;e3ez$. 6&TzW\ + DI MENSI ONALLY CONTROLLED PACK ALUM NI DI NG OF | NTERNAL
SURFACES OF A HOLLOW ARTI CLE FI ELD OF I NVENTI ON Thi s invenyi to
coating the internal surfaces of a hollow gas turbine COWBIM%MWM@WQS a
hol | ow gas turbine blade and, nore particularly, to alumn

internal surfaces using a pack process to achieve a precisely B8H8T ol | ed
coating thickness. BACKGROUND OF THE INVENTION In an aircraft gas turbine
(jet) engine, air DIMENIGNARLY GONTROJAMELDPACKeABRMINIDINGpr essed by a
shaft-mount ed conpressor, and m xed with fuel. The m xture is burned, and
the hot conbusti on QHINIERNAISEYRFAGES Oligh HOLLOW ABTHIUAt ed on the sane
shaft. The flow of conbustion gas turns the turbine by inpingenent against
an ai rf oi [FISERIOIOINVENTHENt ur bi ne bl ades and vanes, which turns the shaft
and provi des power to the conpressor. The hot exhaust gases flow fromthe
back of t Hhieigientdon delatisn® icoatmgdthehmternalc swfdces awfwarttbllowhgah atibéne t he
conbustion and exhaust gases, the nore efficient is the operation of the

j et engi n€omMPpARSNE sich a3, Boligy igat Bibing bladg and, mare; nasticudarhiy de plyminidingex haust
gas tenper, [ e, af | ]
T L e e g ik ¢
conponent ghicknesfie engi ne. These conponents include the turbine vanes and
turbi ne bl ades of the gas turbine, upon which the hot conbustion gases
directly inpinpge, .and other hot-section conmponents as well. In current

engi nes, tﬂrfgﬂﬁgﬁﬁlﬁggﬁﬁ’églwlﬁh@@% are made of nickel -based superall oys,
and can operate at tenperatures of up to about 2150F (1180C). These
conmponent §n 3CaiRbr3® 8 iRfie |18 IHIRRE alYisChfat infh 1N GrofPloF QAL LRomdeNt S, as
wel | as irrrrl)actaldérraggé anﬁﬁeer s?gﬁl@oy’garltsi claes gﬁ;t]rtai ng ion t%e %og’ousti on
gas st r earompkassedap nchaftesountadechmepressos eahdt mixedcwith feelt hEho paxrtatre isg
tenperature limts and seryice |lives of the hot-section conponents such as
e t ur bl RGTSHn R A Pt FEPUSIR E3HET FrecRA T PRh turbigs maiingedhem fheng
accept abl i i r ] : r 0S| 1 ¥rhine | : i 2 The
conpositi g?\lﬂgrﬁgﬁ%rg@eeggﬂﬁqg?%? ﬁle %gé%rr%% erira lge ?%&Fi@iﬂt%g%g Eeen

i mproved. aRfuil sextion aff theeurbitechladds adr vames swhich tthmstthe ishafe abd gdeddesnd vanes

are coated with protective_al um ni.de envirgnnmental coating and, in sone
cases, ainW%FOa&!er@“m’i%ﬁs%l The ot exhagy gaserllow f%ﬂ%ﬁﬁ%@?@ eAgInEhe

al um ni de d?i@ﬂfgiif‘&ldtﬁwﬁ&%ﬁlfoﬁ%%i ng techni ques are al so used. In one
practice, the-conponent is provided with an internal cooling cavity.
Conpressor bleed air flows into the internal cooling cavity through an

inl et in tlhe hogetthetombestivarmpd eelrust gases, thet morfe dfficientris érenaeratiooloftige cavi ty
t hrough snall -di aneter outlets, such as fqund at the |eading edge, trailing
cdge. “and MaBEtieny THRE PLHHS A BREHLS Bnatt 19 PoPedoR, @ PURESaEy 1 rom
the cool e@erﬁﬁé?ﬂﬁfh%ntrh@%xﬁh% t%ﬁé&bﬁﬁ?egoff thé %rﬁB@.J,tioH%ase-Eh!; ﬁor?:kb)f%r‘lﬁﬁ‘i'tecpom I'ng
techni que has all owed the hot-section conponents to run even hotter than
possi bl e fyrtheimataiabdussdrip dalnidase thashatsectmpegoampongnts exiihe angines Thasee been
pushed even further r mtildl¥, .1t has bﬁen f.ouEF that the internal surfaces
of the | nEePRAPeT Ny (he lbing VIR AP HE RISt PhAT & BERBF Wl adat i on
during_ s CriGe el chblaidn/gREAirddh ipth ! afd6lel'hBH-Reribh BfiporkhRy of or e
nore recently 1 nternal coatinhgs have been applied to protect the 1 nternal
surfaces af wdlle hoturrent epgipemdint turbide wanes andt bladespgk imadei afhniokeléastd ngs to
the internal surfaces poses sone probl ens_not foun xgernal_ coatings,
parti cul arSPS’Fr?Jlg??’éu%”éi 0 ARGEAS R CHIPERATEES Phip Lgyalhqut gil é@%&@#é%@ dihgse

Exi sting | | , [ | i ng, and
candi dat e%i&r?? g?%ztff &ggagétoln%gje?g%&rln q esby\z,agrlg&hﬁ%? p‘%ﬁ:‘%}a P%lgig%{a E%QZ‘% rﬁ@éeé t he
necessar y impad dambge aat érogien by particles entrained in the combustion gas stream.

Many approaches have been used to increase the operating temperature limits and
service lives of the hot-section components such as the turbine blades and vanes to

their current levels, while achieving acceptable oxidation, corrosion, erosion, and

L

*G00002*



There is a need for an inproved approach to coating internal surfaces of

hol l ow articles having snall-dianeter outlets. The present invention
fulfills this need, and further provides rel ated advantages. SUMVARY OF THE
| NVENTI ON The present invention provides a nethod for al um niding an
internal surface of an internal cavity. The techni que uses a pack

al um ni ding process to achieve a precisely 2 controll ed al um ni de coating
whi ch is #Hapacgesisigner. ddercompepidion apd ProogSsing abitic iape materiplsghemprves
smal | - di anget e I a t [ . | e fatigue
cracki ng |E§$et %egﬁéf:%lgﬁiv%%b? E ft{cz))%‘g 8?8}%62&? n%lgﬁrr{gﬁ%sg ﬁr ai:ug).uk %&%I%ﬁrgﬁvﬁﬁé qi ng
source powEedoated with @Giréldcti® dlthdinidd envikvnedentss Sostingt 44, GDedrhéBases dni M t ed
to the desired range of |ess than about 0.002 inch (50 Vinm. The powder

sel ect i oninsulaging thegmakbartiertcoptieg islapmied eneslyingshe slumwidelepatingy be readily
introduced into the internal cavity and also may be readily renoved after
the coati o i lete t um ni di i al
surface 0?9 g&ﬁéﬁﬁﬁ él?nrgaﬁ%c%lg@q?etsé} ec%lﬁés}l%g?'eggtg Héegéatc@f)eé %)eféo(é#ﬂg)\%& ﬁgpoéﬁ‘iegrti cle
havi ng t hevithdreinfedhal @avlihg/ cdvitg! el dmprektor Biedd aliefldwi @fdtie if@Mial ¥odlligl udes an
inlet having an inlet mninmumtransverse di mension, and an outl et having an
out | et i gevidmhroughancintes initheerost oh theneamponenth and phteof; i dnteraah rorling

