r. 2006 DI MENSI ONALLY CONTROLLED PACK ALUM NI DI_NG OF | NTERNAL
Eumé%eop A HOLLON ARTI CLE FIELD OF I NVENTION This i MM #¥loates to
coating the internal surfaces of a hol I ow gas turbine conponent such as a
hol | ow gas turbine blade and, nore particularly, to alumniding the
I nternal surfaces using a pack process to achieve a precisely controlled

coatin t hi ckness: WM&E I lreraft gas turbine
(jet) gngi ne, air iDs rawn in oﬁq@ﬁfﬁm%érﬁ &Wﬁ%gmrgﬁfﬁgdbyaﬁd
shaf t - mount ed conpr ' E e mxture is ,

t he hot conbustion g@glgT%rﬁ@%&g%@gﬁ%%h%?o%ﬁhﬁg&% ﬁgeﬁgni h:gaisﬁg?
haft. The f jon gas turns the turbine by i

Zna ai rfoi Fﬁichei%vp?‘oW?@turbi ne bl ades and vanes, which turns the shaft

[ . power to the conpressor. The hot: exhaust gases flow _fromthe
gggkpg;’ Vlt ﬂiﬁlén‘g‘ivﬁ‘ét}‘m &l g sqating fhe Hatespal cyusfipeest of weahdllowhgashbtrbiee t he

i t jcjent is 1 oper ation._.of the
Fot engl ne T Hoaell A e HORTEw (R TWIREOEA W1 B0V R bRpteE S Eiie xnaust
gas tenpethatintessl shifecesmsinguanpadnpecedsUo achibvé BereQsiN ShtsledeSRRnd S
normal ly limted by the materials used to fabricate the hot-sectio
conponent stlhg‘}k“?ﬁﬁe engi ne. These conponents include the turbine vanes and
turbi ne bl ades of the gas turbine, upon which tPe hot COPFUSThOQU??Zﬁf
irectly iBRCRGROBND ﬁqgé'ncorrponens_asme .
glngie(r:\es?/ tEr;\EgCturb(i)ne vgirigg{%?gvg a eis\loare made of ni ckel - based _
superal | oys, and can operate at tenperatures of up to about 2150|f (1180C).
These corpoeairgrafir gasatushins {ef)eatgife aie iR g Ry irfX BRI ANl GRBMAS| Ve

[ t damage and erosion by particles entrarned in the
ggﬁgh; i g%oﬁlgfltsgf?d? B&Iﬁ%%ﬁ-mountec? compressor, and mixe)cll with fuel. The mixture is

burned, and the hot combustion gases are passed through a turbine mounted on the

same shaft. The flow of combustion gas turns the turbine by impingement against an
airfoil section of the turbine blades and vanes, which turns the shaft and provides
power to the compressor. The hot exhaust gases flow from the back of the engine,

driving it and the aircraft forward.

The hotter the combustion and exhaust gases, the more efficient is the operation of the
jet engine. There is thus an incentive to raise the combustion and exhaust gas
temperatures. The maximum temperature of the combustion gases is normally limited
by the materials used to fabricate the hot-section components of the engine. These
components include the turbine vanes and turbine blades of the gas turbine, upon
which the hot combustion gases directly impinge, and other hot-section components
as well. In current engines, the turbine vanes and blades are made of nickel-based
superalloys, and can operate at temperatures of up to about 2150°F (1180°C). These
components are also subject to damage by oxidation and corrosive agents, as well as

impact damage and erosion 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
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Many approaches have been used to increase the operating tenperature limts
and service lives of the hot-section conponents such agl‘{oﬁfémbﬁfr:iﬂ Ofe bl ades
and vanes to their current levels, while achieving acceptabl e oxidation,
corrosion, erosion, and 1 - --- - ---------- 7 Novenber 2006 i npact

resi stance. The co 05| i on and .processi ng. of the_ base rrat erials thensel ves
have  been I GHERICRo THF GREIDGPHIPR AN RRIFHNE %fJP? hesedngeriglh hepiselithe bl ades

and vanes p,a! eeeﬁqeﬁaf%ﬁ/ew P&@Ppap&l%%kker 18 ﬂfbgwbﬂﬁe RYink BUEOLA v. vl gating

and, in sonme cases, insulating t arrier coating is applied
over| yi ng atmeaaﬁldumth\admoteaatel dgmirRiy eivirahmental ¢ouaging eadnngues w@ss, al so used.

