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(57) ABSTRACT 

A segmented abradable ceramic coating comprises a bond 
coat layer, at least one segmented 7 weight percent yttria 
stabilized Zirconia layer disposed upon said bond coat layer, 
and at least one 12 weight percent yttria-stabilized Zirconia 
layer disposed upon said at least one segmented 7 weight 
percent yttria-stabilized Zirconia layer. 
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SEGMENTED ABRADABLE COATINGS AND 
PROCESS (ES) FORAPPLYING THE SAME 

FIELD OF THE INVENTION 

0001. The invention relates to coatings and, more particu 
larly, relates to segmented abradable coatings and their coated 
articles. 

BACKGROUND OF THE INVENTION 

0002 Modern gas turbine engines, particularly those used 
in aircraft, operate at high rotational speeds and high tem 
peratures for increased performance and efficiency. The tur 
bine of a modern gas turbine engine is typically of an axial 
flow design and includes a plurality of axial flow stages. Each 
axial flow stage comprises a plurality of blades mounted 
radially at the periphery of a disk which is secured to a shaft. 
A plurality of duct segments Surround the stages to limit the 
leakage of gas flow around the tips of the blades. These duct 
segments are located on the inner Surface of a static housing 
or casing. The incorporation of the duct segments improves 
thermal efficiency because more work may be extracted from 
gas flowing through the stages as opposed to leaking around 
the blade tips. 
0003. Although the duct segments limit the leakage of gas 
flow around the blade tips, they do not completely eliminate 
the leakage. It has been found that even minor amounts of gas 
flow around the blade tips detrimentally affect turbine effi 
ciency. Thus, gas turbine engine designers proceed to great 
lengths to devise effective sealing structures. These structures 
generally include a coated duct segment in combination with 
a blade tip coating which renders the tips resistant to wear. In 
operation, the tips provide sealing by cutting into the coating 
on the duct segment. However, any structure within the gas 
turbine engine that develops hot spots includes a coating to 
resist wear and effectively seal the structure. 
0004. Unfortunately current coatings, which are typically 
ceramic, Suffer from excessive material loss as a result of 
erosion or spalling. In general, erosion is the wearing away of 
coating material due to factors such as abrasion and corro 
Sion. Erosion often results from particle impingement during 
engine operation. Spalling is typically caused by delamina 
tion cracking at the ceramic-metal interface resulting from 
thermal stress and the aggressive thermal environment. Spal 
ling is essentially gradual coating loss consisting of many 
Small coherent Volumes of coating material. Ceramic coating 
loss increases blade tip clearance and thus is detrimental to 
turbine efficiency, as well as detrimental to the blades them 
selves. For example, the blades may become damaged due to 
the increased temperature at which the engine must then 
operate to make up for lost thrust. 
0005 Accordingly, there exists a need for a coating which 

is abradable as well as erosion and spalling resistant. This 
coating is necessary for a sealing system having Superior 
abradability and erosion resistance. 

