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[ 00011 This invention relates to a nethod for repairing defects in gas

turbi ne engine conponents and, nore particularly, to utilizing a protective
coating to resist inter- granular attack during chem cal cleaning. [00021
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pressure turbine under
relatively harsh conditions. Under such conditions, the gas turbine engine
conponents may incur dana from erosion, cree and high cycle fatigue
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braze material such .as a hraze filler powder is applied near the defect.
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turbi ne engine co nt, to Onsuccessful repair, and result in
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99 as a braze filler powder is applied near the defect. The gas turbine engine component is then
heated to melt the braze material and fill in the defect portion.

[0004] Conventional cleaning processes include using hydrogen fluoride gas to
reduce oxidation on the defect surface and transform undesired particles into volatile
fluorides that are then carried away by hydrogen gas. Disadvantageously, the hydrogen
fluoride gas preferentially attacks grain boundaries of a metallic microstructure of the gas
turbine engine component, which may undesirably weaken the gas turbine engine component,
lead to unsuccessful repair, and result in scrappage of the component.

[0005] Accordingly, there is a need for a method of cleaning gas turbine engine

component defects while minimizing the possibility of inter-granular boundary attack.

SUMMARY OF THE INVENTION
[0006] The present invention provides a method of repairing a defect in a gas
turbine engine component. The defect has a defect surface that includes grain boundaries.
The defect is exposed to a chemically reducing gas to clean the defect surface of undesired
particles and oxidation. Before the cleaning, a protective coating is applied to the defect
surface to protect the grain boundaries from chemical attack. The protective coating
functions as a sacrificial layer such that the chemically reducing gas preferentially attacks the

protective coating rather than the grain boundaries.
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turbi ne engi ne conponent. The defect has a defect surface that includes
grain boundaries. The defect is exposed to a chemcally reducing gas to
cl ean the defect surface of undesired particles and oxidation. Before the
cl eaning, a protective coating is applied to the defect surface to protect

t he grain bou | es 0 ' t -The pr Jve ' f tions
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The exanpl e nmethod of repairing a defect in a gas turbine engine conponent
t her ef or 8¥HB%i des the benefit of mininizing inter-granular attack during
chem cal cl eaning. BRI EF DESCRI PTI ON OF THE DRAW NGS 100081 The vari ous
features and advantages of this invention will beconme apparent to those
skilled in the art fronBRIEFDESCRIMEIQN O THE DRAWINGSon of the currently

preferred enbodi nent. _The drawi _ngs that acconpany the detail ed description
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[00121 Figure 4 i lustrat es a chemcally reducing gas diffusing through a
protecti§ CE‘g%f’c?ﬁﬂflﬁ PWst is applied to a defect surface of a crack of a gas
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depleting the protective coating shown in Figure

[0010] Figure 2 shows a closer view of the defect of the gas engine component
shown in Figure 1.

[0011] Figure 3 illustrates steps of a gas turbine engine component repair process.

[0012] Figure 4 illustrates a chemically reducing gas diffusing through a
protective coating that is applied to a defect surface of a crack of a gas turbine engine
component.

[0013] Figure 5 shows the chemically reducing gas depleting the protective
coating shown in Figure 4.

[0014] Figure 6 shows the defect surface of a gas turbine engine component after
the cleaning process.

[0015] Figure 7 shows the defect after a brazing process.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0016] Figure 1 illustrates selected portions of an example gas turbine engine
component 10 such as a turbine vane. In this example, the gas turbine engine component 10
includes a defect portion 12, such as a microscopic crack.

[0017] Figure 2 shows the defect portion 12 illustrated in Figure 1. The defect
portion 12 includes a crack 14 having a crack surface 16 with undesired impurities such as an
oxide scale 18 and particles 20. The particles 20 may be, for example, titanium or aluminum
based which, and under some conditions may form undesired oxides.

