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SELECTIVE THERMAL BARRIER COATING REPAIR

FIELD OF THE INVENTION

[0001] The present invention is generally directed to a method for treating a coated article
and a treated coated article. More specifically, the present invention is directed to a method of
selectively applying an overlay coating to a coated article and a selectively treated coated

article.
BACKGROUND OF THE INVENTION

[0002] Gas turbines include components, such as buckets (blades), nozzies (vanes),
combustors, shrouds, and other hot gas path components which are coated to protect the
components from the extreme temperatures, chemical environments and physical conditions
found within the gas turbings. Dnfferent coating systems may be applied to different locations
of the same turbing components to meet the local conditions which varv across the turbine
components.

[0003] In certain hot locations in the gas turbine, such as the blade tip or the trailing edge
of the nozzle, the bond coat has reduced bond coat hife (e.g. 20% or less that of the bulk
component) as compared to the bulk of the component and will need replemishment before
procecding for another interval. In some instances, the bond coat service life is 20% or less that
of the bulk of the component. The MCrAlY bond coat typically contains a two-phase
microstructure P+y, and high temperature operation results m depletion of Al both to the
thermally grown oxide and to the substrate by interdiffusion, which leads to the dissolution or
depletion of a B-phase microstructure. The bond coat life can be determined from the degree of

B~phase microstructure depletion.

[3604] Typically, to refurbish the coating system when the bond coat life has been reached,
a bond coat, as well as thermal barrier coating, 15 completely or partially striped and recoated
to extend the coating life. The stnpping and recoating operations, however, are time-consuming

and do not resolt in an economical repair process,
BRIEF SUMMARY OF THE INVENTION
[3005] In an exemplary embodiment, a method for treating a coated article 1s provided. The

method mcludes the step of providing the coated article having a treatment region having a

bond coat and a thermal barrier coating. The coated article has been exposed to an operational
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temperature. The method further includes the step of selectively applving an overlay coating
to the treatment region without strippmg the treatment region from the coated article. The
overlay coating cnables coating lite extension of the coated article. The bond coat mncludes a
first volume fraction of a B-phase microstructure that s less than a second volume fraction of
a B-phase nucrostructure of a comparable bond coat of 4 comparable article which has not been

exposed to the operational temperaturg.

[3006] In another exemplary embodiment, a treated coated article having a treatment
region and an overlay coating is provided. The treated coated article has been exposed to an
operational temperature. The treatment region includes bond coat and a thermal barrier coating.
The bond coat includes a first volume fraction of a B-phase microstructure that is less than a
second volume fraction of a B-phase microstructure of a comparable bond coat of a comparable
article which has not been oxposed to an operational temperature. The overlay coating is
selectivelv applied over the treatment region without stupping the treatment region from the
coated article, enabling coating life extension of the treated coated articie.
0067 Other features and advantages of the present invention wilf be apparent from the
following more detailed description of the preferred embodiment which dlustrates, by way of
example, the principles of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 shows a flow chart diagram illustrating an embodiment of a method,
according to an exemplary embodiment of the present disclosure.
3009} FIG. 2 shows a side view of a turbing blade according to an embodiment of the
present disclosure.
1061 0] FIG. 3 schematically illustrates a method according to an embodiment ot the present
disclosure.
{00111 Wherever possible, the same reference numbers will be used throughout the
drawmgs to represent the same parts.

DETAILED DESCRIPTION OF THE INVENTION
[0612] The detailed description set forth below m connection with the appended drawings
where like numerals reference like eclements is intended as a descrption of various
ermbodiments of the disclosed subject matier and is not intended to represent the only

embodiments. Each embodiment described m this disclosure s provided merely as an example

]
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or illustration and should not be construed as preferred or advantageous over other
embodiments. The illustrative examples provided herein are not intended fo be exhaustive or

to limit the claimed subject matter to the precise forms disclosed.

[06613] All numbers expressing quantities of ingredients and/or reaction conditions are to
be understood as being modified v all mstances by the term "about", unless otherwise

indicated.

061 4] All percentages and ratios are calculated by weight unless otherwise indicated. All
percentages are calculated based on the total weight of a composition unless otherwise
indicated. All component or composition levels are n reference to the active level of that
component or composition, and are exclusive of impurities, for example, residual solvents or

by-products, which may be present in commercially available sources.

061 5] The articles "a" and "an,” as used herein, mean one or more when apphied to any
feature in embodiments of the present invention described in the specification and claims. The
use of "a" and "an" does not limit the meaning to a single feature unless such a himit is
specifically stated. The article "the” preceding singular or plural nouns or noun phrases denotes
a particuiar specified feature or particular specified features and may have a singular or plural
connotation depending upon the context in which it 15 used. The adjective "anyv™ means one,

some, or all indiscriminately of whatever quantity.