I n one pract t he conponent is provide with an inpternal cooling
cavity. c&?ﬂ# & ey l%ﬁ“Pati“P%)‘\ﬁéPPlfﬂddWFﬁE‘ng meeﬁhﬁaam%cmﬁi% cavity

through an inlet in the root of the conponent, and out of the internal

cool ing  oaviita cB&'il‘%L’thfhmls bredll@BIAT 1P Bh&ticeSHE Qoﬁﬁoﬁéﬁ‘t’ Rrfiatdie

| eadi ng edge, trailing edge, and faces of the turbine blade.” The air flow
carries heath awalenial enolitgecayopl élbmprcnspobieﬂt ainfldwalisgo tiw ondrogscoblihgn

cool ing. Thi hysi cal oI|n ue has  allowed the hot-segction
conponant S0ty P vlinfH i I ToHGS o cemePact oo Gor b CarhsORN o As

~ the operathng ¢ hﬁiﬁ?ﬁ%ﬁ&lﬂfdﬁﬁn&@&lﬂ%eﬁcﬁ% RRRAJSY BR 1&&&&&%1@4 eUdPeYi/ﬁﬁ Hbdpe 11 has
been found tha he internal surfaces of the internal cooling caV|t| es
experi encenéfa@atqfdile tarbcheoblade. dﬁg:raldaﬂuvomamh@s |hegt seay ifoe) thwarcdaledl ar |y
near the té{g he t r bi ne, (gl Stq 'Iihere r(ﬁcentl}gnl nt er nal
coatings MEVEOHE ﬁng;\ o) BEpVidss Jiigt &e9lngne T B,l?yﬁ CRUMYEALEELMIPYC IPS hol | ow
CoMpONent s\ EChor-stifondBRhiiRhisaB 18 GEAHORASHaR JobsibleMofufBbaisd ! f aces
poses sone problens not found for external coatings, particularly because

of the presmpoentsf the small-dianeter outlets. Existing external coating
t echni ques, when applied to internal coating, and

As the operating temperatures have been pushed even further upwardly, it has been
found that the internal surfaces of the internal cooling cavities experience oxidation
and other degradation during service, particularly near the tip of the turbine blade.
Therefore, more recently internal coatings have been applied to protect the internal

surfaces of the hollow components.

However, the application of coatings to the intemnal surfaces poses some problems not
found for external coatings, particularly because of the presence of the small-diameter
outlets. Existing external coating techniques, when applied to internal coating, and
candidate internal coating techniques are not sufficient to achieve the necessary

internal coatings.

There is a need for an improved approach to coating internal surfaces of hollow
articles having small-diameter outlets. The present invention fulfills this need, and

further provides related advantages.
SUMMARY OF THE INVENTION

Herein disclosed is a method for aluminiding an internal surface of an internal cavity.

The disclosed technique uses a pack aluminiding process to achieve a precisely




candi date internal coating techniques are not sufficient to achieve the
necessary internal coatings. There is a need for an ingri¥RrsEmbapHi6ach to
coating internal surfaces of hollow articles having small-dianeter
outlets. The present invention fulfills this need, and further provides
rel at ed advant ages. SUMVARY OF THE | NVENTI ON Herein disclosed is a nethod
for al um nidi ng an internal surface of an _internal cavity The, di scl osed

t echni queonietied glyminidegoghmsm Paichgs prbee thick & tacﬁqb%wla&yrsm@edes@rfw 7