transverse_dinension. |.n.a case inte t rticle | . CO nent of
2 gas. ¢ ur Brie B YR amal idnass Sufls, sirghaobu dif ol Bl MR aET S
rel ativel ynd #a@s ¢fl #he, tuvhihd ©lddBe Thé laft f16W0dari hekt &Svagr RorhY e Caoled from
about 0.009 to about 0.012 inch (230 - 300 Vim in dianmeter. An alum niding

sour ce powe@ponsayiang alsariproviden Blm tdoelieg.si s dhysjead agasting Haghnigisuhaso. 0015
inch (40 t ter th t 60 f 1 tlet mni
transver salv Lt Bh-REEH Sombaiihes R i, SerlBOGF Tl potsiie ot piioelBL The

outl et m ghMMBAdniansver se di mension is from about 0.009 inch to about 0.012
inch (230 300 Vin), the alum num source powder has a particle size of from

about 0.0015 inch to about 0.005 inch (40 - 130 pm. Mst preferably, where
the articlAs thaopetating igraperaurasrhave beeth sushed even futher gnwerdlnbbhes beaw10 i nch

0 0025 1 purtcndh ) S BF kTl AoRE EEHE Bifielie bEElPce

powder i s afi¢ Dithed icgradationX Huig edrvide"Pareibdlaty akarheuiconthai mibige prRdeer and a
ceram ¢ powder. The netallic alum num contai ning ]powder is preferably a
1

chr omi um dibereferenmpesaepsentlyaingernalecostingsnhavephssaeapplied i prosechbhs, inderaa num
oxi de. Them%,Iclém' F di r(l)g source §)(%Wder is a mxture of fromabout 5 to about
15 per cent §/ e Bﬁth PYIREPHBYET 1 i ¢ al uni num cont ai ni ng powder and from 3
about 85 to about 95 percent by weight of the ceram c powder. Most

pr ef er abl Hovidver, ahaapplicationgofSouting tp dhdiaterivd Suffipass sbmé preblahotdt 9
percent by wei ght of the netallic_ al um num caontaining powder_and from about
91 to abodeumifopextemat copfingpipgriiculsrlytbseause phtherpssnercet thesmallidigmeterdi ng

source po I S3J: 0L r o a) j r I . inlet. The
article w@ﬁétf 'hésa)gzliﬁq%ﬂlﬁie% |%ng§{5{?§ t(t:%ﬁ%fg\%sgr&}?e% aﬁ)@é&l&% ér?%r%#ﬁ%g{thﬁgy&{ﬁs heat ed
to cause ghndidaielnhietndl redasng téchiniques tahe nat woffivieht g suhisveethpongdessatyo t he
internal surface of the internal cavity. The heating is preferably to a
t enper at uide@pl $qaRgabout 1750F to about 2000F (950 - 1090C), and for a
time of fromabout 2 hours to about 12 hours. The renaining al um niding

source Povder. |sSa tAES 98 bt impFIVRY Sfbpldal 't N&atiflg Bkl surfaces of hollow

articles having small-diameter outlets. The present invention fulfills this need, and

further provides related advantages.
SUMMARY OF THE INVENTION

The present invention provides a method for aluminiding an internal surface of an

internal cavity. The technique uses a pack aluminiding process to achieve a precisely
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cavity through the inlet. In another enbodi nent, a nmethod for alum niding
an internal surface of an internal cavity conprises the steps of providing
an article having the internal cavity therein and an inlet to the internal
cavity, providing an alum niding source powder as a m xture of from about 5
to about 15 percent (nost preferably about 7.5 percent) by weight of a
nmetal lic alum num cont ai ni ng powder and from about 85 to about 95 percent
by wei ght centrelledeslaminiderenatiog whieh isowt 6o tljck s taxsubstantially impederaiflopowder

into the int | ity th h the jnlet., heating th ticle.with th
al uni ni di (st cmafianss i and fiot fo thisk jRry Romoti LB ik AR o
transport ctdcRifigtil ehedHalk PofioRDI IR E@nHAREBEe. t Phe %lﬁmiiﬁlﬂi%g"slahrc& Bolvaee of the

internal cavity, and for a sufficient tinme to produce an alum nide coating
on t he i ntieseledteds s that thehthicknessofithe coatinmgds dinitedste thédesitzld aange0oDIRSs i nch
(50 pm, and thereafter.r ing t al um ni di .source powder_ fromthe

i nternal gha‘a&'i Fso'fthﬁ&lggh“lcﬁgaﬁnl”g‘?): {Pawder &F@gﬂ%‘éé’ésoeleg%%rtbathél?eei n may
be used w £ hi: ' : ' atible.
The. pr esery nelite SERARIE me bR IhERIckd Bho WeHAE Rl GBI o To
a preci selnyayl berreadily ramdvedbafter thd @dtihg processdscahpletess t han about 0. 002
inches (50 Vinm). Thicker coatings tend to reduce the m ni num di nensi on of
the outlet, coqli ol es by an 4 unaccept ably | arge amount, adversely

af f ect i ng /t &t OHﬁgégv{ne@dlagrapdmﬁﬁﬁ};@n ¢ phan fermel @VItT RPRESES iRttFRys al so
pronot e I%wppa«gaiﬁ%faatdr@as hb @bk e intdndING VR AteiROWheRh B ihfdfal WaRINe

bl ade. Conventional vapor phasSe alum nidi ng processes such as chem'cal
vapor depasilodesanpnletikssmsadmbo sninsulim wentverdehlimknsiagtand@a outlet leevingnt er i or
of the shank portiqn of the tu(rj}ai ne bl ade ang ir}@fﬁh& bores of the outl et
cool i ng h&R&YTet manigpin frapgyersh fimpasioln paalisrythan theinlet Miptnaym Jransyegsen ol es

and t hencg; : 00t e : i . L nj di ng
Fechni que  Bari e L PoR o RITRE e By R P sbmpofil of AR 3ctind il

al um num ecocelt as ailofloanghsctarting bladewdkhesinlepés ot télatvelsh fargeo size nghile thee
controll ably appl.ied in the desired thickness range. Additionally, chem cal
vapor dep®&¥fleticonling heles aredyniealiytfrem about9:QA9gn ahewtils0 k2uingls (236 -t308mm)

uni ntendeqlnﬁ%gle?é?s of the article, which does not occur with the present

i nt ernal pack al'um ni di ng approach. Wen the pack al um ni ding process is
used, it is necessary to introduce the alum niding source powder into the

i nternal davalupninidingrsotiive pooxddchaving b intihinsum partichosizeral preateh ehantabodt t o
clunmp together .and cannot he readily_ introduced through the inlet. Wen the