[0018] Figure 3 illustrates steps used to repair the crack 14. Generally, the

method includes a coating step 22, a cleaning step 24, and a brazing step 26. The crack 14 is
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[0014] Figure 6 shows the defect surface of a gas turbine engi ne conponent
after the cleaning process. [0015] Figure 7 shows the defect after a
brazi ng process. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT [ 00161
Figure 1 illustrates selected portions of an exanpl e gas turbine engine
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mat eri al and heated_in a kpown manner to repair the crack 14. These steps
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engi ne Cﬁ{gpﬂja?e@ﬁvé'godtﬁlghﬁﬁw chemically reacts with the oxidation scale 18 and undesired
particles 20. In one example, the oxidation scale 18 includes aluminum oxide and the
chemically reducing gas 32 reacts with the aluminum oxide as illustrated in the following
example reaction equation:

12HF +2A41,0, - 6H,0 + 4AIF,

[0021] The resulting water and aluminum fluoride are volatile materials that then
diffuse out of the protective coating and are carried away by a purge gas flow 33, such as
hydrogen. The chemically reducing gas 32 also reacts with the undesired particles 20 such as
aluminum and titanium as illustrated by the following example reaction equations:

6HF +2A4l — 2AIF, +3H,
6HF +2Ti — 2TiF, +3H,

[0022] The resulting aluminum fluoride and titanium fluoride are volatile
materials that then diffuse out of the protective coating and are carried away by the purge gas
flow 33. The reactions between the chemically reducing gas 32, the aluminum oxide, the
aluminum, and the titanium, for example, are controlled by controlling the heating
temperature, time, and hydrogen fluoride concentration. In one example, use of the
protective coating 30 does not change the temperature, time, and hydrogen fluoride
concentration previously known and used for defect repair.

[0023] As shown in Figure 5, the hydrogen fluoride chemically reducing gas 32

also reacts with the protective coating 30 to deplete the protective coating 30. The protective
3



at a tenperature between approximately 900 C and 1100 C, and exposed to a
chemcally reducing gas 32 such as hydrogen fluoride. The chemcally
reduci ng gas 32 diffuses through the protective coating 30 and chemcally
reacts with the oxidation scale 18 and undesired particles 20. In one

exanpl e, the i.dation.scale 18 incl.udes al umn oxide and the chenically
Ceduci noCtibe 30 1 ah ORI GPR Tesidenge HRRE B ARt dloR eiSiePck ebihe eef figbine
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[0026] These example protective coatings 30 and thicknesses provide resistance
to inter-granular attack and are depleted during the cleaning step 24 to achieve a clean crack
surface 16 that is relatively free of impurities. Given this description, however, one of
ordinary skill would recognize other suitable protective coatings and thicknesses for use with
hydrogen fluoride or other cleaning gases.

[0027] The volatile materials carried away by the purge gas flow 33 such as
aluminum fluoride, titanium fluoride may later be neutralized in a fume scrubber with a
neutralizing chemical such as caustic soda (NaOH).

[0028] Once the crack 14 has been cleaned and the oxidation scale 18 and
undesired particles 20 have been removed, the crack 14 is filled with a braze material 36 and
heated in a known brazing process to complete the repair as shown in Figure 7.

[0029] The disclosed example method provides a protective coating 30 that acts
as a sacrificial layer to resist inter-granular attack between a hydrogen fluoride chemically
reducing gas and grain boundaries 34 of a defect surface 16 of a gas turbine engine
component 10. This provides the benefit of minimizing inter-granular attack that may
otherwise lead to scrapping of the gas turbine engine component 10 rather than repair.