November 0 c as to
subst ant Péﬁ 9"". %%Ielgg&gil ?E?I&Jﬂlé{g}&ggnﬁ th%a,&sHl Fy\g‘ls (g?orbétqu&t%getsﬁg%ﬁ not so
thi ck asciaokipg dirtiiesshhnperyioh of fietinguel smrﬁ&sekiTrhg aluinihfinsivande goovdet on of t he
i nternal surface. The al um ni di ng source may be_ sel ected so that

the t hi cRRYDS sgiectefgo élaaét%énql@ew %th%@%t@gﬂﬁénu@é.tﬁa & dosigbrasge of ess t han
about 0. Q2 NChy (% %Q mclih@sopgﬁ\fj%gé %'o%;ag U & o%oal%‘ %{Eﬁgekﬁ&?tthé he

al umi ni di g Source po roduced nter nal

cavity ap@nahidh g%ﬁr@%owa@ﬁﬂnbybé edmwdmﬁtl&rd mﬁethe@ﬁéﬂnmgcapﬁp@ﬁﬁaso S
conpl ete. Accor to a first aspect of the invention, there is provided a

met hod' fmybarwler%@d@ﬁerW@ﬂMg proeesaisconmletn i nternal cavity
conprising the steps of providing an article having the internal cavity

ther el . \W0ghlenid he gt SRR of Kk YhviEhUdRSe 3N plolll DAKliGs g i nl et
m ni num ransv I‘SE di'nmensron, and an ou avl I’l% an ou m ni nmum

transver sienhitigSinAAtefi birice biian inthaal davRy cOmpPhsHFTHer 8BS OE pRRidihgrensi on
provi di ng an_al um_ni di ng source powder having a m nimum particle size of

great er i peiflcabwiing theomiangl rerity Foryng wherginnde igfeawt ervibhinaludeosr 60
per cent Rllett}ﬂ%m u‘aEnl 1%tlet fini lg{#r‘ﬁ_t r\?erfés 1%126?1#81%1 rr%% I Onuttlcjﬁr O&%%L!igi Me{ he

al um ni di'ng 'source po he " i'nl et;
heating toi€im@hd irgdsvetdk théﬂ%ﬁ)nadnwneﬂt}ﬁhﬂﬂe ﬁﬂ)é!rrﬁlﬂlmlﬁlﬁ\@&ﬂévdrﬂé diftendicy er nal

cavity to cause alum numto transport fromthe al um niding
providing an aluminiding source powder having a minimum particle size of greater
than about 0.0015 inch (40 pm) 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.

In a case of interest, the article may be a component of a gas turbine engine such as a
hollow gas turbine blade. The inlet may be of relatively large size, while the outlet
cooling holes are typically from about 0.009 to about 0.012 inch (230 - 300 pm) in

diameter.

An aluminiding source powder having a minimum particle size of greater than about
0.0015 inch (40 pm) and not greater than about 60 percent of the outlet minimum
- transverse dimension is provided. In the case of most interest where the outlet
minimum transverse dimension may be from about 0.009 inch to about 0.012 inch
(230 - 300 pmy), the aluminum source powder may have a particle size of from about

0.0015 inch to about 0.005 inch (40 - 130 pum). Most preferably, where the




source powder to the internal surface of the internal cavity; and
thereafter renoving the al um niding source powder f r om/thRVeberf (0 cavity
through the inlet. In a case of interest, the article nay be a conponent of
a gas turbine engine such as a hollow gas turbine blade. The inlet may be
of relatively large size, while the outlet cooling holes are typically
from about 0. 009 to about 0.012 inch (230 - 300 gm) in diameter. An

al umi ni dittigledis theinfsb wiaimyia tepgyerse dimenrsion phabont.816¢ineh (350 ynbdher t han
about O inch (4 nd_no re r_tha t. 60, perce f the
outt et ik S5t Bt bl Rallle R B BAR PR ipsfRo BRI ThOS o

i nt erestinshes®- 13veumyt | et mninum transverse di mension may be from about
0.009 inch to about 0.012 inch (230 - 300 gm, the al um num source powder
may have a particle size of fromabout 0.0015 inch to about 0.005 inch (40
- 130 gnyhe pbyringlieg spaise ypowdeene depigably a7 miguenbéa petdic ahmisim- has t he

