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THERMAL BARRIER COATINGS AND PROCESSES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit &.UProvisional Patent
Application No. 61/942,984 filed February 21, 20th& disclosures of which is

expressly incorporated herein by reference.

TECHNICAL FIELD

[0002] The field of art to which this invention generatigrtains is thermal spray

process coating.

BACKGROUND

[0003] Thermal spraying is a coating process in whichoregimaterials in heated or
melted form are sprayed onto a surface. The coateugrial is generally heated by
electrical plasma or arc. Coating materials usetlide such things as metals, alloys,
and ceramics, among others. Depending on the iatensge, coating quality is
typically measured by such things as density, ptyasintering resistance, thermal
conductivity, strain tolerance, etc. Many things @#luence these and other coating
properties, such as particulars of the coating rizdtesed, particulars of the plasma
gas used, flow rates, power levels, torch distapadiculars of the substrate, etc.
Because of their properties, these types of comting generally used to protect
structural materials against high temperaturesps@n, erosion, wear, etc. Thus,
there is a continuing search for ways to improeegtoperties and performance of

these coatings, for these uses, as well as others.

[0004] The methods and materials described herein meehtlkenges described

above, including, among other things, improved ioggproperties and performance..

BRIEF SUMMARY
[0005] A method of applying a thermal barrier coating caaticle is described

including thermally spraying plasma heated partidating materials onto the surface
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of the article to produce a porous, segmented taldbarrier coating having a density
less than about 88% of the theoretical density.

[0006] Additional embodiments include: the method desctideove where the
coating materials are applied with a cascaded @agm or a conventional thermal
spray plasma gun for example 9M or F4 guns; thénatetlescribed above where the
coating materials are applied with a cascadedanderhnology such as
SinplexPro™ plasma gun or a TriplexPro™ plasma gummethod described above
where argon is used as a primary plasma gas; ¢ftieoch described above where
hydrogen is used as a secondary plasma gas; tihedn@¢scribed above where the
plasma enthalpy is about 14,000 KJ/Kg to about@KJ/Kg; the method described
above where the plasma enthalpy is about 18, 0RdS the method described
above where the ratio of argon to hydrogen is abduto about 18:1; the method
described above where the ratio of argon to hyeinag about 9:1 to about 12:1; the
method described above where the feeding rateeatdhting material is about
30g/min to about 180g/min; the method describedralvechere the feeding rate is
about 60g/min to about 120g/min; the method desdrébove where the average
sprayed particle temperature is about 220@ about 330T; the method described
above where the average sprayed particle temperistabout 270 to about
3000°C; the method described above where the averaggespparticle velocity is
about 180m/s to about 280m/s; the method descabede where he method of
claim 30, wherein the average sprayed particlecigias about 190m/s to about
250m/s; the method described above where thengphéis a density equal to or less
than about 4.9g/cc; the method described aboveenti® coating has a density of
about 4.2g/cc to about 4.9g/cc; the method desdrétoove where the coating has a
density of about 3.0g/cc to about 5.5g/cc; théhoe described above where the
coating has at least about 5 macrocracks per linebr the method described above
where the coating has about 5 and to about 60auiarks per linear inch; the
method described above where the coating hasosipogreater than about 5% by
volume, preferably up to 20% by volume, and coudig to 25% by volume; the
method described above where the coating matamaprises zirconium oxide
stabilized with one or more of magnesia, ceriajajtiytterbia, dysposia, gadolia,
erbia, neodymia, lanthanum oxide, and/or strontixide, typically in amounts of
about 5 to about 75 weight %, preferably about &tout 50 weight %, and more

preferably about 5 to about 15 weight %; the metthestribed above where hafnium
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oxide is substituted for at least part of (orad)lthe zirconium oxide; the method
described above where the coating material igystabilized zirconia.

