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5 type comprising a metal alloy part, a thermal barrier coating deposited onto the metal
alloy part, and a protective top coat of a material different from the material of the
thermal barrier coating deposited onto the thermal barrier coating.
BACKGROUND OF THE INVENTION
_ Articles of this type are used, for example, as metal alloy parts in gas
10 turbine engines operating under high temperature conditions. The thermal barrier
coatings reduce the heat flow into the coated metal part during operation of the engine,
and allow the metal part to run cooler than the gas stream, thereby extending part life
and resulting in a higher combustion efficiericy by permitting higher gas temperatures.
Conventional thermal barrier coatings are comprised of ceramic materials,
15 for example chemically-stabilized zirconia, including yttria-stabilized zirconia (YSZ),
scandia-stabilized zirconia, calcia-stabilized zirconia and magnesium zirconia, with YSZ
being the thermal barrier coating of choice. These coatings are bonded to the surface
of the metal part or to an intermediate metal bond coat.
A conventional thermal barrier coating is porous. It usually contains a
20  degree of porosity ran_ging from 3-20%. The pores and any small micro-cracks a!sé
present in the material are not well-connected. Therefore, environmental contaminants
do not have a ready path from the coating surface to the rhetal;ceramic interface. In
use, these small micro-cracks lengthen and subsequently provide an easy, or more
direct path for contaminants to reach the metal surface. The propagation and extension
25  of micro-cracks is due to a combination of operating factors including, but not limited to,
high temperature, high pressure, coating erosion by particulates, particle 'impact,
chemical reactions and stress caused -by differential thermal expansion. Some gasés

may also react with the thermal barrier coating to form molten salts that may effectively

penetrate the micro-cracks and connected pores. Subsequent failure of the coating,
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for a nmeta suc as atu ereint osite thin top
coat is a @@@m_ inert, non-sacrificial, less perneable ceram c layer
that elimnates the infiltration of envi ronnental contam nants into the
thermal barrier coatiTigrais ancpnsipaablet bady of infdimatiet availpblet regérddmgetby
extending the life of the underlying thernal barrier coating and netal
part ther eutitiegrouspaligmpfe mgthodwef increasing thermal protection of the parent metal and/or

extending the life of the ceramic coatings. This includes data in the open literature
[Journal of Thermal Spray Technology, Journal of Engineering for Gas Turbines and
Power, Engineered Materials Handbook Vol. 4 (Ceramics & Glasses) Section 11 (ASM
International, 1991), efc.] and patent protected data. Coatings that consist of a metal
bond layer with a single ceramic thermally insulating top coat have generally
concentrated on improved oxidation resistant metal bond coats and more erosion,
corrosion or thermal shock resistant ceramic coatings. The use of 8% yttria stabilized
zirconia instead of 20% yttria stabilized zirconia and the development of ceria stabilized
zirconia [Stemers et al, United States Patent No. 4,328,285 (1982)] are typical
examples. Bruce et al. United States Patent No. 5,683,761 discloses the use (in certain
applications) of pure alpha alumina, as means of obtaining higher erosion resistance
and lower density (than zirconia). Similarly, graded layers have been used, for
improved thermal shock resistance. These approaches do not all have a single ceramic
coating. Also, these coatings fail before failure of layers below them. they are
"sacrificial" coatings.

Hasz et al. United States Patents Nos. 5,871,820 issued on February 16,
1999 and 5,851,678, issued on December 22, 1998 describe a method for protecting a
thermal barrier coating from environmental contaminants and a coating protected by the
method. A fop coat in the form of an impermeable, non-porous barrier coating is
deposited onto the surface of the thermal barrier coating. This non porous,
impermeable barrier coating s intended to prevent the environmental contaminantsfrom

coming into contact with the ceramic thermal barrier coating.



WO 01/ 83851 PCT/ CAO /00595 MULTI LAYER THERVAL BARRI ER COATI NGS FIELD OF
THE INVENTI ON The present invention relates to an articl g pesi ggant to
attack from environnmental contam nants under high terrperature condi tions,
the article being of the 5 type conprising a netal alloy part, a thernal
barrier coating deposited onto the net2al- all oy part, and a protective top
coat of a material different fromthe material of the thernmal barrier
coating deposited onto the thermal barrier coating. BACKGROUND OF THE
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ceramc |ayer adj acef, b%s&ﬁ'telnqgﬁﬂ%ln' is concerned with the provision of thermal

barrier coatings with increased resistance to attack by environmental contaminants

at high temperature conditions.

