SACRI FI Cl AL COATI NG FOR FLUCRI DE | ON CLEANI NG BACKGROUND OF THE | NVENTI ON
[0001] 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. [0002]
Conventi onal gagAlCRINICI ATGDDERING HOIE £1 GORAVEBON E¥FANENGI gh and | ow
pressure turbi né-vanes at operate 1or extended pertods o i me under
relatively harsh conditions. Under such conditions, the gas turbine engine
conponents may incur da atelt hi gh cycle fatigue
that results in def ects@%@#@%ag@@ﬁiypﬁﬁgﬁﬁglww defects can be
repai red to [@80gnd Thi Beemicerdlitte tofa mbthodabr trepdime defegisn ganfesiant .

[ 0003] Conventional repair nethods include cleaning.the defect to renove
oxi dat i%‘%n‘d’%nﬁi“élaéé’ P8k Pﬁ‘ﬁvuhébﬁp@r utilezdng @papecllyg peAungHe ehlshiildy, a
braze Wﬁbﬂﬂ}@hmﬁy&ﬂhl egﬁgﬂgﬁﬁmkk]ler powder is applied near the defect.
The gas  turbine engime conponent Ts then heated to nelt the braze materi al
and fill in [0hé2]def €ohvgoionalogas {uitfife fengiaess artide naimponesaisi sagh ps dogs swb

i ncl ude usi ng hydraogen fluoride gas. to requce oxidation on the defect
O Socloare . Sr SR et dBh Gtprada ot St HeEodt Phfmeo Rl st aBeh i ar e

then caldhifdn@Vayndey sithlERbdathe dds SAMYRNE dsthyonchiembBy %&Q%ﬁmagé uoride
gas preferentially attacks grain boundaries of a netallic mcrostructure of

t he gasfromerdsione ceaspi #ral highoele datiguatthaireswdty imddissisrsabh s exagkenTyHeallyas

t ur bi ne, engi ne copponent | ea o unsuceessful repair, and result in

sor appelt SOE REPRERREN to SR b sHDRE FEATHS bast B ang®B BT, 2 et noo
of cl eani ng [©863]t ur KoRerRIdELIN @epato MRAMRRT indRidec tiBanihy | dentisfesd zd nembhe
possibility of inter-granular boundary attack. SUWMARY OF THE | NVENTI ON

[ 0006] omidationesd partickssdhatiagy harerar desTepaiie ARIGH thercleaning, aitkzeamyeridsuch n a
gas turbj i 0 t SUr t.L0cl udes
rai n b BRI EFRAREIL ndh o8BS, TR0 Raep i e Shell ORBSHERET

cl ean tlwatedad aclt theibifaae maadfialadeSil irethe 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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particles and oxidation. Before the cleaning, a protective coating is
applied to the defect surface to protect the grain boundaries from chem cal
attack. The protective coating functions as a sacrificial |ayer such that
the chemcally reducing gas preferentially attacks the protective coating

rather ¢ han (ug7]gr aithe BORRAS IRaiod. 0ABZLnINE @raPhe ameiNegoae BARAL i ng a

defect in a gas turbine engine conponent therefore provides the benefit of
m ni ni zomponentdhergfosmprozidedthecheeliefimiginnizing loter-granues aitaek dusmgphemical
DESCRI FJL O: THE DRAW NGS [ 0008] The various features and advant ages of
this invéention will become apparent to those skilled in the art fromthe
follow ng detailed description of the currently preferred enbodi nent. The
drawi ngs that acconpan he det ai | ed descrl i_on can be briefly described
as folows. [0009] Fi FDERGRIPY @E Me engi ne conponent

having a defigndy [ 494 0arfduute Qﬁ&sad@flgggé]eegvthgwwena{sxf 6f Belordd the

gas engi ne conponent own in gure 1 igure 3 1llustrates steps
of a ga@pamnbtmmomghhed @ thgoare fitont deaiollopingcdsaled JB&i@]onFoGtheecudrently

