METHOD FOR ALUM NI DE COATI NG A HOLLOW ARTI CLE Thi s
invention relates to the application of alum nide
coatings to articles and, nore particularly, to the
al um ni de coating of hollow articles. BACKGROUND OF
THE INVENTION In an aircraft gas turbine (jet) engine,
air is drawn into the front of the engine, conpressed
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temperatures of up to about 1800-2100°F. At these temperatures, the components are

subject to damage by oxidation and corrosion.

In one approach used to protect the hot-section components against oxidation and
corrosion, a portion of the surface of the turbine blades is coated with a protective
coating. One type of protective coating is an aluminum-containing protective coating
deposited upon the substrate material to be protected. The deposited aluminum-
containing coating interdiffuses into the substrate material, and the exposed surface of
the aluminum-containing protective coating oxidizes to produce an adherent

aluminum oxide scale that protects the underlying substrate.



Several techniques are available to coat the exterior

surfaces of the turbine blades and vanes. However, in
sonme cases the airfoil sections are hollow, to permt

a through- flow of cooling air or to reduce the wei ght
of the airfoil section, or for both reasons. The

uni form coating of the exterior and interior surfaces
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opening, and vapor phase aluminiding (“VPA”) the hollow article using an external
aluminum vapor source separate from the aluminide coating tape. Typically, the
 article has previously been in service, and the present method is used to refurbish the

article.

In applications of most interest, the article is a nickel-base alloy, and most preferably
1s a nickel-base superalloy. In this application, the article is a turbine blade with an
airfoil section having at least a portion of the airfoil hollow. The hollow interior
extends from a blade tip into a portion of the airfoil section. In one embodiment, the

hollow intertor does not extend the entire length of the turbine blade, so that there is
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holl ow i nterior does not extend the entire |length of
the turbine blade, so that there is 2 no possibility
of a flowthrough of a coating vapor from one end of
the hollowinterior to the other along the | ength of
the turbine blade. The article may al so be a cobalt-
base alloy. Most preferably, the alum nide coating
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 Rn@S STBPSPRRRS SYTRRTPE EBIMh B o 1K Dypical aluminiding
process, the hollow article having the aluminide coating tape in the hollow interior is
placed into an interior of a heated aluminiding container, an aluminum-containing
alloy 1s placed in communication with the interior of the aluminiding container, and
the hollow article having the aluminide coating tape in the hollow interior and the
aluminum-containing alloy are heated to the aluminiding temperature for a period of
time sufficient to deposit the desired thickness of the aluminide coating onto the

interior surface and the exterior surface.

Prior to developing the present approach, attempts were made to refurbish the
aluminide coating using only the vapor phase aluminiding process. The result was

that the aluminum vapor did not penetrate into the interior of the hollow cavity to
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interior surface and the exterior surface. Prior to
devel opi ng the present approach, attenpts were nmade to
refurbish the alum nide coating using only the vapor
phase al um ni ding process. The result was that the
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tliﬁlpre!fdﬁearﬁnb@ﬂlméﬁt,gure 2 is a schematic view of a
hol | ow gas turbine blade with a portion of the wall

of the airfoil broken away to show the al um ni de
B&EF@E&Q@B@@N@%FH@@ IN€S hollow interior;

Figure 3 is an enlarged sectional view through a wall
Flurd N€ 1985 tiddkPnB& RiAfen Obf a preferred approach for practicing an

embodiment of the invention;

Figure 2 is a schematic view of a hollow gas turbine blade with a portion of the wall
of the airfoil broken away to show the aluminide coating tapes inserted into its hollow

interior;

Figure 3 is an enlarged sectional view through a wall of the gas turbine blade of
Figure 2, taken on line 3-3; and

Figure 4 is a schematic view of the hollow turbine blade in a VPA coating

aluminiding container.



