DURABLE REACTI VE THERVAL BARRI ER COATI NGS BACKGROUND OF THE | NVENTI ON (1)
Field of the Invention [0001] The present invention relates to a thernal
barrier coating nmaterials that react with deposits on the thermal barrier
coatings during service in a turbine engine to forma nearly inperneable
barrier phase at or near the interface between the thermal barrier coating
and the deposits, to a nethod for formng a thernal barrier coating, and to
a turbine engine conmponent having the thermal barrier coating. (2) Prior

Art [0002] The degr asiaiim®E efcacdrbieneaknhol bARAEERt CoSpNges M el ated distress
of thermal barrier coatings is a significant concern with all turbine

engi nes used in a desert environnent. This type of distress can cause
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conponents. The thermal
barrier coatings during service in a turbine engine to form a
nearly impermeable barrier phase at or near the interface
between the thermal barrier coating and the deposits, to a
method for forming a thermal barrier coating, and to a turbine

engine component having the thermal barrier coating.

(2) Prior Art _

[0002] The degradaticn of turbine airfoils due to sand
relafed distress of thermal barrier coatings is a significant
concern with all turbine engines used in a desert environment.
This type of distress can cause engines to be taken out of
operation for significant repairs.

[0003] Sand related distress is caused by the penetration of
fluid sand deposits into the thermal barrier cecatings which
leads tc spallation and accelerated oxidation of any exposed

metal.

SUMMARY OF THE INVENTION
[0004] In acceordance with the present invention, there is
provided a thermal barrier coating system which reduces sand
related distress on turbine engine components. The thermal
barrier coating system broadly comprises a material selected
from the group consisting of a zirconate, a hafnate, a titanate,
and mixtures thereof, which material has been mixed such that it

contains about 25 - 99 wt% of at least one oxide.



barrier coating systembroadly conprises a material selected fromthe group
consisting of a zirconate, a hafnate, a titanate, and m xtures thereof,

whi ch*material has been m xed such that it contains about 25 - 99 w % of at
| east one oxide. 1 [0005] Further in accordance with the present invention,
a turbine engine conponent is provided which broadly conprises a substrate
and a thermal barrier coating conprising a material selected fromthe group
consisting of a zirconate, a hafnate, a titanate, and m xtures thereof,

whi ch ma i.al has.b ed w.th from.aho 20 - 100 wt% of. at | east one
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with fromabout 20 - 100 Wt % of at | east ane oxide onto the substrate.
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invention, a method for forming a coating system which reduces
sand related distress is provided. The method broadly comprises
‘the steps of providing a substrate, depositing a material
selected from the group consisting of a zirconate, a hafnate, a
titanate, and mixtures thereof, which material has been doped
with from about 20 - 100 wt% of at least one oxide onto the
substrate.
[0007] Other details of the durable reactive thermal barrier
coatings of the present invention, as well as other objects and
advantages attendant thereto, are set forth in the following

~detailed description and the accompanying drawing wherein like

reference numerals depict like elements.

BRIEF BESCRIPTICN OF THE DRAWINGS
{0008] FIG. 1 is a schematic representation of a turbine
engine component with the coating of the present invention; and
[0009] FIG. 2 is a schematic representation of a turbine
engine component with an alternative coating system in

accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
[0010] It has been discovered that certain coatings react
with fluid sand deposits and a reaction product forms that
inhibits fluid sand penetration into the coating. The reaction

product has been identified as being a silicate

2



BRI EF DESCRI PTI ON OF THE DRAW NGS [0008] FIG 1 is a schematic
representation of a turbine engine conponent with the coating of the
present invention; and [0009] FIG 2 is a schematic representation of a
turbine engine conponent with an alternative coating systemin accordance
with the present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT(S) [0010] It has been discovered that certain coatings react
with fluid sand deposits and a reaction product fornms that inhibits fluid

