CALCI UM MAGNESI UM ALUM NCSI LI CATE (CVAS) RESI STANT THERVAL BARRI ER
COATI NG BACKGROUND OF THE I NVENTION (1) Field of the Invention [0001]
The present invention relates to a thermal barrier coating having
alternating | ayers of yttria-stabilized zirconia and a nolten
silicate resistant | ayer which can be applied to a turbine engine
conponent, to a nethod for formng the coating, and to a turbine

engi ne conponent having the coating. (2) Prior Art [0002] The
degradation of turbine airfoils due to sand rel ated di stress of
thermal barrier coatings is a significant concern with all turbine
engi nes used CRARCAUN PGNES BV i ALONARGEILICATE { §iPAs )oREHISTANGS SHERYRICause
engines to be taken out of oper gl QRzk0foSiga ficant repairs.

BACKGROUND OF THE INVENTION

{1) Field of the Invention

[0001] The present invention relates to a thermal barrier
coating having alternating layers of yttria-stabilized zirconia
and a molten silicate resistant layer which can be applied to a
turbine engine component, te a method for forming the coating,

and to a turbine engine component having the coating.

(2) Prior Art

[0002] The degradation of turbine airfoils due to sand related
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.

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

metal.

SUMMARY OF THE INVENTION
[0004]1 In accordance with the present invention, there is
provided a coating system which reduces sand related distress on
turbine engine components. The coating system broadly comprises
alternating layers of yttria-stabilized zirconia and a molten
silicate resistant material.
[0005] Further in accordance with the present invention, a

turbine engine component is provided which broadly comprises a



[ 0003] Sand related distress is caused by the penetration of fluid
sand deposits into the thermal barrier coatings which |leads to
spal | ati on and accel erated oxi dati on of any exposed netal. SUMVARY OF
THE | NVENTI ON [ 0004] In accordance with the present invention, there
is provided a coating system which reduces sand rel ated di stress on
turbi ne engi ne conponents. The coating system broadly conpri ses
alternating layers of yttria-stabilized zirconia and a nolten
silicate resistant material. [0005] Further in accordance with the
present invention, a turbine engine conmponent is provided which
broadl y CCth‘sitﬁaSeaancSlmbsbflaita'r@n(ﬂaﬁéfserd’fayi:tlgial—as)teb$lbafed zirconia
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met hod for Tormng a coatin stem san related
di stress i&o%’rsdv%l?e%ﬂ fPFiéhﬁétJHb@CBPb%l%e vbhbriveprepentstigyenpion, a
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yttria-stabilized zirconia materia ten silicate resistant

mat eri al (ﬁﬁq§r§ﬁ§ %ﬁﬂﬂﬂ9Wé9%d The method breocadly comprises the steps of
providing a substrate, depositing alternating layers of a

vttria-stabilized zirconia material and a molten silicate
resistant material onto the substrate.

[0007] Other details of the calcium magnesium aluminosilicate
{CMAS) resistant thermal barrier cecating 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 DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1 is a schematic representation of a turbine engine
component with the coating of part 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

part of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBCODIMENT (S)
[0010] It has been discovered that certain ceatings 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 oxyapatite/garnet
containing primarily gadelinia, calcia, zirconia, and silica.

The present lnvention relates to a coating system for a

[\*]



[ 0007] Other details of the cal cium magnesi um al um nosilicate (CVAS)
resistant thermal barrier coating of the present invention, as well
as ot her objects and advantages attendant thereto, are set forth in
the follow ng detail ed description and the acconpanyi ng draw ng
wherein |i ke reference nunerals depict |ike elenents. BRIEF

DESCRI PTI ON OF THE DRAW NGS [0008] FIG 1 is a schematic
representation of a turbine engine conponent with the coating of part
of the present invention; and [0009] FIG 2 is a schematic
representation of a turbine engine conponent with an alternative
coati ng syxmpeRent achmhdaace Wirbhinpaengiske therqredenvhigvdatkeon.
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yttria-stabilized zirconia and a nolten silicate resistant naterial.
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zirconia layer, 10 includes, but is_ not limted to, sol-gel

t echni ques?~ &R ar F yPRECHAP RO ut #1875 4§ includes, but 1s not limited

to, scl-gel technigques, slurry techniques, sputtering
techniques, chemical vapor deposition techniques, and UV curable
resin techniques. The yttrlia-stabilized zirconia layer will
improve the erosion resistance of the system.

[0012] A preferred process for performing the deposition of the
yttria-stabilized zirconia layer 10 is EB-PVD. When performing
this process, the substrate 14 is placed in a coating chamber
and heated to a temperature in the range of from 1700 to 2000
degrees Fahrenheit (927°C to 1093°C). The coating chamber may be
maintained at a pressure in the range of from 0.1 to 1.0
millitorr (0.013-0.133 Pa). The feedstock feed rate may be from
0.2 to 1.5 inches/hour (5.1 to 38.1 mm/h). The coating time may
be in the range of from 20 to 120 minutes.