0616} The term “at least one,” as used herem, means one or more and thus ncludes
individual components as well as mixtures/combinations.

06017} The term “comprising” {and s grammatical variations), as used herein, is used in
the inclusive sense of “having™ or “including” and not in the exclusive sense of “consisting

only of ™

[0618] The term “overlay” {and its grammatical vanations), as used herein, 18 a generic

term covering all processes for application of the coating.

0019] The present mvention enables life extension of the coating without having to strip
and recoat, enables a practical and simple method of reusing the external coating, enables a
cost effective repair without additional steps involved, enables a faster tumaround time for
repair, and enables fewer process steps in the repair router.

0020 Referring to FIG. 1, a method 100 for treating 3 coated article having been exposed
to an operational temperature may be provided. In one embodiment, the method includes the

step of providing the coated article having a treatment region {step 101). The method also
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mcludes the step of selectively applving an overlay coating fo the treatment region without
stripping the treatment region from the coated article (step 102). The overlay coating enables
coating life extension of the coated article. The treatment region may nclude a2 bond coat and/or
a thermal barrier coating. The bond coat may have a first volume fraction of a P-phase
microstructure that is less than a second volume fraction of a B-phase microstructure of a
comparable bond coat of a comparable article which has not been exposed to the operational
terperature. The bond coat may have a first volume fraction of a B-phase microstructure, which
is at least 20 vol9%. The comparable bond coat includes a bond coat that s greater than 20 vol%s
and has experienced little or no P-phase microstracture depletion. The bond coat prior to
depletion and the comparable bond coat may include, but is not limited to a diffusion aluminide
and/or a thermal spraved overlay coating. Suitable bond coats may be applied, for example, by
any known aluminide coating processes such as gel coating, slurry coating, vapor phase
aluminization, above the pack process, EBPVD, and thermal spray processes such as HVOF

(high velocity oxy-fucl), and air plasma spray (APS).

0621} Method 100 further includes a post-heat treatment {(step 103). The post-heat
treatment enables diffusion of the overay coating with the beta depleted bond coat. The post-
heat treatment restores or rejuvenaies the bond coat to some extent. The post-heat treatment

may be provided via either high temperature operation or separate heat-treatment in a furnace.

(3022} The first volume fraction of the B-phase microstructure may be reduced or depleted
by at least about 20% relative to the second volume fraction of the B-phase microstructure of
the comparable bond coat. Preforably, the first volume fraction of the B-phase microstructure
may be reduced by between about 20% and about 0%, about 20% and about 70%, about 20%
and about 60%, about 20% and about 50%. about 20% and about 40%, about 20% and about
30%, about 30% and about 70%, about 30% and about 60%, about 30% and about 50%, about
30% and about 40%, about 40% and about 60%. or about 40% and about 50% relative to the
second volume fraction of the B-phase microstructure of the comparable bond coat. Thus, n
various embodiments, the first volume fraction of the B-phase microstructure mayv be reduced
by from about 20 to about 80%, from 21 to about 79%, from about 22 to about 78%, from about
23 to about 77%. from about 24 to about 76%, from about 25 to about 75%. from about 26 to
about 74%, from about 27 to about 73%, from about 28 to about 72%, from about 29 to about
71%, from about 30 to about 70%, from about 31 to about 69%, from about 32 to about 689,
from about 33 to about 67%, from about 34 o about 66Y%, from about 35 o about 65%, from

about 36 to about 64%, from about 37 to about 63%. from about 3% to about 62%, from about
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39 to about 61%, from about 40 to about 60%, from about 41 to about 59%, from about 42 to
about 58%, from about 43 {0 about 57%, from about 44 1o about 56%, from about 45 {0 aboui
535%, from about 46 to about 34%, fron: about 47 to about 53%, from about 48 to about 52%,
from about 49 to about 51%, mcluding ncrements and mntervals therein, relative to the second

volume fraction of the B-phase microstructure of the comparable bond coat.

0023 The overlay coating may include the step of applying a matenial selected from the
group consisting of vtiria-stabilized zirconia, mullite, alumina, ceria, rarc-earth zirconates, rare
carth oxades, metal-glass composites, and combinations thereof. The overlay coating material
may further include 7YSZ, 14YS8Z, 2VwlleSZ, 25{e¢S/, 5CaY¥Y5Z, 18Ca¥YSsZ,
(GAYBYNAY)SZ, (TyYSZ, ALG:-YSZ, Mullite-YSZ, (La)yYSZ, HYSZ), (Sm)YSZ,
CaZr(3s, SrZrGs, BaZr(s, LaPO4, MgAlL Oy, LaMgAlnhs, GdaZnGr, Nd2Z207, SmieZin(s,
LarZr0r, YiAlsOr., LaxMo:Os, Ba¥Ya(O4, Sr¥o04, Srle0s, BSAS, LaxCexGr, and
combinations thereof. The overlay coating preferably may have a low thermal conductivity n

order to provide great thermal protection.