sand pengejrat.i.on | Iy The. 2t 1,0 t been identified
as bei ng&gy%ﬁ?lc%a%@a%%%acgjgﬁatlgga rﬁgtlﬁlgg%ggi ﬁ?%‘gi%g#l%hr%@cb%’dol i nia,
cal ci a, zzrcwuis a,amhdidiildaca. Thee ppeesent innyetiownrathiatestd e a coating

system for_ a, conponent,_such as a turbine engi ne caonponent, which takes
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i nvent i ofomg@{it | Rghi dOWalk@ sFlaGvahicabBeo€0BhE BUa s¥8L L8 of the present
I nvention includes at |east one |ayer of a material selected fromthe

group coHi¥kt} ng dm achAqrdemare Wighhshrapeesanti taverelomndre ffsetigges
ther eol .yl 65 ¥Rt eri ale Ras eanqdapedep th LE O AN se,20 en k%0 OF at
east one oxide. 1n drder to formthe —coa I Ng Syst 1 : at i east one | ayer
10 of a imtlrded =sellectsed onfer daviele ofr aupatensabt saeotfed Zdocaiat e, a
hafnate,gg%&gtégggf%ting of a zirconate, a hafnate, a titanate; and
mixtures thereof, which material has been doped with from about
25 — 100 wt¥ of at least one oxide. In order to form the
coating system 18, at least one layer 10 of a material selected
from the group consisting of a zirconate, a hafnate, a titanate,
and mixtures thereof, is applied to a surface 12 of a substrate
14, such as a turbine engine component including, but not
limited to, a blade or a vane. Materials which can be used to
form each layer 10 include, but are not limited to, gadolinium
zirconate, lanthanum zirconate, neodymium titanate, and
gadolinium hafnate. The material in each layer 10 is mixed
with, and preferably contains, from about 25 to 99 wt%,
preferably from about 40 - 70 wt%, of at least one oxide of a
metal selected from.the group consisting of lanthanum, cerium,
praseodymium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium,
ytterbium, lutetium, scandium, indium, and yttrium. For
example, the at least one oxide could be a sesquioxide of one of
the aforementioned rare earth elements.
[0012] The substrate 14 may be formed from any suitable
material such as a nickel based superalloy, a cobalt based
alloy, a moldybdenum based alloy, or a titanium based alloy.
[0013] Each layer 10 may be applied by, for example, electron
beam physical vapor deposition (EB-PVD) or air plasma spray.

Other methods which can be used to deposit each layer 10
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and m xtures thereof, is applied to a surface 12 of a substrate 14, such as
a turbine engi ne conponent including, but not |imted to, a blade or a
vane.  Materials which can be used to formeach layer 10 include, but are
not limted to, gadolinium zirconate, |anthanum zirconate, neodym um
titanate, and gadolinium hafnate. The material in each layer 10 is m xed
with, and preferably contains, fromabout 25 to 99 wt% preferably from
about 40 - 70 wt% of at |east one oxide of a netal selected fromthe group
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Fahrenheit. The coating chamber may be maintained at a pressure
in the range of from 0.05 to 2.0 millitorrs. The feedstock feed
rate may be from 0.3 to 2.0 inches/hour. The coating time may
be in the range of from 20 to 120 minutes.
[0015] Each deposited layer 10 may have a thickness of from
about 1.0 to 50 mils, preferably from about 1.0 to 15 mils.
[0016] The layer (s} 10 of the thermal barrier cocating
material in accordance with the present invention will react
with molten sand deposits and form a barrier phase of oxyapatite
and/or garnet to resist further penetration.
[0017] The coating system of the present invention is an
advantageous thermal barrier coating system that resists the
penetration of molten silicate material. The coating system
provides enhanced durability in environments where sand induced
distress of turbine airfoils occurs.
Referring now to FIG. 2, if desired, a metallic bond coat 30 may
be deposited onto the substrate 14 to bond the substrate 14 to
the layer 10. The metallic bond coat 30 may be a MCrAlY bond
coat where M is at least one of nickel, cobalt, and iron.
Alternatively, the metallic bond coat 30 may be an aluminide or
platinum aluminide bond ccat. The bond coat 30 may have a
thickness in the range of from about 0.5 to 20 mils, preferably
from about 0.5 to 10 mils. The bond ceoat 30 may be deposited by
a low pressure plasma spray, HVOF (high velocity oxygen fuel), a