SUMMARY OF INVENTION

A first aspect of the present invention provides an article resistant to
aftack from environmental contaminants under high temperature conditions, the
article being of the type comprising a metal alloy part, a thermal barrier coating
deposited onto the metal alloy part; and a protective top coat of a material different
from the material of the thermal barrier coating deposited onto the thermal barrier
coating, characterized in that;

the top coat is non-sacrificial;

the top coat is porous;

the top coat is substantially thinner than the thermal barrier coating;



The prior art describes certain techni ques which aimto inpede or reduce
damage to the thermal barrier coatings, thus extending Phe G Ve |ife of
the protected netal parts. There is a considerabl e body of information
avai l abl e regarding the nunerous alternate methods of increasing thernmal
protection of the parent netal and/or-3extending the |ife of the ceramc
coatings. This includes data in the open literature [Journal of Thernal
Spray Technol ogy, Journal of Engineering for Gas Turbines and Power,
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No. 5,773,141, sSsu e 30, 1998 descri bes t he
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ther mal  baih &l the e bRy C%[Qﬁ.] sacrificial layer reacts with liquid
contam nants to Increase t Yiscosity or melting tenperature of these
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progr essi Vgéﬁlngdﬁpereeby s;gmlcanﬂy slc}vélrrl]guggwrlf St??e c#wémlcal glssolutito?l of the thermal
barrier coating at high operating temperatures.
3. since the top coat may be selected not to react with environmental
contaminants, adherence of these contaminants to the surface can be resisted and
the migration of these contaminants into the thermal barrier coating can accordingly
be minimised. In addition, most of the deposits that may form on the surface of the
thin protective top coat may only be loosely adhered to the surface and can be
quickly removed by the high velocity gas flowing over the surface, or during cool
down owing to the consequent differential thermal expansion.
4, In environments where particulate impact or erosion may occur, a
higher resistance in the thin protective top layer may reduce the rate of
microcracking of the base ceramic layer, thereby extending the life of the coating.

For gas turbine appilications, the metal alloy part, which



sacrificial, and will protect the thermal barrier coating for a limted
period of time. Bruce et al. United States patent No. 5, g%ﬂmlwﬂéscrl bes
the use of pure alpha alumna as a top coat over zirconia ceramc
coatings. The alpha alumna coating is used to increase erosion resistance
and fails, by erosion or cracking, before the underlying zirconia coating
is affected. That is, it is a sacrificial coating. Simlarly, Voss et al.
United States Patent No. 6,006,516 describes the use of low porosity
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can depend on the specific environmental conditions faced.

Articles configured may be subjected to attack from various
environmental contaminants. These may include oxygen, sodium, chlorine and
saline mixtures, water vapour, vanadium, sulfur and similar contaminants under high
temperature conditions. These contaminants may be carried by high velocity
combustion gas streams at temperatures from 850°C (1560°F) to 1200 °C (2204 °F)
or higher. The parts may be subjected to continuous, long term exposure or
thermally cycled exposure.

Both the base ceramic layer and the top protective layer may be
deposited by thermal spraying (plasma or flame) or from a slurry or by sol-gel
techniques. When deposited from a slurry or sol-gel, a subsequent heat treatment
will be required to dry the coating and provide the necessary cohesive and adhesive
strength.

Where the top coat comprises compound oxides, those oxides may



The use of the top coat with these characteristics may provi de good
protection for the thermal barrier coating. The top coat 2dn Qﬁ'TorZ%t t he
thermal barrier coating in several ways, depending on the environnental
contam nants and conditions present: 1. The protective coat can cover and
encase the thermal barrier coating, pgoviding a physical barrier on the
surface of the thermal barrier coating and thereby substantially reducing
the rate of infiltration of nolten environnental contam nants into the
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It should be noted that the properties of the protective top coat
materials may not all be identical. The selection of which protective top coat will be
deposited onto the thermal barrier coating may be based on the specific needs and
use requirements of the metal alloy part. For example, at temperatures less than
1000°C (1832°F) a protective top coat of calcium silicate zirconate (CaSZ) or
compound oxides may provide better protection than a protective top coat of ceria-
stabilized zirconia (CSZ) or zirconia toughened alumina (ZTA), whereas the reverse
may be true at temperatures exceeding 1000 °C (1832 °F).

The top coat may be useful in preserving the thermal barrier coating
from the contaminant environments of operating gas turbines. However, the utility of
the top coat may not be limited to that operating environment. 1t may also be
suitable for hot section gas turbine parts as well as other machine parts, which may
encounter high operating temperatures or undergo thermal cycling. For example,
the present protective



zirconia, ceria-stabilized zirconia (CSZ), scandia stabilized-zirconia,
calciumsilicate, calciumsilicate zirconate bl ends, cald D6Tst28%i!ized
zirconia (CaSz), zirconia toughened alum na (ZTA), alum na-zirconia,
zirconiumsilicate, zircon, alumna or blends thereof. The preferred
ceramic of the thermal barrier coatingéray be yttria- stabilized zirconia
(YSZ) while the preferred protective top coat deposited thereon can depend
on the specific environnental conditions faced. Articles configured may be
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and por osi Y0 e R0 ingheghbeing Hw, gaperally dasirape range. whgreasdbe fignesseof25 - 50
mcrons (Q o -k i i =¢100 t . por e
cont ent thgﬁ%ﬁ@aﬂ%g%‘ﬁ?n ?%Pgrgﬁifncth\cgorgt eﬁ%f%ré%%%lg &gg tﬁ?&)ggjggrp@é_ The
reduct i on (6/00grle82in¢tms).of contami nants into the thermal barrier coating

