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The present disclosure provides a chem ca
conposition and nethod for repairing a thernal
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risk of damage to the turbine due to the reduced thermal protection of the component
that could lead to catastrophic failure of the component. If the decision is to continue
operation, the spalled component must typically be scrapped at the end of operation
because of the thermal damage inflicted while operating the component without
complete TBC coverage. Additionally, some newer TBCs utilize a smoothing layer
over the TBC for better heat rejection and air flow. Currently, there is no known way
“at present to replace this smoothing layer having a very smooth finish on damaged

TBC.



conposition that enables it to fl ow when subjected to
a nmechani cal force such as a shear stress or when
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noted. Additionally, upon heat treatnent, such as
firing by engine operation, the coating becones fully
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The net hod of applying the chem cal conposition of
the present disclosure preferably involves
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coating to produce a glassy ceram c coaling. However,

the period for drying and curing can be optionally

accel erated by application of heat treatnent. 1In

vi ew of the above, it can be appreciated that the

di scl osure overcones several disadvantages of prior

met hods used to repair thermal barrier coatings. In
Ntk t Additianally ponsteab teatnentissctdis Ghing WyeeslaRs of&@htion, the

coating to be conpletely

reguire th hermal barrier ]
COF‘%%D%’&{“G% %f]fydc&éfg&t AR Rt oemyerteds to o sragfic matrix
thdt RECIGRAREOABRL 1 de lafind LehibRel i@l Rarrier
coating. As ankﬁ??%grfg%gggﬁggé?m%E%n§@%gﬂgxﬁ?%@@§§OrRﬂ
valger thanofBGeapplied by bthghmctnper &t une cagn) ieaddate Fomed by
b ent.. hi gh-tenperat.ure treatnent, since the
et o R P atich fan s Sioci e ryandiog with o
diaviohd Phéine 2B S deREIHAh Rthnedd & € " :
eg i%e opgfation to #%%%1a gﬁgs§§aég§%2¢g3%%§PF§%OE&%IS
parigEprdnappeTsiatveior sepaif dgepeo (apptvachieg 50 milsy spdliad aehs.
requi res no special application equi pnent, and can be
f:N ient conditions, i,.e. there is no
As (0BGl 0E TR FRBR: BicheBRs olter traiaE Sormrsiiner demapimes

adhesobip £8ddlarieh FOsBRirkeE lihicl8Bse Bt MRAGHMRG i
during repair. Add%ti onal l'y, ttlg',ibsare metal, grit

e vironnen%% (
bla Pialy cpates metals and eensed eavargien of sll types STBGE 4nd many high
wﬂﬂg@yoved heat Ee%ectipn and al so provides | ower

BHEH gy PPEAE SsPaRposiagn and el of theimesrratidisglovuse alirey | s
on-wisgdagiud; ii-sint ppRireifa B GefeP i SmaWiN ch .20 E%‘ﬁh@g‘no

of the hurblne engi ne. The disclosure can bé used in
post ipcotmens heqting jon direngnig oviabwlizerths dried epaliBCbefiwe highasmperature
use, @l rcraft engines and turbines for electrical power
- generation. In the case of power generation turbines,

the cost of conpletely halting power generation for
The prscaedionAed pRAIARGor it ARdir 19 FIRIBEne LARRL e A0S
for thgn rE|nﬁtaII a conponent that 'has s ered on?y )

PBESPIDE theah dreatmesin cowmeplyi dedrired| aaong dingenr (T8G hepair
methb@ed e e@,gc&lﬂg&; r i.n gperation ...

of the T %r bi ne unt itlrb%t ﬁg{‘%snpg{rtﬁgg Ogggn%%ngﬁp |a§mr|ffo°r cold
appligasioganetbedsvtageffiit @ wpair bod the §BbtoatiagngANgmbitiNely, elevated

nt,_and the turbine.. O her j ects and
temp PRGN e ey wiliad dRclame. Gt BrAsEeb@ediment,or heat gun
treatnee@p te Giccdl @ste f b1 bRkl ORI ARl bal SGT Rk o0
O her feat u?esr?ieilingtc{ advantg;gesgof tﬁﬂé&%ﬁgg@nét& felt p%ﬂlaﬂy
conveg the| @ating taval ¢erpwicapstiie nwitfoud aivdiely aiffeotind thetésgable
tion of the preferred enbodi nent,

' escr|.