[0007] Additional embodiments also include: the metbedcribed above including
applying at least one oxidation resistant bond ooahe article; the method described
above where including applying a dense legacyay#tiabilized zirconia layer on top
of the bond coat; the method described above inwuapplying a dense segmented
yttria stabilized zirconia layer on top of the baraht; the method described above
including applying at least one intermediate c@atin top of the bond coat; the
method described above including applying at leasttop coating on top of the bond
coat; the method described above where the inteateecbating comprises at least
one layer of legacyporous yttria stabilized zirconia, dense coatipgspus

segmented coatings, and/or dense segmented coadhiagaethod described above
where the top coating comprises at least one lafylegacy porous yttria stabilized
zirconia, dense coatings, porous segmented coaang#or dense segmented
coatings; the method described above includingyapgplat least one porous
segmented coating as an intermediate coating; #tkad described above including
applying at least one porous segmented coating@s eoating; the method described
above where the bond coat is up to about 200 msctfuiok; the method described
above where the intermediate coating is up to &#@0 microns thick; the method
described above where the intermediate coatingtisden about 50 microns and 400
microns thick; the method described above wheeetdh coating is up to about 800
microns thick; the method described above whegetdh coating is between about
100 microns and about 800 microns thick; the methexstribed above where the
intermediate coating comprises at least one lafystrain tolerant coating; the method
described above where the bond coat comprises MCRa#here M is Ni, Co and/or
Fe; the method described above where the bondsd&€r, NiAl, and/or NiCrAlY;

the method described above where the bond codi@uilly contains small amounts,
for example trace to 0.6 weight percent of Re,adfj/or Si; the method described
above where the coating has decreased thermal ctiviuwhen compared to legacy
zirconia thermal barrier coatings, high strain tatee when compared to legacy
zirconia thermal barrier coatings, high sinteriagistance and/or improved thermal
cycle life when compared to legacy zirconia therbwatier coatings; the method
described above where the particles have a pasiiodeof between about 10 microns
and about 176 microns; the method described abbesernthe apparent density of the
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coating material or powder is between about 1.tngfec and about 3.0 g/cc; the
method described above where the total impurityxades in the particles is less than
about 0.5 % by weight; the method described abdwerev the oxides are from a
group comprising but not limited to SiQAI20s, iron oxide, sodium oxide, CaO,
MgO and/or TiQ; the method described above where the total iftypof oxides in
the particles is less than about 0.15 % by weitjetmethod described above where
the powder contains less than about 0.05 % by weiginium and/or thorium; the
method described above where the powder contassghan about 0.02 % by weight
uranium and/or thorium; the method described albdvere the powder comprises a
bimodal distribution containing about 75% by weigkisma densified particles and
about 25% by weight spray dried powder; the methegtribed above where the
plasma densified powder are about 11um to aboutn7Bdiameter and the spray
dried powder are about 75um to about 180um in diameAdditionally, the powder
can be plasma densified, agglomerated and sintirgel] and crushed, or spray
dried, or any combination of these in varying patages.

[0008] Articles coated with porous, segmented thermalidacoatings are also
described where the coatings have a density lessabout 88% of the theoretical
density.

[0009] Additional embodiments include: the artiadlescribed above where the
coating has a density of about 3.0 g/cc to abdg/6c, about 5 macrocracks per
linear inch to about 60 microcracks per linear jraxid a porosity between about 5%
by volume up to about 25% by volume; the articleadidbed above where the coating
includes zirconium oxide stabilized with one or mof magnesia, ceria, yttria,
ytterbia, dysposia, gadolia, erbia, neodymia, lanttim oxide, and/or strontium oxide;
the article described above where hafnium oxidmisstituted for at least part of the
zirconium oxide; the article described above witkescoating comprises yttria
stabilized zirconia; the article described abowduding at least one oxidation
resistant bond coat on the article; the articledesd above including a dense legacy
or segmented yttria stabilized zirconia layer gnabthe bond coat; the article
described above including at least one intermediaating on top of the bond coat;
the article described above including at leasttopecoating on top of the bond coat;
the article described above containing at leastpmmeus segmented coating as an

intermediate or top coating.
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[0010] Other exemplary embodiments and advantages ofrsept invention may be

ascertained by reviewing the present disclosurelaaccompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention is further described in thtaited description which
follows, in reference to the noted plurality of wiags by way of non-limiting
examples of exemplary embodiments of the preseention, and wherein:
[0012] Figures 1A, 1B and 1C show schematic representatbrarious coated
articles as described herein.