i nl et niq;qyn?tran venﬁﬁ qgnensio%'ofT€b0u¥ O.qlo.inch q250 gb t he

al umi nunt @5HPEE POSHHEI GRS RO« TOF TStalfC 4 PiRUIE SUIBgdE SFheh 1o
about 0. {Q0freferd® a(BPomivib NuMinund PRwdkt NHnAi tHE RErafRe HeRdBOWAGEfcklFesi r abl y
a mxture of a nmetallic alum num containing powder and a cerani c powder.
The net adlpingnug gxideu rbhe ahuminidingys@uosipewddr angyr ef @ mikiuye of fromahvetrd al uni num

B0 i cloroub B BE R PERIP b aRiE ey TR S P 15

percent by weight of the netallic alum num containing powder and from 3a 7
Novenber 2006 about 85 to about 95 percent by weight of the ceramc
powder. Most preferably, the alum niding source powder has from about 6 to
about 9 percent by wei ght of the
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metal lic al um num contai ni ng powder and from about 91 to about 94 percent
by weight of the ceramic powder. The al uninidi ng sour c& Nofader 249 be
introduced into the internal cavity through the inlet. The article with
t he al um ni di ng source powder in the internal cavity may be heated to
cause alumnumto transport fromthe al um niding source powder to the
internal surface of the internal cavity. The heating is preferably to a

t enper at utBowf83 tprabmitadoparcent by meight o5t cepovigpopdsn Mosppefeyabluike for a

time of fr . h t t rs. The r i nin | g, ni di ng
source pofgﬁlﬁ% f(ﬁlé?eeg(w’eerr }%361%%}{@&\}/%% ?ﬁgr%%?lﬁe&%?% %tr n5<%1I‘m%1\%/1iotfI ;rﬁl % hr ough

t he i nl et mefgli@rattinliguinQoatasfie®pdwdspasd fin tabeuti IV entabow, 94 :ﬂeﬂ’centi By provi ded
a method for  alumniding an internal surface of an internal cavity

conpri si ngveighé ostheseragrc pewdldrdi ng an article having the internal cavity
therein and an inlet to the internal cavity, and an outlet fromthe

about 0. 0005 "R AR 0B TLELMLARTURE el TEOR Bt o O
al um ni di fget. SThy aticleowte thehdvinitgdiag Bbicapowaar i thé entéindecgitgahsr bd han

about 0.0015 inch (40 m_. and not greater than about 60 percent of the
out | et ni AFFEANY Cafe\AHBIEUR tPetianseart feom theypluminidings sourespagpisatto 8he o about

15 per Ce“ﬁnt&%gl“ﬁrﬂg% oPihe%n{gﬁagL?H\;\i&. gtymé&ﬁgg éiﬁ{&&m& g% &&%M&%t ge from

about 85 to about perce am c ntroduci ng
the al um fiodi Aighus QUSEE tpABSIEr2000t0(dshe 1090er)ahd €avd tietdTriRdsgAboitize inl et
heating the article wth the alum niding source powder in the internal
cavity tBowaiesebost Uhetsn to transport fromthe al umini ding source powder
to the internal surface of the internal cavity, and for a sufficient tine

of Teos tnbo teRetnhiRRE Ul Bob0E Wi BRTnd b HeRolalenh fhe ™ oo

al um ni di igerasiwacey hooughnhd intstd t he internal cavity through the inlet.
Features di scussed el sewhere herein may be used with this second aspect, to

According to a second aspect of the invention, there is provided 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, and an
outlet from the internal cavity having an outlet minimum transverse dimension of
from about 0.0009 inch to about 0.012 inch (230 - 300 um); providing an aluminiding
source powder having a minimum particle size greater than about 0.0015 inch (40 pm)
and not greater than about 60 percent of the outlet minimum transverse dimension 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 pm), and
thereafter removing the aluminiding source powder from the internal cavity through
the inlef. Features discussed elsewhere herein may be used with this second aspect, to

the extent that they are not incompatible.