Pfopefbiﬁéﬁhlﬁﬁepggnﬁf’&h@% on with the accompanying draw ngs
which illustrate, by way of exanple, the principles

The m&thod Bﬁpgfy%“gltﬁes&{eﬁﬁcal composition of the present disclosure preferably

involves application or at room temperature, without the need to apply heat to cure the

composition to effect the repair. In one embodiment, after cleaning the surface area
of the component exposed by the localized spallation, the chemical composifion is
applied as a caulk or paste. The caulk or paste can be stored in known packaging and
distributing vessels, such as tubes and canisters having distributing nozzles, stems or
the like. Depending upon the delivery system used, the dispensed product may

require working, such as with a putty knife or blade or other known means for
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BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
cross-sectional representation of a conponent surface
protected by a thermal bather coating that has
suffered localized spallation. FIGS. 2 and 3 are
cross-sectional representations of the conponent
surface of FIG 1 during the repair of the thernal
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coating. Although higher operating temperature causes more of the glass to convert to
ceramic, the coating retains at least some glassy characteristics since engine operating

temperatures are believed to be insufficient to form a pure ceramic.

According to the disclosure, each step of the repair method can be performed while the
component remains installed at ambient temperature, e.g., in the flowpath assembly of

an 1idle gas turbine engine. Within 8 hours after the step of applying the composition
at ambient temperature, the turbine engine can resume operation at which time the

heat generated by operation of the engine will fire the dried and partially cured
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Per cent age Wi ght % Denatured Al cohol or Acetone 5.4
SMB alumna 11.3 Al 4 (-325 nmesh) alum na 30.6

underlying component 10 from oxidation and enable the ceramic layer 16 to more
tenaciously adhere to the component 10. Suitable materials for the bond coat 14
include MCrAlX overlay coatings and diffusion aluminide coatings. Also shown is a
then tightly adherent oxide scale, typically Al,Os, formed by exposing the bond coat

to an elevated temperature.

Typically, the TBC ceramic layer 16 is deposited by plasma spraying, such as air
plasma spraying. (APS), although other deposition methods may be used such as EB
deposition, PVD or CVD processes. A preferred material for the ceramic layer 16 is
an yttria-stabilized zirconia (YSZ), a preferred composition being about 4 to about 8
weight percent yttria, though other ceramic materials could be vsed, such as yttria,
nonstabilized zirconia, or zirconia stabilized by magnesia (MgO), ceria (CeQ,),
scandia (ScyO3) and/or other oxides. The ceramic layer 16 is deposited to a thickness
that is sufficient to provide the required thermal protection for the component 10,
typically on the order of about 50 to about 300 micrometers (about 0.002 to about
0.012 inches) for most gas turbine engine components. However, thicker (up to about

.0040 inches) TBC applications are possible.

As a gas turbine engine component, surfaces of the component 10 are subjected to hot
combustion gases during operation of the engine, and are therefore subjected to severe
attack by oxidation, corrosion and erosion. Accordingly, the component 10 must
remain protected from its hostile operating environment by the TBC system 12. Loss
of the ceramic layer 16 due to spallation leads to premature and often rapid
deterioration of the component substrate 10. A localized spalled or mechanically
damaged region 20 of the ceramic layer 16 is represented in FIG. 1, with the TBC
repair process of this invention being represented in FIGS. 2 and 3. Accofding to the
invention, each of the following steps performed in the repair of the component 10 is
performed while the component 10 remains installed in the turbine engine, thereby
completely avoiding the prior requirement to remove and later reinstall the

component.

The repair process preferably begins with cleaning the surface 22 exposed by the

localized spalled region 20 so as to remove loose oxides and contaminants such as

10



Silicone binder 9.5 T-64 (-100 nmesh) alum na 43.2
Mat eri al Based on Wi ght Percentage

grease, oils and soot, though preferably without damaging the bond coat 14 or
removing any residual fragments of the ceramic layer 16 that adhere to the bond coat
14, While various techniques can be used, a preferred method is to remove loose
materials and contaminants in and around the spalled or mechanically damaged region
20, and optionally dressing the spalled area by removing a predetermined amount of
undamaged TBC, preferably down to the bond coat 14 without damaging the bond
coat 14. Additionally, where the bond coat 14 is damaged, the method allows for
application of a bond coat 14 over the damaged region prior to applying the coating
composition. Prior to application of any bond coat 14 or coating composition, the
exposed surface 22 of the damaged region must be cleaned with an evaporable cleaner
such as alcohol and/or acetone. This step can be selectively performed to ensure that

the surrounding undamaged ceramic layer 16 is not subjected to the procedure.

