CERAM C ABRADABLE MATERI AL W TH ALUM NA DOPANT CROSS REFERENCE TO RELATED
_ APPLI CATI ONS [0001] This application claims priority under 35 U.S.C. 119(e)
fromU S. Provisional Patent Application Nos. 60/690,875, filed on June 16,
2005, which is incorporated in its entirety herein by reference. STATEMENT
REGARDI NG SPONSORED RESEARCH OR DEVELOPMENT [ 0002] Not Applicabl e. REFERENCE
TO SEQUENCE LI STING [0003] Not Applicable. BACKGROUND OF THE | NVENTI ON
Field of the Invention [0004] The invention relates to ceram c cl earance
control (abradable) materials for high -tenperature applications, and nore
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BACKGROUND OF THE INVENTION
Field of the Invention
[0004]  The invention relates to ceramic clearance control (abradable) materials for high
temperature applications, and more particularly to a ceramic abradable material that is doped
with alumina, whereby the addition of alumina imparts a significant improvement in erosion

resistance to the abradable compared to other commercially available ceramic abradables.

Description o}the Related Art

[0005] Gas turbine engines are used in a variety of applications, including aircraft engines
and various other industrial applications where operating temperatures may be in the range of
1000- 1200 degrees Celsius and higher. A gas turbine engine is an internal-combustion engine
that is typically made up of an air compressor, combustion chamber, and turbine wheel that is
turned by the expanding products of combustion. It essentially converts the chemical energy of a
liquid fuel into mechanical energy by internal combustion. The operational efficiency of gas
turbine engines increases with the rise in operational temperatures which can place components

under increased stress as well as subject those components to thermal expansion.



a clearance wll result in poor fuel efficiency in order to provide the
desired operational speeds, while too small of a clearance risks contact

" between the turbine blade tips and the outer casing which can result in
component failure. To solve this problem conventional gas turbine engines
I nclude an abradabl e coating or seal that is applied to the surface of the
outer casing and/or seal. These abradable coatings or seals can be cut by
the rotating turbine blades w thout damagi ng the turbine blades. In
addition, the abradable coatings or seals must remain resistant to erosion
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wear effects. Thus, there is"a continued need for superior abradables with acceptable

abradability performance and erosion resistance so that tolerances can be optimized even further

to achieve improved efficiency and performance.

SUMMARY
[0009] Accordingly, the invention is directed to a ceramic abradable material used for
clearance control between turbine blade tips and the shroud or casing in gas turbine engines for
industrial and/or aerospace applications. The ceramic abradable in accordance with the
invention is a soft abradable material that provides for increased erosion resistance as well as the
ability of the turbine blade tips to cut into the abradable without causing them damage. These
properties allow for optimum tolerances within the gas turbine engine which results in superior
efficiency and performance.
[0010] The invention provides a ceramic abradable material that includes an yttria stabilized
zirconia (YSZ) that is doped in alumina (Al,03). In accordance with one embodiment of the
invention, about 0.5 to 1 wt. % of alumina is added to a standard yttria stabilized zirconia (e.g.,

about 8 wt. % Y,0;, balance ZrO,). The abradable composition in accordance to the invention



about 8 wt. % Y203, bal ance ZrQ2). The abradabl e conposition in accordance
to the invention 2 denonstrates a four- to five-fold inprovenent in the
erosion resistance by solid particles and high gas flow rates as conpared
to conventional YSZ abradable materials. [0011] In accordance with

enbodi nents of the invention, the invention also provides for the
application of the alum na doped yttria stabilized zirconia conposition for
seal ing conponents in a gas turbine engine. This includes applying the
abradabl e material as a seal between the turbine blades and the casing or
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t estonggernfoxitation résistadicest i ng the ceram c abradable material in accordance
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test matrix or "wear nmap" used for evaluating the abradability performance
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drawings illustrate embodiments of the invention and together with the description serve to
explain the principles of the invention. In the figures:

[0014]  Fig. 1 illustrates a cross sectional view of a section of a gas turbine engine with the
abradable material in accordance with the invention;

[0015] Fig. 2 shows the surface of a blade tip with a protective cubic boron nitride abrasive
coating applied to its surface;

[0016]  Fig. 3 illustrates a testing facility for testing the ceramic abradable material in
accordance with an embodiment of the invention;

[0017] Fig. 4 illustrates a typical test matrix or “wear map” used for evaluating the
abradability performance of ceramic abradable against cBN;

[0018] Fig. 5 illustrates a comparison of the composition of the alumina doped ceramic
abradable material ‘ in accordance with one embodiment of the invention as compared :

to conventional materials;

[0019] Fig. 6 provides a comparison chart of blade wear and erosion resistance for selected
abradable seal materials; and

[0020]  Fig. 7 provides a flow chart of a method for forming a powder for abradable coatings

according to an embodiment of the invention.