powder paf:40dpdnch40 pay andmeb greatesyihan gout H0pparesns of the apetaminimpme out | et
hol es and [ iy remye t o | ety f 1,0 di ng
process. %%gw&?ggsgﬁengﬁgr%a% R%t %sdlﬁl?{(%l\? i %g% Ogn%g%%&?%sgsvéag §|‘ﬁ‘!r’n%@‘8ﬁ ng
t echni que niigimirh ttehvdrseCdiichsion is fiom ssvute00vENCc® dadilor2iinél @baced and
| ater removed fromthe internal cavity, and does not becone entrapped in
t he out | eB08 D thg ahwwhigum sPhrse powder hashpaginkeisire oblzomiagoet, 0.0 kSHnelh cor r ect
powder sizg r an e rect oportions o owder,. .achi eves
Cont ol | appeittioEs HEh (05 £20 WaD . oRoRh restreblie Npr B tis Bt Trletns 1
regions. Gihehuh SALWES ARndEY 37L88R%0.610 HIf BSCRAN! t WGRILAsdd De
appar ent frloml% he fgfl ow&ngnrmre het ail ec? g}gsc(ﬁ p??@’n of the prséf erred
enbodi mentppwilekkas 4 partiols] sizecodf fromvdbioht 010625 drevhnp aabyiin®, 005 andhn@s,- 140 ch
illustrate, by way of exanple, the principles of the invention. The scope
of the in¥@tion is not, however, linited to this preferred enbodi nent.
BRI EF DESCRI PTI ON OF THE DRAW NGS 5 Figure 1 is a schematic phantom view
of a ol | e OaSminifl "GuMleaSwad BUAKirRblySa FnkhE o h WerdiRORRMRfm A"
approach for internaf allumhiding o e’gas

containing powder and a ceramic powder. The metallic aluminum-containing powder

is preferably a chromium-aluminum powder, and the ceramic powder is preferably
aluminum oxide. The aluminiding source powder is a mixture of from about 5 to

about 15 percent by weight of the metallic aluminum-containing powder and from
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turbine blade; Figure 3 is a fragnentary sectional view through the gas
turbine blade of Figure 1, taken in the plane of Figure 1, but with the

al um ni ding source powder in place; Figure 4 is a relative frequency graph
of coating thicknesses within the interior cavity;, and Figure 5is a

rel ative frequency graph of coating thickness within the shank portion of
the turbine bl ade. DETAI LED DESCRI PTI ON OF THE I NVENTION Figure 1 depicts a
hol | ow conpti@atto abowt9Sapayesnt by rvsight ofribg eeramicnpawdes. desé peetersblyothegas

t urbi bl ade .22 ith interi t t h ' h i ew. . Th

turbi e bPLEnaTE Yk bl s Fomuipodk 6 45 oKL P RBEEN by i g T,
turbine blhpEdliAlumMALMARSAtAIngi gowdel add ORI boht W0It6 Nabolie oft| gufeeat tyot
exhaust gas is directed. The Turbine blade 20 is nounted to a turbine disk

(not showwgighy ofithd seratma¢ powderpe 26 in a shank 28 of the gas turbine bl ade
22, which extends downwardly fromthe airfoil 22. The dovetail shape 26

| .t he turbine disk t - shown). h tyr bi
bl ade. 22" 1Be B Pighnk Soht o Aetsiftuodlha g M iploFa B4VElv bttt B bl 'y
fromthe ghearienatd R AlmimiingZbuice FoWel THANS itbinbl tdGtySRRHM4tedBto The gas

turbi ne bl ade 22 may be described as having a tip end 32 oOpposite fromthe
shank 28, caust edethingne iy dragsporh fioni thef plustinidingt smiresd powderhts Hst inderhalust gas,
and a traili.n e 36. As. be seen in th hant om vi ew Figure 1, one
o v e | SR of 1 ofeRaL eRB g el R lP RdrBBeri e p o P an
interior 475@F «§ BEo2808°T(950'8 ) BIRES, 28 for L BrnieY oty AUl 2hotft babGlt 44, and
one or nore outlets 46 extend fromthe internal cavity 38 to an external
surface 482bbutshe airfoil 24. In the illustration, the outlets 36 are to
the trailing edge 36 of the airfoil 24. The outlets 46 are preferably in
the form && fine, chanlnel.s or tubes extendi Fg_ %éomthe 'rF]rter al.cavity 38 to
the ext er nif "ERpinfg2lyminiging squres; BEWAET I8 | thetegfter Jemaxed fiom the itemal surf ace
48 and th@a‘ji@ttﬁfoﬂ%htlﬁtheace 40. In service, a flow of conpressed cooling
air is directed through the inlet 44, into the internal cavity 3 8, and out

through the outlet 46. This flow of conpressed cooling air through the
i nternal &tmenatherembatdimenthe roethod fordgumondingtan inteanal awdgcef ofoan internadol | ow

gas turbine.blade 22, to reduce the tenperature of th s turhbj ne bl ade
32. In ealtE CPmIEFS NSS! Providing BRErdls Brvias heikmal sty thsieioy
cooling ahhd kARhlc N6 thotifleRAl cavity, aaevidiy &t afindiHidide santd yolvayt heaperature
to prevent the growth of unacceptably thick oxidation or corrosion |ayers

on the i ntmaxturd ok fromaabeyt 400 abouthlS percentr{ziost prefaratdy aBod. 7.Mpereengdant | v,
the operating tenperatures of the gas turbine engi nes haveg jncreased so
that  despiett ohd PeRHOALEYRITAGRGiE PRUAFN ] Ham Sopt d0ele Fobecoms 5o
hot that LERYNISBIPREIRNEEa YBARHEPLAALE i HRINOMe ANMNIARIRL SO REe pbivddlas

t her ef ore beconmé necessary to coat the internal surfaces 40 to prevent such
envi r onnettalthel égfemdhraaty. thftnghuthgainleapheating Hthi astidde avitht thedelposnitingn

al um nuntont ai ni ng_coating ontg the internal surfaces 40 using a yapor
phase. t 6CAHTEu@ORHER 1othe e ncadiy olfu e o RSB deitrmsipe, gy the

deposi t i oRndifidMp §durdd PEk A oCBB tiddeRial QuMAROST 1he iRRBRE Latify, atot e
internal cavities 38 so that alum num deposits onto the int'ernal surfaces
40 and di fiffisient timeota prodne¢ lanSgumBiidd coatpy oplths éntemahsidaeshavink anel | i n
many cases,. but in others the sit such thick al ym ni de coati ng that
the out | ofticknsss,0d lgsy fhag P@p%@@ﬁidn%%hdg@ e B Sacrealiey TBaMTg: et o
passage | i i T l s : I I efd.Lclancy.
This prob léﬁnlgglg?%ggés&%ers ipr%rgrrdﬁ ;@1% %Zﬁéjtu&gh%l)gg{q&ts Zhl%ﬂ%/*g ?%alnﬂgtl' zeﬁeg@ret%he

out | et s 4discessedrelséwhas heirLimapnbé ysddwith dse embediniehe te ke exterg alsat thaybi ne

blade 22 is relati vel,g/ smal | .
are not incompatible.

The present approach achieves aluminide coating of the internal surfaces to a precisely
limited and controlled thickness of less than about 0.002 inches (50 pm). Thicker

coatings tend to reduce the minimum dimension of the outlet cooling holes by an

4



Figure 2 illustrates in block diagramform an approach for practicing the
invention. An article such as the hollow gas turbine blade 22 with its
internal cavity 38 therein is provided, step 60. The article may be of any
operable type, but is preferably a conponent of a gas turbine engine such
as the hollow gas turbine blade 22 or another conponent that is cooled with
an internal flow of cooling air such as a stationary shroud or a nozzle.