cathodic arc process, a diffusion process, an air plasma spray
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[0014] A preferred process for performng the deposition of each |ayer 10
is EB-PVD. When performng this process, the substrate 14 may be placed in
a coating chanber and heated to a tenperature in the range of from 1700 to
2000 degrees Fahrenheit. The coating chanber may be nmintained at a
pressure in the range of from0.05 to 2.0 mllitorrs. The feedstock feed
rate may be fromO0.3 to 2.0 inches/hour. The coating tine nmay be in the
range of from20 to 120 m nutes. [0015] Each deposited | ayer 10 nay have a

t hi ckness_ of gron1 abaut 1.0 t%,SO mils, rﬁiera fron1§gout é&&p 15
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and forma barrier phase of oxyapatite and/or garnet to resist further
penetration. [0017] The coating systemof the present invention is -an

advant ageous thermal barrier coating systemthat resists the penetration of
nolten silicate material. The coating system provides enhanced durability
in environments where sand induced distress of turbine airfoils occurs.
Referring nowto FIG 2, if desired, a netallic bond coat 30 may be
deposited onto the substrate 14 to bond the substrate 14 to the |ayer 10.
The netallic bond coat 30 nay be a MCrAlY bond coat where Mis at |east one
of nickel, cobalt, and iron. Alternatively, the netallic bond coat 30 may
be an al um ni de or



pl ati num al um ni de bond coat. The bond coat 30 may have a thickness in the

range of fromabout 0.5 to 20 mls, preferably fromabout 0.5 to 10 ms.
The bond coat 30 nay be deposited by a |ow pressure plasma spray, HVOF
(high velocity oxygen fuel), a cathodic arc process, a diffusion process,

an air

process which
WHAT IS CLAIMED I'S: 1. A turbine engi ne conponent conpri sing:

rml %) ri ing systemconprising at | east one |ayer of a
nateriahﬁgg?é% Zéﬂ¥ﬁ§%ft € group consisting of a zirconate, a hafnate,
| east

and a t

titanat
one oxi

at | eastlone ® GURLID eTEHa HOBPREC8RgFREPESRPBFENt of claim 1, wherein

pl asma spray 4 process, or a plating process, as well as by any

e, and m xtures thereof, which material has been m xed with at

is capable of formng a dense uniformnetallic structure.
a substrate;

de so that each said |layer contains fromabout 25 to 99 w % of said

each said layer contains fromabout 40 to 70 wt % of said at |east one

oxi de.

3. The turbine engi ne conponent of claim1l1, wherein said naterial

sel ected from tshbgrmadeicamsi sting of gadolinium zirconate, |anthanum
.~ zirconate, neodymumtitanate, and

a thermal barrier coating system comprising at least one
layer of a material selected from the group consisting of a
zZzirconate, a hafnate, a titanate, and mixtures thereof, which
material has been mixed with at least one oxide so that each
said layer contains from about 25 to 99 wt% of said at least one

oxide.

2. The turbine engine component of claim 1, wherein each said
layer contains from about 40 to 70 wt% of said at least one

oxide.

3. The turbine engine component of claim 1, wherein said
material is selected from the group consisting of gadolinium
zirconate, lanthanum zirconate, neodymium titanate, and

gadolinium hafnate.

4, The turbine engine component according to claim 1, wherein
said at least one oxide comprises at least one oxide of a
material selected from the group consisting of lanthanum,
cerium, praseodymium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium,

yiterbium, lutetium, scandium, indium, and yttrium.