[0019] Fig. 6 provides a conparison chart of blade wear and erosion

resi stance for selected abradable seal materials; and [0020] Fig. 7
provides a flow chart of a nethod for form ng a powder for abradable
coatings according to an enbodi nent of the invention. 3 DETAILED

DESCRI PTI ON OF THE | NVENTI ON [ 0021] Reference wll now be made in detail to
the preferred enbodi nents of the present invention, exanples of which are
illustrated in the acconpanying drawings. [0022] Fig. 1 illustrates a
cross-sectional vi pERTAILED PESCRIPTIONOBNTHEIINVENEONgi ne. Fig. 1 shows a
bl ade 120 that is affixed to _a blade root 130 and disc 140. The disc 140 is
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[0023] In operation, rotational movement is imparted by the disc 140 to the blade 120. The

blade operates at very high rotational speeds and in a high temperature environment. In order to
maximize efficiency and performance, the tolerances between the blade 120 and the casing
segment 110 are very small and precise. The rotation of the blade 120 causes the abrasive tip
170 to come into repeated contact with the abradable seal 150. The abrasive tip 170 is able to cut
into the abradable seal 150 which prevents damage to the blade 120 or to the casing segment 110.
The abradable seal 150 in accordance with the invention is also resistant to erosion that may be
caused by small solid particles and high gas flow rates.

[0024]  Fig. 2 shows the surface of a conventional blade tip 35 that has a conventional
protective cubic boron nitride abrasive coating 25 applied to its surface. The abrasive coating 25
material may be, for example, a commercially available cBN material..

The blade tip 35 and abrasive coating 25 shown in Fig 2 have been

incursion tested against the alumina doped ceramic abradable according to embodiments of the
present invention. Both the blade tip 35 and the coating 25 are shown to have no damage due to

contact with a shroud coating made from ceramic abradable material in accordance with an

embodiment of the invention.



caused by small solid particles and high gas flow rates. [0024] Fig. 2 shows
the surface of a conventional blade tip 35 that has a conventi onal
"protective cubic boron nitride abrasive coating 25 applied to its surface.
The abrasive coating 25 material may be, for exanple, a comrercially
avai l abl e cBN material.. The blade tip 35 and abrasive coating 25 shown in
Fig 2 have been incursion tested agai nst the alum na doped ceram c abradabl e
according to enbodi nents of the present invention. Both the blade tip 35
and the coating 25 are shown to have no danage due to contact with a shroud
coat i
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[0027]  Fig. 5 provides a descriptive a comparison of the abradable material in accordance
with embodiments of the invention (designated “Al;O3; doped” in FIG. 5) as compared with
conventional ceramic abradable materials (commercially available materials from Sulzer Metco,
SM 2460 and XPT 395). As described earlier, the abradable in accordance with the invention
provides for superior erosion resistance, which is discussed further in relation to Fig. 6.

[0028] Fig. 6 provides a comparison chart of blade wear and erosion resistance from testing
on shroud seals with conventional ceramic abradable materials (SM 2460 and XPT 395) and
those with materials in accordance with an embodiment of the invention (designated “Al;03
doped” in the figure). Shroud coatings of each material were tested according to the procedures
outlined above with respect to Fig. 3 and plotted as shown in Fig. 6. Generally, the data shows
that use of material in accordance with embodiments of the invention results in up to a four- to
five-fold improvement in the coatings resistance to erosion by solid particles, using a standard
erosion test, without compromising abradability. The abradability of each coating is represented
by the amount of blade wear experienced after an incursion test. The blade wear is measured as
a percentage of the total incursion distance experienced by the blade tip during the test. For the
three abradable coatings shown in Fig. 6, the percentage blade wear is either slightly positive

where material has been removed from the blade tip, or negative, where material from the
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SM 2460 and XPT 395). As described earlier, the abradable in accordance with
the invention provides for superior erosion resistance, which is discussed
fin-ther inrelation to Fig. 6. 10028] Fig. 6 provides a conparison chart of
bl ade wear and erosion resistance fromtesting on shroud seals with
conventional ceram c abradable materials (SM 2460 and XPT 395) and those
with materials in accordance with an enbodi nent of the invention (designated
"A1203 doped” in the figure). Shroud coatings of each material were tested
according to the procedures outlined above with respect to Fig. 3 and
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microsized particles that agglomerate to form a precursor spray-dried powder in accordance with

the invention. In step 720, the abradable powder may then undergo a further spherodizing
(HOSP) process in which the particles are fed through a heavy duty plasma which fuses the
material to produce hollow ceramic spherical particles that are a solid solution of the powder
precursor constituents.
[0030]  Prior to application of the abradable material, the HOSP’ed particles may, in step 725, be
screened and blended together with a porosity generator phase (e.g., polyester) and then deposited on the
shroud seal segment using plasma thermal spray process. The resulting abradable material may
be applied using thermal spraying, in compositions similar to those described in related patent
application U.S. Patent No. 6,887,530 and 5,530,050. In one embodiment, for example, blended
powders may have a component of yttria stabilized zirconia doped with alumina and a
component of ceramic coated plastic. The ceramic coated plastic component is made by attrition
milling ceramic fine particles with plastic core particles, causing the ceramic fine particles to
bind to the surface of the plastic core without the use of a binder. In another embodiment, a