Figure 2, taken on line 3-3; and Figure 4 is a
schematic view of the hollow turbine blade in a VPA
coating alum niding container. 4 DETAI LED DESCRI PTI ON
OF THE I NVENTION Figure 1 depicts a preferred approach
for producing an alum nide coating on a holl ow
article. The hollow article is furnished, step 20.
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~ about 0.01 percent boron, from 0 to about 0.1 percent yttrium, from 0 to about 1.5
percent hafnium, balance nickel and incidental impurities, although nickel-base
superalloys may have compositions outside this range. The gas turbine blade 32 may
instead be made out of a cobalt-base alloy, which has more cobalt present than any
other element. Such cobalt alloys are known in the art for use in turbine blades. An
example of such a cobalt-base alloy is alloy Mar M509, having a nominal
composition in weight percent of about 0.6 percent carbon, about 0.1 percent
manganese, about 0.4 percent silicon, about 22.5 percent chromium, about 1.5 percent
iron, about 0.2 percent titanium, about 0.01 percent boron, about 0.5 percent
zirconium, about 10 percent nickel, about 7 percent tungsten, about 3.5 percent
tantalum, balance cobalt and minor elements
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ot her elenent. Such cobalt alloys are known in the art
for use in turbine blades. An exanple of such a
cobalt-base alloy is alloy Mar Mb09, having a nom na
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airfoil section 34 of the gas turbine blade 32 during refurbishment procedures aﬂer the

gas turbine blade 32 has been in service, the exterior aluminide coating 56 is readily
applied. However, the interior aluminide coating 60 is uneven in thickness and

generally not sufficiently thick near the bottom of the cavity 44.

To accomplish the coating of the interior surface 58, an aluminide coating tape 62,

sometimes termed a codep tape, is placed into the hollow interior 42 of the airfoil

section 34 of the gas turbine blade 32 through the access opening 50. In the

configuration of the gas turbine blade 32 of Figure 2, a plurality of aluminide coating

tapes 62 are placed between the stiffeners 46. The aluminide coating tape 62 may

optionally contain an activator. Most preferably, the aluminide coating tape
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coating 60 thereon. If conventional vapor phase
alumniding is perfornmed for the airfoil section 34

of the gas turbine blade 32 during refurbi shnent
procedures after the gas turbine blade 32 has been in
service, the exterior alumnide coating 56 is readily
appl i ed. However, the interior alumnide coating 60 is
uneven in. thickne and enerally not sufficiently
PRPERCn Bacatin b (0 oRTE.{ 1o WeIg! 1f 3 almnuBeeGRpsiag, alloy
ﬂo%eﬁ Qi B RinddiRr LRt R EMRE bkt 368 StonALy, anUgRtRhEEes agent
coating tape 62, sonetinmes termed a codep tape, is
spthagseaininanivmt didorhds! Tl ok ganey hinderd@irnsfoff during the satsequent heat

section .34 t he gas_turbine bl ade, 32 thtough the .
el honf VG i Rrdetls TBEHF GuEh ABAILE Prisbgdere 62 i
Knbwhi e thd afte s8¢ fBf drb@iplee US Patddt 3,384,417, alhdk UikélodlRe is
coating tapes 62 are placed between the stiffeners

i@rporpied dyursfereens, endils pyailabe copmemijallyofen exranply from Vitta
R B 05K B ecsloLs RFERENILY bl By opind

Siveh Gitliminfidea Boaing Nl 2 Cliviat Béchi pu@vidhibl9 Yused dodl @tuminidencoating

t he remainder an organi c bi nder and, opti onalé%, an . |
oRexatigns: | Hewayfsntuch nigle caniRghiapphahng e userhie coat interior

[ [ 0 LN S t s
trea ’rr%sn%![\%lg %eogﬁ%@gv%g%&o%ggﬁg érﬁgy gue. Oéﬁﬁtdlummde
cahtiny fapete6Z dat hregplhcgdeinti?theshollswointerion 42 hué the birfaleection 34
R R Y e W T EE R

bqégmci@yi BF lYsizel @03 %zpld@?;t, F8NinAhEd ?Oélgrcgéaﬁﬁ{gaédg%n?foéavity to

t hel ,” Connecticut or Sul'zer Metco orationm o
t8lintgzaelgk af davitybuot Oalltuintindsdeaxdmatn wiglth, afpie pedeesthbee total of

i I d i ni d i . [ .
Biseioes ot geh i ootk dhickn f 1 ph g€ RO B8 ahen, g be
plRed b th@‘b@&iiyom, p%'dﬁ&ﬁg&ﬁem%én fsBffer®s 46 Qh.{lt %k emd Bebween the
are aware. Thé si'ze and nunber of the al um ni de

veadlaof thy casited4.62 that are placed into the holl ow
interior 42 of the airfoil section 34 depends upon