[0013] Figure 2 shows typical thermal barrier coatings.

[0014] Figure 3shows a typical thermal barrier coatingescribed herein.

DETAILED DESCRIPTION

[0015] The particulars shown herein are by way of exaraptkfor purposes of

illustrative discussion of the various embodimeaitthe present invention only and
are presented in the cause of providing what iebedl to be the most useful and
readily understood description of the principled aonceptual aspects of the
invention. In this regard, no attempt is madehovs details of the invention in more
detail than is necessary for a fundamental undeastg of the invention, the
description making apparent to those skilled inattehow the several forms of the

invention may be embodied in practice.

[0016] The present invention will now be described éfgrence to more detailed
embodiments. This invention may, however, be endabdi different forms and
should not be construed as limited to the embodisnest forth herein. Rather, these
embodiments are provided so that this disclosuliebe&ithorough and complete, and
will fully convey the scope of the invention to #eoskilled in the art.

[0017] Unless otherwise defined, all technical andrddie terms used herein have
the same meaning as commonly understood by onelinfany skill in the art to

which this invention belongs. The terminology ugethe description of the invention
herein is for describing particular embodimentsyamd is not intended to be limiting
of the invention. As used in the description of itnéntion and the appended claims,

the singular forms “a,” “an,” and “the” are intent® include the plural forms as
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well, unless the context clearly indicates otheewill publications, patent
applications, patents, and other references meadiberein are expressly
incorporated by reference in their entirety.

[0018] Unless otherwise indicated, all numbers exjmgsguantities of ingredients,
reaction conditions, and so forth used in the djpation and claims are to be
understood as being modified in all instances byténm “about.” Accordingly,
unless indicated to the contrary, the numericadupeters set forth in the following
specification and attached claims are approximattbat may vary depending upon
the desired properties sought to be obtained bprdsent invention. At the very
least, and not as an attempt to limit the appleatf the doctrine of equivalents to
the scope of the claims, each numerical parambterdd be construed in light of the
number of significant digits and ordinary roundaggproaches.

[0019] Notwithstanding that the numerical ranges aadmeters setting forth the
broad scope of the invention are approximatiorsniiimerical values set forth in the
specific examples are reported as precisely aslpessny numerical value,
however, inherently contains certain errors nec#égsasulting from the standard
deviation found in their respective testing measunets. Every numerical range
given throughout this specification will includeezy narrower numerical range that
falls within such broader numerical range, as drsnarrower numerical ranges were
all expressly written herein.

[0020] Additional advantages of the invention will &t forth in part in the
description which follows, and in part will be obus from the description, or may be
learned by practice of the invention. It is to lmelerstood that both the foregoing
general description and the following detailed dgsion are exemplary and
explanatory only and are not restrictive of thesimivon, as claimed.

[0021] Thermal barrier coatings are well known inchgithose with vertical
cracks. There are numerous publications and matkstlosing thermal barrier
coatings with vertical cracks. However, such cagitypically have a dense
microstructure. For example, US Patent No. 5,078té3raylor and US Patent No.
8,197,950 to Taylor et al. disclose segmented egatihaving a density of 5.47g/cc
(grams/cubic centimeter) to 5.55g/cc which is gretitan 88% of the theoretical
density. The disclosure of each of these US paieriterein expressly incorporated

by reference in its entirety.
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[0022] Coatings and methods of making such coatings aritdes herein where the
coating advantageously is highly strain toleramt has low thermal conductivity.
The coating is also advantageously a sinteringtaasi thermal barrier coating for
high temperature applications which can protect#aitic component and utilize one
or more oxidation resistant bond coats.