SUMMARY OF THE INVENTION 

0006. In accordance with embodiments of the present 
invention, a process for applying a segmented ceramic coat 
ing on an article broadly comprises (1) depositing an amount 
of bond coat material sufficient to formabond coat layer upon 
at least one Surface of an article; (2) depositing an amount of 
7 weight percent yttria-stabilized zirconia sufficient to form a 
7 weight percent yttria-stabilized zirconia layer upon the 
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bond coat layer; (3) heating said article to expand the 7 weight 
percent yttria-stabilized Zirconia layer and promote vertical 
crack propagation therein to form a segmented 7 weight per 
cent yttria-stabilized Zirconia layer; (4) depositing an amount 
of 12 weight percent yttria-stabilized zirconia sufficient to 
form a 12 weight percent yttria-stabilized Zirconia layer upon 
the segmented 7 weight percent yttria-Stabilized Zirconia 
layer to form a coated article; and (5) heating treating the 
coated article. 
0007. In accordance with other embodiments of the 
present invention, a segmented abradable ceramic coating 
broadly comprises a bond coat layer, at least one segmented 
7 weight percent yttria-stabilized zirconia layer disposed 
upon said bond coat layer, and at least one 12 weight percent 
yttria-stabilized Zirconia layer disposed upon said at least one 
segmented 7 weight percent yttria-stabilized Zirconia layer. 
0008. In accordance with yet other embodiments of the 
present invention, a coated article broadly comprises a Sub 
strate having a bond coat layer disposed upon at least one 
Surface of the Substrate; at least one segmented 7 weight 
percent yttria-stabilized Zirconia layer disposed upon the 
bond coat layer, and at least one 12 weight percent yttria 
stabilized Zirconia layer disposed upon the at least one seg 
mented 7 weight percent yttria-stabilized zirconia layer. 
0009. The details of one or more embodiments of the 
invention are set forth in the accompanying drawings and the 
description below. Other features, objects, and advantages of 
the invention will be apparent from the description and draw 
ings, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a process flowchart of one embodiment of 
the present invention; 
0011 FIG. 2A is a representation of an article coated with 
a segmented, abradable ceramic coating of the present inven 
tion; and 
0012 FIG. 2B is a representation of another article coated 
with another segmented, abradable ceramic coating of the 
present invention. 
0013 Like reference numbers and designations in the 
various drawings indicate like elements. 