[0030] Although a preferred embodiment of this invention has been disclosed, a

worker of ordinary skill in this art would recognize that certain modifications would come



engi ne conponent 10 material and grain boundaries 34. This provides a
benefit of utilizing the protective coating 30 as a sacrificial |ayer that
the chemcally reducing gas 32 preferentially attacks rather than grain
boundaries 34 at the defect surface 16. [0024] A portion of the protective
coating I i : def 6 . h al n|ng
(Figure t.hj% £ 5? até}\}g{gy}#@ﬁ@g %nth%g ﬁa& re %lnﬁ\tv ga%ﬁ% S%O‘?lr(’pb%orrde%dI:J

depl ete H&atheﬂ&ahkMﬁop@ahim@Maﬁoﬁﬂﬁsm@mﬁhm_cleanlng process. Once the
protective coating 30 is conpletely depleted, however, the chemcally
reducing gas 32 may preferentially begin to attack the grain boundaries 34
of the defect surface 16. [0025] In one exanple, the protective coating 30
is a nickel mterial that is deposited with a thickness between 0.0005" and
0.0008". In another exanple, the protective coating 30 includes a chrom um
material deposited with a thickness between 0.0006" and 0.0015". [0026]
These exanpl e protective coatings 30 and thicknesses provide resistance to
inter-granul ar attack and are depleted during the cleaning step 24 to
achieve a clean crack surface 16 that is relatively free of inpurities.

G ven this description, however, one of ordinary skill would recognize

ot her suitable protective coatings and thicknesses for use with hydrogen
fluoride or other cleaning gases. [0027] The volatile materials carried away
by the purge gas flow 33 such as alumnumfluoride, titaniumfluoride may

| ater be neutralized in a fune scrubber with a neutralizing chem cal such
as caustic soda (NaOH). [0028] Once the crack 14 has been cl eaned and the
oxi dation scale 18 and wundesired particles 20 have been renoved, the crack
14 is filled with a braze nmaterial 36 and heated in a known brazi ng process
to conplete the repair as shown in Figure 7. [0029] The discl osed exanpl e
nmet hod provides a protective coating 30 that acts



as a sacrificial layer to resist inter-granular attack between a hydrogen
fluoride chemcally reducing gas and grain boundaries 34 of a defect
surface 16 of a gas turbine engine conponent 10. This provides the benefit
of minimzing inter-granular attack that may otherw se |ead to scrapping of

t he gas turbine engi ne conponent 10 (a4t than repair. [0030] Although a
preferred enbodi nent of this invention S been disclosed, a worker of
ordinary skill in this art would recognize that certain nodifications would

cone 4 mnthln t he sco e of this inventjon. For that reason, the foll ow ng
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engi ne conponent, exposi a der gas turbl ne engine

conponentedu®ing gammleaai thy defeedmfang tljadefea hahvign ddﬂ@t daffmtthaunélad:@ griihe
defect having a defect surface that includes grain boundaries; and (b)
app! yi ngPeusiEesehdve coating on the defect surface to resist cheni cal

reacti on between tpgd&ébzﬂggad }’oté&fw gn%%ﬁ #RAdle YAk HndRELBTical?:

The net hod as reci 1, inc g applying the protective coating
of st eprdabfiorbledtecen thepbanieglly teducieg ged artdahe pircb@amideatd. y reduci ng gas in
step (a). 3. The nethod as recited in Caim1l, wherein step (b) includes
applying a chromum protective coating. 4. The nmethod as recited in Claim

3, wherein step (byrpkRehiies BRI Taibe m&ﬁ&lﬂg‘aﬂ}giyﬁfgf{h@ﬁl;dté/&w%Q@&tidﬁ%fw th

a thickness between about 0.0006 i nches and abogt nch
step (b) before exposing the defect to the chemically reducing gas in step (a).

3. The method as recited in Claim 1, wherein step (b) includes applying a

chromium protective coating.

4. The method as recited in Claim 3, wherein step (b) includes applying the
chromium protective coating with a thickness between about 0.0006 inches and about 0.0015

inches.

5. The method as recited in Claim 1, wherein step (b) includes applying a nickel

protective coating.

6. The method as recited in Claim 5, wherein step (b) includes applying the
nickel protective coating with a thickness between about 0.0005 inches and about 0.0008

inches.