[0023] Figure 1A shows a basic structure as desctieegin, where a substrate
material (10) is coated with a thermal barrier ¢opt (11) as also described herein.
Other options shown in Figures 1B and 1C includdifayer versions, including the
addition of a bond coat (12) on the substrate aatibnal intermediate layers (13).
[0024] Fig. 2 shows a typical dense vertically cracttestmal barrier coating (TBC)
coating as described, for exampleAnvancesin Thermal Spray Coatings for Gas
Turbines and Energy Generation: A Review, Journal of Thermal Spray Technology,
Volume 22(5), pages 564-576, June 2013, the digidosf which is herein expressly
incorporated by reference in its entirety. Refegiio Fig. 2, the substrate material
(21) is shown coated with the thermal barrier c@p{R2). Pores (23) and
macrocracks (24) can also be seen.

[0025] Fig. 3 shows a polished cross-section of aymend segmented plasma
sprayed zirconium oxide-yttrium oxide (YSZ) coatingaccordance with the
invention and having a porosity of about 20% anolaB5 vertical macrocracks per
inch. Referring to Fig. 3, the substrate mate@4l) (s shown coated with the thermal
barrier coating (32). Pores (33) and macrocra8k} ¢an also be seen.

[0026] It would be advantageous to make an air plaspnay segmented coating
with a coating density less than 88% of the thecaktlensity. This type of coating
can be made by controlling the particle meltingustaand the stress levels in order to
increase the porosity of the coating. The increégeeosity can advantageously
increase the coating sintering resistance, lonethbrmal conductivity and
contribute to the strain tolerance enhancemengaslly when combined with
vertical cracks.

[0027] The articles described herein include a therraaliér coating having a
decreased thermal conductivity, a higher strai@rtoice, a higher sintering resistance
and improved thermal cyclic fatigue resistance carag to prior coatings. The
thermal barrier coating can be made which has euysoand vertically segmented
microstructure. This coating can, for example, atlvgeously be a yttria stabilzed

zirconia (YSZ) coating have a typical density ramggirom 4.2g/cc to 4.9g/cc or
7
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where the coating has a density of about 3.0g/abtut 5.5g/cc; and with a vertical
cracks density of between about 5 and about 60coeaxrks per linear inch. These
coating typically have a thermal cycle life thabetween 1.4 and 1.6 times higher
than traditionally dense segmented thermal bacnatings. The coatings can be
plasma sprayed using conventional thermal spragiclgniques and equipment
modified as described herein.
[0028] Non-limiting examples of coatings made in accamawith the invention
include the following:

EXAMPLE
[0029] A porous segmented yttria stabilized zirconiartied barrier coating is
formed by plasma spraying a YSZ spherical powdédre YSZ powder consists of 7
weight percent yttria and a balance of zirconiaimga particle size ranging from
5um to 180um and preferably between 11um and 125upossible bimodal
distribution can utilize 75wt% plasma densified en&tl (particles size ranging from
11pm-75um) with 25 wt% of spray dried material {jgée size ranging from 75um-
180um). A possible straight material can utilitgzsmpa densified YSZ powder with
particle size 11um -110um. The YSZ powder is itgdénto the plasma torch
radially. In embodiments the plasma torch utilizascaded gun technology and can
be a TriplexPro™- 210 plasma gun, SinplexPro™ piagom, or even a conventional
plasma gun such as an F4 gun or 9MB gun made Hik@eMetco. A plasma gun
utilizing cascaded gun technology is preferred wiiiencoating is to be applied over a
metallic or ceramic composite substrate.
[0030] During plasma spraying, the plasma spraying patars should be controlled
so that some particle are fully melted and somégbes will be only partially melted
or remain un-melted. Typically, the substrate $thde preheated to about 500
before applying the coating on the same.
[0031] The YSZ coating applied in this way can advantagbouave a desirable
porosity and be composed of fully melted splatsyel$ as partially melted and un-
melted particles. This YSZ coating can also adagebusly have a density ranging
from about 4.2g/cc to about 4.9g/cc (i.e., less BB of the theoretical density) and
can include between about 5 and about 60 vertiearacracks per linear inch
measured in a line parallel to the surface of thesgate. The YSZ coating can also
be expected to exhibit desirable properties sudbvashermal conductivity, greatly