DETAILED DESCRIPTION 

0014 FIG. 1 shows a flowchart of a process for applying a 
segmented ceramic coating on an article. An amount of bond 
coat material Sufficient to form a bond coat layer upon a 
Surface of an article may be deposited into a heat stream 
generated by a heat source at step 10. 
0015 The bond coat material may comprise a Mcral Y 
material. MCrATY refers to known metal coating systems in 
which M denotes nickel, cobalt, iron, platinum or mixtures 
thereof, Cr denotes chromium; Al denotes aluminum; and Y 
denotes yttrium. MCrATY materials are often known as over 
lay coatings because they are applied in a predetermined 
composition and do not interact significantly with the Sub 
strate during the deposition process. For Some non-limiting 
examples of MCrAIY materials see U.S. Pat. No. 3,528,861 
which describes a FeCrATY coating as does U.S. Pat. No. 
3,542,530. In addition, U.S. Pat. No. 3,649,225 describes a 
composite coating in which a layer of chromium is applied to 
a substrate prior to the deposition of a MCrATY coating. U.S. 
Pat. No. 3,676,085 describes a CoCrAIY overlay coating 
while U.S. Pat. No. 3,754,903 describes a NiCoCrATY over 
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lay coating having particularly high ductility. U.S. Pat. No. 
4,078,922 describes a cobalt base structural alloy which 
derives improved oxidation resistance by virtue of the pres 
ence of a combination of hafnium and yttrium. A preferred 
MCrATY bond coat composition is described in U.S. Pat. No. 
Re. 32,121, which is assigned to the present Assignee and 
incorporated herein by reference, as having a weight percent 
compositional range of 5-40Cr, 8-35 Al, 0.1-2.0Y, 0.1-7 Si, 
0.1-2.0 Hf, balance selected from the group consisting of Ni, 
Co and mixtures thereof. See also U.S. Pat. No. 4,585,481, 
which is also assigned to the present Assignee and incorpo 
rated herein by reference. 
0016. The bond coat material may also comprise Al, PtAl 
and the like, that are often known in the art as diffusion 
coatings. In addition, the bond coat material may also com 
prise Al, PtAl, MCrATY as described above, and the like, that 
are often known in the art as cathodic arc coatings. 
0017. These bond coat materials may be applied by any 
method capable of producing a dense, uniform, adherent 
coating of the desired composition, Such as, but not limited to, 
an overlay bond coat, diffusion bond coat, cathodic arc bond 
coat, etc. Such techniques may include, but are not limited to, 
diffusion processes (e.g., inward, outward, etc.), low pressure 
plasma-spray, air plasma-spray, sputtering, cathodic arc, 
electron beam physical vapor deposition, high Velocity 
plasma spray techniques (e.g., HVOF, HVAF), combustion 
processes, wire spray techniques, laser beam cladding, elec 
tron beam cladding, etc. For example, Suitable plasma spray 
techniques are described in U.S. Pat. No. 6,102,656 to Nissley 
et al., and U.S. Pat. No. 5,879,753 to Zajchowski et al., which 
are both incorporated herein by reference in their entirety. 
0018. The particle size for the bond coat 30 may be of any 
suitable size, and in embodiments may be between about 2 
microns (0.002 mm) and about 125 microns (0.125 mm), 
more preferably between about 6 microns (0.006 mm) and 
about 90 microns (0.0090 mm), and even more preferably 
between about 10 microns (0.010 mm) and about 60 microns 
(0.060 mm), with a mean particle size of about 25 microns 
(0.025 mm). The bond coat 30 may be applied to any suitable 
thickness, and in embodiments may be about 1 mil (0.0254 
mm) to about 25 mils (0.635 mm) thick, more preferably 
about 2 mils (0.0508 mm) to about 15 mils (0.381 mm), and 
even more preferably about 5 mils (0.127 mm) to about 10 
mils (0.254 mm). 
0019. After applying the bond coat layer, an amount of 7 
weight percent yttria-stabilized zirconia sufficient to form a 7 
weight percent yttria-stabilized zirconia layer (“7YSZlayer') 
may be deposited upon the bond coat layer at step 12. The 
7YSZ layer may be applied using any one of a number of 
coating techniques known to one of ordinary skill in the art 
Such as, but not limited to, air plasma-spray, high Velocity 
plasma spray techniques (e.g., HVOF, HVAF), sol gel, UV 
curable resins, and the like. For example, Suitable plasma 
spray techniques are described in U.S. Pat. No. 6,102,656 to 
Nissley et al., and U.S. Pat. No. 5,879,753 to Zajchowskietal. 
Generally, the 7YSZ layer may be applied to a thickness of 
about 1 mil (0.0254mm) to about 60 mils (1.524mm), more 
preferably about 2 mils (0.0508 mm) to about 30 mils (0.762 
mm), and even more preferably about 2 mils (0.0508 mm) to 
about 15 mils (0.381 mm). Typically, the thermal conductiv 
ity of 7YSZ may be about 5 BTU in/hr ft F. to about 12 BTU 
in/hr ft F., more preferably about 6 BTU in/hrift F. to about 
10 BTU in/hr ft F., and even more preferably about 6 BTU 
in/hr ft F. to 8 BTU in/hr ft F. 
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0020. The particle size of the 7YSZ powder may range 
from about 2 microns (0.002 mm) to about 175 microns 
(0.002 mm), more preferably about 6 microns (0.006 mm) to 
about 125 microns (0.125 mm), and even more preferably 
about 11 microns (0.011 mm) to about 125 microns (0.125 
mm), with a particle size of about 50 microns (0.050 mm) in 
mean diameter. The particles may be produced from a spray 
dried and sintered process which results in spherical and 
hollow powders, as opposed to fused and crushed powders 
which are angular and solid. Generally, the initial step of the 
spray dried and sintered process includes mixing raw Zirconia 
and yttria to a desired weight percent ratio. This mixture may 
then be combined with water (and conventional binders) to 
produce a slip. The slip may then be fed into a spray dryer 
which partially dries the slip by spraying the material into a 
heated chamber, thereby producing spherical and hollow 
powders. Then the material may be heated at the sintering 
temperature in a furnace for typically between about 4 hours 
and about 8 hours. This sintering temperature therein may 
usually be about 60% to about 70% of the theoretical melting 
point of Zirconium oxide. 
0021. In the alternative, a spray dried and plasma densified 
process may be used, although this process may be more 
expensive than the above described process. Generally, the 
initial step of this process also includes mixing raw Zirconia 
and yttria to a desired weight percent ratio. This mixture may 
then also be combined with water (and conventional binders) 
to produce a slip. The slip may then be fed into a spray dryer 
which partially dries the slip by spraying the material into a 
heated chamber, thereby producing spherical and hollow 
powder. Following the spray drying step, the powder may 
then be fed through a plasma spray gun where the yttria and 
Zirconia melt to produce a homogeneous composition. 
0022. The spherical and hollow morphology of the powder 
prior to deposition provides superior abradability in the final 
coating system. Alternatively, if solid particles are present in 
the powder prior to deposition, more heat is required to melt 
the powder, which creates a dense coating which may not be 
very abradable. In addition, the deposition efficiency for 
angular and solid particles is less relative to spherical and 
hollow particles, which is extremely important for manufac 
turing cost concerns. 
(0023 The 7YSZ layer is beneficial to the success of the 
segmented abradable coating system because it provides a 
tough ceramic structure, starts segmentation of the deposited 
material into vertical microcracks, provides erosion protec 
tion and provides a thermal barrier benefit. Also, the 7YSZ 
layer bonds to the bondcoat layer. 
0024. The 7YSZlayer is preferably plasma sprayed in air. 