can 1 educe the oceur BRaS: Skid Py GeCheRboREr A SUMRR R4S
cer ani c- meheimdl baeief 66:Ring THer exze6lI6,ldrancraaskdoRY esrbirithRknddiethiabfsi | trati on
of contam nants into the ceramc |ayer of _

the thickness of the ceramic protectivé top coat and the thickness of the thermal

barrier coating may contribute to an increased sensitivity to thermal spalling, or a

restriction in the proper flow of the combustion gases. In general the thicker the top

coat, the more susceptible it may be to failure due to fracture at the ceramic-metal

interface or delamination under thermal cycling.

In certain operating conditions, which may involve particular
temperature combinations or temperature and corrosive combinations, a thicker
protective top coat may be useful. These conditions may be more likely to ocour in
some industrial manufacturing conditions rather than in gas turbine operating
environments. 1t should be noted that, if a thicker protective layer is required, the
top coat and the thermal barrier coating may be graded to minimize internal
stresses.

The thermal barrier coating may comprise yitria-stabilized zirconia
(YSZ), alumina-titania, calcia stabilized-zirconia, magnesia stabilized-zirconia, ceria-
stabilized zirconia (CSZ), scandia stabilized-zirconia, calcium silicate, calcium

silicate zirconate



the thermal barrier coating and the subsequent infiltration of contam nants
to or near to the ceramc-netal interface may reduce theg ¢c@aTr giige of

del ami nation, prevents failure of the thernmal barrier coating and
consequently maintains the integrity of the thermal barrier coating and
extends the |life of the netal alloy part. It should be noted that the
properties of the protective top coat materials nmay not all be identical.

The sel ect i @@ o@ksgshi ch protective top coat will be deposétreshianiye the
‘thermal barrier coating may be based on the specific needs and use

requi renents of the netal alloy part. F&r exanple, at tenperatures |ess
than 1000C (1832F). a pr.otectjve.t at of calciu il.ic zZi.rconat e
(Casz) or Ll e Bz Ceer seia Eo el e IR A FBFect 1 ve
top. coat of ,e@hiad-zirelh! 4@, ZiksONABMINGSE) bRhdS Ith&BEY AWwHeRHYNEIR &) beThna
(ZTA), whereas the reverse nmay be true at tenperatures exceeding 1000 C
(1832 F). Tpeférop ceoaic wast. bia adsiiibo lto ity sypresisetheima) indulating @bilityl YB4r magmalso

coating from the contanjnant environngents of operati as turbines.
However , th@x't‘J?'f'Iq’P?)'eﬂtfarghF%"P@Beﬁ'ﬁﬁt‘;‘%ﬁ&'e%"ﬁ“CIS '“gicﬂ?ci}'gcﬁgto that operating

envi ronmght gRhitr PRYCRIFTORSF Pt DRRvANGer hot section gas turbine parts as
[ ch

wel | as other machine parts, whi may encounter high operating

t enper at ures or undelrgibe bheammpEinyioy drawings, Woich dxstraté experimestabtesbeamples
protective 2 6 OCT 2004 . 6 c%ati ng..nma s%rve_ as a useful protective coating
in a vari et FRETEXPAMIR A gmyla QPB%,“"%%’&‘H' 0% st eam engi nes, boilers,

standard air engi nesﬁﬁmrkgi% ftweﬁg%@%?ﬁe&za t@gh&o&@@éﬁpﬁﬂes@ada&%&ﬁ{g to

refineries. The thickness ective top coat nmay vary,  but the
preferred tHxamkleasandny essentially be determ ned by the anount of
protiective coating needed to prevent t{}e i anj I traéi on of enviropnment al

cont ami n¥hts into t hEYMfelnisl @ AhQlogragh o turbipgblade, Procersed BT UL{0 can be
thin wth resgeele 10 the ceramc layer of the thermal barrier coating it
encases. The-thickness of the protective top coat may be approxi mately one
fifth the tHEIAIEESDESCRITIONIGMEXAMBIAES of the therpmal barrier coating

{1 om appr oxi mat o1y 29 Iolowl FerDRe 1parn D ebeRS oHER R SCirp Fbod 6f"0°

m.crons (0.08kntinfedd@f i nches) being the generally desirabe range, whereas
the thickness of the thermal barrier coating may be in the range of
appr oxi n#i elgxambLetlo 500 microns  (0.003-0.020 inches). A thicker protective

top coat may not neceggsarjly extend the |ife of the the m;u‘ rrrrﬂicr%ﬁs

coating. For oxamp e SURelwLpBASEANT grup vk A o cRAleL it e

' (0.012 inch) thick of yttria-stabilized zirconia (YSZ) while superalloy pins of another
group were coated with 500 microns (0.012 inch) thick zirconia toughened alumina
(ZTA). Some of the YSZ coated pins were further air plasma coated with a thin layer of