the extent that they are not inconpatible. 4 7 Novenber 2006 According to
a third aspect of the invention, there is provided a nmet/Hievember 2006

alum niding an internal surface of an internal cavity, conprising the steps
of :  providing a hollow gas turbine blade having the internal cavity
therein, wherein the internal cavity includes an inlet having an inlet

m ni mum transverse dinension, and a set of trailing edge cooling outlets,
each trafcreidingdige ac Burd mepestitafethe himyettpnarthesat iseprovided aumsthedi{sver se

di nensi o I r he inlet ;M ni.numfransvers . ensi erein the
out ot reRRelg! ol 18Roldl Bl or LML [ B0RY CLAE IR fltos oHC
0. 012 i nghvidigDa hoBOR ghb;tuidivbldd Baafl eeliftenhdllicagits Héfei wimEigthdavi ng a

m ni mum particle size of greater than about 0.0015 inch (40 m and not
great er A2l capidyinchidgp an inletthay3g an)inlehmdniwtvar sansvelse dianensioni andwy sour ce

powder c el m Xxtire fr bout t 0. about ercent wei ght
b5 et S g Rasliosbiti o fler R Giths Tt B G Be w1 o8

percent BiniMRinDRinsOérs@ diRERBnGmaperiheh thd ifllel 8RMIGIIM Bins¥eiBdikdRsioant ai ni ng
coating on the internal surface of the internal cawltr{%;g i ntroduci ng the

al um ni dwhgresoilie eutlpiontrEmuimtransverse diveensival is dwm aljout OHI08ubeh tohabonh| et ;

heat i i ure of boui 1750F {0,ahout 2000F
(950 - 1Bt e G 300 iR Tp g L bR RO o u Posbt BB bur s; and

t her eaf t RinifRfDydriidle ke oFlgettdtitiin boSOO.DGE REMEEY nin) @nd hiverédiéranainl cavity
through the inlet. The present approach may achi eve alumnide coating of

t he i nt etboat 0H0P fiaghes3q pmy, ansk whersw the [ajuminsingsaiiresopawdsr lcemptibésckness  of
o0 AR BB 00 e S A Rl e (e
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,

The present approach may achieve aluminide coating of the internal surfaces to a
precisely limited and controlled thickness of less than about 0.002 inches (50 ym).
Thicker coatings tend to reduce the minimum dimension of the outlet cooling holes by

an
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7 Novenber 2006 wunacceptably |arge anmount, adversely affecting the

i n-service performance of the article. Thicker coatings Mowmbsr @t e | ow
cycle fatigue failure in the shank portion of the turbine bl ade.

Conventi onal vapor phase al um nidi ng processes such as chem cal vapor
deposition processes deposited overly thick coatings in the interior of the
shank portion of the turbine_blade and in the bores of the outlet cooling
hol es, t HB3ERRiably ates; agotie adversedy inlfectingothedinasentier pefompach of ¢be and

t hence t he: | L Fopif A i ni di ng
technt queoRar 1O BEEL ARABEmAS Y B b Bl (RARAE LR of

al um numheanttanablade. a0onweationd] Gapavshags aluiny didg piddesdeh Suchoat dheghidad be
controllably applied in the desired thickness range. Additionally, chem cal

vapor deBRRIrdeBSIisTRROPeres dsbprited avedy thiskoershingtsidhe ingerts 98 dia shenk
unt nt endighioh ot #R5ufind B8 ahl Shhe HAE AR Al B MILD hhRHPT eSent
I nt ernal “pack al um ni élllng approach. en e pacf< arum ni I'ng process I s

used, it redByinpehdeffesivafyw diameler ofithecholdieand ahetiz Micliodling pufemapesder into
the interpnal cavity. \Wen the powder particles are too snmall, they tend to
clump t ofkthsetir dlow. c Jha cackh alumiaiding, techriguel iresiculailyowben vsrd withahe ™ when
the powd t. )] , t.end t.0 becone entrapped in the
out1 ot PSR GEu RO AR it kol BwliPis RET el SRR 1o