It may be desirable to heat the article at a step 14 and monitor 
the temperature at less than about 600°F. (31.6°C.) to help 
segmentation of the material into Vertical microcracks. This 
heating may be accomplished by application of heat to the 
back side of the article during material deposition. The above 
described heating parameters apply to depositing the 7YSZ 
layer, as well as to the other Subsequently applied layers. 
Preferably, however, the article is not heated except inciden 
tally during spraying. 
0025. The processing parameters are controlled to pro 
duce vertical crack propagation (approximately perpendicu 
lar to the bond coat surface) and are specific to variables such 
as gun type and fixture geometry. In general, we have found 
that a close gun to part spray distance coupled with relatively 
high power deposition results in desirable vertical segmenta 



US 2010/0098.923 A1 

tion of between about 4 and about 8 microcracks per inch. The 
parameters described herein were specifically tailored for use 
with a Sulzer Metco, Inc. 3MB air plasma spray gun and a 
cylindrical fixture having a 30 inch (0.76 m) diameter. One of 
ordinary skill in the art would appreciate that the parameters 
may vary with the use of a different spray gun and/or fixture. 
Accordingly, the parameters set forth herein may be used as a 
guide for selecting other suitable parameters for different 
operating conditions. 
0026 Specifically, during the spray deposition of the 
7YSZ layer, the cylindrical fixture may rotate at a speed 
between about 5 rpm and about 25 rpm, and preferably at 
about 12 rpm. The plasma spray gun may be located in the 
interior or exterior of the hollow cylindrical fixture dependent 
upon the type of parts being coated. The gun to part angle 
during individual part coating may be between about 80 
degrees and about 100 degrees, and preferably about 90 
degrees. The gun to part distance may be varied in increments 
from about a nominal 2 inches (0.05 m) (starting distance) to 
about a nominal 5 inches (0.13 m) (end distance), and pref 
erably between about 2.75 inches (0.07 m) (starting distance) 
and about 3.25 inches (0.083 m) (end distance) during pro 
duction of layer 18. This close gun distance may be necessary 
for satisfactory vertical segmentation. Gun traverse speed 
across each part during deposition may be between about 1 
in/min (0.03 m/min) and about 5 in/min (0.13 m/min), pref 
erably about 4.4 in/min (0.11 m/min). 
0027 Powder feed rate may be between about 15 grams/ 
min and about 50 grams/min, and preferably about 35 grams/ 
min. Carrier gas flow, such as nitrogen, may be used to main 
tain the powder under pressure and facilitate powder feed. 
The flow rate may be between about 5 scfh (standard cubic 
feet/hour) (0.14 scimh (standard cubic meters/hour) and about 
20 scfh (0.57 scimh), preferably about 11 scfh (0.31 scnh). 
Standard conditions are herein defined as about room tem 
perature (25°C.) and about one atmosphere of pressure (101 
kPa). Primary gas flow, such as nitrogen gas, in the gun may 
be between about 80 scfh (2.27 scmh) and about 120 scfh 
(3.40 scnh), and preferably about 99 scfh (2.80 scnh). Simi 
larly, secondary gas flow, such as hydrogen, in the gun may be 
between about 5 scfh (0.14 scnh) and about 30 scfh (0.85 
scmh), and preferably about 18 scth (0.51 scnh). Gun voltage 
may be between about 60 volts and about 80 volts, and pref 
erably about 75 Volts. Similarly, gun amperage may be 
between about 700 amps and about 900 amps, and preferably 
about 736 amps. We have found the above described param 
eters to be optimum for the deposition process using the 
Sulzer Metco 3MB plasma spray gun, but one skilled in the art 
would appreciate that the parameters are dependent on Vari 
ables, including but not limited to, powder type, powder size 
and especially type of gun. 
0028. After applying the 7YSZ layer, an amount of 12 
weight percent yttria-stabilized zirconia sufficient to form a 
12 weight percent yttria-stabilized zirconia layer (“12YSZ 
layer) may be deposited upon the bond coat layer at step 16. 
The 12YSZ ceramic powder may be prepared and the result 
ant layer may be applied using any one of a number of coating 
techniques known to one of ordinary skill in the art Such as 
those disclosed in U.S. Pat. No. 6,102,656 to Nissley et al., 
and U.S. Pat. No. 5,879,753 to Zajchowski et al. Preferably, 
the 12YSZ ceramic powder may be prepared and the resultant 