[0024] The overlay coating may be selectively applied to a local portion of the coated

article. The local portion may be less than an entire surface of the coated article.

[6025] In some embodiments, the method may include the step of conmmencing a servicing
period of the coated article during which operation of the coated article. The apparatus may
include the coated article. The method may be performed without stripping the bond coat from
the coated article during the servicing period. The method may be performed without applying
an additional bond coat to the coated article during the servicing period. The method may be
performed without stripping the thermal barrer coating from the coated article during the

servicing period.

{326} In other embodiments, the overay coating mav include, but not limited 1o, a
technigue selected from the group consisting of spray processes, plasma spray, air plasma spray,
high-velocity oxy-fuel (HVOF) spray, high-veloeity air-fuel (HVAF) spray, high-velocity air
plasma (HY-AP)} spray, direct vapor deposition, electron beam physical vapor deposition, sol-

gel process, cold-spray, sputicring, gel aluminide and combinations thereof,

06027} Referring to FIG. 2, the coated article 200 may be a turbine component. The turbine
component may be selected from the group conmsisting of at least one of hot gas path
components, combustion components, blades (buckets), vanes (nozzies), shrouds, combustor

liners, transition ducts, cross fire tube collars, venturis, transition piece seals, and fuel nozzle
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parts. FIG. 2 shows a blade having a leading edge (201), a mud-portion (203), and a trathing
edge {205) from left to nght. The blade also mcludes a 10% span (207), a 50% span (209}, and

a 90 % span (211} from bottom (0%} to top (100%).

[06028] Referring to FIG. 3 and FIG. 1, the method 100 according to an embodiment
according to the present disclosure is shown with a cross-section view from FIG. 2 shown in
direction 3-3. The coated article 200 comprises a substrate 301, a bond coat 303, and a thermal
barrier coating 305, The bond coat 303 mayv mclude, but is not imited to, a MCrALY, wheren
M is selected from the group consisting of nickel, cobalt, iron, alloys thereof, and combinations
thereof. The thermal barrier coating 305 may include, but is not limited to materials selected
from the group comsisting of at least one of porous coatings, dense coatings, and densc
vertically-cracked coatings. A portion of the coated article 200 which has been exposed to high
temperature inchudes a depleted bond coat portion 307, which may mchude, but is not limited
10, a B-phase microstructure dissolution and/or depletion that occurs in the treatment region
309 having the bond coat 303 and the thermal barmier coating 305, As shown s FIG. 3, the
method according to the present disclosure includes selectively applyving an overlay coating
311 over the treatment region 309 on, above, adjacent and/or encompassing the depleted bond
coat portion 307 without stripping the treatment region 309 from the coated article 200 (step

102). The overlay coating 311 enables coating life extension of the coated article 200

{323} For example, in one embodiment, a cortain portion of the coated article 200 exposed
1o high temperature, including the tratling edge portion 205 and/or the leading edge 201, may
melude only 45-55% of a remaining B-phase microstructure, which imndicates that 45-55% of a
B-phase microstructure may have been depleted during high temperature operation. Other
locations on the coated article 200 suitable for the method according to the present disclosure

includes, but is not hinuted to platform filiets and blade tips.

[(3030] Method 100 further mcludes a post-heat treatment {step 103). The post-heat
treatment enables diffusion of the overlay coating 311 with the beta depleted bond coat 303,
The post-heat treatment restores or rejuvenates the bond coat 303 to some extent to enable it to

serve ancther service interval.

00311 In another embodiment, a treated coated articie 200 may be provided. The treated
coated article 200 may include, but not be himted to, a treatment region 309 having a bond coat
303 and a thermal bamier coating 305. The bond coat 303 may have a first volome fraction of
a f-phasc microstructure that is less than a second volume fraction of a $-phase microstructure

of a comparable bond coat of a comparable article which has not been exposed to the
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operational temperature. The treated coated article 200 further may include an overlay coating

311 selectively applied over the treatment region.

