CERAM C ABRADABLE MATERI AL W TH ALUM NA DOPANT CROSS REFERENCE TO RELATED
APPLI CATI ONS 100011 This application clains 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
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[ 0006] ITn"order to xi'mze efficiency in the operation of turbine engines,

it is desirable to
REFERENCE TO SEQUENCELISTING
[0003] Not Applicable.

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 intemal-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.



m nimze the clearances between the turbine blade tips and the outer casing
or shroud. Too large a clearance will result in poor fuel efficiency in
order to provide the desired operational speeds, while too small of a

cl earance risks contact between the turbine blade tips and the outer casing
whi ch can result in conponent failure. To solve this problem conventi onal
gas turbine engines include an abradable coating or seal that is applied to
the surface of the outer- casing and/or seal. These abradabl e coatings or
seal s can be cut by the rotating turbine blades wi t hout danaging t he
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are suited for use as abradable materials, they are relatively friable and susceptible to erosive
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 yitria stabilized zirconia (e.g.,
about 8 wt. % Y103, balance ZrO,). The abradable composition in accordance to the invention



zirconia (YSZ) that is doped in alumna (A1203). In accordance wth one
enbodi nrent of the invention, about 0.5 to 1 wt. %of alumna is added to a
standard yttria stabilized zirconia (e.g., about 8 w. % Y203, bal ance
Zr2). 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
abradabl e materials. [00111 In accordance with enbodi nents of the invention,
the invention al so provides for the application of the alum na doped yttria
st akiembastrites iarfourn teafivesfobbngrovsmény in the 2tdsiog resisrma®tsslid partiolegasd t ur bi ne

engine. This includes applying the abradab mat erial as a seal between the
tur@?ﬁi’sg”gf)&’d'é?s %@W@S§Pﬁg‘“ﬂP@m¢A§g]§i‘HG°¥ﬂ% gas turbine engine.
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BRI EF DESCRI PTI.ON OF THE .DRAW NGS [ 001 The acconpanyj ng draw ngs are
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acconpanyli ng ngs 11l ust enbodi nents of the invention and together
wi t j0012¢ deBs) the invantimrprevites a escphizi abradhlle hrving sypesior edosivh eesistaneait i on. | n

th ' .£S: 014] Fig. | illust ti | i Of ti
of - A, shllasngendonsoh prieab DbF 3 stoPb e eapd FARERIOBFASHER w ( h Che
I NV esdd torn oki@Rionlredidtéhce?2 shows the surface of a blade tip with a protective

cubi c boron nitride abrasive coating applied to its surface; [0016] Fig. 3
illustrates a testing facility for testing the ceram c abradable material in

Cypical tost mtrix DR REsCREOREOE THAPDRANINGY ! 1o abradability
per floo13pNC eTIRf acCatipuiyhgatpawicgbire ingdaded3bd poBide further understanding of the
invention and are incorporated in and constitute a part of this specification. The accompanying
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.



[0018] Fig. 5 illustrates a conparison of the conposition of the alum na
doped ceram c abradable material' in accordance with one enbodi nent of the
i nvention as conpared: to conventional materials; [00191 Fig. 6 provides a
conparison chart of bl ade wear and erosion resistance for sel ected
abradabl e seal materials; and [00201 Fig. 7 provides a flow chart of a

nmet hod for formng a powder for abradable coatings according to an
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descriptions below refer to an embodiment using yttria stabilized zirconia having about 8 wt. %
Y03 and a balance of ZrO,.
[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 335 that has a conventional
protective cubic boron nitride abrasive coating 25 applied to its surface. The abrasive coating 25
materia] may be, for example, a commercially available cBN material.

The biade 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.



segnent 110 are very snmall and precise. The rotation of the blade 120 causes
‘the abrasive tip 170 to cone into repeated contact with the abradabl e 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 segnent 110. The
abradabl e seal 150 in accordance with the invention is also resistant to
erosion that may be caused by small solid particles and high gas fl ow
rates. [0024] Fig. 2 shows the surface of a conventional blade tip 35 that
has a conventional protective cubic boron nitride abrasive coating 25
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rates In accordance wt
tip incursion conditions that might be typically encountered in an aero or power turbine.

[0027]  Fig. 5 provides a descriptive a comparison of the abradable material in accordance
with embodiments of the invention (designated “Al,0; 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.

f0028]  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,0,
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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I nvention. The test conditions illustrated on the wear nmap give an overview
of the nomnal blade tip incursion conditions that m ght be typically
encountered in an aero or power turbine. [0027] Fig. 5 provides a
descriptive a conparison of the abradable material in accordance wth
enbodi ments of the invention (designated "A1203 doped” in FIG 5) as
conpared with conventional ceram c abradable materials (commercially

avail able materials from Sul zer Metco, SM 2460 and XPT 395). As descri bed
earlier, the abradable in accordance with the invention provides for
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the droplets are sprayed into a high temperature environment which extracts the water, leaving