\ ' . hol i . [ 4 e. l ] P
AR 5 il ARPELY 5 STnfc E- Do e
selen, 340 sBp 20 A Fdguren gthe! Idldivngticld 3@ iohamaphhye dlominided, step
trailing edge of cavity), and 0.16 inches Xjmum |
2 g an extergal lumisp PP IRuee sepugie fgm t vmmq%c‘é@tlss tape

a0l s ol s 8910 B e
3betbvisenoadtd ffithner sludGnidh adoadng, drege Itheet siefoil dchBon 34 of the gas
turbine blade 32, is placed into an aluminiding container 72. Typically, many gas
turbine blades 32 are loaded into the aluminiding container 72 for aluminiding in a
single coating operation, but only one is shown in Figure 4. In the illustrated
approach, the underside of the platform 40 and the attachment 38 are not to be coated
with aluminum. Therefore, the attachment 38 is positioned outside the aluminiding
container 72, while the underside of the platform 40 is sealingly positioned along the

wall of the aluminiding container 72 or otherwise positioned such that the underside

of the platform 40 does not receive an aluminum coat.



wal | s of the cavity 44. After the alum nide coating
tape 62 is placed into the hollow interior 42 of the
airfoil section 34, step 22 of Figure 1, the hollow
article 30 is vapor phase al um nided, step 24, using
an external alum num vapor source separate fromthe
al um ni de coating tape 62. Figure 4 depicts an

ahl e va phase al uni ni.di ng appar.atus, 70.
AR plgpidingoas soHEC 15 RTEUGH (R ARG AR dEitE i mﬁaﬂor of the

A\higidi c@tgﬁ&'ﬂz SRd mﬂstﬁﬁecp Opp&&a%h gaéextéruaxbgoﬂl%e%kaﬁﬁnnm
32, Is placed into an alum ni di'ng cont al ner .
V':Ey(pri isaﬁablysts hoy chasniumealtanimenb blkdegel 3% &y poﬂlmatbddlelanﬂm gas

B usE D 6 e Y ap e femiiad Dl B smnihil eapirists 72. (This
aEirﬂiHﬁﬁl 'ﬂapof bdrbeisl de!sé&%eﬂaés%mga@@érﬁﬁcth thé Q@s HISGE %laqg 32 to

of the platform40 and the attachnent 38 are not to be
dissiapeigh itviirarh thg lpininide ccratmgetﬁpﬁr @2, wiieh tintsotalénthedns igbine

o} out si,.de t he. al nt ai
hiRg)r B LG sonFinth 22 bt s 2and fig aps torbine
bﬂml%(si) Boneshakeiig dn@gonet hy(ﬁf)gérﬁ&m@ls keatcH n@tmg rate of about
QQnt ainer 72 or otherw se positioned such that the

Siritees migute gp a FRmpArERreopirematen dban ﬁbﬁutr@&él&@raﬁrably about
d
OSTITGOh e BRI AR08 SRR e

ahigithamnespor’ iffukss fohbe istufas oftiedg:a ﬁmrbﬁm:lbiadaaz eatidedepasits to
source of  al um num_ vapor_is baskets 74 of

foam awialiminidg roAtns éherwl popteeisthe glusiapm; dapesitshein the; ¢rgerior
§ces tsur B g ‘gﬂtm 84Sl tﬁ%mng aﬁﬁﬂﬁﬁ 18! deb gﬁ‘ihe {Rerior

e alum niding contal ner al um ntm v
senfaﬂes 681 §hdeac hirbiad bislel3Riin gelebdt (Ehan tdmpematttecfogasime sufficient

r bi ne, bl.ade .3 o distinguish it fromth um ni de
t gmqswh? desired éhzlc:fﬂﬁsa of fae gliminde poatipey tw@w@ﬁ% a{ﬂmtﬁ' s +/-
18l aEGtes Zdel—lnE%léﬁ HieNighentR Qfeﬁés'ﬂt%& ahd tﬁ&ﬁél@WrHoB&dttQ %bout