layer may be applied using the same deposition parameters as 
the 7YSZlayer described herein. Generally, the 12YSZ layer 
may be applied to a thickness of about 1 mil (0.0254mm) to 
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about 60 mils (1.524 mm), more preferably about 2 mils 
(0.0508 mm) to about 30 mils (0.762 mm), and even more 
preferably about 2 mils (0.0508 mm) to about 15 mils (0.381 
mm). Typically, the thermal conductivity of 12YSZ may be 
about 3 BTU in/hr ft F. to about 10 BTU in/hr ft F., more 
preferably about 4 BTU in/hr ft F. to about 8 BTU in/hr ft 
F., and even more preferably about 4 BTU in/hrift F. to about 
6 BTU in/hr ft F. The particle size of the 12YSZ powder 
may range from about 2 microns (0.002 mm) to about 175 
microns (0.002 mm), more preferably about 6 microns (0.006 
mm) to about 125 microns (0.125 mm), and even more pref 
erably about 11 microns (0.011 mm) to about 125 microns 
(0.125 mm), with a particle size of about 50 microns (0.050 
mm) in mean diameter. 
0029. After applying the 12YSZlayer, the resultant coated 
article may be post heat treated for stress relief at step 18. 
Specifically, the coated article may be heat treated at a tem 
perature of about 1950° F (1066° C.) to about 2000°F. (1093° 
C.) for about 4 hours and then force cooled to about 1100°F. 
(593°C.) in about 22 minutes or less. The coated article is 
then force cooled to about 1000° F (538° C.) in about 7 
minutes or less and again force cooled to below 300°F. (149° 
C.). 
0030 Representations of the resultant coated articles are 
shown in FIGS. 2A and 2B. In one aspect of the present 
invention, a coated article 20 may comprise an article 22 
having at least one surface 24. A bond coat layer 26 may be 
disposed upon the surface 24. A segmented 7YSZ layer 28 
may be disposed upon the bond coat layer 26. A 12YSZlayer 
30 may be disposed upon the segmented 7YSZ layer 28. In 
another aspect of the present invention, a coated article 40 
may comprise an article 42 having at least one surface 44. A 
bond coat layer 46 may be disposed upon the Surface 44. A 
segmented 7YSZ layer 48 may be disposed upon the bond 
coat layer 46. A segmented 12YSZ layer 50 may be disposed 
upon the segmented 7YSZ layer 48. 
0031. In an effort to overcome the deleterious effects of 
hot spots on gas turbine engine components, the duality of 
mechanical properties exhibited by the segmented abradable 
coating(s) of the present invention provides improved tough 
ness, improved insulative properties, and overall lower ther 
mal conductivity over segmented abradable coatings of the 
prior art. The addition of 7 weight% yttrium oxide to Zirco 
nium oxide forms a tetragonal crystal structure, referred to as 
t prime, and is known as partially stabilized Zirconia. This 
partially stabilized Zirconia composition is stable at high tem 
peratures and is unique in that it does not transform into the 
more thermodynamically stable crystal structures of mono 
clinic and cubic upon cooling. This tetragonal crystal struc 
ture has been shown to have improved toughness and spalla 
tion resistance over the fully stabilized composition. Fracture 
toughness for partially stabilized Zirconia can range from 
3-15 MPa-m'. When additions of yttrium oxide reach 10 
weight 96 or greater, the crystal structure becomes cubic and 
is stable at both high and low temperatures. This is known as 
a fully stabilized Zirconium oxide composition. By creating a 
fully stabilized structure the material is not susceptible to the 
deleterious phase transformations and has a lower thermal 
conductivity due to the added stabilizer; however fracture 
toughness is lower than that in partially stabilized Zirconia. 
Fracture toughness for fully stabilized Zirconia ranges from 
3-3.6 MPa-m'. As a result, fully stabilized zirconia does not 
have good spallation resistance when Subjected to thermal 
cycling. Therefore in combining the two coatings in the 
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present invention, the 7YSZlayer provides the desired tough 
ness and durability, while the 12YSZ layer provides the 
desired crystalline structure exhibiting the low thermal con 
ductivity values and insulative properties. 
0032. One or more embodiments of the present invention 
have been described. Nevertheless, it will be understood that 
various modifications may be made without departing from 
the spirit and scope of the invention. Accordingly, other 
embodiments are within the scope of the following claims. 

