
YTTRIA-STABILIZED ZIRCONIA COATING WITH A MOLTEN  SILICATE RESISTANT OUTER
LAYER BACKGROUND OF THE INVENTION  (1) Field of the Invention [0001] The
present invention relates to a yttria-stabilized  zirconia coating with a
molten silicate resistant outer layer  which can be applied to a turbine
engine component, to 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. [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] 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  a layer of
yttria-stabilized zirconia and a molten silicate  resistant outer layer.
[0005] Further in accordance with the present invention, a  



turbine engine component is provided which broadly comprises a  substrate,
which may or may not include a metallic bondcoat, a  yttria-stabilized
zirconia coating applied over the substrate,  1 and a molten silicate
resistant outer layer. The molten silicate  resistant outer layer may be
formed from an oxide selected from  the group consisting of lanthanum,
cerium, praseodymium, neodymium, promethium, samarium, europium, gadolinium,
terbium,  dysprosium, holmium, erbium, thulium, ytterbium, lutetium,
scandium, indium, zirconium, hafnium, titanium, and mixtures  thereof, or
from gadolinia-stabilized zirconia. Alternatively,  the molten silicate
resistant outer layer may be a zirconia,  hafnia, or titania based coating
with at least one oxide  selected from the group consisting of lanthanum,
cerium,  praseodymium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium,  ytterbium,
lutetium, scandium, and indium as a stabilizing  element. [0006] Still
further in accordance with the present  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 layer of
a  yttria-stabilized zirconia material on the substrate, and  forming a
molten silicate resistant outer layer over the yttria- stabilized zirconia
material. [0007] other details of the yttria-stabilized zirconia  



coating with a molten silicate resistant outer layer 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 the present invention;  2
[0009] FIGS. 2A - 2C are photomicrographs illustrating the  penetration of
molten silicate material into a conventional  thermal barrier coating;
[0010] FIGS. 3A - 3C are photomicrographs illustrating the  penetration of
molten silicate material into a thermal barrier  coating in accordance with
the present invention; and [0011] FIG. 4 is a schematic representation of a
turbine  engine component with an alternative embodiment of a coating in
accordance with the present invention. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)  [0012] 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  oxyapatite/garnet containing primarily gadolinia,
calcia,  zirconia, and silica. The present invention relates to a coating
system for a component, such as a turbine engine component,  



which takes advantage of this discovery. [0013] In accordance with the
present invention, referring  now to FIG. 1, the coating system 18 of the
present invention  includes a yttria-stabilized zirconia thermal barrier
coating 10  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. The
substrate 14 may be formed from any suitable material  such as a nickel
based superalloy, a cobalt based alloy, a  molybdenum based alloy or a
titanium alloy. The substrate 14  may or may not be coated with a metallic
bondcoat 30 (as shown  in FIG. 4). Suitable metallic bondcoats 30 which may
be used  include diffusion bondcoats, such as platinum-aluminide coating  or
an aluminide coating, or MCrAlY coatings where M is at least 3 one of
nickel, cobalt, and iron. The bondcoat 30 may have any  desired thickness.
[0014] The yttria-stabilized zirconia thermal barrier coating  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 the yttria
stabilized zirconia thermal barrier coating 10 includes, but is not limited
to, sol-gel  techniques, slurry techniques, sputtering techniques, and
chemical vapor deposition techniques. [0015] A preferred process for
performing the deposition of  the yttria-stabilized zirconia thermal barrier
coating 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. The coating chamber is  maintained at a pressure in
the range of from 0.1 to 1.0  millitorr. The feedstock feed rate is from 0.2
to 1.5  inches/hour. The coating time may be in the range of from 20 to  120
minutes. [0016] The deposited coating 10 may have a thickness of from  3.0
to 50 mils, preferably from 5.0 to 15 mils. The deposited  coating 10 may
have a yttria content in the range of from 4.0 to  25 wt%, preferably from
6.0 to 9.0 wt%. The deposited coating 10  may consist of yttria in the
amount of 4.0 to 25 wt% and the  balance zirconia. In a more preferred
embodiment, the deposited  coating 10 may consist of yttria in the amount of
6.0 to 9.0 wt%  yttria and the balance zirconia. [0017] After the
yttria-stabilized coating 10 has been  deposited, a molten silicate
resistant outer layer 20 is formed  over the coating 10. The outer layer 20
may be formed from an  oxide selected from the group consisting of
lanthanum, cerium,  praseodymium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium, 4 ytterbium,
lutetium, scandium, indium, zirconium, hafnium,  titanium, and mixtures
thereof. Alternatively, the outer layer  20 may be a gadolinia stabilized
zirconia. In yet another  alternative, the molten silicate resistant outer
layer 20 may be  a zirconia, hafnia, or titania based coating with at least
one  