20 ZTA or ceria—stabi!ized zirconia {CSZ), with the additional coat being less than 50
microns (0.002 inch) thick. The YSZ, ZTA, YSZ-ZTA and YSZ-CSZ superalloy pins
were then subjected to thermal cycling in air, using a natural gas burner, to a maximum
temperature of 1232°C (2250°F). The pins then underwent a controlled rapid cooling to
less than 204°C (400°F) with dry compressed air. The YSZ and the ZTA coated pins

25 failed after 504 and 433 cycles, respectively, while the pins coated with YSZ-ZTA and
with YSZ-CSZ did not fail, even after 600 cycles. This result illustrates the eﬁectiveﬁess
.of the thin to;:; layer in increasing the spalling or dissolution resistance of the coating
‘material. Moreover, the present Example illustrates that single layer ceramic coats do

not fast as long as base ceramic coats that have been coated with a thin top layer, -
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the thickness of the ceram c protective top coat and the thickness of the
thermal barrier coating may contribute to an increased §eB867tigkty to
thermal spelling, or a restriction in the proper flow of the conbustion
gases. In general the thicker the top <coat, the nore susceptible it nmay be
to failure due to fracture at the ceramc-netal interface or del am nation
under ther WQUBH@SLing. In certain operating conditions, Rﬂﬂmﬁ@ﬂﬁﬁ?Sinvolve
particular tenperature conbinations or,  tenperature and corrosive

conbi nations, a thicker protective toﬂscoat may be useful. These

condi tions |rFB%¥(eéiﬁe B badeSderarthie REESMpd3ition OiiBrab durlidr idaonBtrashg ahatr i ng
conditions rather than in gas turbine operating environnents. It should be
not ed t hat the thingop boat mememreneetmvwom ingeeasessthe éfﬁpfrtleejbaaer@ramle poatead and

the thermal barrier coa ed t.0 stresses.
The. ¢ her nadheEPier &7 2 S MgV MU RE PP Laa o PP T peBeP Ieeon o (ve)
al um na-ti ggRi@e (cal cia stabilized-zirconia, nmagnesia stabilized-zirconia,
ceria- stabilized zirconia (CSZ), scandia stabilized-zirconia, calcium
silicaté, calcium Supérelityeping wersnrit plasma cextad 2@@15\/@00@08’389903 -0.006

PCT/ CA01/ 005 | ci bi.| CaS7 i
t oughened 4I° ﬁ}ﬁhﬁ’g o{ Z%Q‘de"éﬁea%’ﬁé{#%&ﬁ h?'lgé% Sg%?%ﬁ?n(s? i “c‘"é X ﬂZm'}l ?(r:\ l)ﬁ
al um na or spleRAR dARMSAT a B6L25 %\:&orY@iOdﬁBG’O@@méh) RicR {RKeF BOCSEHARIGUMOat . I n

addition to |ts superior thermal insulating ability, YSZ may al so exhibit
excel | ent ailitats izivoorpte (@a32)e thetabyeyielding ping| caglad witly Y&H-ESL |0®rY§Z-Cm EF

expor | ment APERRES R L85, GrGD2 B i Bavs COr L PAECHE B Lpigled 81121 €

condi t i4@nS thehikyBi njhi ih Bir2usitiPd ASLAPBaPburder! W PinBRmRhARMpRFAHE 9 ¢2i2accor di ng
to Exanple V; and Figure 2 is a photograph of a turbine blade processed

accordi ng 1(2250E5<)arrﬂ5h@3 piris. tthEEBnDES@QIFDTHdGﬂp@:CMWEESSSF thanf 204°6wi ng

nvont | on. OB ERAR b Rpmeatach i oy Bed BB N GrRt LD e el

coated wi t Bomfith B @B/Ogéxfur,(@%oéo%adnﬁl(‘ahaj 1t9blv‘éhad?ﬁmytuﬁéraeﬁérﬂiaad.dnzeﬁb pinkconi a
(YSZ) while superalloy pins of another

without the protective top coat, i.e. the YSZ coated pins failed after 130-150 cycles,

15  while the coated pine, i.e. the YSZ-CSZ and YSZ-CaSZ pins did not fail even after over
200 cycles. It was further noted that, for both the YSZ-CSZ and YSZ-CaSZ coated pins,
the top coat did not fail, failure only occurred when the lower YSZ coat fractured away
from the base metal coat at the interface between the metal pin and the adjacent YSZ
coat. The thin top coat deposited onto the lower YSZ coat did not fail, end remained

20 intact, i.e. the CSZ and CaSZ did not fragment or fracture off the lower YSZ coat. The
results of this Example illustrate the protection provided by the thin top eoai layer to the
thermal cycling process in a sait environment, whereby the protective top coat was non-
sacrificial, that is to say, it did not deplete or dissolve during the cycling process. The
protective top coat did not fail, and the loss of thermal protection to the underlying

25 superalloy pins only occurred when the lower coat finally failed.

