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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
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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
some 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
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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 may be used to refurbish the article.

In another aspect, there is provided a method for producing an aluminide coating on
a hollow article, comprising the steps of furnishing an airfoil made of a nickel-base
. superalloy or a cobalt-base alloy and having at least a portion of the airfoil hollow as
a blind hollow cavity extending from a blade tip into the airfoil but not through the
entire airfoil, wherein the airfoil has previously been in service; placing an aluminide



a blind hollow cavity extending froma blade tip into

the airfoil but not through the entire airfoil,
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wei ght of an al um num containing alloy powder, with
the remai nder an organi c binder and, optionally, an
activating agent such as amoni um chl oride. The
organi ¢ binder may burn off during the subsequent
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hollow interior and the aluminum-containing alloy may be 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



hollow interior, in addition to the vapor phase

al um niding using a separate, external source,
results in a sufficiently thick and uniform al um ni de
coating over the exterior surface of the airfoil and
the interior surface of the hollow portion of the
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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.



article. The hollow article is furnished, step 20.
Figure 2 illustrates a preferred form of an article
30 that may be processed using the present approach.
In this case, the article 30 is a gas turbine bl ade
32. The gas turbine blade 32 includes an airfoi
section 34 having a blade tip 36, an attachnent 38 in
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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 titanjum, 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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tantal um bal ance cobalt and m nor elenents 5 The gas
turbine blade 32 has a hollowinterior 42 in the form

of a cavity 44 extending fromthe blade tip 36 into a
portion of the airfoil section 34. The illustrated
turbine blade 32 is an uncool ed turbine bl ade, and

the hollowinterior 42 is present to reduce the
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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 fhe
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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sonetinmes ternmed 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 alumnide coating tapes 62
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v&?g\gﬁﬁ{gcgwt{,[@ners 46 that extend between the walls
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e cavity 44. After the alum nide coating tape 62
is placed into the hollow interior 42 of the airfoil
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IS. V al um ni ae ste usi ng an externa
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6.0 &iBue i depictnarnbpanabie deparqatsagdnmisdingtdppaatust 9. | The article

t 4 of . th
3655 bleocr:]oa%ed With' ah alianinide coating, here the airfoil section 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.



turbi ne blade 32, is placed into an al um ni di ng
container 72. Typically, many gas turbine blades 32
are |l oaded into the alum niding container 72 for
alumniding 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

AhtaehiRhbg-38 80O phAil8 ROalRMunMhiidh %hﬂi@h@%&%%éaﬁ% of the

Therefore, the attachiment 38 is positioned outsi e
Ayminiding cerfaingo . almibe iliztratet iapproathy au esiernsi deurod of dleminum

' Li nal iti d al t he. [
Bt ORI g OBl PSS E U 28 bBenkD e o
tatlife bladd 32 ebdmgper phate aluhinideg, iRhiRd A10mMidAg ¢eRBINRPY2. (This
recei ve an alum num coat. 7 An al um nidi ng-gas source

Jlumpgy, vepog spyrce dhfienstibed pobeing enteriab ta feegas durbirfe blade 32 to

1N, di ' T2, . he,il]ustrated oach, ..
AR BEm B R Ee Saidd b 87l B G Rh G proine
tdédedifi. U Fhe hiuminidingaddneind? 92l cohinify e SasketPHadiant ghd@rbine
a t.urbi pe blade 32 to be vapor phase alum nided, in
(S A P ML BEGOR OF Ny 9rORETTARoSPhgTa B ABRREBHe of about

) . . A
o L PR RC4 s rAe B M B o b1 TP I ety sbout
1@:32‘3% e 268peAb ﬂ;ils Mhpﬁneathﬁe, ahindnalvaperied drag@ shet lellaisrTﬁS. The
e 32. al um, ni di container 72 containing.the,
a_@‘ﬁ’é‘%&?’s"&fl)af gﬁﬁlﬂfﬁw Bﬂssguff{éﬁg%i%éﬁe B yehing %@ﬁe e ﬂwgéﬂ@alts to
fhin @R aﬁﬁﬂiﬁ[ﬂeoéoagirrig HRGESh, AMTRE BP HeCal@hirfnd’ Q%dsgg ggflg(? exterior

of about SO0F per mnute to a tenperature
surfages sido and 118t Biffyses fingo ahe hobbwuiavity IASE ddposi? Bh. thétinterior

by TR A L D MROE 2SS LM BoL L

t6 dep@@aghé vedicnaniRkAsls o3 Zhe ANGIHEP f@c?é ﬁ% E;{i)icam%bém hours +-

al um ni de coating thereon. Mst of the alum hum
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hd ' he hol | ow cawvi t 4 tgq deposit on the