The arti clBagesptablyf lareghamonrtd aduirsely mileriing thes in-sarpiee aerfoymancenpfckhsl - base

1oy h i.ckel th t | t. A.njckelib | is 7
2t r engt noAsy THFST so iR A e GO Tod chiTE e AR BLng BRRHIPSIRY Y ace
Exanpl es  @ie QEihéBlade.NColRIntiBAS S apoidEHa8¢ hRNEnidim Fre0RIdd sLOR as BRMhidEl 2

nom nal conposition, in weight percent, of about 9.4 percent cobalt, about
8. 2 per ceiyapailepedition probesses depvsitadraverly thick poatings in thehinterionofsthe shanknt

tungst en, _ahout 2 r.ce t ant.al u about . 5. 6 rcent. al.um n about 0.7
percent t PP 'r?lnu?#thgb%ﬁ?mﬁ %&dﬁ ey &]]ﬁatmf% af %éeb 8@ et.(fo.fhﬁ% rhé’ge]ﬁt lﬂgéé‘? on,

about 0. 0}&lubRIpGRE EFFEHVe TlowPdiaRiREe® of iiteIfllesPdill themie! the k6SlingRRRTMhhE2,

having a nomi nal conposition in weight percent of about 1Z.0 percent

cobal t, alobdthe airdlqyer ddwtpackrabuminiding teshnique Spartiewany whehysdémwith thebout 4. 9

tt t .about 2.8 ent i baut 6. 35 t..tantal
bout 6. 18maarElmiC Sl Hhmirh BaisE e And At DS iR b BE oM A Bper cont
carbon, abeibnielfbhy ﬁﬁﬂi_%ﬁfh? tlii:hgélé%ﬂed PRALBREE rddge K A dddihally, " Henft £ VBPSS ;

ReneTM N5, having a nom na nposition in weight percent of about 7.5

per cent cdbpdsitionatometimes pepetratenthratghonadinto alepesit dn Snintanded regimisydfdenum
about 5 percept. tu t.en, about 3 percent rheni about . 6.5 percent

antal um ahtlecHBUR 5l 05 wiliit BEt MGk sk i fog Al Babout

0. 05 percent carbon, about 0.004 percent boron, about 0.01 percent yttrium
bal ance niwk&! tiRnGpadk rmlﬁmﬁiicﬁﬁggsﬁéesae@eﬁ\édw ifaydcB@ady MO Mnft8ludeOROSI tion
in wei ght percent of about 1275 percent cobalt, about "4.2 percent chronium
about 1.4 agenm@mg soutoglpgadanintathe inteBaleaviipr §éren the pgwderpartidhesare B.04

t henj bqut 7.2 t tantal .7 t i
P bout 0. 18Alk Bl FEai 40 ety BEHGEF ins’ GRh e RendBlhoiced BEUER PeoBlrtper cont
boron, abgykenOth@ o%éﬁlﬁdgﬁglbﬁ hrei theNarfd :tﬁéc}gt%nﬂ' k& Bé‘don{‘é%ﬂaﬁﬁ&ﬁﬁ%@ loutlet

impurities; and -4, ving a nom na osition in welght percent of

f r om abouthols and eanabbba readily yworoyedat therompletion of themlumbipidingipcess. about 5. 75
percent rhenium fromabout 5.8 to about 10.7 percent tantalum from about
4.25 to aheut 17, ercent . cobalt.. fromO.tag about 0.0 ercent haf ni um

't om 0t o IBoRE%s? BRKEFR GBS Bbtitss o Ponity 5oL hbinited RN Tofor on.
from O toinb@ul caditd. PMeGRRdeY tia b Feadilyoimradeiell aBd JatbOredltned fdnPtHeer cent
mol ybdenum from about 1.25 to about 6.0 percent chromum fromO to about
1. 0 per centermplotsvitys anflrdoas agdgeorBe entrappad suthe@udetraoting holgh.uheiusg off r om 0

to about 1.0 \?é%c?n ftitani m fronﬁabot 3.0toa(é1ﬁott 7.5 perc%{nt
t ungst en, en‘?fpw Bre] lqtuﬁ’ewg‘ﬁ ot TGY DOUSH G SRS rgﬁf’ﬂﬂ?cﬁlpﬁ%po B um i s
from aboubf Bever} chidvel toBrdllaBRI iGRMal aRMtniBRbSNY éih@e @lwgaepthiéﬂﬂégﬁ' fum 8

plus titaniumplus tungsten is fromabout 8.0 to about 1 percent,

bal ance niBiegionsnd i ncidental inpurities. The article such as the hol | ow
gas turbine blade 22 has the internal cavity 38 with the inlet 44 having an
inlet m NIgHEP fLARRVHS Sd\gh{g‘éggs 'of e B{E%eﬁtqﬁvgrﬂfolne&l%lfl %e h@ﬁu&%g& %moﬂ{el et

m ni mum t ransver se di nension<snal ['er an theinlet mn mtransverse

di mensi on followiag Bloed @éthibd deaseptidh df iiceprefeired eh®o@isidnGltaltenih Rumjuhétms ver se

di mension i s fromabout 0.009 inch to _about 0.012 inch (230 - 300 Vim, and
i s nmost pmathethalsrsompaaning clrovings ivhch AbstratenPy wahi of lssamplse thedfringipdes

i nterest, e .qut | .et is ge ally cylindrical . and.it i.ni_ mum and

st rom 1 L8PS s sPot I ThE mnbafeh 1t alever gl To Jif pfRHR

di ff erent embpdimem.and nmaxi mum transverse dinensions, it is the m ninum
transverse dinension that is utilized here. An alum niding source powder is
provi ded, steE 62. Preferabl t he al um ni di ng source powder has a m ni mum
particle HRE @E%?@gﬂ@Nt%%H@bBBAWS inch (40 pm) and not greater

t han about 60 percent of the outlet mninumtransverse dinension. Were the
article has the inlet mninmumtransverse dinension of from about 0.009 inch
to about 0.012 inch (230 - 300 Vim, the alum num source powler desirably
has a particle size of from about 0.0015 inch to about 0.006 inch (40 - 150
pm, but not greater than about 60 percent of the outlet mninmmtransverse
di nensi on. Most preferably, the al um num source powder has a particle size
of from about 0.0025 inch to about 0.005 inch (60 - 130 pm). The size of

t he al um num source powder is selected to permt the filling of the powder
into the internal cavity 3 8, the alum niding reaction, and the renoval of

o - e o B o - o . o



Ext ernal pack al um ni di ng source powders normally contain about 1 /3 by

wei ght of al um num cont ai ni ng powder and about 2/3 by wei ght ceramc
powder. Studies |eading to the present invention denonstrated that this
high a fraction of the al um num contai ning powder | eads to too thick an

al um ni de coating or layer 76. For the present internal alum niding
application, the alum nide |ayer 76 may not be nore than about 0.002 inch
(50 Vinm FHuEk] ishishgmaticphantgm yigw ofn kollovagasdudine Wady15 inch (40 Vim
thick. If the alumnide layer 76 is thicker, there are two adverse effects.
First, the; l.y ., th caglia) l.ay, | passage
di anet er g*g%%lf% I%Stqﬂg%kﬂ@@ﬁ%rﬂgf a?lhaglbléoégﬁfﬁg%?e%%ta?lgﬁ%ﬁ ?%/H?g{ep rtially

| ost becausbintibtadeyt | et hole is partially bl ocked. Second, the overly thick
al um ni de | ayer deposited on the internal surface 49 in the region of the
shank 28 tends_to serve as an [nitiation site for |ow cycle fatigue
failure. Sﬂgélr%?uﬁia REANGIARK Sectpnah yicHo whngggaﬁﬁgma@iﬂﬂ @I.Eree@ bneh 10
(8 Pm 1 B PR HIAR of Fichdhe1 8 SithRhe GiRMliAMirdBolddBhobGenthipc; Lhe ai rfol
24, or its protective furnttion iIs conpronlsegl The" &Pt ni ing’ source
powder 70 is introduced into the internal cavity 38 through the inlet 44,
step 64 oFigargdisa latiVedregnénoylgeaphsofi couting thitkhessas withinpths irttérdor cabibyyn i n