[0013] The deposited yttria-stabilized zirconia layer 10 may
have a thickness of from 0.5 te 50 mils (0.013 to 1.27 mm},



t echni ques, chem cal vapor deposition techniques, and UV curable
resin techni ques. The yttria-stabilized zirconia |layer will inprove
the erosion resistance of the system [0012] A preferred process for
perform ng the deposition of the yttria-stabilized zirconia |ayer 10
is EB-PVD. When performng this process, the substrate 14 is pl aced
in a coating chanber and heated to a tenperature in the range of from
1700 to 2000 degrees Fahrenheit (927C to 1093C). The coati ng chanber
may be maintained at a pressure in the range of from0.1 to 1.0
mllitorr (0.013-0.133 Pa). The feedstock feed rate may be fromO0.2
to 1.5 i nahwesiemebty (Bioh 216038 B.®nfh)s Wh@2éoamﬂhg2ﬁine)ndwEbe in the
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gadol i ni a-mauahﬁhlzmak be formed over the layer 10. The layer 20 may be
formed from at least one oxide ¢f a gadolinia-stabilized
zirconia. The material(s) forming the layer 20 may be deposited
using any of the deposition techniques mentioned hereinbefore.
When the layer 20 is formed from a gadcolinia stabilized zirconia,
the layer 20 may contain from 25 to 99.98 wt% gadolinia and may
have a thickness in the range of from 0.5 to 50 mils (0.013 to
1.27 mm). In a preferred embodiment, gadolinia is present in an
amount from 40 to 70 wt% and/or the layer 20 has a thickness in
the range of from 1.0 to 5.0 mils (0.025 to 0.127 mm). If
desired, the layer 20 may be formed from & material consisting
of from 25 to 99.9 wt% gadolinia and the balance zirconia. Still
further, if desired, the layer 20 may be formed from a material
consisting of from 40 to 70 wt% gadolinia and the balance
zirconia.
[0015] After the layer 20 has been deposited con the layer 10, a
second layer 22 of yttria-stabilized zirconia is applied over
the layer 20. The yttria-stablilized zirconia layer 22 may have
any of the compositions discussed above and may be deposited
using any of the techniques described herein. Thereafter, a
second layer 24 of molten silicate resistant material is

deposited over the yttria-stabilized zirconia. The number of



zirconia. The material (s) formng the layer 20 nmay be deposited using
any of the deposition techniques nentioned hereinbefore. Wen the

| ayer 20 is forned froma gadolinia stabilized zirconia, the |layer 20
may contain from25 to 99.9 w % gadolinia and nay have a thickness in
the range of fromO0.5 to 50 mls (0.013 to 1.27 mm). In a preferred
enbodi nent, gadolinia is present in an amount from40 to 70 wt %
and/or the layer 20 has a thickness in the range of from1.0 to 5.0
mls (0.025 to 0.127 mm). If desired, the layer 20 may be forned from
a material consisting of from25 to 99.9 wt % gadolinia and the
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provides enhanced durability in environments where sand induced
distress of turbine airfoils occurs.

[0020] 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 first layer 10 of the yttria-stabilized zirconia
material. 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 ceat 30 may be an aluminide or
platinum aluminide bond coat. The bond coat 30 may have a

thickness in the range of from zbout 0.5 to 20 mils (0.013 to



[0020] 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 first layer 10 of the yttria-stabilized zirconia material. The
metallic bond coat 30 nay be a MCrAl'Y bond coat where Mis at | east
one of nickel, cobalt, and iron. Alternatively, the netallic bond
coat 30 may be an alum nide or platinum alum nide bond coat. The bond
coat 30 may have a thickness in the range of fromabout 0.5 to 20
mls (0.013 to 0.508 nm, preferably fromabout 0.5 to 10 mls
(0.013 to 0.254 nm. The bond coat 30 nmay be deposited by a | ow
pressure [-&9Famspr ayrefEVarlY Hirgh sedwcitt-y bxydemifigel(-013 tat hothdc
arc procesgy arfbffusd R 2B %S p8Mdlida RLASHR SREY oA LEESp1 M
pl ati ng process process which is capable :?
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engi ne conpenerts RIS, & YPSHTAkR sBREYY process, or a plating

process, as well as by any process which is capable of forming a

dense uniform metallic structure.