oxide selected from the group consisting of lanthanum, cerium,
praseodymium, neodymium, promethium, samarium, europium,  gadolinium,
terbium, dysprosium, holmium, erbium, thulium,  ytterbium, lutetium,
scandium, and indium as a stabilizing  element. [0018] The material(s)
forming the outer layer 30 may be  deposited using any of the deposition
techniques mentioned  hereinbefore. When the outer layer 20 is formed from a
gadolinia stabilized zirconia, the outer layer may contain from 25 to 99.9
wt% gadolinia and may have a thickness in the range of from 1.0  to 50 mils.
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 15
mils. If desired, the outer layer  20 may be formed from a material
consisting of from 25 to 99.9  wt% gadolinia and the balance zirconia. Still
further, if desired, the outer layer 20 may be formed from a material
consisting of from 40 to 70 wt% gadolinia and the balance  zirconia. [0019]
The two layer coating system of the present invention  may not have a
defined interface between the two layers 10 and  20. Rather, the two layers
10 and 20 may blend together to form  a gradient from yttria-stabilized
zirconia rich to gadolinia  stabilized rich. [0020] The outer layer 20 of
the present invention will react  with molten sand deposits and form a
barrier phase of oxyapatite  and/or garnet to resist further penetration.
The gadolinia layer  



5 20 will have sufficient thickness to form the desired barrier  phase.
[0021] FIGS. 2A - 2C illustrate the penetration of molten  silicate material
into a thermal barrier coating having a single  layer of 7 wt%
yttria-stabilized zirconia. FIG. 2B illustrates  the penetration after a 15
minute exposure at 2200 degrees  Fahrenheit. FIG. 2C shows the penetration
after three 5 minute  cycles at a temperature of 2200 degrees Fahrenheit.
FIGS. 3A - 3C illustrate the penetration of molten silicate material into a
thermal barrier coating system having a 59 wt% gadolinia- stabilized
zirconia. FIG. 3B illustrates the penetration after a  15 minute exposure at
2200 degrees Fahrenheit. FIG. 3C  illustrates the penetration after three 5
minute cycles at a  temperature of 2200 degrees Fahrenheit. The reduced
penetration  which is obtained with an outer layer of 59 wt% gadolinia
stabilized zirconia in accordance with the present invention is  readily
apparent. [0022] The coating 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. 6 WHAT
IS CLAIMED IS: 1. A turbine engine component comprising:  



a substrate; a yttria-stabilized zirconia coating applied over said
substrate; and a molten silicate resistant outer layer. 2. The turbine
engine component according to claim 1, wherein  said substrate has a
metallic bondcoat applied thereto. 3. The turbine engine component according
to claim 2, wherein  said metallic bondcoat is selected from the group
consisting of  a platinum-aluminide coating and an aluminide coating. 4. The
turbine engine component according to claim 1, wherein  said outer layer is
formed from an oxide selected from the group  consisting of lanthanum,
cerium, praseodymium, neodymium,  promethium, samarium, europium,
gadolinium, terbium, dysprosium,  holmium, erbium, thulium, ytterbium,
lutetium, scandium, indium, zirconium, hafnium, titanium and mixtures
thereof. 5. The turbine engine component according to claim 1, wherein  the
outer layer is formed from a gadolinia stabilized zirconia.  6. The turbine
engine component according to claim 5, wherein  said gadolinia stabilized
zirconia consists of from 25 to 99.9  wt% gadolinia and the balance
zirconia. 7 7. The turbine engine component according to claim 1, wherein
the outer layer is formed from a first component selected from  the group
consisting of zirconia, hafnia, and titania and a  second component
comprising at least one oxide selected from the  group consisting of
lanthanum, cerium, praseodymium, neodymium,  