ExampLE Il
Superalloy pins were air plasma coated with ceramic coatings to a total
thickness of about 150 microns (0.006 inch). Three coating types included pins coated

with 150 microns (0.006 inch) YSZ only, pins coated with 75-100 microns (0.002-0.004
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group were coated-with 500 mcrons (0.012 inch) thick zirconia toughened
alum na (ZTA). Sone of the YSZ coated pins were furth@ fafT pl@sma coat ed
with a thin |layer of 20 ZTA or ceria-stabilized zirconia (CSZ), with the
additional coat being less than 50 mcrons (0.002 inch) thick. The YSZ,
ZTA, YSZ-ZTA and YSZ-CSZ superalloy pins were then subjected to thernal
cycling in wiooysassing a natural gas burner, to a maxi mum pcerD@iaés9Ee of
1232C (2250F). The pins then underwent a controlled rapid cooling to |ess
t han 204C (400F) with dry conpressed air?- The YSZ and the ZTA coated pins

25 failed after 4 and 433 cycles, respectively, while the pins coated
with YSz- zﬁﬂc'ﬁnﬁégxﬂ“{sh5‘¥§29%§z°@9%' et [and dRifsn captc Wit (G- WP cnisEons Thi s

G T R S NN Sl

the spallin I SSO on'resistance o eover,

the presenty&ExaRrpl hd YS2BLEALESed PRE wikd'HeR sLB¥&Ed Wﬁ?‘fﬂ&ﬁw&?ﬁ&lés Ogjr, NOt

Last as long as base ceram c coats that have been coate athntop
| ayer, SUBSHingfidtuSHEESTbrRed o 2Ghaxinim @alpe?re & MBORL(A38%). PEH¢ pins
CA01/ 00595 -8 irrespective of the base ceram c coat conposition, thereby
further dentbastyngeiwenpt thaontralld rapidncaalipg doaleswoftharh @04'Ce $4000F)i mitkendryon
increases the |life of the base ceranmc coat and therefore, as a result,
provi des t heARIESSEA AN Juingnwhish tmeHing WaGwPraysd ivih »watarbased soltiopIgE | |

o b L SRSl . Pioh cBlofRE End SHSEE abdiity cier Meshus, Prteno Moot o
pins wvere furileEondiiohs RS PRafRal 801 W7bd (@4 %FY @a?['d%@??ra(lﬂ?% Gs0m3R3 1 nch)

thick layer "of "CSZ or calcium 'silicate zircona ereby yi el di ng

pi ns coat ed204’C 40635 SlieMpertifde, GaSExird RIRRCAficXSiskire AMax{SApersés, @rd and
YSZ- CaSZ coated pins were then subjected to 10 thernal cycF| ng in air,

usi ng a natsprayjedgeith & agesous tsolutionmak it nanbdiape B%t sulfer add 3Z3&@i2256E) . The
pins then underwent a_controlled rapid cooling to |l ess than 204C (400F)
with dry cotipfielayeqYas coatingdailgdfigstat es loweas Bhewlrsnd at irnaveeagerof 8% ed
solution of 3% sul.fu 3% sodi um and 1% vanadi ym on exam natjon, the
pins wit hoﬂfle?h‘gh'%r%? 58?@'\98 PRBNEA ?bpl Prg.eg{"ﬁgayﬁ?ég%c?ﬁit@' SYRnyfter g?ped

after 130- 136y %@Fesul%éof‘mg ERarhblE s gk thd f%gaéc%rggirceésogﬁ]g:{tﬁ\%%@%bsr qer

YSZ-CaSZ pins did not fall even arter over _
not ed t hat,ainajor Retdd ir the pré®eétisgrodnst NShe tplrsRalaRer. RliNke codtifgs ihQMs coat

did not fail, failure only occurred when the |ower YSZ coat fractured away
from the bds@ampi bds theasmatotdl heramitt thickriese bet ween the nmetal pin and the
adj acent YSZ coat. The thin top coat deposited onto the | ower YSZ coat did

not fail, dre\¥BHRlMed

Superalloy pins were air plasma coated with ceramic coatings as follows: -
300 microns (0.012") thick YSZ, 300 microns (0.012") thick YSZ plus 25 microns
(0.001") thick ZTA, 300 microns (0.012") thick YSZ plus 25 microns (0.001") thich CSZ,
300 microns (0.012"} thick ZTA, and 300 microns (0.012") thick ZTA plus 25 microns
(0.001") thick CSZ. These YSZ, YSZ-ZTA, YSZ-CSZ, ZTA and ZTA-CSZ pins Were
subject to thermatl cycles in air using a natural gas bumer, to a maximum temperature of
1204-12320C (2200-22500F), followed by rapid air cooling below 2040C (4000F). The
single layer YSZ and ZTA coatings cracked after 504 and 433 cycles, respectively, while
the two-layer coatings performed as follows: YSZ-ZTA = cracked after 934 cycles,
YSZ-CSZ = cracked after 934 cycles, and ZTA-CSZ = no cracks after 433 cycles.
These results demonstrate that the very thin ceramic layer extends the life of the base

ceramic coating significantly, independent of the base ceramic composition {but within



