents of

t her mal  GPSHURXIAR If prafetdn pintel ampuntin thasaoge bf 3Sh4appicat us. ffigh
tenperature specific heat values were estinmated from previ ous neasurenents
of nmonolidiic, 10 33 nol e% Sn2C3, bal ance ZrOa sanples.' Bulk density of

t he sanplesA tesmydlamidr abatihef scomdirighte cirangehelem 3wl &htastord lbithekaess of
the, discs duri q coat i ng, ar}d t hei r _di anet ers. Thermal conductivity
val ues a&%ﬁg&bﬁxh% ip%mW’g?&?taWE%ﬁ%ﬂﬁaﬁtt@anVermthe data neasured at

1400F, wth no correction nade for density. | i

4. A thermal barrier coating according to claim 1, wherein said first oxide is zirconia,
5. A thermal barrier coating according to claim 1, wherein said first oxide is hafnia.
6. A thermal barrier coating according to claim 1, wherein said first oxide is ceria.

7. A thermal barrier coating comprising from 0.5 to 22.5 mol% of at least one first oxide
having a formula A;O3 where A is selected from the group consisting of La, Sm, Tb, Tm, and

Lu combined with a second oxide selected from the group consisting of zirconia, hafnia, and

ceria.

8. A thermal barrier coating according to claim 7, wherein said second oxide is present in an

amount of at least 77.5 mol%.

9. A thermal barrier coating according to claim 7, further comprising from 0.5 to 59.5 mol%
of at least one oxide from the group consisting of In; O3, S¢;03, Y05, Mg0, Ca0, and
mixtures thereof and said second oxide being present in an amount greater than 40 mol%.

10. A thermal barrier according to claim 7, further comprising from 0.5 to 22.0 mol% of at
least one third oxide selected from the group consisting of CeO;, Pr;03, Nd;0;, Euy0s,
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WHAT IS CLAIMED IS: 1. A thermal barrier coating conprising at |east 15

nol % of at | east one | ant hani de sesqui oxi de, each sai d | ant hani de

sesqui oxi de having a forrmula A203 where A is selected fromthe group
consisting of La, Pr, Nd, Sm Eu, Tb, and m xtures thereof, and the

bal ance Gdsfpy; Dob@g Ex, @4, YO0 dhdimixtates Giepsbff ind¥hide 1d 5t QP e RKidS ah 8xif
zirconia,,_.ceria,,and }héi rua, said fi rs% oxi de bei ng tgresent I n an anmount of

f
at | east M2EAShBR%hizd oxyde hemepresenting tafel eontent Agt areaterthameR.§ mod¥eai m 1,

wherein said at | east one | anthanide sesquioxide is present in a total
amount in the ran(l;e of 15 - 45 nol % 3. A thermal barrier coating according
to cl ai mht, Ahermal harsiar epating ceraprtisionGoindhi tani dol%sE stidh she At 6xige esent i n

t ot al f at_least o 4 | i ti di
P ol o oRIAE el ondi SRR ROTR O, Nal O 00 By e 1 or
coati ng BEOQISEOF Y;0: Cdndirixdurcath@Est Borlﬁﬁihgd %ﬁtﬁ%tse&)ﬁhgﬁidﬁglgﬂe&péﬁm ngi?' A

thermal barrier coating according to claim1l1l, wherein sai de is

ceria. 7ETORP £pRsistiRE of 2irednia, hafmést, andycarmpri sing from 0.5 to 22.5 nol % of at
| east one first oxide having a fornula A203 where A is selected fromthe
group consisting of La, Sm Th, Tin, and Lu conbined with a second oxide

sel ect edlZ.r Anhdrinal Bartiencoating ke bidige ©fcldin K0 Rirther S fsthg ﬁ:ﬂﬂ 0.56Mha 8. A
thermal b [ coating according to claim7, wherein said second oxide is

rier _acce T ¢
present ’inﬁ{/aﬂﬁatéﬁ'ﬁﬁ ARe Birdpxidesglected from the gvaupgonsistingef kaiOh SmeOgrTbgdat i ng

accor di ngmt@, HAOMI L0 Wi e .95 1.0 59 5.npl % of af |east
one oxi de %rBOmot@ﬁ_g1 gr!_ofjp o%?@%?ﬁéﬂugk Eré%%w %é‘gﬁté?as%@r%@@‘%mdand

mi xt ur esatt¢ast ensfthind dxisla ibdingpoaant inxitate] dedung ofic gedater tHinP2. HABIYAtnG" eat er

t han 40 d?) ]#f iAﬂ%herrral barrier acc?roligég to claim?7, further

conpri si%}s SO Gte bgus present i araeund of af least 7.8 mol¥ani r d oxi de sel ect ed
fromthe group consisting of Ce®, Pr203s Nd203, Eu203, 12 Gd203i Dy203,