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 2 binder. In another embodiment, a

component of yitria stabilized zirconia doped with alumina may be combined with a solid
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[ 00291 Cenerally, the material according to enbodi nents of the present

i nvention can be supplied in a nunber of conventional forns, such as
partially stabilized powder form as an aggl onerated powder of the

i ndi vi dual constituents, as a slurry of partially stabilized powder, or as
a chem cal solution. Referring to Fig. 7, a nmethod 700 of form ng a powder
for abradable coatings is provided. CGenerally, the abradable conposition in
accordance with the invention may be manufactured by a conventional spray
drying process where, in step 705 the yttria, zirconia and alumna are
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alum na and a conponent of ceram c coated plastic. The ceranm c coated

pl astic conponent is made by attrition mlling ceramic fine particles with
pl astic core particles, causing the ceramc fine particles to bind to the
surface of the plastic core without the use of a binder. In another

enbodi ment, a conponent of yttria stabilized zirconia doped with al um na
may be conbined with a solid 6



| ubricant and a matrix formng netal alloy used to forma three-phase
abradabl e seal. Sonme comrercially avail able ceram c abradabl es al so enpl oy

t he use of a hexagonal boron nitride "dislocator"” phase to assist with
particle renoval during blade tip incursion into the coating

m crostructure, e.g., XPT 395. Simlar techniques may al so be used in
aspects ofWada@mpresent invention. [0031] Wile exenplary enbodi nents of the
i nvention have been shown and described herein, it will be obvious to those
skilled in the art that such enbodi nents are provided by way of exanple
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clainms, as they will be allowed. 7 W claim |_ An abradabl e ceram c seal
material for turbine seal applications, consisting of yttria (Y203)

stabi |l ized. zi r ¢ abradabler B mih goal mgteHal D waim % Ghergihtthe matetiflandadeeBivzeth i n
that the seal nmaterial is doped with 0.5 to | w. % alumna (A1203). 2. The
abradabl e ceraf'®seal material of claim1, wherein the material includes 8
w. % vyttria. 3. Use of the ceramc material of claim1l1 or 2 for clearance

control between turﬁ$ne bl ade iPS and a Eyd in a gﬂ% t ur bi S glne .
A gas turBine b Cerawtsrwfrwiﬁ claim | ang for gicarapq onte Ysheae urbipc Bt ve
tip affixed ont.s&ﬂgsﬁﬁma a9turbileenaine] east one turbine bl ade; a shroud
housing the at [east one turbine blade; and an abradabl e seal deposited

bet ween the at | east one turbine blade and the shroud, characterized in

that the abradabl:gussiad syseml skgsisipt ria stabilized zirconia that is doped
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 ong turbine blade; and
an abradable seal deposited between the at least one turbine blade and the shroud,
characterized in that the abradable seal includes yttria stabilized zirconia that is doped
with 0.5 to 1 wt. % of alumina, and the yttria stabilized zirconia comprising 6-9 wt. %, in

particular 8 wt. % of yttria.

5. A method of forming a powder for use in a thermal spray process to produce abradable
coatings, the method comprising:
providing a base material consisting of zirconia, yttria and alumina, mixing the
base material with a binder, water and defoamants to form a mixture, and
spray drying the mixture to form a spray-dried powder of micro-sized particles,
characterized in that the base material comprises 6-9 wt. % of yttria and 0.5 to | wt. %

of alumina.

6. The method of claim 5, wherein the base material is in a partially stabilized powder form,
or in the form of an agglomerated powder of the individual constituents, or in the form of

a slurry of partially stabilized powder, or in the form of a chemical solution.

7. The method of claim 5 or 6 further comprising the step of exposing the spray-dried

powder to a plasma spherodizing process to produce hollow ceramic spherical particles.



with 0.5 tol w. %of alumna, and the yttria stabilized zirconia
conprising 6-9 wt. % in particular 8 wt. %of yttria. 5. A nethod of

form ng a powder for use in a thermal spray process to produce abradabl e
coatings, the nethod conprising: providing a base material consisting of
zirconia, yttria and alumna, mxing the base material with a binder, water
and defoamants to forma m xture, and spray drying the mxture to forma
spray-dri éd povidie matfodnefcelamsy Zethep apmprisingsthe seiparfalderelngz thd HoHow hratantihe base
material conprises 6-9. .w. %of yitri nd,0.5 to 1 w. % of alumna. 6.
The mechod of st ey Rreib s @aRedeTa % s ' a partiall'y
stabilized powder form or in the formof an aggl onerated powder of the

i ndi vidual, constitpents, or i,n the form of sl urr f partiall t.abilized
powder, of i n L6 oF BF RIS Breshistitteraglopr gheiRi s 8 TeRbinegn Bl s or 6
further conpri stangn i lieostdp gad tubiRagdtdgudifes pnaythahblegraypewedr to a pl asma
spher odi zi ng process to produce hollow ceram c spherical particles. 8 8. The
met hod of claim7 further conprising the step of blending the hollow ceramc
spherical particles with a porosity generator phase. 9. Use of the powder
produced according to one of clains 5 to 8 for applying an abradable seal
on a shroud of a gas turbine systemusing a plasma thernmal spray process. 9