20 intact, i.e. the CSZ and CaSZ did not fragnent or fracture off the | ower
YSZ coat. The results of this Exanple illustrate the ppof €3] @f(4rovi ded
by the thin top coat layer to the thermal cycling process in a salt

envi ronnment, whereby the protective top coat was non- sacrificial, that is
to say, it did not depl ete or dissolve during the cycling process. The
protective twopoizagst did not fail, and the | oss of thermal ppifitihsses to the
underlying 25 superalloy pins only occurred when the lower coat finally
failed. EXAWPLE Il Superalloy pins welle air plasma coated with ceramc
coatings to a total thickness of about 150 m crons (0.006 inch). Three
coating typ®s clafeedgrawp ?fl%erdﬂlfdt@ﬁ’ th detamigation; of theriwo layeopsamis sR3tiNISZ onl vy,

pins coated with rons 002- 04 SUBSTI (RULE 26) 2 O
OCT 2004 V\c?‘i‘}hf/r%%%g‘ir 5@ €18 %%metag'ﬁQW@ﬁ?Lgﬂ?gi Wge gﬁ# WS 002
inch) CSZ, @pg pins coated with 75-100 microns (0.003-0.004 inch) YSZ plus
50 m cons (0.002 inch) CaSZ, respectively. The YSZ, YSZ-CSZ and YSZ- CaSZ
coat ed pi nsexwmeLE en subjected to 53 thermal cycles in air, wusing natural
gas burner, to a maxi numtenperature of 1150C (2100F). The pins then
underwent a contr ol | ethe @iffeils of aciet nfsiperalles tirttifavar28 4@rd 4id@lsmuaicbbtedr y
conpressed air, during which tinme pins were sprayed with a water-based

sol uti on ofwrtfoﬁﬂ@o)@m Pl peranyic750s 37 WicTane (RABZ 009B5H uki 94 with edep comtse 53
cycl es, the C i.t.io e changed to 11770C (21500F) max
t enper at ur e% g@"’f%"iﬁ (baﬁﬂ&%ﬁﬁg k@%‘?m? 2 HPeTsAt dhe crramigyaried fMRut e of
exposure at u i f 1%
vanadi um 3'&) su ?ﬁ;&%ﬁ%{ %A) o) ﬁﬂlr?] gls‘é)%ﬁtré" trfegm g‘ﬁ’ %g%acf?)'gﬁgrqg%lglgl ed
first; at agsiddAIGA Retoseneli@s bamer @fea%) %H@E&E&e@éedlaq}](co&:)@l e\?ach"&@blée the
‘coatings containing a top protective layer did not fail even after

cycl es. Thecaneistekite 3ofinaths bedfng fH.e= 10653093 1a1(1950e2000F]l arcies mm. Corﬂlag.tl ng

thickness is not a major factor in the protection provided by the top
ceramc | ayBrmn "AF150t¢|é QSEN-i Agers vwas MeRy slmtaﬁﬂme@ertaﬁhe Gerag¥meoatiogsmbncer am ¢

t hi ckness. th ter allo P e air asma coated with ceram c
coatings as q"bq 53%‘6 I’?ISCS}ESﬁé k: W%’ ?ermﬂsg tingdhat g FeRnar GARIngd. 012")
vz pl us 25 %%c%@ﬂ“%%gﬁ% fo ottt he SOURE i, iR BB T, o Soldifesbn ;T
These vez. C@Y%E&g‘%%"’ﬂ%’%z&a‘%@'@%ﬁ:{ﬁ*”ﬁx%ﬂ“ Rl O R et ¢ er ma
cycl es i n ageramisicoglirgg may be abmpared I thecseyereaammagato taplateimperRibuowshof
tests had been conducted on single layer YSZ ceramic coated turbine vanes, coated by
several different sources, on the same burner rig and using identical thermal cycling
conditions. In all those cases, the single layer ceramic coating delaminated over a very
wide surface area. In some of those tests, delamination was observed at as few as 100
| cycles. The results of this example demonstrate the significant increase in service life
obtainable with a very thin second ceramic coating.
EXAMPLE VI
Twao layer ceramic coated turbine vanes we.re thermally cycled in burner
rig. The turbine vanes, ceramic coatings and thermal cycling conditions were identical to
those in Example V, except that natural gas was the fue! instead of Jet A kerosene.
After 1340 cycles, 40 more than in Example V, one of the airfoils had a small (<5mm?)
delaminated area on the leading edge, Figure 2. The rest of the coating showed no

damage. Cross-sectional examination of this delaminated area showed that failure

occurred near the YSZ — metal interface and not in or near the top CSZ layer. This