improved sintering resistance and enhanced siwérance.
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[0032] In the above example, a coating utilizing 7-8 weiggrcent (wt%) YSZ
materials and made by the known Oerlikon Metco HP&Ress has been
demonstrated. However, the invention is not sdtdéichand can be extended to many
different zirconium oxide thermal barrier systemsgg various powder
manufacturing processes.

[0033] In non-limiting examples, many types of materiadteyns can be utilized such
as: zirconium oxide systems stabilized with onenore combinations of magnesia,
ceria, yttria, ytterbia, dysposia, gadolia, erbi@odymia, lanthanum oxide, strontium
oxide. Hafnium oxide can be substituted for paralbof zirconium oxide.

[0034] In addition, many types of material manufacturinggesses can be used such
as a manufacturing process which utilizes spragddoowder manufacturing routes or
processes (0-100 wt% pre-alloyed or 0-100 wt% wiesbconstituents) with an
organic binder; spray dried and sintered matergdsay dried and plasma densified
materials; as well as a chemical precipitated blerigvo or more of various
manufacturing routes. A blend of fused and crushatkrials made in accordance
with one or more of these three manufacturing i®ua#n also be utilized.

[0035] In non-limiting examples, the powder propertias iclude the following: a
particle size of between about 10 and about 17@am$; apparent density of between
about 1.0 grams/cc-and about 3.0 g/cc; a purityr@ihea total impurity of oxides
such as Sig Al20s, iron oxide, sodium oxide, CaO, MgO and Ti®under 0.5 wt%
and preferably less than 0.15 wt%; a radioactithst is less than 0.05 wt% uranium
and thorium and preferably less than 0.02 wt%;ssitide bimodal distribution can
utilize 75 wt% plasma densified material (particde=e ranging from 11pum-75um)
with 25 wt% of spray dried material (particle sramging from 75um-180um).

[0036] In non-limiting examples, the coating can beeaith duel layer system which
utilizes an oxidation resistant bond coat and ap®isegmented top coat or a multi-
layer system which utilizes dense legacies of 9% WSZ or even a dense
segmented YSZ on top of oxidation resistant borat.c@he coating can also be a
multi-layer coating with varied coating microstruicts including one or more
intermediate coatings and one or more top coatingsn oxidation resistant bond
coat substrate. The intermediate coatings can é@pgeveral layers of the legacy
porous YSZ coatings, dense coatings, porous segohenatings, dense segmented
coatings or any combination of the same. The t@ting or coatings can be one or

several layers of the legacy porous YSZ coatingsdeoatings, porous segmented
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coatings, dense segmented coatings or any commnattithe same. In the multilayer
coating applications, the one or more porous setgdetoatings can at least appear as
either an intermediate coating or a top coatingday'ypical coating thickness can
include a bond coat of up to 200 microns, an inggtiate coating of between about
50 and 400 microns, and a top coat of between a@uand about 800 microns.
[0037] In non-limiting embodiments, the bond coating Iayean typically be NiCr,
NrAl, NiCrAlY or other MCRAIY containing materialwhere M stand for
combinations of Ni, Co and/or Iron. The MCrAlY'sagnalso contain trace amount of
Re, Hf, Si.