a thermal barrier coating systemconprising a plurality of |ayers of
a yttria-stabilized zirconia material and a plurality of layers of a
nolten silicate resistant material applied over said substrate, said
| ayers of said yttria-stabilized zirconia nmaterial alternating with
said layers of said nolten silicate resistant material, and said
nolten silicate resistant material consisting of at |east one oxide
of a material selected fromthe group consisting of cerium
praseodym um neodym um promethium samarium europium terbium
dyspr05|q§% niun1 erbium thulium ytterbium lutetium scandium
i ndium hafniun and titanium 2. The turbine engi ne conponent
according to claim1l, wherein each said |ayer of a nolten silicate
reS|stant material has a thickness in the range of fromO0.5 to 50

mls. 3.1The & FIFHES ﬁ&gﬁEECSHBBHEﬁPta%%Tﬁ?ﬁ?kPqo claim1, wherein

each said |layer fHfbsarm@let;eandi|icate resistant material has a
thickness in the range of from1.0 to 5.0 mls. 4. The turbine
engi ne conponénhtt @S ldiPag ri6 T cFapi1Y SHBFEN PP ddd Gne | ayer of

sai d yttrm Bkl ized 5 zhcopi g %g%?ié—&?%ﬂi&ﬁeé rzq@c%nqato 25 Wt %

yttri a. The turbi ne “engi ne cofrponent according to claiml1,
wher ei n attaﬂ@a@tl amel laapduref isyi dfylayens staba Inldcb v isidsind el ayers

contains gééggé%ﬁ% %%t%TQaﬂﬁa%%ngéi8Ver said substrate, said layers

of said yttria-stabilized zirconia material alternating
with said layvers of said molten silicate resistant
material, and said molten silicate resistant material
consisting of at least one oxide cof a material selected
from the grcocup consisting of cerium, praseodymium,
neodymium, promethium, samarium, europium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium, lutetium,

scandium, indium, hafnium, and titanium.

2. The turbine engine component according te claim 1,
wherein each said layer of a molten silicate resistant
material has a thickness in the range of from 0.5 to 50

mils.

3. The turbine engine component according to claim 1,
wherein each said layer of a molten silicate resistant
material has a thickness in the range of from 1.0 to 5.0

mils.

4. The turbine engine component according to claim 1,

wherein at least one layer of said yttria-stabilized



6. The turbine engi ne conmponent according to claiml1, wherein at

| east one |l ayer of said yttria-stabilized zirconia |ayers consists of
from4.0 to 25 wt % yttria and the bal ance zirconia. 7. The turbine
engi ne conmponent according to claim1l, wherein at |east one |ayer of
said yttria-stabilized zirconia |ayers consists of from6.0 to 9.0 wt
%yttria and the bal ance zirconia. 8. The turbine engi ne conponent
according to claiml1l, wherein each said yttria-stabilized zirconia

| ayer has a thickness in the range of from1.0 to 50 mls. 9. The

t ur bi ne eg%bﬁﬁ%ggqgggggtd%%%g ﬂ%”%r&ﬂ g[ﬁlgil WM?&BI t§a¢h said

yttria-sta zi'rconia layer has a't ness I n the range of from
1.0to 5.0 mls. 10 The turbine engine conponent according to claim

1, wherein sai %ate is.formed froma nmateri tsel ct.ed.fromthe
group con istiﬁhf REO 55 SA"BPPEYE A° L Eéﬂ%gbé%ézéﬁﬂ\éy, and a

nol ybdenumdesiad 2l l1east ohd. 1AykheomababaryieriLoatdid isyst em

conpri si ng; ,
zirconia layers ceontains from 6.0 to 9.0 wt % yttria.

6. The turbine engine component according to claim 1,
wherein at least one layer of said yttria-stabilized
Q.

zirconia layers consists of from 4.0 to 25 wt % yttria and

the balance zirconia.

7. The turbine engine component according to claim 2,
wherein at least cne layer of said yttria-stabilized
Q.

zirconia layers consists of from 6.0 to 9.0 wt % yttria and

the balance zirconia.

8. The turbine engine component acceording to claim 1,
wherein each said yttria-stabilized zirconia layer has a

thickness in the range of from 1.0 to 50 mils.

9. The turbine engine component according to claim 1,
wherein each said yttria-stabilized zirccnia layer has a

thickness in the range of from 1.0 to 5.0 mils.

10. The turbine engine component according to claim 1,
wherein said substrate is formed from a material selected
from the group consisting of a nickel based alloy, a cobalt

based alloy, and a molybdenum based alloy.



a first layer of yttria-stabilized zirconia; a first layer of a
nolten silicate resistant material deposited over said first |ayer of

yttria-stabilized zirconia; a second layer of yttria-stabilized
zirconi a deposited over said first layer of said nolten silicate
resistant material; a second layer of a nolten silicate
resistant material deposited over said second | ayer of
yttria-stabilized zirconia; and said nolten silicate resistant

mat erial consisting of at | east one oxide of a material selected from
the group consisting of cerium praseodym um neodym um promethium
samarium europium terbium dysprosium holmum erbium thulium
ytterbi unill uttithemmaslc drdinimr codictiny hafveénnmnpommdi 4itgni um 12,