al um ni dionfe poareitdbly Tbgliddr S tiet dairpd aRickndsh wend?! OXiddRiondlyp @hedicabased
al um niding technique for. internal cavities. ea&ovxd_er may be readily
i nt r oducEPOAriEPPEtien sorpHney Hepefmateshdhropgh anasks teaddppsit canunigtesdehot become

| . ] les. . f. h . hni ,
it ¢ herveishs R v ERE D e aoRwithiEe bRSrincinpRR N B "oucier

may achi gygogantrol | abl e internal alum nide coating of the proper

thickness in all regions. Oher features and advantages of the present
invention will be apparent fromthe fol]low ng nore detailed description of
t he pref Yihea dhe pgelia fpiding Reogessnis asaf.uit arasb e necessary to introduce the

aluminiding source powder into the internal cavity. When the powder particles are too
small, they tend to clump together and cannot be readily introduced thrbugh the inlet.
When the powder particles are too large, they tend to become entrapped in the outlet

holes and cannot be readily removed at the completion of the aluminiding process.

The present approach thus provides a powder-based aluminiding technique for
internal cavities. The powder may be readily introduced and later removed from the
internal cavity, and does not become entrapped in the outlet cooling holes. The use of
the powder technique, with the correct powder size range and the correct proportions
of powder, may achieve controllable internal aluminide coating of the proper

thickness in all regions.

Other features and advantages of the present invention will be apparent from the
following more detailed description of the preferred embodiment, taken in conjunction
with the accompanying drawings, which illustrate, by way of example, the principles
of the invention. The scope of the invention is not, however, limited to this preferred

embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS
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wi th the acconmpanyi ng draw ngs, which illustrate, by War% of exar‘g)l e, the
principles of the invention. The scope of the inventior Nevepger 2098wever
limted to this preferred enbodi nent. BRI EF DESCRI PTI ON OF THE DRAW NGS 5

7 Novenber 2006 Figure 1 is a schematic phantom view of a holl ow gas

turbi ne blade; Figure 2 is a block flow diagram of an approach for internal
al um ni di ng; t urbi ne bl ade; Figure 3 |s a_ fragnentary sectional
vi ew t hr ough {ehleﬂg‘asgﬁ%ﬁ?tqw&%wwﬁ%aﬁf@gW£a§W£W§P@¢ei n the plane of
Figure 1, but with the alum niding source powder in place; Figure 4 is a
rel ative fFiguteehisya dlozRMTIGH d@aind BF ah RpeioRES Wl bRk R Lor. cavity;
and Figure 5.is a relative frequency gir)gljgh o?ﬁts:i%atl n%#@ﬁﬁ&f?ﬁéﬁ%i n the
shank port‘i“ﬂ%nfbl?lad%he turbi ne bl ade. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Figure 1 depicts a holl ow conponent 20 of a gas turbine engine, in this
case a hol; S i bl ade 22. with interior structure shown in
phant om vi%&#eﬂg ag(&}’é&r?ﬁ? n%ecggli‘aic}”ée"ééﬁ‘f)gglb#&%ﬂsa@{b}mf blede af igwe 1,

ni ckel - basekehup @icpihiyof Fibgret1U bt Wigh HeafiGntflind .airfoil 24

agai nst which the flow of E%ot exhaust egas | gdnéégrbg%%g%%%ﬁgﬁlg{ﬁbi ne bl ade
20 is mounted tqo a turbine disk (not shown) by a dovetail shape 26 in a
shank 28 Jfigyaé igaselativesiremichtiagtepRaf costing thiekstesses svithinvheasniteior davign t he
airfoil 2 The dovetail shape 26 engages a slot on the turbine disk (not

shown) to nount the gas turbine blade 22 to the turbine disk. A platform
30 extends laterally outwardly from the area where the airfoil 24 is

cont i nuougigiré 5 is declahanfieqBncyTh8pHascdathR i ?\Qﬁhi EEE%ES, sgG’ibed as
havi ng a ttlilpturebnd lg?iZdopposiqule fyromthecsha%k %g?ga egiﬁ%g e grtﬂ)%o(i'r
¢ turbine blade.