Er203: Yb2Q3, and m xtures thereof, and said at |east one first oxide and
said atl3 eh&iergalbamemegaing emnsisinggrom 88810 2245 moltiosfleGyantbitedvth v eat er

than 22. 5 id0leecteilfrort s b L1 ef .coali comrising from0.5 to 1.0
mol % of at 1east one Tl}}e[%tﬁig%ng%ﬁﬁ#S%%#Pﬁ'@’}aﬁ%&ﬁ’pﬁ@c?ﬁg?'sti ng of Ce®2, Pr203,
Nd203, Eu203, Gd203, Dy2Q3, Er203, Yb203,

14. A thermal barrier coating according to claim 13, wherein said oxide is present in an

amount of at least 77.5 mol%.

LS. A thermal barrier coating comprising 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; 03, SmyQs,
Tb203, Tm; 03, Ho;03, Lu; 03, Me0, Ca0, Pry03, Nd;Os, Eu,Os, Gd;0;, Dy; 05, Er0;,
Yb20;, and mixtures thereof, combined with a second oxide selected from the group

consisting of zirconia and hafnia, and said CeO; and said at least one first oxide being present

1n an amount not greater than 225 mol%.

16. A thermal barrier coating according to claim 15, wherein said second oxide is present in
an amount of at least 77.5 mol%.

17. A thermal barrier coating comprising from 0.5 to 22.5 mol% CeOs, from 0.5 to0 59.5
mol% of at least one oxide selected from the group consisting of InyOs, Sc;0s, and mixtures

thereof, combined with at least 40 mol% of an oxide selected from the group consisting of
zirconia and hafhiz.
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1n203, Sc203, Y203, and m xtures thereof, conbined with a second oxide
selected fromthe group consisting of zirconia, hafnia, and ceria_ 12. A
thermal barrier coating according to claim11, further conprising fromO.5
to 22.5 nol%of at |east one third oxide selected fromthe group

consi sting of La203, SnR03, Tb-203, TnR(G3, 110203, Lu203i MyOr CaOr and

m xtures_thereof, said at |east one first oxide and said at |east one
third oxl%leAtS'@ﬁfﬁ'Q b%r@gmqanng\ c@mpmes framdUfito 22.5 nol%gf atleest ohifinst 8Rid6

nol e/ a, n arm nt. of | east 77.5
mol % 13@%: er Al éj f:enr“';l 85? fh&%@ﬁ%ﬁﬁgﬁ‘ﬁéﬂf 5’%@"2%“#%I % of
Ce@ contrimisidedrivith aaébondﬂxd:ﬁ: sSRtRE ifReh ﬁ{c%l%ﬂp'&nﬁﬁﬁ)dﬁ%ﬁ?f@§ﬁl§,tﬂama

zirconia, hafnia, and ceria. 14. A ther barrier coating according to
cl ai m13?ef\R;herei n said oxide is present in an anount of at least 77.5
mol % 15. A thermal barrier coating conprising fromO0.5 to 22.0 nol % of
Ce®, and fromO0,5 to 22.0 nol% of at |east one first oxide selected from

t he groul®. cAnisirst egrierf cobBREBCcofNBH R, claifh PERhedail h3d sddarddSxidk HgReventO
CaO, Pr203, Nd2Cs, ﬁﬁ‘%@ﬁe‘é‘lﬂ , DY203, Er203, Yb203, and m xtures

t her eof mb%fﬂ% EEFELW @& oxide selected fromthe group consisting

of zireonia and hafnia, and said CeQ2 and said at |east one first oxide

bei ng present in an anount not greater than 22.5 nol% 16. A thermnal

barri er ¥bahithegmakhrorieti ovgtingacchuiing b5laimhks, dirthes aordprisnpfomads @esii.¢ present
barr| er coating