20T MR SR B0 B ol oS o crboreehS such as
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deposit the desired thickness of the alum nide )
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or .h%/{gro en.may be introduced into the alum niding
a]_éIBHP WORBBNEHYEhat it passes over and through the
baskets 74 to entrain and carry the al um num vapor

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 pelléts 76 may also find its way into the
hollow interior 42, but experience has shown that this aluminum vapor deposits
primarily on the extgarior 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 -

8



produced by the vaporization of the pellets 76 to the
gas turbine blade 32. These coating tines and
tenperatures may be varied to alter the thickness of
t he deposited alum numcontaining layer. During this
heati ng cycle, alum num vapor is also produced by the
al um ni de coating tapes 62 proximate to the interior

surfabec 8. SWhei hBe PhréshiNLFPrYRN06T ProAHHEE hlMidule vapor from the
| um ni de coating tapes 62 diffuses tothe interior
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ﬁ‘émisﬁ)&é" ‘marily on the exterior surfaces 54 and
does not diffuse to the interior surfaces 58. |If only
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Rsescpethat peovidest the exjerior iabrmipidekesating 60, wid betausé thedgduminum

[ t.C SS: kS ffichent t hi and.even on .
S(g]g@h p?’ %éigllh inst llé‘rg:;eo(?lfgﬁurlf %c%@%g%médh goqtﬂ)é %Bé’k’tsequ &?“m’mde coating
taperd2ace 56. Anot her approach woul d be to use al um ni de
source powders in the hollow interior 42 as the

source .of al ym num vapor. This approach, used in

%tﬁ‘é%“waﬁﬁ’l" $55FS aluﬁ%nuﬂihéft d%l%é’é?d upPetheggxterior surface 54
f [ oL SGRRE it i e ir al |
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teinpdratuen tthd nowrpai@liyodepldied whpdnidpvastngikdpai 60 thi Renoved from
roqgfsiééﬁg grovi gs the exterior alumnide coating

TOLORANIRIIOL §LSIEIhe0-al uni num  source powder is nore
difficult to handle and control than is the al um nide

TROB, A B S AR R B v
a gﬁgctgmim.ﬂn@toi tteddpintedsur Figare 25 8y thngpprbehgbepidtedt tnimlation to
rIAEES A B By SRR FBSEBL R gob B e . i
cavityDdiatentiofdnand coating tape are as described above. The objective was to
produce an aluminide coating having a minimum thickness of 0.0015 inch for both the
exterior aluminide coating 56 and the interior 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 coatiﬁg 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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the hollow interior 42, step 26. The present approach
has been practiced by coating holl ow gas turbine
bl ades having a structure simlar to that depicted in
Figure 2, by the approach depicted in relation to
Figure 1 and using the VPA apparatus 70 simlar to
that depicted in Figure 4. The cavity dinensions and
wasplatgl infpthea®itn 94,086 ehiclaeds 8PM¢anteliBE RRIFAL YRindER near
%ﬁ produyce an al um ni de coating having a m ni mum )

i Ratieas deading) and 1tmiling iedges ofdher cawidy 4dxwiasiabout 0.0008 inch

bR O ] : : ' rior.,al ymnide . .

1210 at i ngd%%%é'g% gglcl)frﬁfgl éirgl%g %éﬁbetaéggft"{ﬁﬁ lel‘?]céag Bll"tg(}g% CRap 4 in the

?ammnt dekt&itﬁdrmfljmpﬂfe mhﬁa_estsﬁdmgrb ﬁh@ﬁelg alun@aideeddating BOAwas a
rs onparative case wi.thout any al um num vapor )

bt QOGE Fich ToiemHEY fsopshemb iicopaaty, theisky Flesely suetehiag the

SRR ' CARS b ' source powders filled

intoé%%£H¥§§V|tya§%hﬁﬂﬁ%gﬁﬁk%§gzs, t he thi ckness of

the exterior alumnide coating 56 was nore than

Altlopes 4 proticulkoembedimentef thei iokersion ok Ycbe desirded o detail for
um ni de..coating 60 varie accordi.ng to the

R o R oS SRS g Salleemeniagmay be made

witiage dicpitife ! fiém E3Vipiit 4 st bPEKIRRAIOA. { Abooringly, the

dnterior alumnide coating 60 near the bottom of the

1pyRAtoY 1upt e be Hhited gheept avby tesippéraied @1ad085 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 nmanner 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,

thereby closely matching the thickness of the

exterior alumnide coating 56. Al though a particular

enbodi nent of the invention has been described in

detail for purposes of illustration, various

nodi fi cati ons and enhancenents may be made without

departing fromthe spirit and scope of the invention.