illustrates em cal | duci ng.gas diffus t r ot

coat  ngttRaed FEbGpITka b SR R SsPraet B detaird dRbtpiah 3 6f hitine
engi ne jLQRANER11owsP013] Figure 5 shows the chemcally redum ng gas
depleting the protective coating shown in Figure 4. [0014] Figure 6 shows
the defect d009Yce b&fguse galsowwmmmpée@sm@rbmrqnemer@pnmbn@n haying acleteghi ng

r ocess. Figure 7 t he defect .gft r rocess. DETAI LED
EESCRI PTI O\IO[@lOIlHI g Bw&,gg&j RN of fhe' &red ol% ¢ g8 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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[0016] Figure 1 illustrates selected portions of an exanple gas turbine
engi ne conponent 10 such as a turbine vane. In this exanple, the gas
turbi ne engi ne conponent 10 includes a defect portion 12, such as a

m croscopi ¢ crack. [0017] Figure 2 shows the defect portion 12 illustrated

in Fi gWoted-in tep 2dehaesist 1@%@&ﬂlé%tthékcéhﬂﬂl%sth@ clehAink é}%{:eQ@VTHQ cfick rl@Cf;k
surface 16 with undesired inpurities such as an oxi scale 18 and

parti clthen gxposathte paleaning ges swhrashydwgen duoadaimpiten 24 ita amane the oaidaidmum
. f i des.
pased YGhNys ANCuHIRL BRTEIE 0T HhAN® i 1A L ARSI Rl G555 6204

Fi gure used tor he crac

met hod mﬂelhzudma haatedat b kgowh epan2idy toarepdiethieichapksitde pr}iéée st&ﬁﬂwﬂ] beé dedchbedt ep
26. The crack 14 is 2 coated in step 22 to resist inter-granular attack
dur i ng PHePTe dealPaY™or ocess. The crack 14 is then exposed to a cleaning gas

such as hydr[ﬁtﬁlﬁgl fl F%&&'gl éh@w?t Lot a1 L TRY o ft e c@édkd?&rfagg 165 éﬁtl&? and

undesired par I'n step 26 the crack 14 1s fille
braze sealeerd ahd mrdinenaﬂemiredrpaaldmdzm T teen ‘tpartichgyadiefers penecalhcto rédionst hese
steps wi ]| be escrl in gﬁre detall bel ow.. 100191 Fi ure 4 shows a nore

det ai | &f Yndesire foxthlf*e altestep 2 o%’&oé?‘it’dﬁ cogiing éO 18 depgsifed gy dhey
undesi r gghRArhic] €6y %gmrm?os&fornmea%ptm 5 or SRS wWaER&ahad.! Y to regions of

undesi red oxide-formng netals. In step a protective coating 30 is
deposi ted orIOOIﬂi c Pacikg sher fleanengl Seb4, \llaqagas td@pmsarlglmmonmoecmtrl@plsaeatﬂg or

eng ne BanBBREHILr BeiEohdap ety 0D i BRLe [ et ErpoabioR Ehetterly 00

and 110Qd¢ein@ft 2XROR @l hwogerphﬁdﬁdéallfm che@eanl ReHBaT 34 3PURITu®RS thvdsrgen
fluoride. The chem cally reducing gas 32 diffuses through the protective

coat | ngthwr@mlw@mmlngﬁpwndecé@tnscamytmaqtheflﬂixﬁhéantxndﬁmloscsaalé I&mﬂwundmm@tu red
the )&l dat | ?e 1§c>a| ncl udes . ! Hgi%lm oxi de

particl es e £xa

and t ha® %Sn’?éal ](I%lyone %’%18 bhgs Nt wi tlﬁduﬂeés ul%n%n%x' e as

illust r@k@@banlp redRirf0bAs0¥ RghctsewRRPhE aki@atirh Oxi®JaAiliueRated in the following
example reaction equation:

12HF +2A1,0, — 6H,0 + 4 AIF,

[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 +2 Al — 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