7. The method as recited in Claim 1, wherein step (b) includes applying the

protective coating by electroplating.

8. The method as recited in Claim 1, wherein step (b) includes applying the

protective coating by vapor deposition.



5. The method as recited in Caim1l, wherein step (b) includes applying a
ni ckel protective coating. 6. The nethod as recited in Caim5, wherein
step (b) includes applying the nickel protective coating with a thickness
bet ween about 0. 0005 inches and about 0.0008 inches. 7. The method as

recited in Cgimly @’ﬁ{%'ﬂf‘dd”ag%@%d(lﬁ)clﬁ%l L{Qﬁe?elﬁ%li’égé(' }“Ehcg?fés h%ﬂ& V\gé ¥Ect

coating by el ectrop atin ‘as recit erel n step
(b) incl udestemppfayurag)dmeen pbaite2d(°Ceambaboutg1 by0°Capad cppsiagt thendefét %o The
met hod as recit in Gaim1l, wherein step (a) includes heating the defect
at a ten%é‘?‘rag?i‘r Ng5edEn about 900C and about 1100C, and exposi ng the def ect
to hydrogen fluoride gas. 10. The nethod as recited in Caim1l, including
step (c) diffusing the hydrogen fluoride gas through the protective coating
to renove undési reﬂhsmme‘tlambaqaaacitb@ﬁm@lzﬁmom inbladirxgaitqn(c)siilffﬁsingthemydragm

rrethoda recited. in im1 inclu ste bra the defect to fill
e def oduorie 57 heohed, 5 ralee BT HBaE A TerBY A oNirG B eGP Fm the
boundar i ggebtrgg}ﬂdg@ a first oxidation resistance and the protective coating

i ncl udes a second oxidation resistance that is higher than the first
oxi dation resistance. 13 A gas turbine engi ne conponent that has been

epal red using theyethod, Lechhef 003 Mddd &R0, ol S8R hA9

the defect.

12.  The method as recited in Claim 1, wherein the grain boundaries include a first
oxidation resistance and the protective coating includes a second oxidation resistance that is

higher than the first oxidation resistance.

13. A gas turbine engine component that has been repaired using the method

recited in Claim 1.

14. A method of repairing a defect in a gas turbine engine component, comprising:
(a) exposing a defect having a defect surface that includes grain boundaries to

a chemically reducing gas to clean the defect surface; and
(b) applying a sacrificial coating on the defect surface to resist chemical

reaction between the chemically reducing gas and the grain boundaries.

15. The method as recited in Claim 14, including step (c) of depleting the
sacrificial coating to resist chemical reaction between the chemically reducing gas and the

grain boundaries.

16.  The method as recited in Claim 14, wherein the grain boundaries include a
first oxidation resistance and the protective coating includes a second oxidation resistance

that is higher than the first oxidation resistance.



(a) exposing a defect having a defect surface that includes grain boundaries
to a chemcally reducing gas to clean the defect surface; and (b) applying
a sacrificial coating on the defect surface to resist chemcal reaction

bet ween the chemically reducing gas and the grain boundaries. 15. The net hod
as recited in Caim114, including step (c) of depleting the sacrificial
coating to resist chem cal reaction between the chemcally reducing gas and
the grain boundari ege déhod 3¢ rdREN A CBEm! EGIHeRLn s Cébfiulmdd%s aphI§Tngi the t he
grain boundaries include a first oxidation reS|stance and the protective
coating i nyPlgetés epatiog grlecisdi femiane efediramanme @nd triciel idireetly Rato thnaiefwhe
first OXId&&%&p resistance. 7 17. The method as recited in Caim1l, wherein
step (b) includes applying the protective coating selected from one of
chrom um and ni ckel dlrectly onto the defect surface. 18. The nethod as
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inches. 8 protective coating with a thickness between about 0.0005 inches and about 0.0008 inches.