promethium, samarium, europium, gadolinium, terbium, dysprosium,  holmium,
erbium, thulium, ytterbium, lutetium, scandium, and  indium as a stabilizing
element. 8. The turbine engine component according to claim 1, wherein  said
outer layer has a thickness in the range of from 1.0 to 50  mils. 9. The
turbine engine component according to claim 1, wherein  said outer layer has
a thickness in the range of from 1.0 to 15  mils. 10. The turbine engine
component according to claim 1, wherein  said yttria-stabilized zirconia
coating consists of from 4.0 to  25 wt% yttria and the balance zirconia. 11.
The turbine engine component according to claim 1, wherein  said
yttria-stabilized zirconia coating consists of from 6.0 to  9.0 wt% yttria
and the balance zirconia. 12. The turbine engine component according to
claim 1, wherein  said yttria-stabilized zirconia coating has a thickness in
the  range of from 3.0 to 50 mils. 13. The turbine engine component
according to claim 1, wherein  said yttria-stabilized zirconia coating has a
thickness in the  range of from 5.0 to 15 mils. 8 14. 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, a  molybdenum based alloy, and a titanium based alloy. 



15. A coating system comprising a layer of yttria-stabilized zirconia; and
a molten silicate resistant outer layer. 16. The coating system of claim 15,
further comprising a  metallic bondcoat. 17. The coating system of claim 16,
wherein said metallic  bondcoat is selected from the group consisting of a
platinum  aluminide coating and an aluminide coating. 18. The coating system
of claim 15, wherein said outer layer  consists of an oxide selected from
the group consisting of  lanthanum, cerium, praseodymium, neodymium,
promethium,  samarium, europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, lutetium, scandium, indium,  zirconium, hafnium,
titanium, and mixtures thereof. 19. The coating system according to claim
15, wherein the outer  layer is formed from a gadolinia stabilized zirconia.
20. The coating system according to claim 19, wherein said  gadolinia
stabilized zirconia consists of from 25 to 99.9 wt%  gadolinia and the
balance zirconia. 9 21. The coating system according to claim 15, wherein
said  yttria-stabilized zirconia coating consists of from 4.0 to 25  wt%
yttria and the balance zirconia. 22. The coating system according to claim
15, wherein said  yttria-stabilized zirconia coating consists of from 6.0 to
9.0  wt% yttria and the balance zirconia. 



23. The coating system according to claim 15, wherein said  molten silicate
resistant outer layer consists of a first  material selected from the group
consisting of zirconia, hafnia,  and titania and a stabilizing element
selected comprising at  least one oxide selected from the group consisting
of lanthanum,  cerium, praseodymium, neodymium, promethium, samarium,
europium,  gadolinium, terbium, dysprosium, holmium, erbium, thulium,
ytterbium, lutetium, scandium, and indium. 24. A method for providing a
component with protection against  sand related distress comprising the
steps of: providing a substrate; depositing a layer of a yttria-stabilized
zirconia material  on the substrate; and forming a molten silicate resistant
outer layer over the  yttria-stabilized zirconia material. 25. The method
according to claim 24, further comprising  applying a metallic bondcoat to
said substrate. 10 26. The method according to claim 25, wherein said
metallic  bondcoat applying step comprises applying a metallic bondcoat
selected from the group consisting of a platinum-aluminide  coating and an
aluminide coating. 27. The method according to claim 24, wherein said molten
silicate resistant outer layer forming step comprises depositing  a layer of
an oxide selected from the group consisting of  lanthanum, cerium,
praseodymium, neodymium, promethium,  