1204-12320C (2200-22500F), followed by rapid air cooling bel ow 2040C
(4000F). The single layer YSZ and ZTA coatings cr acked[?egl(}m 304 and 433
cycles, respectively, while the two-layer coatings perforned as foll ows:
YSZ- ZTA = cracked after 934 cycles, YSZ-CSZ = cracked after 934 cycles,
and ZTA-CSZ = no cracks after 433 cycl es. These results denonstrate that
the very t hWR 0&8388hi ¢ | ayer extends the life of the basePCTeAsmiossscoati ng
significantly, independent of the base ceram c conposition (but within .2 6
OCT 2004 WO 01/83851 PCT/ CAOL /00595 =Hlo the clai med group of material s)
- Al'so, the dglapifid\adrmaatrales g iR bBYE coRliEBE rsC@?Fa'n&eﬁn ::%CB&HJn?%
near the base ceramc-netal interface, betore failure of the top C ramc
| ayer. EXANRf@e\dafegedos boconsumptien stetthe)topscmamml leger. The thinsevamkmysere air
pl asma coat e | ayers .of ceram - 375 mcrons (0.002 -
0.015") thu%ﬁgenﬁ’%ﬁ%evaff"?%sﬁaﬁ’a%%@a"m b2530835’8t§?i'§‘isbns (0.001 0.002") thick
CSZ. The t hi ckness of the ceramic varied from location to |ocation on the
~airfoilss The vanes r étié"bg et A
ker osene fuel bur ner%h%gtg?ﬁg)gﬁghy '[wﬂt?g]safée %?‘?& %%@Jelqﬁp c8 acﬂ'%"%’cl e
consi st ed dao ti meﬁemgsrehMInmng&"meﬂ;fe of ﬂ:@%vét(ﬁ%ﬁa(ﬁaﬁﬁ@—c’b@ﬂOlﬁ)dddmnd. 3 min.
cool i ng lEnn <150CH%FBPF%3'] ‘Il' er e _was verga h ht damage to_the
ceram ¢ coad ?r?é%tetgw ©8 §SYH IYROtien, & nonssacaificial and ﬁ?eg%f‘%t fgil with
denonst r at 'r@ﬂeété’tﬁhsé hene plofitife fPaldalGisy faqemnaﬁlme%w&@meﬁ%u%ahfér\efbéthst and
the severe thermal cycling stresses in a conbustion gas environnent
cont ai ni ng failedt ani nants present in jet fuel. The nminor danage to ceranic
coatin y be conp to the s red to the platform Previously,
tests hgi been condLaY&lP’ oPr fﬁ"@ﬁ?ﬁﬁ\% 6}‘E’Y%%e%‘éF’%ﬁﬁ”@‘e‘b(bta‘ﬁ"gtﬁ’etL!ﬂdBi~°’Fﬂé"’vanes
coat ed by l g@%g
i denti cal ttﬁgﬁﬁn%rlé lsc@ciﬁfeﬁgﬁqtneﬁg?Erﬁgﬁhsonqg Sltjé?ﬁ oleegH%ggglseF t tg Hgﬂég?‘%\%’{oe | ayer
cerani ¢ coavvergiideddifivatiensend aitemats applioationsi fdiingwittfimthe spirieand sdops ofheof
t hose tests El am nation was observed at as few as 100 cycles. The
resul ts of ? rexarrpl e denonstrate the significant increase in service
life obtainable with a very thin second ceram c coating. EXAMPLE VI Two
| ayer ceramic coated turbine vanes were thermally cycled in burner rig.
The turbine vanes, ceram c coatings and thermal cycling conditions were
identical to those in Exanple V, except that natural gas was the fuel
instead of Jet A kerosene. After 1340 cycles, 40 nore than in Exanple V,
one of the airfoils had a snall (<5nm) delam nated area on the | eading
edge, Figure 2. The rest of the coating showed no
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damage. Cross-sectional exam nation of this delam nated area showed t hat
failure occurred near the YSZ - netal interface and not 2% @rc the top
CSZ layer. This 2 6 OCT 2004 WO 01/83851 PCTI CAO1/ 00595 1 e[x
denonstrates that failure of the ceramic occurs by failure in the bottom

| ayer before damage to, or consunpti-oi2-of, the top ceramc layer. The thin
second | ayer extends |ife of the base ceram c coating, but does not fail
first. 5 The above Exanples illustrate that the thin protective top coat
accordi ng CELBIM$ie present invention inproves the life of the |ower thermal
barrier coat. In addition, the protective coat of the present invention is
non-sacrificial and does not fail wth repeated use. The protective top
coat only f-ail ed whein arisle registant heattark ftwam enéronoeatal cbmai'rm'da.ntslmdﬂhl I e
preferred ep d under st