Accordingly, the invention is not to be |[imted

except as by the appended clainms. 10 CLAI M5
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1. A nethod for producing an alum nide coating on a

hol l ow article, conprising the steps of: furnishing

an article having a hollow interior and an access

opening to the hollow interior; placing an al um ni de
coating tape into the hollow interior through the
Cﬁﬁﬁ\?gs openi ng; and vapor phase al um niding the

ol'TOow article using an external alum num vapor source
1sepaAghetfhbd ldium mbmmm%m almﬁnigeabiamg b?p?hollaw a1h:ﬂnﬁe, comprising
Qd .of claiml1, erein the step o ur ni shi ng
tqgﬁst(t:?plfooé's the step of furnishing the article that has
fupmishing sl artitle draving = doNow interldor driteamaicba’d efenitigatonthé, hollow
|%;,,ei n the step of furnishing includes the step of
urni shing the article conprising a nickel-base alloy.
pldcing lae almrtihiold coftirg) @paninlo thehtesleiMinterier thtogh e access opening;
aMJr ni shing includes the step of furnishing the
article conprising a nickel -base superalloy. 5. The
varer ipbdsoaluoiiriding the lfxdilb?\eérﬁple hh_sir@t &rﬁeﬂérnﬁpalltlin&hlhﬂgapor source
e, step of .furnishing the article

Sécdc%'%g?rg)&ngggf@@ﬁgﬁcp tér@leﬂtagﬁ'per alloy. 6. The nethod of
claiml1l, wherein the step of furnishing includes the

step rni.shing the article ving. an airfqjl
2'sect-ir@énmf?gh |dn°gf;c%P M e\gE?re‘Ly lb&sfefpo o[ A, "éﬁ?ﬁeéﬁ"e step of
fuhoshimgtheAarticlé thatrbad préviotislg baemirilserviedler ei n t he step of

furni shing includes the step of furnishing the

article as a gas turbine blade having the holl ow
3.i nt eFhemethadaridiaimy 1f whaneinathb Istegeoftfipishimgoncludesrthé etepalf

ai rfajl Lon, 8.. The nethod of claim1l, wherein

futrﬁ%u@ @6 ég{acl%?érb‘;r Sdnq ?\EPB%%?SFWEO& ep of 11 providing

t he al um ni de coating tape conprising an

al un al ning,alloy. powder a binder. 9. The
41ret notk BT, B Bl 15 uh&ein BRESER o Wi oltes e’ Sip of
fuedishingnthei anticle oarhprdsirey a hitkelsiezp stperalloy.

in

5. The method of claim 1, wherein the step of furnishing includes the step of
furnishing the article comprising a cobalt-base superalloy.

6. The method of claim 1, wherein the step of furnishing includes the step of
‘furnishing the article having an airfoil section having at least a portion of the airfoil
hollow.

7. The method of claim 1, 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.

8. The method of claim 1, wherein the step of placing includes the step of
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heating the hollow article having the alum ni de

coating tape in the hollow interior to a tenperature

of at |east about 1875F in an atnosphere conpri sing

al um num vapor. 10. The nethod of claim1, wherein

the step of vapor phase alum niding includes the step

of. heating the hollqw article having the al unm nide .
RIS SIS, ARG 1485 CHTERTRY 4 ArpURseiaRg alloy
pofdexadta 6ildebF +/ - 25F, in an atnosphere conprising

al um num vapor. 11. The nethod of claim1, wherein

the step of vapor phase alum niding includes the
9.st epShe@methpldasficegmtihevheedih aw €ep of Vgpoh priasgaluheniding includes
th%lr#m M de coating tape in the hollowinterior into an

Pitetfor of an al unini di ng contai ner, placing an
headtingitine helbandritlaihaging lthe dluriniée BatigGasd Prthahbliow Merior to a

interior of the, a ] i di ng container, and heatin
tepieTlsRiog i ppanoit KRk b o atiRahem o Enge A apor

in the hollowinterior and the al um num containing

1oy to t.e rature of at |east about 1875F. 12. .