baskets 74 and the gas turbine  blade(s) 32 are heated

26ﬂ°Fafmdathgm toroduy thmapreriuee ridptppeliy aflowa 7Rediai catriar gaesuch as
50F t t f .
aRlour oo ClrBE be BT RS R g BpafibERs Syt

ph&iks oVeRRT SHrbhigh tiR bASkeldM 4 &P ehtrAR Snfir @byt e N@hlrRhS vapor
76. The al um num vapor diffuses to the surfaces of

prasogrh By e manesizatiomief 3% pelivts depodiq gast wrbine bladad2. These

A PR 9 e P, £k e AU e cosic
aﬁﬂrmﬁmmeﬁ)ntaﬁhﬂglalyer_hol | ow cavity 44 to deposit on the
interior

During this heating cycle, aluminum vapor is also produced by the aluminide coating
tapes 62 proximate to the interior surfaces 58. The aluminum vapor produced by the
aluminide coating tapes 62 diffuses to the interior surfaces 58 and deposits as the
primary source of the aluminum that forms the interior aluminide coating 60. Some
of the aluminum vapor produced from the pellets 76 may also find its way into the
hollow interior 42, but experience has shown that this aluminum vapor deposits
primarily on the exterior surfaces 54 and does not diffuse to the interior surfaces 58.
If only the aluminum vapor produced from the pellets 76 is used, the interior coating

deposited on the interior surfaces 58 is insufficiently thick to protect those interior -
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surfaces 58. The gas turbine blade 32 is held at that
tenperature for a tinme sufficient to deposit the
desired thickness of the alum nide coating, typically
about 4 hours +/- 15 m nutes, during which tine

alum numis deposited, and then sl ow cool ed to about
250F and thence to roomtenperature. Optionally, a

fl ' h . hyd
SR % o B et OG- ohPRAFRY BRI aRr2 ey te

ahl@hididg cdRafs eHeQW@ice dnhid he BUDbw tieribeR KRk in/dbnfifhction with
entrain and carry the alum num vapor produced by the

theapreinghspwac.ohere Hie pelletat® ip6theoctpréorgbasketyr 7 fee aluminide
he . i
T R A TR P BB TR b e
eRietiot sufice 66t ai ni ng | ayer. During this heating cycle,
al um num vapor is also produced by the al um nide

coatin t gpes proxi mate to the interior surfaces .
Apgt GTHEPTSP%WWE}%%& pute %\?Iaawifewuw Ropederssin e 1l erior 42
a6 ARlsbBi%e LR Rmifm ﬁfhﬁérvm rd2f, i<l h%—g?&é%fn%%ﬁcﬁﬁing, is

and deposits as the primary source o um num
nphatceptoblesor hefuibisherehbbecabisenit i bies ematonngnélly fSondly, mcause

.the.al um num vapor praduced fr.om th |lets 76 g
“ﬁl"BBmH ‘h‘ifaﬁ{l%t T tﬁ'ieds 3}?@6@% &qnbiba_fﬂf)&ei‘ﬁ?"f@as %_mm‘img
pEICRA! thENFRVIRS (BN eXBrid N AmitliS cadtHF 60 MnMaRRiud 8RO SlvhSinum
primarily on the exterior surfaces 54 and does not

selre¢ pewderaistrherei diffsnitde handleand o880l thah ip theyaltménide coating
talgﬁinumvapor produced fromthe pellets 76 is used,

P nterior coating deposited on the interior

surfaces 58 is insufficiently thick to protect those

Aftek lid €dsir8d shitkasas dGlunhem sheppsirdaponapperRabr afrface 54
producing_aluninun1v%%or fromthe _alum niding coatin

apd §R0R SRF EueRigTt FrfRce R, ol Itnern tusbingrblpde 32 dy cpefed o Toom
PSS Y R b Cofine 6 o I rpysd o

thedaillomgntehioc KA estep 266 sufficiently thick and even on
both the interior surfaces 58 and the exterior

urface 56. t her approach woul d .be to use.al um ni de .
Th8 gHSE sBninerl Bor bR SO r O Y Eattuns onoess e e lades Hiving
aSRUGER Hhild WThRUBpNARGEH Fidhb 2 ﬁﬁﬂfe‘)&?tbacﬂ Y8phcied in relation to

new make nmanufacturing, is  not acciﬁ abl e for

Froret bind wyimgt thp S8 sppdretup §0|simdarctovihatodenieiediin Yigure 4. The
friendl vy, b it t ting t t i
o B SR St BB RSB Mo TR B o