Fi gure 1,5&th the inlet 44 facing upwardly, to acconplish the filling.
Care is t nto fill the internal cavity 38 as fully as possible. The
article may be shaken or vibrated to pronote the conplete filling. The
article w WplPall I i I i 38 is
et od t o Sico o (TR HAloh S AEALORAUAL okl Yt fl 2R poR®H ot der 70
t o the i nthertndlineshladeace 40 of the internal cavity 3 8, step 66. Preferably,
the step of heating the article is perforned by heating the article to a

Eiexe(r)?t ?bﬁf@bﬁﬁ%ﬁ%@h@%éﬁﬁ@fﬁgﬁﬁéﬁ{a&oﬁ Elggon;)n-lgiggi) Zi ﬁgdaz ?nr)sgher e

such as argon, hydrogen, or helium The remaining alum niding source powder

70 is rempygel { depicishehdIRWesdhboneRv2d &f égdstthwegéhgsﬂe?id fhiedasé 4 hollpws may be
done by inverting the article and allow the | oose al um ni di ng source powder
70 to fl ogaviutbing blade 22 with irdériarassiucipra3si®wnhingbghtorrheewn Thie gag turbing

remai ni ng, al.unj,ni di n urce er . be renmoved fromthe internal cavity
56w ¢ S0 ot el GO EREC B nil R AR SNe i sirbiaog® BBuct  ce

in a seriaghifes basdifolles gtk WhiMAtHdAbR Mot SxhBsst igad iPirB@vglerrhei zes and
powder mi xes. The powder size studi es showed that powder sizes of |ess than

about 0. 0oubing hdde 20(i4 oqumjeddb wripehing disk Kreotishowen) bywedovetaibslppe @6 innl et

i zes, illing.of i | i hi F
out |t s ofhibo otghged {ighiBE olad8 22 T bl ol Bor R a2 b ou
0. 006 i nclrgs dovetaiPshdpBR6leBpslRe atsRrt Bh it fuin@Uisk @hct sHHWHY G rhbiht Fheigdsni di ng

process and coul d not be readily renoved. The preferred powder size for
out | et s ofurbine ipladg. 2 tojthe hubing 2lgk. \A rplatioam Hbexiend3. la@lly @uoesdiyntoms (40 -

130 : bi bl . WLt inlet si. f 03-0, 04. inch, (0.76 -
Loy by ot g e hopinfons 30 R oS 7B Thf dabisbing el
(250 Vi m 2984 tR|desdribed a8l hivihda lip endBD%Pﬁ@dY@ Ryl e bhahine8, GaBsliihd &dpe- The
percentages of the Cr-Al powder ranged from5 percent to 15 percent of the

powder m 24t isfitgheontagted by the hotexbresighndad a vhilingedgodfler m x bei ng
al um num oxi de powder. The following table illustrates the

As may be seen in the phantom view of Figure 1, one or more internal cavities 38
having internal surfaces 40 are within an interior 42 of the gas turbine blade 22. The
cavity 30 has an inlet 44, and one or more outlets 46 extend from the internal cavity
38 to an external surface 48 of the airfoil 24. In the illustration, the outlets 36 are to
the trailing edge 36 of the airfoil 24. The outlets 46 are preferably in the form of fine

channels or tubes extending from the internal cavity 38 to the external surface 48



results: percent Cr-AlNo of bladesairfoil internal cavity alum nide
thickness mls (gynmshank internal cavity alumnide thickness mls
(gym 5100.6 (15)0.3 (7)7.5100.8 (20)0.3 (7)10100.8 (20)0.6 (15)1541.1
(28)1.1 (28) For comparison, a typical external alumniding mx with 33
percent Cr-Al powder produces an alum ni de coating thickness of greater

than 2 mls (50 ~. él ml = 0.001 inag) I n the sane processin%. From
8 3

t hese dat dhropgh gaalldp beyasadhe gxternal suefaestisnd theijernaksuriice #0pelncent
Cr-A powder.in_the alum niding seurce powde re,pkef.er y. fram about
6-9 perceﬁ?r,vwgha %toh/‘p%mbeg?e e QO%%{% %@t&%rcgde{ﬂ?%%h theéglffgé’ ](SIFO Sts were
per f or ned jfteal &RitYB8! and @t hroggh fHe-olePEVIERis FRMWCEMN oA ReREd dodtingRicent ,

and the results are shown in Fi gures 4-5 as relative fre%;ency pl'ots of the

nunber of threughuthsnintemal savity 3% pak thesautlet 46 condusts kgat away front thedioblews of t he

2;3{1 ;i gﬁ §%§O ﬁlltrtln{r{% Bfaﬁ{:‘ gg,p(g 5‘%&1%5 Eﬁeotgm%grralu?g of t?nfe g%lsh ﬁlrl\)’\llgcle lalagg 2£.he | nternal

In earlier generations of hollow gas turbine blades, the flow of cooling air kept the
internal surfaces 40 at a sufficiently low temperature to prevent the growth of
unacceptably thick oxidation or corrosion layers on the internal surfaces 40 of the
internal cavities 38. More recently, the operating temperatures of the gas turbine
engines have increased so that, despite the flow of cooling air, the internal surfaces 40

become so hot that they experience unacceptable oxidation and corrosion.

It has therefore become necessary to coat the internal surfaces 40 to prevent such
environmental degradation. The usual approach has been to deposit an aluminum-
containing coating onto the internal surfaces 40 using a vapor phase technique such as
vapor phase aluminiding or chemical vapor deposition, in which aluminum-containing
vapor is passed through the internal cavities 38 so that aluminum deposits onto the

internal surfaces 40 and diffuses into the wall 50.

Such vapor phase techniques work well in many cases, but in others they deposit such
a thick aluminide coating that the outlets 46 are partially blocked and their cross
sectional air-flow passage is reduced in size. The result is a loss in cooling efficiency.
This problems arises primarily when the absolute physical size of the outlets 46 is

small, as is usually the case when the entire gas turbine blade 22 is relatively small.