The thermal barrier caoating systemof claimll, further conprising at
least one additioHa" LAYEE 6F YECPTG5EABPH Yedd 7 Hee i iand at | east

one addi tionala | gyedt ofaeal damal kencshl €8l €af €SS Bdad@RIdedlial 13.
The thermal barrier coating systemaccording to claim21l, wherein
each sai dA¢RGTItH AT SRS (fleste RS sPANY L FBt 2T AP H? ¥ t hi ckness
in the rapge.of; from0.5 to 50 mls.

a second layer of yttria-stabilized zirconia depocsited
over said first layer of said molten silicate resistant
material;

a second layer of a molten silicate resistant material
deposited over said second layer of yttria-stabilized
zirconia; and

said molten silicate resistant material consisting of
at least one oxide of a material selected from the group
consisting of cerium, praseodymium, neodymium, promethium,
samarium, eurocpium, terbium, dysprosium, holmium, erbium,
thulium, ytterbium, lutetium, scandium, indium, hafnium,

and titanium.

12. The thermal barrier coating system of claim 11,
further comprising at least one additional layer of yttria-
stabilized zirconia and at least one additional layer of

said molten silicate resistant material.

13. The thermal barrier coating system according to claim
11, wherein each said layer of molten silicate resistant
material has a thickness in the range of from 0.5 to 50

mils.



14. The thermal barrier coating systemaccording to claim11l, wherein
each said layer of nolten silicate resistant material has a thickness
in the range of from1l.0 to 5.0 mls. 15. The thermal barrier
coating systemaccording to claim1l1l, wherein at |east one |ayer of
said yttria-stabilized zirconia contains from4.0 to 25 wt %yttria.
16. The thermal barrier coating systemaccording to claim11l, wherein
at |l east one layer of said yttria-stabilized zirconia contains from
6.0to 9.0 mﬂ %yttria. 17. The thernmal barrier coating system

according;jo Chal Mildmdte.6in ! Leashgone.t ayel. ézgc?ﬁ{gd%o claim

yttria- sta ilized zirconia consists o {tria and
t he balanbb,zwmaxﬁmnaeacththelmhemnaE maltémrsnrwnatg)Egﬂmsﬂant

according to 1, wherein at t one Ia
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and the bala#ice zirconia. 19. The thermal barrier coating system

according to claim1ll, wherein each said |ayer of yttria-stabilized
zirconia has a thickness in the range of fromO0.5 to 50 ms.

15. The thermal barrier coating system according to claim
11, wherein at least one layer of said yttria-stabilized

o,

zirconia contains from 4.0 to 25 wt % yttria.

16. The thermal barrier coating system according to claim
11, wherein at least one layer of said yttria-stabilized

zirconia contains from 6.0 to 9.0 wt % yttria.

17. The thermal barrier coating system according to claim
11, wherein at least one layer of said yttria-stabilized
zirconia consists of from 4.0 to 25 wt % yttria and the

balance zirconia.

18. The thermal barrier ceating system according to claim
11, wherein at least one layer of said yttria-stabilized
Zzirconia consists of from 6.0 to 9.0 wt % yttria and the

balance zirconia.
18. The thermal barrier coating system according to claim
11, wherein each said layer of yttria-stabilized zirconia

has a thickness in the range of from 0.5 to 50 miis.

20. The thermal barrier coating system according to claim

11, wherein each said layer of yttria-stabilized zirconia

10



20. The thermal barrier coating systemaccording to claim 11, wherein
each said | ayer of yttria-stabilized zirconia has a thickness in the
range of from1.0 to 5.0 mls. 21. A coating systemfor a conponent
conprising alternating |ayers of a yttria-stabilized zirconia
material and a nolten silicate resistant material, and each said

| ayer of said nolten silicate resistant material having a barrier
phase of at | east one of oxyapatite and garnet to resist penetration
of nolten silicate material, and said nolten silicate resistant

material gpnsd st Nkfs Atinl east rangeoxkderoh 8. deterd al salsected from
the group consisting of cerium praseodym um neodym um promethi um
samarium europium terbium dysprosium holmum erbium thulium

ytterbium, | utetidig; Seandium £hpdh URbnHak oL HMofiid; 4 dani um
alternating layers of a yttria-stabilized zirconia material
and z molten silicate resistant material, and each said
layer of said molten silicate resistant material having a
barrier phase of at least one of oxyapatite and garnet to
resist penetration of molten silicate material, and said
molten silicate resistant material consisting of at least
one oxide of a material selected from the group consisting
of cerium, praseodymium, neodymium, promethium, samarium,
europium, terbium, dysprosium, holmium, erbium, thulium,
ytterbium, lutetium, scandium, indium, hafnium, and

titanium.
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