samarium, europium, gadolinium, terbium, dysprosium, holmium,  erbium,
thulium, ytterbium, lutetium, scandium, indium,  zirconium, hafnium,
titanium, and mixtures thereof over the  yttria-stabilized zirconia
material. 28. The method according to claim 24, wherein said molten
silicate resistant outer layer forming step comprises depositing  a layer of
gadolinia stabilized zirconia over the yttria- stabilized zirconia material.
29. The method according to claim 28, wherein said gadolinia  stabilized
zirconia depositing step comprises depositing a  material consisting of from
25 to 99.9 wt% gadolinia and the  balance zirconia. 30. The method according
to claim 28, wherein said gadolinia  stabilized zirconia depositing step
comprises depositing a  material consisting of from 40 to 70 wt% gadolinia
and the  balance zirconia. 31. The method according to claim 24, wherein
said molten  silicate resistant outer layer forming step comprises
depositing  11 a layer of gadolinia or gadolinia stabilized zirconia having
a  thickness in the range of from 1.0 to 50 mils over the yttria- stabilized
zirconia material. 32. The method according to claim 24, wherein said molten
silicate resistant outer layer forming step comprises depositing  a layer
comprising a first constituent selected from the group  consisting of
zirconia, hafnia, and titania and a stabilizing  



element comprising at least one oxide selected from the group  consisting of
lanthanum, cerium, praseodymium, neodymium,  promethium, samarium, europium,
gadolinium, terbium, dysprosium,  holmium, erbium, thulium, ytterbium,
lutetium, scandium, and  indium. 33. The method according to claim 24,
wherein said yttria- stabilized zirconia coating depositing step comprises
depositing  a material consisting of from 4.0 to 25 wt% yttria and the
balance zirconia. 34. The method according to claim 24, wherein said yttria-
stabilized zirconia coating depositing step comprises depositing  a material
containing from 6.0 to 9.0 wt% yttria and the balance  zirconia. 35. The
method according to claim 24, wherein said yttria- stabilized zirconia
coating depositing step comprises forming a  coating having a thickness in
the range of from 3.0 to 50 mils.  36. The method according to claim 24,
wherein said substrate  providing step comprises providing a substrate
formed from a  nickel based alloy. 12 37. The method according to claim 24,
further comprising:  placing said substrate into a coating chamber;  heating
said substrate in said coating chamber to a temperature in the range of from
1700 to 2000F; maintaining pressure in said coating chamber at a pressure
in the range of from 0.1 to 1.0 millitorr; and 



sequentially forming said yttria-stabilized zirconia layer  and said molten
silicate resistant outer layer. 38. A coating system for a component
comprising an inner layer  formed from a yttria-stabilized zirconia and an
outer layer  having a barrier phase of at least one of oxyapatite and garnet
to resist penetration of molten silicate material. 39. The coating system of
claim 38, wherein said outer layer  consists of an oxide selected from the
group consisting of  lanthanum, cerium, praseodymium, neodymium, promethium,
samarium, europium, gadolinium, terbium, dysprosium, holmium,  erbium,
thulium, ytterbium, lutetium, scandium, indium,  zirconium, titanium,
hafnium, and mixtures thereof. 40. The coating system of claim 38, wherein
said outer layer is  formed from gadolinia-stabilized zirconia. 41. The
coating system of claim 38, wherein said outer layer is  formed from a first
constituent selected from the group  consisting of zirconia, hafnia, and
titania and a stabilizing  element comprising at least one oxide selected
from the group 13 consisting of lanthanum, cerium, praseodymium, neodymium,
promethium, samarium, europium, gadolinium, terbium, dysprosium,  holmium,
erbium, thulium, ytterbium, lutetium, scandium, and  indium. 14 