[0032] While the mvention 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
mvention. In addition, manv modifications may be made to adapt a particular situation or
material to the teachings of the mvention without departing from the essential scope thereof.
Therefore, it 1s intended that the invention not be limited to the particolar embodiment disclosed
as the best mode contemplated for carryving out this invention, but that the invention will inchude

all embodiments falling within the scope of the appended claims.
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CLAIMS
What 1s claimed 1s:
I A method for treating a coated article, the method comprising:

providing the coated article having a treatment region having a bond coat and a
thermal barrier coating, the coated article having been exposed to an operational

temperature; and

selectively applymg an overlay coating to the treatment region without stnipping
the treatment region from the coated article, the overlay coating enabling coating life

extension of the coated article,

wherein the bond coat having a first volume fraction of a B-phase microstructure
that s fess than a second volume fraction of a B-phase microstructure of a comparable bond

coat of a comparable article which has not been exposed to the operational temperature,

2. The method of claim 1, wherein the bond coat is a MCrAlY, M being selected

from the group consisting of nickel, cobalt, iron, alloys thereof, and combinations thereof.

3. The method of claim 1, wherein the first volume fraction of the B-phase
microstructurs 1s reduced by between about 20% and about 80% relative to the second volume

fraction of the P-phase microstructure of the comparable bond coat.

4 The method of claim 1, wherein applying the overlay coating includes applving
a material sclected from the group consisting of vtiria-stabilized zirconia, mullite, alumina,
ceria, rarc~carth zirconates, rare carth oxides, metal-glass composites, and combinations

thereof.

5. The methed of claim 1, wherein the overlay coating is apphied to a local portion
ot the coated article, the local portion being less than an entire surface of the coated article.

6. The method of claim 1, including commencing a servicing period of the coated
article during which operation of the coated article ceases.

7. The method of claim 1, wherein the method is performed without applying an
additional bond coat to the coated article during the servicing period.

8. The method of claim 1, wherein applving the overlay coating includes a
technique selected from the group consisting of spray processes, plasma spray, air plasma

spray, high-velocity oxy-fuel (HYOF) spray, high-velocity air-fuel (HVAF) spray, high-
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velocity air plasma (HV-AP) spray, direct vapor deposition, electron beam physical vapor

deposition, sol-gel process, cold-spray, sputtering

o0

gel alumimide, and combinations thereof.

9 The method of claim 1, wherein the thermal barnier coating is selected from the
group consisting of at least one of porous coatings, dense coatings, and dense vertically-cracked

coatings.

10. The method of claim 1, wheremn the coated article is a turbine component
selected from the group consisting of at least one of hot gas path components, combustion
components, blades (buckets), vanes (nozzles), shrouds, combustor liners, transition ducts,

cross fire tube collars, venturis, transition prece seals, and fuel nozzle parts.

11 The method of claim 1, mcluding a post-heat treatment afier the selectively

applyving the overlay coating.

12, A treated coated article having been exposed to an operational temperature

comprising:

g the bond coat

o0

a treatment region having a bond coat and a thermal barrier coatin
having a first volume fraction of a p-phase microstructure that is less than a sccond volume
fraction of a B-phase microstructure of a comparable bond coat of a comparable article

which has not been exposed to the operational temperature; and

an overlay coating selectively applied over the treatment region without stripping
the treatment region, the overlay coating cnabling coating life extension of the treated

coated article.

13. The treated coated article of claim 12, wheren the bond coat 1s a MCrAlY, M
being selected from the group consisting of mnickel, cobalt, iron, alloys thereof, and

combinations thereof.

14. The treated coated article of claim 12, wherein the first volume fraction of the
p-phase microstructure is reduced by between about 20% and about 80% relative to the second

volume fraction of the B-phase microstracture of the comparable bond coat.
15. The treated coated article of claim 12, wherein the overlay coating ncludes a
material selected from the group consisting of vitria-stabilized zirconia, mullite, alumina, cena,

rare-garth zirconates, rare earth oxides, metal-glass composiies, and combinations thereof.
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16. The treated coated article of claim 12, wherein the overlay coating is applied to
a local portion of the coated article, the local portion being less than an entire surface of the

coated article.

17. The treated coated article of clamm 12, wheren the overlay coating 1s selectively

apphied over the treatment region without applying an additional bond coat to the coated.

18. The treated coated article of claim 12, wherein the thermal barrier coating is
selected from the group consisting of at least one of porous coatings, dense coatings, and dense
verticallv-cracked coatings.

19. The treated coated article of claim 12, wherein the ireated article i3 a turbine
component selected from the group consisting of at least one of hot gas path components,
combustion components, blades (buckets), vanes (nozzles), shrouds, combustor liners,
transition ducts, cross fire tube collars, venturis, transition pece seals, and fuel nozzie parts.

24, The treated coated article of claim 12, wherein the treated article is post-heat

treated.

10
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