there is n@gﬁ)%ﬁ%ﬁe P?ﬁ/ﬁomtg h{(;‘hel %@/‘g%ﬂ%g% o4 the%n %Dqg%rlsg'@u? (—5"9 Lﬂ”°¥at her it
i s intenderhrt @ themnat bagler coalitigl dermsiteshentarioe aleta raliay partspid @ ptdtentise f al | i ng
within th Tl T SHEET (RULE 26) 2
o T 200422 152k R AR SirRer dfom B PR or B e Bl RATPO rent 4
cont am nardepogitageonto tﬂegthertnm‘rperr@r oeadingpetdiradtenzed in thet:art i cl e bei ng of the
type conprising a nqhéltﬂdag}é P erifidalt hermal barrier coating deposited
onto the netal allo t; d'% rotectlve top coat of a materi al
different fromthe rtaem@aat@rpqrw thermal barrier coating dep05| ted onto
the thermal barrier (A i '

non-sacrificial; t r;(gg?&c?p&%gg@lﬁgé%aﬁ% t@ﬁﬁi“?rﬁﬁa'{ @%H%%Q}E?Pérﬂg sa? ggftl ally

thi nner than the theherop eestis amaterial isalgctedtfiven thepgrooptonsstimgradteeria al

| ected f
cal o um st B eS e COR(CR° bk B abI et Likord oo &edid IR0 R
conpound diBadgidI;i 3 icagPovRs emdmompn:leinpdwndw mpmmdmpour@lsdtmn dbasi stl ng
f d t d
SRR T L e e W e

m xtures of two or ret &t aof | coa
mat er i al s angrmaixivges efthwaor mere thereof, and

the top coat is selected from materials more resistant to the
environmental contaminants than the thermal barrier coating.
2. An article according to claim 1, wherein the top coat has a degree of
porosity ranging from 1-20% by volume.
3. An article according to claim 1, wherein the article is resistant to
attack from environmental contaminants comprising oxygen, sodium, chlorine, saline
mixtures, water vapour, sodium, vanadium, sulfur and similar contaminants under
high temperature and/or high pressure conditions.

4. An article according to claim 3, wherein said metal alloy part
comprises cobalt, iron, chromium, nickel, aluminum, or an alloy of two or more
thereof.

5. An article according to claim 1, wherein said protective thermal

barrier coating comprises a base ceramic coating and a inner metal alloy bond coat,
with the inner metal alloy bond coat deposited onto the metal alloy part and the base
ceramic coating deposited onto the inner metal alioy bond coat.

6. An article according to claim 5, wherein the metal bond coat
comprises a superalloy.



environnmental contam nants than the thermal barrier coaté)n 2 An art| cle
according to claiml1l, wherein the top coat has a degree &f

rangi ng from 1-20% by volune. 3. An article according to cl a| m 1 vvherei n
the article is resistant to attack from environnental contam nants

conpri sing oxygen, sodium chlorine, s&#4ine mxtures, water vapour,
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accordi ng %0 cl ai m 5An @fiislectagording toetaim bm:'eamam proetive theanal batfeer al | oy.
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wherei n t hgepOt ective top coat has a porosity of from1l to 20 % by

vol ume.

10. An article according to claim 1, wherein the protective top coat has a
thickness of from 25 to 125 microns (0.001 - 0.005 inches).

11. An article according to claim 1, wherein the protective top coat has a
porosity of from 1 to 20 % by volume.

12. An article according to claim 1, wherein the protective top coat has a
porosity of from 3 to 20 % by volume.

13. An article according to claim 1, wherein the protective top coat is
substantially inert to the environmental contaminants, such that the protective top
coat does not chemically or physically depleted with repeated use.

14. An article according to claim 1, wherein the thermal barrier coating
has a thickness of from 75 to 500 microns (0.003-0.012 inch).



12. An article according to claim1, wherein the protective top coat has a
porosity of from3 to 20 % by volune. 13. An article aCC?rﬁji(ﬂthﬁﬂl;Cl aiml,
wherein the protective top coat is substantially inert To t

envi ronmental contam nants, such that the protective top coat does not
chemically or physically depleted w thl4epeated use. 14. An article
according to claiml1l, wherein the thermal barrier coating has a thickness
of from75 to 500 microns (0.003-0.012 inch). 2 6 OCT 200k -14 15. An
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to claim17, wherein supsequent to the position of said pro ve top
coat or sai‘g" 8[1153'5 YL LR3E, CHIRBICE3t s theamaily srravesh withair orsatepsgheried t o
enhance t h@asatthesi on of the deposited coating layer to the ceram c | ayer
or article thereunder. 20. An article according to claimb5, wherein the
protective thermal barrier coating conprises a base ceram c coating, and
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spraying to achieve a substantially uniform coating layer.

19. A method of deposition according to claim 17, wherein subsequent to the
deposition of said protective top coat or said outer base ceramic coat, thermal treatment
is effected to enhance the adhesion of the deposited coating layer to the ceramic layer
or article thereunder.

20. An article according to claim 5, wherein the protective thermal barrier
coating comprises a base ceramic coating, and the base ceramic coating is deposited

onto the metal alioy part and the ceramic top coat is deposited onto the inner metal alloy
bond ceat.