Figure 2 illustrates in block diagram form an approach for practicing the invention.
An article such as the hollow gas turbine blade 22 with its internal cavity 38 therein is
provided, step 60. The article may be of any operable type, but is preferably a
component of a gas turbine engine such as the hollow gas turbine blade 22 or another
component that is cooled with an internal flow of cooling air such as a stationary
shroud or a nozzle. The article is preferably made of a nickel-base superalloy. A

nickel-base alloy has more nickel than any other element. A nickel-base superalloy is
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surface of the shank portion, respectively. All of the measurenents are
within the range of 0.0003 to 0.0015 inch (8 - 40 Vim for the interior
wal | of the internal cavity 12 and are less than 0.002 inch (50 Vim for
the interior wall of the shank portion, as desired. Although a particul ar
enbodi nent of the invention has been described in detail for purposes of
illustration, various nodifjcations and enhancenents may be nade w t hout
depar t i ngstrengthengd by ﬁrerprsmamtlosldzfm@nma prifae ph&ﬂém iacmlateA@(besfediEf@mpleSt he

I nvention n1te exc ppended cl ai

N 1 oF Spdin B REesk eI R et B R BA e opeha
cavity, Cowght Pertent, bE abb@PS4 PerceR Sobattl ABOATS. @Péﬂcéﬁtecﬁi'@mhﬁhﬂ 4toqt 013t er nal
cavity therein, wherein the internal caV|t i ncludes: an inlet having an

inlet m npmﬁmttmalybd@me @pubﬂéumenanchgawnoahduw hperceny tantaloot, laboutri ni num

ransver | Tensi on |1
transve s, 6d per;gen um1?1urr1% a outtdﬁ| 2 percent titantum, about 1.5 percent hafnium, about

0.1 percent carbon, about 0.015 percent boron, balance nickel and impurities; Rene™
142, having a nominal composition in weight percent of about 12.0 percent cobalt,
about 6.8 percent chromium, about 1.5 percent molybdenum, about 4.9 percent
tungsten, about 2.8 percent rhenium, about 6.35 percent tantalum, about 6.15 percent
aluminum, about 1.5 percent hafnium, about 0.12 percent carbon, about 0.015 percent
boron, balance nickel and minor elements; Rene™ N5, having a nominal composition
in weight percent of about 7.5 percent cobalt, about 7.0 percent chromium, about 1.5
percent molybdenum, about 5 percent tungsten, about 3 percent rhenium, about 6.5
percent tantalum, about 6.2 percent aluminum, about 0.15 percent hafnium, about 0.05
percent carbon, about 0.004 percent boron, about 0.01 percent yttrium, balance nickel
and minor elements; Rene™ N6, having a nominal composition in weight percent of
about 12.5 percent cobalt, about 4.2 percent chromium, about 1.4 percent
molybdenum, about 5.75 percent tungsten, about 5.4 percent rhenium, about 7.2
percent tantalum, about 5.75 percent aluminum, about 0.15 percent hafnium, about
0.05 percent carbon, about 0.004 percent boron, about 0.01 percent yttrium, balance
nickel and incidental impurities; and MX-4, having a nominal composition in weight
percent of from about 0.4 to about 6.5 percent ruthenium, from about 4.5 to about 5.75
percent rhenium, from about 5.8 to about 10.7 percent tantalum, from about 4.25 to
about 17.0 percent cobalt, from 0 to about 0.05 percent hafnium, from 0 to about 0.06
percent carbon, from 0 to about 0.01 percent boron, from 0 to about 0.02 percent
yttrium, from about 0.9 to about 2.0 percent molybdenum, from about 1.25 to about
6.0 percent chromium, from 0 to about 1.0 percent niobium, from about 5.0 to about
6.6 percent aluminum, from 0 to about 1.0 percent titanium, from about 3.0 to about
7.5 percent tungsten, and wherein the sum of molybdenum plus chromium plus

niobium is from about 2.15 to about 9.0 percent, and wherein the sum of aluminum



i nl et mnimum transverse di nension; providing an al um nidi ng source powder
having a mnimum particle size of greater than about 0.0015 inch (40 Vim
and not greater than about 60 percent of the outlet m ninumtransverse

di nmensi on; introducing the alum niding source powder into the internal
cavity through the inlet; heating the article with the al um niding source
powder in the internal cavity to cause alumnumto transport fromthe

al uni ni di PipsIbyrHER phesigagsteristiiom phaus Bikto abowt B bpertenthkalines aickal ansiavi t y;
and thereaft rtreanLn t he al um ni di ng source powder fromthe interna
cavity t h't @H@PWNF t. 2. The nethod of claim1l1, wherein the step of
providing the article includes the step of providing a holl ow conponent of

a gas tur hsertt@iuet-as 3he AdlRDWIRAsELiRd blal@RPhhs thehigeiaDcdvig 3Rt with @fe
providing the article includes the step of providing a hollow gas turbine

bl ade. 4. intpled4rbaviagl aw finlehpinimgnotransiverisendimensipng andvbher eutlet #hdagingpnof
Y A T R S e TR
dimension. In a preferred case of interest, the outlet minimum transverse dimension is
from about 0.009 inch to about 0.012 inch (230 - 300 um), and is most preferably
about 0.010 inch (250 pm). In the cases of most interest, the outlet 46 is generally
cylindrical, and its minimum and maximum transverse dimensions are about the same.
If the outlet has different minimum and maximum transverse dimensions, it is the

minimum transverse dimension that is utilized here.

An aluminiding source powder is provided, step 62. Preferably, the aluminiding
source powder has a minimum particle size of greater than about 0.0015 inch (40 pum)
and not greater than about 60 percent of the outlet minimum transverse dimension.
Where the article has the inlet minimum transverse dimension of from about 0.009
inch to about 0.012 inch (230 - 300 um), the aluminum source powder desirably has a
particle size of from about 0.0015 inch to about 0.006 inch (40 - 150 pum), but not
greater than about 60 percent of the outlet minimum transverse dimension. Most
preferably, the aluminum source powder has a particle size of from about 0.0025 inch

to about 0.005 inch (60 - 130 pum).

The size of the aluminum source powder is selected to permit the filling of the powder
into the internal cavity 38, the aluminiding reaction, and the removal of the powder
from the internal cavity 38. If the powder size is too small, the powder tends to clump
and will not flow through the inlet 44 and into the internal cavity 38. If the powder
size is too large, the powder particles tend to entrap in and plug the outlets 46, and
cannot be removed when the aluminiding processing is completed. The present
approach is to be contrasted with that of conventional pack aluminiding, wherein the

aluminum source powder is typically about 0.007 inch (180 um) or larger in size.



about. 0.009 inch to about 0.012 inch (230 - 300 pm), and wherein the step
of providing the alum niding source powder includes the step of: providing
t he al um ni di ng source powder having a particle size of fromabout 0.0015
inch to about 0.005 inch (40 - 130 Vinm. 5. The method of any one of clains
1 to 3, wherein the step of providing the article includes the step of:
providing the article having the inlet mninumtransverse di nension of
about 0. 0ihepduminiding wourpe pevderwitieisaireferably prowided fas pripixtere g a metallic
al um ni di ng. . source powder |ncliyes. the step of: providin he al upi ni di ng
Sour ce ponbumnHacRABRRE koA 1'ERA SGpiis Bnfdss Ak 8<sh38 Fielfr % oMisbou
0. 005 i nchmetfific -aldmMuMi-8dntaiRing THSwdERT TIDGs PreferablyObf aOthrbhffurR/aRARALMI
claims, wherein the step of introducing includes the step of: providing the
al uni ni di sgmpositiens mosidprefaasbly ofi ahawt etdopergentebyweightathuaingium balanes ni ng
powder and, a .ceram.c .powder. 7..The method qf clai.n 6 ein the step of
Pt oduct ARG AL BRETERSS SOl R elihg! IHETTE RONCE T SBUFEESpowter
as a m Xt yhgniRhmf dxed8 @ahﬁ%%a,%ﬁ&lfz@?f?%Alﬁéirﬁﬁ{ 6Riab pBwd¥et@MinPhluminRhal | i C

0

al um num cont ai ni ng powder and from about 85 to about 95 percent by wei ght
of a cer abut theoakderinum . oxidee poreddrod ot metgllioria fofmgl df iws prefarredethatvkber ei n t he

step of intraducin . . .
P aIun%ngﬁng Source powder not contain a halide activator, so that the aluminiding

process is by powder-to-metal wall diffusion rather than vapor deposition.