16,6t Rsfhos o o whefeip Hecs R DhusRdY 8pacs apminidifg includes
therstdpusfes t he step of providing the al um nide coating

t co i Si n .al ym numcont ai ni al | owder .
et 1 follgrartids Raving the, A BNG ot dee Inhé hallgW inerior to a
teatpepatak df aboitsier 8 +mnebW esart Sitncsprgre @ompkising iafimingm vapor.

the article as an uncool ed gas turbine bl ade having

the hollow interior as a blind cavity extending from
1t bl Beemethadiaficlaira 1p aheradm thef stéf ef @pot @hhse slaminiding iHcludes
thnOEe St I?_r ough the entire turbine blade. 14. The nethod

5 era'm 1, wherein the step of furnishing includes

pladieg tHecimllol arfide having $he algmiride 864dtingltépain tBe GONMVE tht@®SF into

atugebj ne. bl qde. hqavi nﬁgrgthe holl ow i nterior extendi ng
TRICEER FHRVBHYTRLCPERAYPH of the turbine blade. 15. A
plagihdgicth Bumimirmdosiairgnglley Ul cinttBuiGtionn@itentha iREribpwf the

JRTC I i.qcyI]ec?{ﬁongri sing the steps of furnishing an

ARy 8P, nj ckel - base superall oy or a

heatibg lttie halloe artitloya@ng the aluminide coating tape in the hollow interior and

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

12. The method of claim 11, wherein the step of placing includes the step of

providing the aluminide coating tape comprising an aluminum-containing alloy
powder and a binder.

13. The method of claim 1, wherein the step of furnishing includes the step of
furnishing the article as an uncooled gas turbine blade having the hollow interior as a

blind cavity extending from a blade tip into a portion of the airfoil section but not
through the entire turbine blade.

14. The method of claim 1, wherein the step of furnishing includes the step of
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having at |east a portion of the airfoil hollow as a
blind hollow cavity extending froma blade tip into
the airfoil but not through the entire airfoil,
wherein the airfoil has previously been in service;
pl acing an al um ni de coating tape into the holl ow
interior through the access opening; and vapor phase
fusnishinghthei anicle he alvobled\gaa turbinkdlade; hayingrthe kiokawniaterior

eﬂgm(ﬂ%,jgﬂgé \Aﬁ%ﬁg@th ﬁ]etﬂgrt%ﬁefbrlé)cm the al um nide

coati of "Vapor phase
al um ni di ng i ncl udes heati ng the airfoil to a
tenperature of at |east about 1875 in an at onosphere
12 dhprathaddgr aradkring mnvalpoinidel@ating atanbelionbartige oeanaprising the
st@ﬁséﬂ um ni de coating on a hollow article, conprising
e steps of furnishing an airfoil nade of a

fum.gk.e%a;b il SR k| dibkeﬂﬁ@be'%@o?br 4 %@%It-@aééoé'"by aRd
e airfoil a blind hollow cavity extenlngt fom a
g

hfm%@é '%3sh aipertior: crféh%?'rf%w"oams @ fltind *ﬂq{lpwgmtza pAing grom a
bih@a g MidthetdMoimbut net throldRerE bitirk RRINOWh&WIrCHY Liribi has

an._acc openi ng sufficiently large to receive an
PrEVIGHFY 8%”!5'0%7?@ tape therethrough, and wherein the

airfoil has previously been in service; placing the
platiograniableicidacoating tape intmthe Holew lirdédianthiont ke thecasiccess opening;
rough the access opening, wherein the al um nide
coating tape conprises an al unmi num containing alloy
powder and a_binder; and vapor phase alum niding the
vangr PRseAluminding tierpliaw agiclesusing ampdamalAgUmIR varasearce

sEPRRAE AbM the AlniRRe RbMAGLEE WARALIK ML §RBP S vaR phase
aluminiding includes heating the airfoil to a temperature of at least about 1875° in an
atomosphere comprising aluminum vapor.

-16. A method for producing an aluminide coating on a hollow article, comprising the

steps of

furnishing an airfoil made of a nickel-base superalloy and having at least a portion of
the airfoil a blind hollow cavity extending from a blade tip into the airfoil but not
through an entire length of the airfoil, wherein the hollow cavity has an access
opening sufficiently large to receive an aluminide coating tape therethrough, and
wherein the airfoil has previously been in service;

placing the aluminide coating tape into the hollow interior through the access
opening, wherein the aluminide coating tape comprises an aluminum-containing alloy
powder and a binder; and

vapor phase aluminiding the hollow article using an external aluminum vapor source
separate from the aluminide coating tape.
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