12HF+2A1203 - - +6H20+4A1F3 [ 00211 The resulting water and al um num fl uori de
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 chenmically
reduci ng gas 32 also reacts with the undesired particles 20 such as

al um numaaRd3é hhaM URdagord HdsiehtahRfePihak BR okRlatioNiroGktSica B ke %%%Fﬂi{i’é"
equations: BHF + 2Al-> 2A1F3 + 3H2 " 6HF + 2Ti -> 2Ti F3 +3H2 [ 00221 The

r esul t i enginglogmipauentfli0upatedal anddgraint bowindaries |3dor Thde provedes gl amiefivof widlizend al s
that then diffuse out of,.the protective coating and are .carried away,py the
purge. 408 Pegls s8ine 0 A8 o R R T e ey Hebliife 5 o
the al Wirtforenigky geackd Righer eanngriid Mouddidict B& aft tht defcttgurfaee 1€xanpl e, are
controlled bé controlling the heating tenperature, tine, and hydrogen

f1uoride corlB@lr at Adiprtionobihe NesisshycEoating3 Gmay Frmaip ogithe defoet subaed Hy 30

does n . . i I ation
previ 03‘565 n%\%rqﬁlghﬁcftl %gfe}? %gg‘[rggf) 'ec@?%%@Y%%ﬂcwlg%g%ﬁgigrcﬁlg)g?gﬁ%}{a 5,

t he hydoagdnel ldepleicdie plugettivalcbatingeXdudiring thrasle@ng plosessr €act sheyprotectivee
protective coating 30 to deplete the protectivye coating 30. The frotective 3
coat i ng°8nthat) dh eAmpisiehorfPldidst Bweehi diferchemigd Ynrlirtigt 88 1esP3t ance

of L he BaRreh iR} Dfin BNHaDL 1 QAR haatls TRbPIAer@Niflica! b, boundar i es 34,

Thi s provi e Izing the protective coating 30 as a
sacrificial [0638r thabnthaampeeyithalprotestpduaiatigg gdlsis32 nipked freatensli tilat ys

att acks, rat.her than.grai n boundarjes, 3 he defect surface 16. [0024] A
por t1 ori B E Bt bHuEERRoR e (G0ES e i 5P b dple (hSRIPIERE 16
after té&@ti&é‘@%‘iﬁ&hdé&' £8oRFurh FhaAi8 &posifldt ItRaL ihykh¥ss §dRe&8M0OS! hvd

reduci ng gas 32 may conpletely deplete the protective coating 30 during the
cl eani My0Q@BAEcess. Once the protective coating 30 is conpletely depleted,

rovever” DSAFART S3hiy SEL PRuERs Yl oghs GALLE! oRES R 2k
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



[ 0025] In one exanple, the protective coating 30 is a nickel material that
is deposited with a thickness between 0.0005" and 0.0008". In anot her
exanple, the protective coating 30 includes a chromiumnnaterial deposited
with a thickness between 0.0006" and 0.0015". [0026] These exanple

protect katﬁuFt‘Bé‘fs&diﬂ% £3Ris aebntibh.C Faﬁﬁlﬁﬁ%aﬁhotﬂqulléﬁ AMS %hoﬁl@ bk RbuRfeddbanul ar
attack and are depleted during the cl eanlng step 24 to achieve a clean crack
sur f aceddtermihatheitaiersedpe dndedoptent elethsfinvenpioni ti es. G ven this description,
however, one of ordinary skill would recognize other suitable protective
coatings and thicknesses for use wwth hydrogen fluoride or other cleaning
gases. [0027] The volatile materials carried away by the purge gas flow 33
such as alum num fluoride, titaniumfluoride may |ater be neutralized in a
fume scrubber with a neutralizing chem cal such as caustic soda (NaCH).