The aluminiding source powder 70 is provided as a mixture of from about 5 to about
15 percent by weight of the metallic aluminum-containing powder 72, which is
preferably the chromium-aluminum powder, and from about 85 to about 95 percent by
weight of the ceramic powder 74. More preferably, the aluminiding source powder 70
has from about 6 to about 9 percent by weight of the metallic aluminum-containing
powder 72 and from about 91 to about 94 percent by weight of the ceramic powder
74. Most preferably, the aluminiding source powder 70 has about 7.5 percent by
weight of the metallic aluminum-containing powder 72 and about 92.5 percent by

weight of the ceramic powder 74.

External pack aluminiding source powders normally contain about 1/3 by weight of
aluminum-containing powder and about 2/3 by weight ceramic powder. Studies
leading to the present invention demonstrated that this high a fraction of the
aluminum-containing powder leads to too thick an aluminide coating or layer 76. For
the present internal aluminiding application, the aluminide layer 76 may not be more
than about 0.002 inch (50 um) thick, and preferably not more than about 0.0015 inch
(40 pm) thick. If the aluminide layer 76 is thicker, there are two adverse effects.
First, the overly thick aluminide layer 76 tends to reduce the flow-passage diameter of
the outlet 46, so that the cooling functionality is partially lost because the outlet hole
is partially blocked. Second, the overly thick aluminide layer deposited on the internal
surface 49 in the region of the shank 28 tends to serve as an initiation site for low

cycle fatigue failure. The aluminide layer 76 may not be less than about 0.0003 inch
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I ncludes the step of: providing the alum niding source powder having from
about 6 to about 9 percent by weight of a netallic chrom um al um num powder
and from about 94 to about 91 percent by weight of an al um num oxi de
powder. 15 9. The nethod of any one of the preceding clains, wherein the
step of heating the article includes the step of: heating the article to a
tenperature of from about 1750F to about 2000F (950 - 1090C), and for a
time of f(®Hmwmabiouthe portden of the miteynal caityici®r that iQwithinthehaitforl 4, @k dtsi ni di ng
an interna ?@e .0of .an_intet nal cavity, conprising the steps of

nt

| . surf
provi di nngPr‘iecglP’F CHOR LR SHPTOMEnt er nal “cavity therein and an inlet to the
i nternal cavity; providing an alum niding source powder as a m xture of

from aboutrhé alynialieel shcdEwaR700% MEbAIted YhtodhéBitainkl Eavity 38 through
al um num cont ai ni ng powder_and from about 85 to about 95 percent by wei ght

of a cer athiecinjsddestep bAtof digure dg Theearticlenis nintirted famw theepgsttiodeshommt i t he
' nternal %iig\{llré[ , vtv#l{ &%qgle% Qf facing upwardly, to accomplish the filling. Care is taken to
fill the internal cavity 38 as fully as possible. The article may be shaken or vibrated to

promote the complete filling.

The article with the aluminiding source powder 70 in the internal cavity 38 is heated
to cause aluminum to transport from the aluminiding source powder 70 to the internal
surface 40 of the internal cavity 38, step 66. Preferably, the step of heating the article
is performed by heating the article to a temperature of from about 1750°F to about
2000°F (950 - 1090°C), and for a time of from about 2 hours to about 12 hours, in a

non-oxidizing atmosphere such as argon, hydrogen, or helium.

The remaining aluminiding source powder 70 is removed from the internal cavity 38
through the inlet 44. This may be done by inverting the article and allow the loose
aluminiding source powder 70 to flow out of the internal cavity 38 through the inlet
44. Any remaining aluminiding source powder may be removed from the internal

cavity 38 with a water flush.

The present invention has been reduced to practice in a series of tests designed to
validate the selection of powder sizes and powder mixes. The powder size studies
showed that powder sizes of less than about 0.0015 inches (40 pm) clumped in the
inlet over a range of inlet sizes, and smooth filling of the internal cavity was not
achieved. For outlets of about 0.01 inches (250 um), powder sizes of greater than
about 0.006 inches (150 um) tended to plug the outlets during the aluminiding process
and could not be readily removed. The preferred powder size for outlets of about 0.01

inches (250 pm) was about 0.0015-0.005 inches (40 - 130 pm).

Turbine blades with an inlet size of about 0.03-0.04 inch (0.76 - 1 mm) by about 0.25

inch (6.3 mm) and an outlet size of about 0.01 inch (250 pm) were aluminided with
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inlet; heating the article with the alum niding source powder in the
Internal cavity to cause alumnumto transport fromthe al um ni ding source
powder to the internal surface of the internal cavity, and for a sufficient
time to produce an alum nide coating on the internal surface having a

t hi ckness of | ess than about 0.002 inch (50 Vim; and thereafter renoving
the al um ni ding source powder fromthe internal cavity through the inlet.
11. The ntherromeaiunginiding aanditignsr diba petsentagesppidhe Gr-0) pawder rangeddram | e

i ncludes the ste f praoviding a,hollow co nent  of as _1urbi engi ne.
15 The: netiket ©r1paiel 5 bl eRafmif By SPERRE AN, wiin e g meinlenpl e e

i ncl udes poRdet ﬁﬁ’xqfeir%f aNhihie @i Ipode) asTHel Fdliowang ltatsle - illdstratekh eheet hod
of any one of clains 10 to 12, wherein the step of providing the

al um ni di rpubsur ce powder includes the step of: 16 provi di ng the
al um ni di ng source powder having from about 6 to about 9 percent by weight

per cont DYPETEnT [0 RO [ CUROi CGORAer ColY | RN ot RBRT  H)Bge of
claims 10| £RAL3, WRARSD (Lden@i®nhRknésRt r 0OduthRghihiae tHiclgRsd he stgp of:
mils (pm) mils (um)
5 10 0.6 (15) 0.3 (7)
7.5 10 0.8 (20) 0.3(7)
10 10 0.8 (20) 0.6 (15)
15 4 1.1 (28) 1.1 (28)

For comparison, a typical external aluminiding mix with 33 percent Cr-Al powder
produces an aluminide coating thickness of greater than 2 mils (50 um) (1 mil = 0.001

inch) in the same processing.

From these data, it was determined that an acceptable range was 5-15 percent Cr-Al
powder in the aluminiding source powder, more preferably from about 6-9 percent,

and that 7.5 percent is most preferred.