in an f st 77. 5 17, A thernal

conpr i s?iﬁgw]%’g%lﬁasgo? 01gg ogldﬁ(ff’ggtﬁ/gfm the SFoup, gnsistingep oY Das lg (O 562931 east

one oxi d¥,GLGdedLMFD,aTa0, hﬂd%%&s%&ﬁé%ﬁ@ﬁd%@céhﬂ%&ﬁieb@ﬁ%q% sfeﬂ‘n ag‘ xtures
ecte romtih

t hereof , conbi ned with at | east 40 nol % of an oxi de sel e group
consi stlﬂﬁo'-l:‘:‘f‘o #ileasbfQ Bo¥d hafnia 13 18. A thermal barrier coating
conprising from9.0 to 22.5 nol % of at |east one first oxide selected from
the group consisting of Pr203, Nd203, Eu2Q3, Er203, and m xtures thereof
conbi nec? wi A teamsldromict cofimpeanprisitgfiorh 1610 tol22. 59nMPoLHARE 64il8Sk1ted

zi rconi ni a, and. er nma rrier coating according to
ol af o1 o e isPip EAHRisuGE bb R Guing 205 sPRbined Wity 3¢ Least 715 Hoité ofa second

oxide selected from the group consisting of zirconia, hafnia, and ceria.

22. A thermal barrier coating comprising from 0.5 to 59.5 mol% of Dy;0; and from 0.5 to
59.5 mol% of at least one oxide from the group consisting of In, 03, Sc,03, MgO, Ca0, and
mixtures thereof, combined with at least 40 mol% of an oxide selected from the group

consisting of zirconia, hafnia, and ceria.

23. A thermal barrier coating comprising from 0.5 to 22.5 mol% of Y105, and from 0.5 to
59.5 mol% of at least one oxide from the group consisting of In,0s, Sc,03, M2O, Ca0, and
mixtures thereof, combined with at least 40 mol% of an oxide selected from the group

consisting of zirconia, hafnia, and ceria.

24. A thermal barrier coating comprising from 20.5 to 60 mol% of at least one oxide selected
from the group consisting of In;Q3, Sc20;, and Y203, combined with at least 40 mol% of an

oxide selected from the group consisting of zirconia, hafnia, and ceria.

25. A thermal barrier coating comprising from 15 to 59.5 mol% of Y;03, from 0.5 to 45.0
mol% of at least one first oxide selected from the group consisting of La,03, Sm;05, Th,0s,
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an anount greater than 77.5 nmol % 20. A thermal barrier coating according
to claim18, further conprising from0.5 to 51.0 nol% of at |east one
third oxide selected fromthe group consisting of Yb2O3, 1nz03, Sc203,
Y2, 03, Gd203, MgyO CaO, and m xtures thereof and said second oxi de being

present iTmaf, Ha:f!guguzcaf 1;/%0 C&@sﬁ}@&fmtif%ﬁtams, wyzgaenrg?j Ytb@g; i]fg@poa:] i ng
conpri si t inol % of a.first oxide selecte romthe
gr oup coﬁg?é%'ia’ﬁ Mmix tugss éﬁﬂwwlgbﬁﬂ?ﬁbﬂp WPt 7A ohen pxide selecteddrom i of a

second ?g%%ﬁgﬁ%mlgcgﬂmgam gpRYRgonsi sting of zirconia, hafnia, and
t her

ceria. 27_ barrier coatlng conprising from0.5 to 59.5 rnol % of
Dy203 and from0.5 to 59.5 nol % of at | east one oxide from the group
es t her eof , conbi ned with

3 and from0.5 |
ot T oast Mo nBFGRIPAIR S HE ABPELTEOT b LT Fe s Oo L s i bD

Zi rconi amdief ¢¥ 4t leasi b i I. from
0.5to Zén 5 nol %eof chzﬁfgét Dﬁgdggae?tgdm%ﬁ%tﬁtggr gcﬁhﬂnn%%?%'? re%t §ﬁ(ﬁé E[I‘E ‘6@1’2 oxi de

fromthe Tg?zéth@zﬂlsL‘siQmMg@ﬁ Ce@2b30:, 360203, EW@DBG@@EIWYBE@KEM{ES t her eof ,

conbi ned WI | % of e fromt roup

consi sti ng %JI’ a@% Fé’gﬁﬁ%%m%g ’ cgfrl?}ncgr‘l’ﬂmcé}eaét &;ﬁ‘ ﬁ}ﬁ\o?ﬂb‘?’?’rﬁﬁ seﬁ}ﬁ fE’F“ BSat i ng
conpri si gouprc@kiRithHoflzoreétla,/Malia,@hd @érid. east one oxi de selected fromthe
group consisting of 1n20G3, Sc203, and Y203, conbined with at |east 40 xnol %
of an oxide selected fromthe group consisting of zi rconi a, hafrua, and