component of yttria stabilized zirconia doped with alumina may be combined with a solid
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and alum na are m xed in accordance with the wei ght percentages descri bed
earlier. In step 710, these materials my be mxed into a m xing tank al ong
wi th binders, water and defoamants. The resulting m x can be punped into a
tank and fed through a nozzle creating droplets. In step 715, the droplets
are sprayed into a high tenperature environnent which extracts the water,

| eaving mcrosized particles that agglonerate to forma precursor
spray-dried powder in accordance with the invention. In step 720, the
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boron nitride "dislocator"” phase to assist with particle renoval during
blade tip incursion into the coating mcrostructure, e.g., XPT 395. Simlar
techni ques may al so be used in aspects of the present invention. [00311
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of exanple only. Numerous insubstantial variations, changes, and
substitutions will now be apparent to those skilled in the art w thout
departing fromthe scope of the invention disclosed herein by the
Applicants. Accordingly, it is intended that the invention be limted only
by the spirit and scope of the clains, as they will be allowed. 7 W claim
1. An abradable ceramc seal material conprising yttria (Y203) stabilized
zirconia (ZrQ2) doped wth alumna (Al 203). 2. The material in accordance
with claim1, wherein the material includes about 0.5 to 1 wt. % alum na.
3. The material in accordance with claim2, wherein the material includes:
about we-chimt . % yttria; and a bal ance of zirconia, incidental ingredients
and inpurities. 4. The material in accordance with claim2, wherein the
material includes: about 8 wt. %yttria; and a bal ance of zirconia,
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as anwithgluarimr @lgds).powder of the individual constituents, as a slurry of
partially stabilized powder, or as a chemi cal solution. 6. A gas turbine
system conprising: at |east one turbine blade; an abrasive tip affixed on
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| east one turbine blade; and an abradabl e seal deposited beiween the at

| east alyminat ur bi ne bl ade and the shroud, wherein the abradable seal includes
yttria stabilized zirconia that is doped with 0.5 tol w. %of alumna. 7.
The gas turbine systemof claim®6, wherein the yttria stabilized zirconia

i ncl uBleThe material in accordance with claim 2, wherein the material includes:

about 6-9 wt. % yttria; and

a balance of zirconia, incidental ingredients and impurities.

4, The material in accordance with claim 2, wherein the material includes:
about 8 wt. % yttria; and

a balance of zirconia, incidental ingredients and impurities.

5. The ceramic material of claim 2, wherein the material can be supplied in partially stabilized
powder form, as an agglomerated powder of the individual constituents, as a slurry of partially

stabilized powder, or as a chemical solution.

6. A gas turbine system, comprising:

at least one turbine blade;

an abrasive tip affixed on a top surface of the at least one turbine blade;

a shroud housing the at least one turbine blade; and

an abradable seal deposited between the at least one turbine blade and the shroud,
wherein the abradable seal includes yttria stabilized zirconia that is doped with 0.5 to 1 wt. % of

alumina.

7. The gas turbine system of claim 6, wherein the yttria stabilized zirconia includes:

about 6-9 wt. % yttria; and



about 6-9 wt. % yttria; and 8 a bal ance of zirconia, incidental ingredients
and inpurities. 8. The gas turbine systemof claim®6, wherein the yttria
"stabilized zirconia includes: about 8 w. % yttria; and a bal ance of
zirconia, incidental ingredients and inpurities. 9. A nethod of formng a
powder for abradable coatings conprising: providing a material of yttria
stabilized zirconia with 0.5 to 1 w. %of alumna;, mxing the nateri al
with a binder, water and defoamants to forma m xture; and spraying
droplets of the m xture at a high tenperature sufficient to extract the
water and formmcro-sized particles. 10. The nethod of claim9 further
conpri si ng? baknce pEzreniagibsisisntalingeedienisand impwifieso a pl asna  spher odi zi ng
process to produce holl ow ceram c spherical particles. 11. The nethod of
claim10 further conprising the step of blending the particles with a

por os8t Yhe gmmabmkaystgrhaf elaini 8, wierein theogttriaf stabjl eyt zirgordninalwdadabl e seal on a
shroud, conprising blending a porosity generating material with ceramc
spheri cal %gllﬁs -8 Vi e 2 solid sol ution of yttria stabilized zirconia

with 0.5 tppalantk of 2t@hiadinéileR@l ingrBleYtsHdd ilgurktlegnded material on a shroud
seal segnent using a plasma thermal spray process. 9
9. A method of forming a powder for abradable coatings comprising:
providing a material of yttria stabilized zirconia with 0.5 to 1 wt. % of alumina,
mixing the material with a binder, water and defoamants to form a mixture; and
spraying droplets of the mixture at a high temperature sufficient to extract the water and

form micro-sized particles.

10. The method of claim 9 further comprising the step of exposing said particles to a plasma

spherodizing process to produce hollow ceramic spherical particles.

11. The method of claim 10 further comprising the step of blending the particles with a porosity

generator phase.

12. A method of applying an abradable seal on a shroud, comprising

blending a porosity generating material with ceramic spherical particles that are a solid
solution of yttria stabilized zirconia with 0.5 to 1 wt. % of alumina;

applying the blended material on a shroud seal segment using a plasma thermal spray

process.