“ produce an aluminide coating having a minimum thickness of 0.0015 inch for both the

exterior aluminide coating 56 and the interfor aluminide coating 60. For comparison,
gas turbine blades were given the same vapor phase aluminiding treatment, in a first
comparative case without any aluminum-vapor source within the hollow interior 42,
and in a second comparative case using aluminum-source powders filled into the
cavity 44. In all cases, the thickness of the exterior aluminide coating 56 was more
than 0.0015 inch. However, the thickness of the interior aluminide coating 60 varied
according to the processing used. Where no aluminiding source was placed into the
cavity 44, the thickness of the interior aluminide coating 60 near the bottom of the

cavity 44 varied from 0 to less than 0.0005 inch. Where a powder aluminiding source
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process that provides the exterior alumnide coating
60, and because the al um num source powder is nore
difficult to handle and control than is the alum nide
coating tape 62. After the desired thicknesses of
alum numis deposited upon the exterior surface 54
and upon the interior surface 58, and the gas turbine
bl ade 32 is, cool.ed tq roo tenperature,  the. .

B APt SRS e S e CHbe Ghioh g i g9ating 60 near
thEHIUER fea@iMy Al trlaﬂingowgeﬁ‘tcﬁf thel ¢ 84 8Pas28houl MLO008 inch
present approach has been practiced gy coati ng hol | ow
nyaEmemy e heatlwmimda/eoating dapst 2uwauplecst intd the cavity Arhin the

GRS bl S S0P a5 PR B e g wos o

r6bust 1020016 Oint i dbinHe@Rh GhRfhghdsut the Waeitd - thdRBy @it ¥hatching the
di mensi ons and coat[ng tape are as escriged above.
thigkoesp pEibe ievisrighaluminidpeestiag 86an al uni ni de coati ng
having a mni mum thi ckness of 0.0015 inch for both the

r . C | e . . .
ST G08l 190 of s LT B fp de o
polmdes ofidilestgitiven vhtieiss envdifications phdisabahaemenisdimag be made
treatnment, in a first,  conparative case wthout an
A SRR ATOr dhF SBirik ¥4 FPOPREO BN BUERRTer iAsconnely, the

; hi Pa m num sour ce
lﬁﬁﬁﬁgggﬁFﬁﬁfgﬂﬂ?%?o th *E Jﬁ? 5%3&?%aa*¥ cases, the
t hi ckness of the exterior alum nide coating 56 was
nore than 0.0015 inch. However, the thickness of the
interior alumnide coating 60 varied according to the
processi ng used. Were no al um ni di ng source was

pl aced into the cavity 44, the thickness of the
interior alum nide coating 60 near the bottom of the
cavity 44 varied fromO to | ess than 0.0005 i nch.
Where a powder al um niding source 9 was placed into
the cavity 44, the thickness of the interior alum nide
coating 60 near the bottomleading and trailing edges
of the cavity 44 was about 0.0008 inch mninmm Were
the al um ni de coating tape 62 was placed into the
cavity 44 in the manner described earlier, the

t hi ckness of the interior alum nide coating 60 was a
robust 0.0015 inch m ni mum throughout the cavity,

t hereby closely matching the thickness of the
exterior alum nide coating 56.
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Al t hough a particul ar enbodi nent of the invention has

been described in detail for purposes of

illustration, various nodifications and enhancenents

may be nmade w thout departing fromthe spirit and

scope of the invention. Accordingly, the invention is

not to be limted except as by the appended clains. 10

(g%ﬁéﬁﬁ 1. A nethod for producing an al um ni de coating

ollow article, conprising the steps of:

1f ur nisshiett@da0r otihdih® ah abinfifide cBaidgO & RbIBSW Qftichd) GoMiprising

access opening to the hollow interior; placing an
#hsifde coating tape into the hollow interior

!
' , i : h .
RN DSREEARD RO P 30598 o e o

imtktig; NnUM vapor source separate fromthe al um nide

oating tape, 2. .The nethod of claim1l, wherein the )
Piﬂtcgkg asralymidectorting fane inte dae hallovemigsios througly the apsesyopening;
ahﬁe article that has previously been in service. 3.