So0s" 227, A RERAIBArRLSARE cERBHLRG AP AR BDhd NBAS a1imadige O 10 O

Y203, fromO0.5 to 45 t one |rs edfromthe
group coreiqyioxity havingaXonnuleag03whats 208, seletidd TR OBe gi-@ﬂ@&nsmmg@:ﬁNdl\/Eﬁ, CaO,

Pr 2C3, r 2 2 1n203, Sc203, d t
tLer eof , ?3? rééﬂqwm}d%ﬁ&qsxg%? 46“41’3?38/;)18?%61?”8&'?11; sel egtnedmf;(olrjnr tefle

group consisting of zirconia, hafnia, and ceria. 26. A thermal barrier
coating ég r|S|n from90t02 mol % Gd203i from 0.5 to 51.0 nol % of at
| east one®fi PREICE £935BE acror BT Haimyt b oyhorsomsid eirgagiags prea@o s asr n O3,

Th203, mqgt Eﬁmmw&gﬁé MO, CaQ, Pr203, Nd2G3, Eu203, Dy203, Er2C3,
Yb233, 1 nz03, SCZCB and m xtures thereof, conbined with at | east 40 nol %

of an oxide selected fromthe
29. A thermal barrier coating according to claim 27, wherein said coating has less than 10

vol% of phases with a pyrochlore crystal structure.

30. A thermal barrier coating according to claim 27, wherein said lanthanide sesquioxide is

present in an amount in the range of 0.001 to 30 mol%.
31. A thermal barrier coating comprising more than 20 mol% In;O,, and 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.

32. A thermal barrier coating according to claim 31, wherein said zirconia is present in an

amount greater than 40 mol%.

33. A thermal barrier coating according to claim 31, wherein said coating contains less than

10 vol% of phases with a pyrochlore crystal structure.

34. A thermal barrier coating according to claim 31, wherein said lanthanide sesquioxide is
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group consisting of zirconia, hafnia, and ceria_ 27. A thermal barrier
coating conprising greater than 30 nol % Sc203, a | ant hani de sesqui oxi de
having a forrmula A203 where A is selected fromthe group consisting of Nd,
Eu, Dy, Gd, Er, Pr, and m xtures thereof, and the bal ance zirconia. 28. A

ther mal pridnt 8f art @8biit Frons Q0@ 1% ai m 27, wherein said zirconia is
present 1n an anount greater than 40 not% 29. A thermal barrier coating

according to claim 27, wherein said coating has |less than 10 vol % of

phases w4 h |-Qr [ al .structure...30. . hermal barrier coating
accor di \rll\%g't%q%%a?nﬁ%,& é\j%lelflé?%mgﬁ?%g F‘gﬂ’tﬁtgnqodﬁoyégéﬁﬁf@ﬁ?i’@q?é‘az%r“é‘éent in
an anmounsmp®;, bhe ficany & 6 m1%0 81 al10asBEnd®Hife ha¥ing £friRI2NRI0, RAferd £5 COoating
conpri si ng nore than 20 nol % I n20C3, and a | ant hani de sesqui oxi de having a

formul a d/fFun dhorgroup sensisting af Pe.dm Y 1Y, Ydobw Sewrsd, £y, By 04, afd miRtdres Eu,
Dy, «d, BEreof}Qﬂd@léﬁMd-Eéz}r@&{iQOf, and the bal ance zirconia. 32. A thernal

barrier coating according to claim 31, wherein said zirconia is present in
an anount greater than 40 nol % 33. A thernmal barrier coating according to
ai.d coating contains less than 10 vol % of phases with a

claim3 rein
pyr ochl é%ﬁew‘g%?{”él BRiFY Rl Actorim o iy, s wid SEFaNIaig PESTBiTtAMg t o

cl ai m 3lamyife lfdafrsitinthd @bfehani de sesqui oxide is 15 present in an anmount
fromO0.001 to 40 nol % 35. A thermal barrier coating conprising from5 to |