[ 0028] Once the crack 14 has been cl eaned and the oxidation scale 18 and
undesired particles 20 have been renoved, the crack 14 is filled with a
braze material 36 and heated in a known brazing process to conplete the
repair as shown in Figure 7. [0029] The discl osed exanpl e net hod provides a
protective coating 30 that acts as a sacrificial layer to resist
inter-granul ar attack between a hydrogen fluoride chemcally reducing gas
and grain boundaries 34 of a defect surface 16 of a gas turbine engine
conmponent 10. This provides the benefit of mnimzing inter-granular attack
that may otherwi se lead to scrapping of the gas turbine engi ne conponent 10
rather than repair. [0030] Although a preferred enbodi ment of this invention
has been disclosed, a worker of ordinary skill in this art would recognize
that certain nodifications would conme 4 within the scope of this invention.
For that reason, the followng clains should be studied to determne the
true scope and content of this invention. 5



CLAIMS 1. A nethod of repairing a defect in a gas turbine engi ne conponent,
conprising: (a) exposing a defect in a gas turbine engi ne conponent to a
chem cally reducing gas to clean the defect surface, the defect having a
defect surface that includes grain boundaries; and (b) applying a
protective coating on the defect susfagersto resist chemcal reaction

bet ween the chem cally reducing gas and the grain boundaries. 2. The nethod
as recited in Caim1, including applying the protective coating of step

(b) before posi he, defect to.the .chem cal.ly reducin as in step (a).

5 The. mechok’ ae & SRR TR 03O0 R AR fRupdshaRs Somer T o RRHEng n
chrom um pr ot ect iy ekPRingd- defect TiRea TR M@BinRSergdtd t6fpbitnt!tdl ANcBemiokIPf €i n
step (b) includes applying the chromumprotective coating with a thickness
bet weerfegdisang £43.t0 @lvan ithrcdrdect énﬂa%bmtdefﬁcogwg # defisetssuryce thae inphides arairs

recited. i imd, wherein step (b) includes applying a nickel protective
coati ngt?olugq&legémr(rlet hod as recited in Caimb5, wherein step (b) includes

appl ying the ni qsglappliiigeetpreRct@atoiihgbd hha defecc kingss hetasethahal

0. 0005 i nches and about 0.0008 inches. 7. The nethod as recited in Claiml,
wher ei rfeaqtiop betyeen fg cheascalygrducig gasand Bregraigboyedasisat i ng by

el ectroplating. 8. The nethod as recited in Caim1l, wherein step (b)

i ncl udes applying the protective coating by vapor deposition. 6 9. The

met hod as rexit edlieméhad a3 fecited &r €laim 91 BRludiyg dpphiitg dr prertiivigcdating def ect

at a tenperature between abqut 900C and about 1100C, and exposing the defect
to 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.



hydrogen fluoride gas. 10. The nethod as recited in Caim1, including step
(c) diffusing the hydrogen fluoride gas through the protective coating to
remove undesired surface particles fromthe defect surface. 11. The net hod
as recited in Caim1l, including step (c) brazing the defect to fill the

defect. 12. gThe MB{NQEhAE af R&itk®5h Clhifl 12y Rerkin %’t’@ﬁ(ﬁiiﬂclﬁﬁ& 1EhahNHRURLRT | es

include a first oxidation resistance anhd the protéctive coating includes a
second axd dempaature desteancabouhH00fG andi gioet 111AGTE,t dnel Ekpasing tiaddefeon to

resi sta\ﬁ,ge. 1@} A%as t ur bi ne engi ne conponent that has been repaired using
the methGIPEPENPYAGESh Qaim 1. 14. A nethod of repairing a defect in a gas
t ur bi ne engi ne conponent, conprising: (a) exposing a defect having a defect
surface that includes grain boundaries to a chemcally reducing gas to

cl ean the deflect Bigrmaded agrecitad) indplginy ilpgncduding picpi(e) éllffu@@atthﬁgy 9e¢the

def ect rfac ISt q.cal _..reaction 1 cal reduci ng
gas. and S8 s robEToRh A E Board ERTRAS WHURRY, dficf YRR oy R
i ncl udi degecsb@facec) of depleting the sacrificial coating to resist chem cal
reacti on between the chemcally reducing gas and the grain boundaries. 16.

The nethod as recited in Caim14, wherein the grain boundaries include a

First dati ; _ ot oGl X Cncl d
oxi dat§ on-r e ot aRgeARg B Meh i R £hiNEngIRD CPutanhe tHETRSEHANC .
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.