Once cleaned, and optionally dressed and/or re-coated with a bond coat, the spalled
region 20 is covered with a ceramic chemical composition 24, as represented by FIG.
2. According to the invention, the ceramic chemical composition 24 is a paste-like
mixture of ceramic powders and a binder that cure to form a ceramic repair coating 26
shown in FIG. 3 as adhering to the surface exposed 22, which may be defined by

portions of the bond coat 14, oxide scale 18 and/or remnants of the ceramic layer 16.

The chemical composition 24 is preferably is a paste-like mixture comprising one or
more refractory materials such as ceramic or glass, the refractory material provided in
powdered form and provided in at least two predetermined particle size ranges, a
binder, one or more nano-sized ceramic materials, and a solvent. Suitable refractory
materials include, but are not limited to alumina, zirconia, hafnia, magnesia, titania,
calcia, silica, yttria, other refractory ceramic materials, and combinations thereof.
Preferably, the refractory material is provided in two particle size ranges; the first
range being less than about 1 micron but greater than about 30 nanometers; the second
particle size range being between about 45 microns to about 75 microns. The binder
1$ a ceramic precursor material, preferably a silicone or a phosphate-based
composition, though it is foreseeable that other ceramic precursor binders could be
used, including colloidal or sol gel chemistries that thermally decompose to form
refractory oxides, and possibly calcium aluminate cements.
11



Wei ght % Ranges Denatured Al cohol or Acetone 2-20 SMB
al um na 8-15 Al14 (-325 nesh) alum na 20-40 Silicone
bi nder

The term “nano-sized ceramic material”, as used herein, is defined as a sub-30
nanometer-sized material having ceramic characteristics, such as alumina (Al,O3),
titania (TiOz) and silica (8i0;). The nano-sized ceramic material is preferably
provided in a particle size of between about 5 to about 30 nanometers, and more
preferably between about 10 and about 25 nanometers. The addition of this nano-
sized ceramic material represents a significant performance improvement in terms of
applying the coating composition, and in resulting coating smoothness and density. It
is believed that the nano-sized particles of the ceramic material fills interstices or
voids between the refractory materials in the matrix formed by the applied coating to
impart thixotropic properties to the coating so that an extremely smooth and wear-
resistant finish can be obtained. While any nano-sized version of the above materials
will suffice, a particularly suitable material is AEROXIDE® Alu C by Aerosil, a
business line of DeGussa AG, Weissfrauenstrasse 9, D-60287 Frankfurt am Main,
Germany. AEROXIDE® Alu C is a very fine pyrogenic metal oxide having a high
specific surface area, and having a content of Al,O; of greater than or equal to 99.6
percent based upon ignited material, with an average particle size of 13 nanometers.
DeGussa also makes fumed Si0, and fumed TiO; m nano-sized particle ranges that
can be uséd as the nano-sized ceramic matérial in the present invention. Additionally,
T-64 (-100) alumina, which is a ground alumina product, can be added as an
aggregate filler material where the repair area is thicker (such as greater than about
.0020 inches) and/or where the location and type of repair area make application with

a putty knife or blade appropriate.

The evaporable solvent of the composition 24 will depend on the particular binder and
ceramic ingredients used and the ‘method of application, with the amount. being
sufficient to fully dissolve the binder. For example, a suitable solvent for the silicone
or phosphate-based binder is an alcohol such as denatured alcohol (e.g., ethyl alcohol
combined with 5% isopropyl aleohol) and other alcohols, or acetone, methyl ethyl
ketone, zylene, and new lower VOC solvents, which may comprise a mixture of
organic solvents. If the composition is to e sprayed, the binder and ceramic refractory

components are mixed with sufficient solvent to uniformly distrdbute the components

12
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solvent such as denatured alcohol (e.g. ethyl alcohol combined with 5% isopropyl

alcohol), acetone, or denatured alcohol with ethyl acetate and isobutyl ketone added.