60 nol % of at | east one of L3203 and Srn203, and from5 to 60 nol % of at

| east o oxi ing a_ formul a.A203 wh Ais selected fromthe group
consi st in%g %]J %c ?waﬁ?g%oa{ﬂ’g, agqqrdigg, to %‘?ﬂne%,whﬂﬁmﬁ | copling coppingess thags
t her eof , 1G] %4 dfphlasdsawidea ByrocklBtearysed strdcthdeer mal barrier coating accordi ng

to claim35, wherein said zirconia is present in an anount greater than 40
nmol % 37. A thermal barrier coating according to claim35, wherein said

ti - a n | | |
eruct or e ] e ¥Aling A PR L L B LS L T80 P s 1

7, 11, 123.24525,26, 28], o 352@herein said thermal barrier coating has a columnar structure.

39. An article having a metal substrate and a thermal barrier coating as claimed in any one of

claims 1, 7, 11, 13, 15, 17, 18, 20, 22, 23, 24, 25, 26, 27, 31, and 35.

40. An article according to claim 39, wherein said metal substrate comprises at least one of a

mckel based superalloy, a cobalt based superalloy, a ferrous alloy, a titanium alloy, and a
copper alloy.

41. An article according to claim 39, further comprising a bond coat intenmediate said metal

substrate and said thermal barrier coating.

42. An article according to claim 41, wherein said bond coat is formed from at least one of

an aluminum containing material, an alurninide, a platinum aluminide, a MCrAlY material,

and yttria stabilized zirconia.

43. An article according to claim 39, wherein said article comprises a component used on a

turbine engine or an internal combustion engine.

44. An article according to claim 39, wherein the metallic substrate has an oxide scale on an
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23, 24, 25, 26, 27, 31, and 35 wherein said thermal barrier coating has a
col umar structure. 39, An article having a netal substrate and a thernal
barrier coating as clainmed in any one of <clains 1, 7, 11, 13, 15, 17, 18,
20, 22, 23, 24, 25, 26, 27, 31, and 35. 40. An article according to claim
39, whergjh fad inS YRSk L& FSe I of nickel. based
super al | oyt?r iﬁio%gﬁﬂgged Sﬁ%&?&ﬁf’%ﬁ{hﬁ%&, ?‘%‘ﬁh&ﬁlg&%ﬂ %}E/]ﬁcré: °f ?’?gdﬁibﬁpr&cfl tPoy,
and a cHpeideasichley. 41. An article according to claim 39, further
conprising a bond coat internediate said netal substrate and said thernal
barrier coating. 42. An article according to claim41l, wherein said bond
coat is #fir madridlomcaidiheasdaini, Wher g g4 ferdgl, an
al um nide, .a platinum aI%m’_ni de, ‘a mﬂfh%b@gﬁpg%ﬁ?ﬁgé%%j%@g%i lized
zi r coni asurfege andthetherpabbardenradling istiwondediforth Oxidekeleomthe auttr surfice) e
conprises a conponent used on a turbine engine or an internal conbustion
engine. 44. An article according to claim39, wherein the netallic

subst r at 6.hAs ativloadcorlinCrl dainiB % furlifer Osthtisistls EAGRI CRRAICS I Hifve the
substantlallgll of ,alum na, and the thermal barrier coating iIs bonded to the

oxi de schFEnalpgrrickgoafing anddhemeistlisisbstiate-cl ai m 44, wherein the bond coat
has an oxide scale on its outer surface and the thermal barrier coating is
bonded to the oxide scale on the outer surface. 46. An article according to
cl ai m 3947.f Aneftizle aoopingtondpim 4le finther chmprikinoat addeloMaPErihR 1P 65 SRk
barrier goati and the netal|igc. substrate. 47. An article according to
claim 41&“%7@ °T COFHRE; %'?dlrﬁ“ld‘?‘iicdét&tﬁa{ regRIc lpysr hage formed fropm a saatatial t her nal
barri er geftddieom aersad Somfitthf bPR@lerSR W rel | 89k L om a
material selected fr o?ﬁﬁ_t he gr%up cgﬁsi sti ngreo@eﬁcﬂﬁg%ggl%r%ﬁwggeduce
oxygen dfP% prrhabrpsieny registanes, asionhawec: lawerl af bpticat emissivitneg0.7and/ or have a

| evel of optical emssivity of 0.7 17
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