The nmethod of claiml or claim2, wherein the step of
vhporphess algminidihg diesshdllvay agickpuside finiextershl algmiduen vapor source

articl.e compri sing a nickel-base superalloy. 4. The

S %Bgmﬁ’ft?‘ﬁla‘g‘ﬂ’d’lag&?at@lgé?ﬁ‘ﬁ'Z, wherein the step of
furnishing includes the step of furnishing the
article conprising a cobalt-base superalloy. 5. The
2et hdde ofetladyofoémdi whiemimthe stepef fyrnishigdncluddsahs step of
of . furnjshi. i.ncl udes the step of. furnishing the
pishitedh e APk B PEP sy Bett FEFYiStoi ng. o 1 cast 2
portion of the airfoil hollow 6. The nethod of any
one of clains 1 to 4, wherein the step of furnishing

3i ncl dbesmothnd aftcdgdmok of eleim Shivhereinnthe atepiof Ifernishing igeludes the
rbi-ne ol i.ng the holl { nterior, extendi ng
st gERBG s g4 PR Mrb Gng G REl oG Sondiugl 1 o7
secti on.
4. The method of claim 1 or claim 2, wherein the step of furnishing includes the

step of furnishing the article comprising a cobalt-base superalloy.

5. The method of any one of claims 1 to 4, wherein the step of furnishing
includes the step of
fumishing the article having an airfoil section having at Ieast a portion of the airfoil

hollow.

6. The method of any one of claims 1 to 4, wherein the step of furnishing
includes the step of
furnishing the article as a gas turbine blade having the hollow interior extending from

a blade tip into a portion of the airfoil section.

7. The method of any one of the preceding claims, wherein the step of placing

includes the step of
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7. The nmethod of any one of the preceding clains,
wherein the step of placing includes the step of 11
provi ding the al um ni de coating tape conprising an
al um num contai ning all oy powder and a binder. 8. The
met hod of any one of clains 1 to 7, wherein the step
of vapor phase alum niding includes the step of

h
SRl BuRRLaP Rokly Tt Dbt "B AHThddSnuinipg atoy
pofvdat addeslsihdeebout 1875F in an atnDsphere conpri si ng
al um num vapor. 9. The nethod of any one of clains 1
to 7, wherein the step of vapor phase al um ni di ng
j ncl { '
o o o ok B8y Rincl AR | 87 2Rl B bEpRIVAPLF hace
aﬂlﬂnm&hnﬁmnhdca‘thabteptole?SF +/ - 25F, in an atnosphere

rtbf: hafly? pele Vegings B¢ @wﬁ%dgl&%m%ﬁ%%&ﬁé hollig mtetior to a
ik g leagtca!baaeﬁs7tsﬁem%1%§o§ﬁal i} rﬁﬂl znﬁnﬁ%{ or.

icle having the alum nide co pelnte
hoIIOW|nter|or into an interior of an alum niding

oSS 5 B O AR D87 ARl g e

aﬁﬁmhﬁj;ﬁgelﬁlcluamha bAg the hollow article having the
al um ni de coatin ape in the hollowinterior and the

hgpting the heliom edicle haying the pluminide ceatingrtapelindhoholbaw frgerir to a
t@gﬁéllﬁtm]esoﬁgomji%?’s"l*" +/- 25°F, in an atmosphere comprising aluminum vapor.

10.  The method of any one of claims 1 to 7, wherein the step of vapor phase
aluminiding includes the steps of:

placing the hollow article having the aluminide coating tape in the hollow interior into
an intertor of an aluminiding container,

placing an aluminum-containing alloy in communication with the interior of the
aluminiding container, and
‘heating the hollow article having the aluminide coating tape in the hollow intetior and

the aluminum-containing alloy to a temperature of at least about 1875°F.
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