5. The turbine engine component according to claim 1, wherein
each said layer has a thickness in the range of from 1.0 to 50

mils.
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gadol i ni um hafnate. 4. The turbine engi ne conmponent according to claim1,
wherein said at | east one oxide conprises at |east one oxide of a materi al
selected fromthe group consisting of |anthanum cerium praseodym um
neodym um pronet hi um samarium europium gadolinium terbium dysprosium
hol mum erbium thulium vytterbium Ilutetium scandium indium and
yttrium 5. The turbi ne engine conponent according to claim1, wherein each
said | ayer has a thickness in the range of from1.0 to 50 mls. 6 6. The
turbi ne engi ne conponent according to claim1l1, wherein each said |ayer has
a thickness in the range of from1.0 to 15 mls. 7. The turbine engine
conponenk, acehé dt Aigbife Chag Md, comgint Sdhasustbateais flor yedrE{em a
material selected fromthe group consisting of a nickel based alloy, a
cobalt b§36R aRidylawnd B2s ndl VbR Ddded sl repIana Lt éﬁpmeﬂ-eoﬁ@ri’%i ng a
metal | i c bgnd coat between said substrate and said thermal barrier coating.
8. The turbine engi ne conponent according to claim?7, wherein said bond
coat has a thickness in the range of fromabout 0.5 to 20 mls. 9. The

turbi ne engi conmponent according to claim7, .wherein, said bond cpat has a
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said substrate 1s formed from a material selected from the group
consisting of a nickel based alloy, a cobalt based alloy, and a
molybdenum based alloy and further comprising a metallic bond

coat between said substrate and said thermal barrier coating.

8. The turbine engine component according to claim 7, wherein
said bond coat has a thickness in the range of from about 0.5 to

20 mils,

9. The turbine engine component according to claim 7, wherein
said bond coat has a thickness in the range of from about 0.5 to

10 mils.

10. A method for providing a component with protection against

sand related distress comprising the steps of:
providing a substrate;

forming a thermal barrier coating system by depositing at
least one layer of a first material selected from the group
consisting of a zirconate, a hafnate, a titanate, and mixtures
thereof, which first material has been mixed with at least one
oxide so that each said layer contains from about 25 to 99 wt%

of said at least one oxide.



10 mls. 10. A nethod for providing a conponent with protection agai nst
sand rel ated distress conprising the steps of: providing a substrate;
forming a thermal barrier coating system by depositing at |east one |ayer
of. a first material selected fromthe group consisting of a zirconate, a
hafnate, a titanate, and m xtures thereof, which first material has been
m xed wth at | east one oxide so that each said | ayer contains from about
25 to 99 wﬂ@b of said at |east one oxide 7 11. The nmethod according to

clain110 |n s d de OSI in p CO s deposi t.ing at | east one
| ayer of sald Prit ﬁ%t%EFgf Qﬁ E Q% qﬁﬁ @&F&Plﬁaéaﬁ *H8FEE W th from
about 40stwp%bmpz@smsfyai@fm@ﬁtﬂn@ta& epéésipmﬂzeo&la%r bZ sEhe metBed according
to claim10, wherein said de£03|t|ng step conprises depositing a nateri al

sel ect ed™AfBhithe GroGh LEBAS| BRFHELF P e Gop2icr ediat EromanbaaRuhl
zirconat gy o @goaun%gﬂ1gftgggé st e gadgld niymchaf nate. 13. The net hod
wh

according to claim 10, erein salrd depositing step further conprises
selecting said at | east one oxide fromat |east one oxide of a materi al

selected.fro h%e oup consistin Ian anu ceriu pr.aseodym um
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hol m um step comprises depositing a material selected from the group
consisting of gadolinium zirconate, lanthanum zirconate,

neodymium titanate, and gadolinium hafnate.

13. The method according to claim 10, wherein said depositing
step further comprises selecting said at least one oxide from at
least one oxide of a material selected from the group consisting
of lanthanum, cerium, praseodymium, neodymium, promethium,
samarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, lutetium, scandium, indium, and
yttrium and mixing said first materizal with said at least one

selected oxide.

14, The method according to claim 10, wherein said depositing
step comprises depositing each said layer to a thickness in the

range of from about 1.0 to 50 mils.