Examples of other preferred chemical compositions appear in the tables below:

Material Based on Weight | Weight %

Percentage

Denatured Alcohol or Acetone | 5.4

SMR alumina 11.3

Al4 (-325 mesh) alumina 30.6
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1ngredlents and amounts are within the scope of the invention.

In order to prepare the chemical composition 24, the ceramic powder and nano-sized
ceramic material(s) are combined with the binder and solvent in an amount sufficient
to preferably form a paste-like mixture. A ceramic to binder ratio of about § to 1 is
generally preferred, such as when using the above-noted combinations. Although a

paste-like mixture is preferred, additional solvent can be provided to yield a more

Preferred binders include silicone resins manufactured by GE Silicones under the
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names SR350 and SR355, and classified as a methylsesquisiloxane mixtare of the
polysiloxane family in amounts of up to about 45% weight percent of the

composition. Preferred phosphate-based binders include aluminum phosphate and
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bi nder, and the sol vent; applying the ceram c coating
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conmponent, the dried coating conprising the ceramc

minpigiieabouatt® drgressdi- zed ceranic material in a

polymeric matrix. 2. The method of claim1, further

| | - he RS, .0 | QL . r .
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according to claim1l, wherein the binder is selected
Aftet b dafin, WrGHp, SRNGInbll MY inftial bF@RorPINYE kibABEngine the

phosphat e bi nders. ] _ . .
coating is further cured and is at least partially converted to a glassy ceramic repair
coating 26. In subsequent engine operations, the repair coating 26 continues to
undergo drying, curing, and ceramic conversion reactions associated with an increase
in the strength and other mechanical properties of the coating 26. It is believed that
exposure to engine heat causes the nature of the bonds of the composition to change
from essentially polymeric to glassy ceramic. The higher the temperature that the
composition is exposed to, the more ceramic is formed. However, at the maximum
temperatures created by engine operation, it is believed that the composition will
retain some glassy ceramic characteristics, and will not be fully converted to a
ceramic. For example, in the preferred embodiment of the composition that includes
a silicone binder, during extended engine operation at high temperatures, the binder,
such as silicone, thermally decomposes to silica, forming a silica matrix in which the

at least three particle sizes of the refractory materials are dispersed.

While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof, without departing from the scope
of the invention. In addition, rﬁany modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the

essential scope thereof. Therefore, it is intended that the invention not be limited to

16



6. The nethod according to claim1, wherein the
conponent is a conponent of a gas turbine engine
assenbly. 7. The nethod according to claiml1,
wherein the step of applying is perforned in a
non-control | ed atnosphere using paste delivery
systens sel ected fromthe group consisting of tubes

the pandcudarrehadanenttdisdlengd disshe hest mepdsosopfeaeplated for carrying out
. di.spensin S: Y | ying .t ety .0
tis fySRERE P2 AL phoTRE Dt ALK ' GSRIRRS (iR b he
scopa®€ Hedippended cidiasm 1, wherein the step of
nmechani cal Iy snoot hing the conposition is
acconpl i shed usi ng nmechani cal neans sel ected fromthe
group consisting of putty knives, putty bl ades,
brushes, and sponges. 9. The nethod according to
claim1, further including the step of applying heat
to the dried coating at a sufficiently high
tenperature to nodify the binder to forma repair
coating conprising the ceram c powders and nano-si zed
ceramic material in a glassy ceramc matrix. 10. The
met hod according to claim9, wherein the step of
appl ying heat to the dried coating is acconpli shed
using a heat source selected fromthe group
consi sting of heat guns, heat blankets, heat | anps,
and torches.
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11. The nmethod according to claim9, wherein the step
of applying heat to the dried coating is acconplished
by installing the conponent in the flowpath of a gas
turbi ne engi ne and operating the engine. 12. The
met hod according to claim 1, wherein the steps are
cLapvperfornmed while the conponent remains installed in
the flowpath of a gas turbine engine. 13. The nethod
according to claim1, wherein the damaged therma
1. A meRl Fbhocali9atpaithd haimdgsd keasdl |barriee paiting dn jagsomponent surface, the
- yttria-stabilized zirconia deposited on a netallic
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' SMOOTH WEAR COATI NG ABSTRACT A chem cal conposition

d thod, f h . f :
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< coating. After cleani t he su f ce_ar
of cerangcbﬁsﬁ%%lbmégﬁélgaég] Er CQMPOSY O { Qi 2 6% BT mLth%l and a solvent,