A series of tests were performed for the most preferred Cr-Al powder percentage of
7.5 percent, and the results are shown in Figures 4-5 as relative frequency plots of the
number of measurements of a thickness as a function of the thickness of the aluminide
coating for the interior surface of the wall of the internal cavity and for the interior
surface of the shank portion, respectively. All of the measurements are within the

range of 0.0003 to 0.0015 inch (8 - 40 um) for the interior wall of the internal cavity

12



provi di ng the al um nidi ng source powder as a m xture of fromabout 5 to
about 15 percent by weight of a netallic chrom um al um num powder and from
about 85 to about 95 percent by wei ght of an al um num oxi de powder. 15. The
met hod of any one of clainms 10 to 14, wherein the step of heating the
article includes the step of heating the article to a tenperature of from
about 1750F to about 2000F (950 - 1090C), and for a tinme of from about 2
hours to abdate kess Hwor@002 ;chT(3€ ) fadhefintgrigr wall affthe Ishanksparton,oas1 s,
wherein the.internal cavity includes the inlet having an inlet m ninmm
transver s&W%tensi on, and an outlet having an outlet m ni numtransverse

di rension smaller than the inlet mninmmtransverse di nension, and wherein
the step Qfitheugly hPabibudlr cMhBoUirAel JTAhS PiWenBoR BWE Bben ASLHBEE I d&ais &P Of
provi di ng the al um nidi ng source powder having a m ninum particle size
great er t purposgsoof iduiGKien, wetioys4 modifigatians angte@tmnmwt mey  beonades0

percent of .the qutlet mninumtransverse dinension. .17. met.hqd f.or

B un i i R AHp P Tl APRBIrG T SR el LSRG ARGy he st eps
of 1 provi givagtién RQHok BY6IRRitbdERiePLastiyrde apfnliedclbidg. i nternal cavity
therein, wherein the internal cavity includes an inlet having an inlet

m ni rum transver se di nensi on, and
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17 a set of trailing edge cooling outlets, each trailing edge cooling
outlet having an outlet mninmmtransverse dinmension snaller than the inlet
m ni mum transver se di nension, wherein the outlet m ninmumtransverse

di nrension is fromabout 0.009 inch to about 0.012 inch (230 - 300 pm;
provi ding an al um ni di ng source powder having a mninmmparticle size of
greater than about 0.00l5 inch (40 Vin) and not greater than about 0.005
inch (130 %3=AIM8hd wherein the al uniniding source powder conprises a

m xture of fromabout 5 to about 15 percent by weight of a netallic

al um num gont ai j o r . wei ght
ot 2 coranc. peniRroR R Andink A ThRRaN knflbckf of SihaPO RS Ciflisil,
i nternal shedtegsofof the internal cavity; introducing the alum niding source
powder into the internal cavity through the inlet; heating the article to a
tenperature of frqm about 1750F to about 2000F (950 - 109Q0C), and for a
time of from abéMiding t?é‘u‘i‘%“:]leohaéfﬁkﬁjfhellﬁer‘i@ﬂr%‘ylt&&@r?lﬁer”é‘&ﬁ%r‘h? gherhg t he

al um ni di . owder fromthe internal cavity through the inlet. 18
AR A A AR A A A A A A+Tgk s

an inlet having an inlet minimum transverse dimension, and

an outlet having an outlet minimum transverse dimension smaller than the

inlet minimum transverse dimension;

providing an aluminiding source powder having a minimum particle size of
greater than about 0.0015 inch (40 um) and not greater than about 60 percent of the

outlet minimum transverse dimension;

introducing the aluminiding source powder into the internal cavity through the

inlet;

heating the article with the aluminiding source powder in the internal cavity to
cause aluminum to transport from the aluminiding source powder to the internal

surface of the internal cavity; and thereafter

removing the aluminiding source powder from the internal cavity through the

inlet.

2. The method of claim 1, wherein the step of providing the article includes the

step of providing a hollow component of a gas turbine engine.

3. The method of claim 1, wherein the step of providing the article includes the

step of providing a hollow gas turbine blade.

4. The method of any one of claims 1 to 3, wherein the step of providing the

article includes the step of:
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providing the article having the inlet minimum transverse dimension of about

0.01 inch (250 pum), and wherein the step of providing the aluminiding source powder

includes the step of:

providing the aluminiding source powder having a particle size of from about

0.0025 inch to about 0.005 inch (60 - 130 um).

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

introducing includes the step of:

providing the aluminiding source powder as a mixture of a metallic aluminum-

containing powder and a ceramic powder.
7. The method of claim 6, wherein the step of introducing includes the step of:

providing the aluminiding source powder as a mixture of from about 5 to
about 15 percent by weight of a metallic aluminum-containing powder and from about

85 to about 95 percent by weight of a ceramic powder.

8. The method of any one of claims 1 to 6, wherein the step of introducing

includes the step of:

providing the aluminiding source powder having from about 6 to about 9
percent by weight of a metallic chromium-aluminum powder and from about 94 to

about 91 percent by weight of an aluminum oxide powder.
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- 1090°C), and for a time of from about 2 hours to about 12 hours.

10. A method for aluminiding an internal surface of an internal cavity, comprising

the steps of:

providing an article having the internal cavity therein and an inlet to the

internal cavity;

providing an aluminiding source powder as a mixture of from about 5 to about
15 percent by weight of a metallic aluminum-containing powder and from about 85 to

about 95 percent by weight of a ceramic powder;

introducing the aluminiding source powder into the internal cavity through the

inlet;

heating the article with the aluminiding source powder in the internal cavity to
cause aluminum to transport from the aluminiding source powder to the internal
surface of the internal cavity, and for a sufficient time to produce an aluminide coating
on the internal surface having a thickness of less than about 0.002 inch (50 um); and

thereafter

removing the aluminiding source powder from the internal cavity through the

inlet.

11.  The method of claim 10, wherein the step of providing the article includes the

step of providing a hollow component of a gas turbine engine.

12. The method of claim 10, wherein the step of providing the article includes the

step of providing a hollow gas turbine blade.

13.  The method of any one of claims 10 to 12, wherein the step of providing the

aluminiding source powder includes the step of:
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the inlet having an inlet minimum transverse dimension, and

an outlet having an outlet minimum transverse dimension smaller than the
inlet minimum transverse dimension, and wherein the step of providing an

aluminiding source powder includes the step of

providing the aluminiding source powder having a minimum particle size
greater than about 0.0015 inch (40 um) and not greater than about 60 percent of the

outlet minimum transverse dimension.

17. A method for aluminiding an internal surface of an internal cavity, comprising

the steps of:

providing a hollow gas turbine blade having the internal cavity therein,

wherein the internal cavity includes

an inlet having an inlet minimum transverse dimension, and
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greater than about 0.0015 inch (40 um) and not greater than about 0.005 inch (130
um), and wherein the aluminiding source powder comprises a mixture of from about 5
to about 15 percent by weight of a metallic aluminum-containing powder and from
about 85 to about 95 percent by weight of a ceramic powder, to deposit an aluminum-

containing coating on the internal surface of the internal cavity;

introducing the aluminiding source powder into the internal cavity through the

inlet;

heating the article to a temperature of from about 1750°F to about 2000°F (950

- 1090°C), and for a time of from about 2 hours to about 12 hours; and thereafter

removing the aluminiding source powder from the internal cavity through the

inlet.
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