15. The method according to claim 10, wherein sald depositing
step comprises depositing each said layer to a thickness in the

range of from about 1.0 to 15 milis.

16. The method according to claim 10, wherein said substrate
providing step comprises providing a substrate formed from a
material selected from the group consisting of a nickel based

alloy, a cobalt based alloy, and a molybdenum based alloy.



erbium thulium ytterbium lutetium scandium indium and yttrium and
mxing said first material with said at | east one selected oxide. 14. The
nmet hod according to claim 10, wherein said depositing step conprises
depositing each said |layer to a thickness in the range of fromabout 1.0 to
50 mls. 15. The nethod according to claim 10, wherein said depositing step
conpri ses depositing each said layer to a thickness in the range of from
about 1.0 to 15 mls. 16. The nethod according to claim 10, wherein said

substr at pr |d|n nike [ise vi di strate farned froma
naterlanSeleg¥de§ron1t%8 ?@uﬁg g% g T df%%”#?b Kel“Bhed "'l oy, a
cobalt based alloy, and a nnlybdenunlbased alloy. 8 17 The met hod accordi ng
to claim 10, further conprisin pl aci ng said substrate into a coating
chanber ; heapﬁﬁ§l§§|éa§Gb§PP§géaF% 5 TR T RAEe o a tenperature in
the range of from 1700 to 2000F; maintaining pressure in said coating
chanber at a pressure in the range of fromO0.05 to 2.0 mllitorrs; and
perform ng sah@adépgsﬁaﬁdgssbepraue 1T hea ik tdved: iacr ahdimpg rt aoclkkai m 10,
further GQ

substr ot &eIRG3chTg %Hggn%}£%§??|%ftgﬁﬁPgHgﬁpsxigﬁkO ayer betueen said

maintaining pressure in said coating chamber at a pressure

in the range of from 0.05 to 2.0 millitorrs; and
performing said depositing step.

18. The method according to claim 10, further comprising
depositing a metallic bond coat layer between said substrate and

said thermal barrier coating system.

19. A coating system for a component comprising at least one
layer of a first material selected from the group consisting of
a zirconate, a hafnate, a titanate, and mixtures thereof, which
first material has been mixed with at least one oxide so that
each said layer contains from about 25 to 99 wt% of said at

least one oxide.

20. The coating system according to claim 19, wherein each said
layer contains from about 40 wt% to 70 wt% of said at least one

oxide.

21. The coating system according to claim 19, wherein said
material is selected from the group consisting of gadolinium
zirconate, lanthanum zirconate, neodymium titanate, and

gadolinium hafnate.



19. A coating systemfor a conponent conprising at |east one |ayer of a
first mterial selected fromthe group consisting of a zirconate, a
hafnate, a titanate, and m xtures thereof, which first material has been
m-xed with at | east one oxide so that each said |layer contains from about
25 to 99 wt % of said at |east one oxide. 20. The coating system accordi ng
to claim19, wherein each said |ayer contains fromabout 40 % to 70 wt %
of said at |east one oxide. 21. The coating systemaccording to claim 19,
wherein 531 d oBterl @, S, S0l &l LM g, groun GensisLing, of  gadol i ni um
zirconate; | ant hanum zi 7 cohat €, neodymi dmti tana e, “an gadol T ni umthaf nat e.
9 22. Theecesatomg sybdemaneoisingtt dclsai Bnd9pxwHer effnasebteatall east one
oxi de conprises_at |east one oxide of a material _selected fromthe group

consi st i AGFBFLPAnt FIR MRS EFFHin CoNsigddady RitudP R hBBAYRY uRfT prBmet hi um

sanar i U”br%'é@@jgﬂﬂhm, ORE i ) it TundY SRFQSH UM, BAkBH UG, erbi um
thulium®™ ytterbium lutetium scandium indium and yttrium 10
gadolinium, terbium, dysprosium, holmium, erbium, thulium,

ytterbium, lutetium, scandium, indium, and yttrium.
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