1. A segmented abradable ceramic coating, comprising: 
a bond coat layer, 
at least one segmented 7 weight percent yttria-stabilized 

Zirconia layer disposed upon said bond coat layer; and 
at least one 12 weight percent yttria-stabilized Zirconia 

layer disposed upon said at least one segmented 7 weight 
percent yttria-stabilized Zirconia layer. 

2. The coating of claim 1, wherein said at least one 12 
weight percent yttria-stabilized Zirconia layer is at least one 
segmented 12 weight percent yttria-Stabilized Zirconia layer. 

3. The coating of claim 1, further comprising a thermally 
grown oxide layer disposed between said bond coat layer and 
said at least one 7 weight percent yttria-stabilized Zirconia 
layer. 

4. The coating of claim 1, wherein said at least one 7 weight 
percent yttria-Stabilized Zirconia layer has a thermal conduc 
tivity value of about 5 BTU in./hr. ft F. to about 12 BTU 
in./hr. ft. F. 

5. The coating of claim 1, wherein said at least one 12 
weight percent yttria-stabilized Zirconia layer has a thermal 
conductivity value of about 3 BTU in./hr. ft. F. to about 10 
BTU in./hr. ft. F. 

6. A coated article, comprising: 
a Substrate having at least one surface; 
a bond coat layer disposed upon said at least one surface; 
at least one segmented 7 weight percent yttria-stabilized 

Zirconia layer disposed upon said bond coat layer; and 
at least one 12 weight percent yttria-stabilized Zirconia 

layer disposed upon said at least one segmented 7 weight 
percent yttria-stabilized Zirconia layer. 

7. The coated article of claim 6, wherein said at least one 12 
weight percent yttria-stabilized Zirconia layer is at least one 
segmented 12 weight percent yttria-Stabilized Zirconia layer. 

8. The coated article of claim 6, further comprising a ther 
mally grown oxide layer disposed between said bond coat 
layer and said at least one 7 weight percent yttria-stabilized 
Zirconia layer. 

9. The coated article of claim 6, wherein said at least one 7 
weight percent yttria-stabilized Zirconia layer has a thermal 
conductivity value of about 5 BTU in./hr. ft F. to about 12 
BTU in./hr. ft2 F. 