[0038] The coated articles produced have a porous, segchtérermal barrier
coating where the coating has a density less thanta888% of the theoretical density.
Additional non-limiting embodiments includée article described above where the
coating has a density equal to or less than ah8gfcc; the article described above
where the coating has a density of about 4.2g/ebtut 4.9g/cc; the article
described above where the coating has a denségait 3.0g/cc to about 5.5g/cc;
the article described above where the coating higsst about 5 macrocracks per
linear inch; the article described above wherectiaing has about 5 and to about 60
macrocracks per linear inch; the article descrigleolve where the coating has a
porosity greater than about 5% by volume, prefgraplto 20% by volume, and
could go up to 25% by volume; the article descriabdve where the coating
comprises zirconium oxide stabilized with one orenof magnesia, ceria, yttria,
ytterbia, dysposia, gadolia, erbia, neodymia, lanttim oxide, and/or strontium oxide;
the article described above where hafnium oxidmisstituted for at least part of the
zirconium oxide; the article described above whbeecoating is yttria stabilized
zirconia;

[0039] Additional non-limiting embodiments also includéite article described above
including at least one oxidation resistant bond ooethe article; the article described
above including a dense legacy 7-8 weight percnaystabilized zirconia layer on
top of the bond coat; the article described aboekiding a dense segmented yttria
stabilized zirconia layer on top of the bond cdag; article described above including
at least one intermediate coating on top of thedlmwat; the article described above
including at least one top coating on top of thedooat; the article described above
where the intermediate coating comprises at leasiayer of legacy porous yttria

stabilized zirconia, dense coatings, porous segertdatings, and/or dense
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segmented coatings; the article and method descabeve where the intermediate
layers carbe:1) traditional 5 to 10 weight % YSZ coating struets; 2) dense YSZ
with less than 5 % porosity or 3) dense , segmeYid the article described above
where the top coating comprises at least one lafyl@gacy porous yttria stabilized
zirconia, dense coatings, porous segmented coatingéor dense segmented
coatings; the article described above containiigast one porous segmented coating
as an intermediate coating; the article descrileda containing at least one porous
segmented coating as a top coating; the articleritbesl above where the bond coat is
up to about 200 microns thick; the article desaiabove where the intermediate
coating is up to about 400 microns thick; the &taescribed above where the
intermediate coating is between about 50 micronis4®® microns thick; the article
described above where the top coating is up tota®@@imicrons thick; the article
described above where the top coating is betweeutdl®0 microns and about 800
microns thick; the article described above wheeeiitermediate coating comprises at
least one layer of strain tolerant coating; thekrdescribed above where the bond
coat comprises MCRAIY, where M is Ni, Co and/or fe article described above
where the bond coat is NiCr, NiAl, and/or NiCrAl¥ie article described above
where the bond coat additionally contains small am®, for example trace to 0.6
weight percent of Re, Hf, and/or Si; the articlsatéed above where the coating has
decreased thermal conductivity when compared t@achegirconia thermal barrier
coatings, high strain tolerance when comparedgads zirconia thermal barrier
coatings, high sintering resistance and/or impaddwermal cycle life when compared

to legacy zirconia thermal barrier coatings.

[0040] It should be noted that the type of powder manufaeg process can effect
coating microstructure. Powder purity, powder iglgtsize, heat input into powder,
as well as the inter relationship between powddrsgmay parameters can effect
coating microstructure and also be configured toea® optimum microstructure
such as a porous and segmented TBC.