the comlﬂﬁﬁlbﬁ mided Qo Bhifdrialyedigfibdc thecan powdq:ls;snanq-ﬂwd ceramlc material, the
r|S|ng ceram c powders and nano-sized ceramc
mﬂ¢ﬂfﬂﬁﬂ€ﬁPﬁﬁ§ in a binder is applied to the surface area

of the conponent, and is optionally snoothed using

mechani cal neans. The conpo ion is then
applyinggthy grENiE GPAME FOMPPFHIoN o i eﬁ’ﬁt& Batthg i OL%Y\%g%JSQd by the

localizeFdd@a8&t €ri stics. Upon subsequent heati ng, the drled
coating reacts to produce a glassy ceramc repair
coating. Due to the thixotropic properties of the

mecham@a@@t 5 AESREPAS | donPBsiHHO Ao afﬁﬁh | A inhaupedt (Domg,oﬂpoum:med coating

t hod d t
: compos@@q@{g?pg%p;nggﬁqggm (1:‘%1 & gepqv g\’gelf ?Pb,;[*etg@d Ian eﬁmlg%hgmca] stre%s 5o remain
in place ¥l $hO HBRhical(sfrkdHil¥emadded; and

evaporating the solvent and curing the coating composition for a period sufficient to yield a dried
coating that covers the surface area of the component, the dried coating comprising the ceramic

powders and nano-sized ceramic material ina polymeric matrix.

7. The method of claim 1, further including the steps of, prior to applying the ceramic coating

composition, cleaning the damaged area of the coating.

3. The method according to claim 1, wherein the ceramic powders further comprise at least one
ceramic material chosen from the group consisting of alumina, zirconia, hafnia, magnesia, titanium,

calcium, and silica.

4. The method according to claim 1, wherein the at least one nano-sized ceramic material is selected

from the group consisting of alumina, titania, and sifica.

5. The method accdrding to claim 1, wherein the binder is selected from the group consisting of

silicone binders and phosphate binders.
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6. The method according to claim 1, wherein the component is a component of a gas turbine engine

assembly.

7. The method according to claim 1, wherein the step of applying is performed in a non-controlled
atmosphere using paste delivery systems selected from the group consisting of tubes and containers
having dispensing nozzles for dispensing and smoothly applying the composition to the surface of the

component.

8. The method according to claim 1, wherein the step of mechanically smoothing the composition is
accomplished using mechanical means selected from the group consisting of putty kmives, putty

blades, brushes, and sponges.

9. The method according to claim 1, further including the step of applying heat to the dried coating at
a sufficiently high temperature to modify the binder to form a repair coating comprising the ceramic

powders and nano-sized ceramic material in a glassy ceramic matrix.

10. The method according to claim 9, wherein the step of applying heat to the dried coating is
accomplished using a heat source selected from the group consisting of heat guns, heat blankets, heat

lamps, and torches.

11. The method according to claim 9, wherein the step of applying heat to the dried coating is
accomplished by installing the component in the flowpath of a gas turbine engine and operating the

engine.

12. The method according to claim 1, wherein the steps are performed while the component remains

installed in the flowpath ofa gas turbine engine.

13. The method according to claim 1, wherein the damaged thermal barrier coating that is locally

repaired is yttria-stabilized zirconia deposited on a metallic bond coat.
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FIELD REPAIRABLE HIGH TEMPERATURE SMOOTH WEAR COATING
ABSTRACT

A chemical composition and method for repairing a thermal barrier coating on a
component designed for use in a hostile thermal environment, such as turbine,
combustor and augmentor components of a gas turbine engine. The method repairs a
thermal barder coating on a component that has suffered localized damage to the
thermal barrier coating. After cleaning the surface area of the component exposed by
the localized spallation, a paste-like mixture of a ceramic composition comprising
ceramic powders and nano-sized ceramic materials in a binder is applied to the
surface area of the component, and is optionally smoothed using mechanical means.
'The composition is then allowed to dry and cure to form a dried coating having
polymeric characteristics. Upon subsequent heating, the dried coating reacts to
produce a glassy ceramic repair coating. Due to the thixotropic properties of the
coating composition upon application to a component, the repair method can be

performed in-situ while the component remains installed in its operating environment.

(FIGURE 2)
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