10. The coated article of claim 6, wherein said at least one 
12 weight percent yttria-stabilized Zirconia layer has a ther 
mal conductivity value of about 3 BTU in./hr. ft F. to about 
10 BTU in./hr. ft. F. 

11. The coated article of claim 6, wherein said at least one 
7 weight percent yttria-stabilized zirconia layer has a thick 
ness of about 1 mil (0.0254mm) to about 60 mils (1.524mm). 

12. The coated article of claim 6, wherein said at least one 
12 weight percent yttria-stabilized Zirconia layer has a thick 
ness of about 1 mil (0.0254mm) to about 60 mils (1.524mm). 

13. A process for applying the segmented abradable 
ceramic coating of claim 1 on an article, the process compris 
1ng: 
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(1) depositing an amount of bond coat material Sufficient to 
form said bond coat layer upon at least one surface of the 
article; 

(2) depositing an amount of 7 weight percent yttria-Stabi 
lized zirconia sufficient to form a 7 weight percent yttria 
stabilized Zirconia layer upon said bond coat layer, 

(3) heating said article to expand said 7 weight percent 
yttria-stabilized Zirconia layer and promote vertical 
crack propagation therein to form said segmented 7 
weight percent yttria-stabilized Zirconia layer, 

(4) depositing an amount of 12 weight percent yttria-sta 
bilized zirconia sufficient to form said 12 weight percent 
yttria-stabilized Zirconia layer upon said segmented 7 
weight percent yttria-stabilized Zirconia layer to form a 
coated article; and 

(5) heating treating said coated article. 
14. The process of claim 13, prior to completing step (5) 

further comprising the step of heating said article to expand 
said 12 weight percent yttria-stabilized Zirconia layer and 
promote vertical crack propagation therein to form a seg 
mented 12 weight percent yttria-stabilized Zirconia layer. 

15. The process of claim 13, wherein depositing said 
amount of bond coat material comprises thermal spraying 
said amount of bond coat material. 

16. The process of claim 13, wherein depositing said 
amount of 7 weight percent yttria-stabilized Zirconia com 
prises thermal spraying said amount of 7 weight percent 
yttria-stabilized zirconia. 

17. The process of claim 13, wherein depositing said 
amount of 12 weight percent yttria-stabilized Zirconia com 
prises thermal spraying said amount of 12 weight percent 
yttria-stabilized zirconia. 

18. The process of claim 13, wherein steps (2) and (3) are 
repeated at least one time. 

19. The process of claim 13, further comprising position 
ingathermal spray apparatus about 3 inches to about 4 inches 
from said at least one surface. 

20. The process of claim 13, wherein heating further com 
prises backheating said at least one surface of said article. 

21. The process of claim 13, further comprising the step of 
forming a layer of thermally grown oxide upon said bond coat 
layer prior to performing step (2). 

22. The process of claim 13, further comprising the step of 
cooling said coated article after heat treating said coated 
article. 

23. The process of claim 13, wherein depositing an amount 
of 7 weight percent yttria-Stabilized Zirconia comprises 
depositing a 7 weight percent yttria-Stabilized Zirconia hav 
ing a particle size of about 2 microns (0.002 mm) to about 175 
microns (0.175 mm). 

24. The process of claim 13, wherein depositing an amount 
of 12 weight percent yttria-stabilized Zirconia comprises 
depositing a 12 weight percent yttria-stabilized Zirconia hav 
ing a particle size of about 2 microns (0.002 mm) to about 175 
microns (0.175 mm). 

25. The process of claim 13, wherein heat treating said 
coated article comprises forming a segmented 7 weight per 
cent yttria-stabilized Zirconia layer having a thickness of 
about 1 mil (0.0254mm) to about 60 mils (1.524mm) and a 
segmented 12 weight percent yttria-stabilized Zirconia layer 
having a thickness of about 1 mil (0.0254 mm) to about 60 
mils (1.524mm). 