[0041] Additionally, one should be mindful of the import&nof semi-melted, and
un-melted metal oxide particles entrapped witheritinal barrier coating for reduced
thermal conductivity, improved sintering resistaacel added thermal cyclic life.
[0042] In accordance with an advantageous embodimenedhtlention, a porous

segmented coating can be formed by utilizing al8kigro™ plasma gun with a 9 mm
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spraying nozzle. Argon and hydrogen are usedeaprimary and the secondary
plasma gases, respectively. The plasma enthalmyasserange from 14000 KJ/Kg
(kiloJoules /kilogram) to 24000KJ/Kg, preferab§QDOKJ/Kg. The ratio of argon
and hydrogen can be between 6-18, preferably e feeding rate can range from
30g/min (grams/minute) to 180g/min, preferably 80ig-120g/min. The average
particle temperature and velocity can range fro@02Z -3300C, 180m/s
(meters/second) - 280m/s, respectively. Preferdbé/average temperature is
between 2708C-3000°C and an average velocity is between 190m/s-250m/s.
[0043] It is noted that the foregoing examples have beewigied merely for the
purpose of explanation and are in no way to betooed as limiting of the present
invention. While the present invention has beestdbed with reference to an
exemplary embodiment, it is understood that thed&wevhich have been used herein
are words of description and illustration, rathert words of limitation. Changes
may be made, within the purview of the appendeningdaas presently stated and as
amended, without departing from the scope andtggithe present invention in its
aspects. Although the present invention has besaribed herein with reference to
particular means, materials and embodiments, thgepit invention is not intended to
be limited to the particulars disclosed hereirheatthe present invention extends to
all functionally equivalent structures, methods asds, such as are within the scope

of the appended claims.
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WHAT IS CLAIMED:

1. A method of applying a thermal barrier coating hoaaticle comprising thermally
spraying plasma heated powder coating materiats thiet surface of the article to
produce a porous, segmented thermal barrier coatimiong a density less than
about 88% of the theoretical density.

2. The method of claim 1, wherein the coating hdsrasity of about 3.0 g/cc to
about 5.5¢g/cc., about 5 macrocracks per linedr in@bout 60 microcracks per
linear inch, and a porosity between about 5% byma up to about 25% by
volume.

3. The method of claim 1, wherein the coating matexgahprises zirconium oxide
stabilized with one or more of magnesia, ceriajajtiytterbia, dysposia,
gadolinia, erbia, neodymia, lanthanum oxide, ansifimntium oxide.

4. The method of claim 1, wherein hafnium oxide isstitbted for at least part of

the zirconium oxide.

5. The method of claim 1, including applying at leasé oxidation resistant bond
coat on the article.

6. The method of claim 1, including applying a deleggmcy or segmented yttria
stabilized zirconia layer on top of the bond coat.

7. The method of claim 1, including applying at leasé intermediate coating on top
of the bond coat.

8. The method of claim 1, including applying at leasé top coating on top of the
bond coat.

9. The method of claim 7, including applying at leasé porous segmented coating
as an intermediate coating.

10. The method of claim 8, including applying at leasé porous segmented coating
as a top coating.

11.An article coated with a porous, segmented thebagaier coating, wherein the
coating has a density less than about 88% of #nar¢tical density.

12.The article of claim 11, wherein the coating haeasity of about 3.0 g/cc to
about 5.5¢g/cc, about 5 macrocracks per linear ia@bout 60 microcracks per
linear inch, and a porosity between about 5% bymwa up to about 25% by

volume.
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13.The article of claim 11, wherein the coating corsgsi zirconium oxide stabilized
with one or more of magnesia, ceria, yttria, yti@ridysposia, gadolia, erbia,
neodymia, lanthanum oxide, and/or strontium oxide.

14.The article of claim 13, wherein hafnium oxide ibstituted for at least part of
the zirconium oxide.

15.The article of claim 11, wherein the coating corsesi yttria stabilized zirconia.

16. The article of claim 11, including at least ongdation resistant bond coat on
the article.

17. The article of claim 16, including a dense legacgegmented yttria stabilized
zirconia layer on top of the bond coat.

18. The article of claim 16, including at least ontermediate coating on top of the
bond coat.

19. The article of claim 16, containing at least opeopis segmented coating as an

intermediate or top coating.
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