'DETAILED DESCRIPTION OF THE INVENTION

Figure 1 depicts a hollow component 20 of a gas turbine engine, in this case a hollow
gas turbine blade 22, with interior structure shown in phantom view. The gas turbine
blade 22 is preferably formed of a nickel-base superalloy. The turbine blade 20
includes an airfoil 24 against which the flow of hot exhaust gas is directed. The
turbine blade 20 is mounted to a turbine disk (not shown) by a dovetail shapé 26ina
shank 28 of the gas turbine blade 22, which extends downwardly from the airfoil 22.
The dovetail shape 26 engages a slot on the turbine disk (not shown) to mount the gas
turbine blade 22 to the turbine disk. A platform 30 extends laterally outwardly from
the area where the airfoil 24 is continuous with the shank 28. The gas turbine blade
22 may be described as having a tip end 32 opposite from the shank 28, a leading edge
34 that is first contacted by the hot exhaust gas, and a trailing edge 36.

‘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 intémal 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
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34 that is first contacted by the hot exhaust gas, and a trailing edge 36.
As may be seen in the phantom view of Figure 1, one or roYevembeef(Pgl -
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 nore
outlets 46 extend fromthe internal cavity 38 to an external surface 48 of

he airfoi ' ' h 6 . h il
edge 36 of "REA M bl B bt eel igRE A5 R e st Fietissct.ofm of °
fine charseetise, ar flowhsfscomrened @60%6&856& i ﬁirb&&ﬁ &@’3{\,{%"? li’t¥é5{5ﬂ’e63ﬁ 8o H{Peﬁ o

external surface 48 6 7 Novenber t hr oug et iveen
ext er nal s‘ﬂ?‘?%@i g3ty Haand put thrqugh thd owlet #6.c Thislow of coaprésed codlirg oW of

conpresse Lng: alr i s dirgct through the inlet 44, into the internal
cavity 38%@%81‘8‘1% ‘“t?"%%“r‘%lu"& ‘%{ ﬁg aBES‘P“e?“tﬁfé%ﬂ?P ugts hoat svay digse thesadlopool i ng
air throuygbtirbie biddennalo redwdetil, t%ﬁl?@&@'ur ndycts heat away
fromthe hollow gas turbine bl a%e 2, t%%?g%t%gﬁrﬁégtbganﬁgrﬁature of the gas
turbine blade 22. In earlier generations of hollow gas turbine blades, the

f1ow of cdBleArigr gerertéqns afthollowngasrinetine hlufles e AOwas Eoolif falrciepitiy | ow
t enper at ur; ent,th rowt h gf = unacceptably thick oxidation or
corrosion gti/nglr g[]@%wtsh%é iaﬁtagﬁﬁfifclegﬂyflawegewrﬁmq previsnke theagrovehioff es 38.
Mor e recembhdcentbls QRET Gkl t r fot t | engi,nes have
cpalry Ra" il ATRSIAIGN o6 or b HEy ENOS 4EPPLR

I ncreased, so that, despite the flow o ng air rfaces
40 beconinigmaheavitiosads.t Hdgreencpentlye tise opuratine RinfEranRy | dahé 9as Abine
corrosi one@esr}%‘s theref(?re bﬁcome necessarfy to coat the internal surfaces
40 to prev SR 1CEFATPY 8 thahdaspigdbes Hawtafsaolingeir, hejinterag sndacss 4Bas been
to deposi becvmeAdoUBt AN theG RRbEH AL | the internal surfaces 40
usi ng a vapor phase tecr?gi q%e %E%%‘%gﬁéﬂggggﬂ%ﬁ%%@daqupdi ng or chenical

vapor deposition, in which alum numcontaining vapor is passed through the
i nternal Hahastthersf@s bseornd acesbaryito eonideroiaidrsal Gifacdsy td BlcwEmaluciur f aces

40 and di S t he wal | _50.
éﬁx}"n%%_men%i (c)iegragatlon. Tl?e 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

o - nickel-base alloy has more nickel than any other element. A nickel-base superalloy is
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Such vapor phase techniques work well in many cases, but in others they
deposit such a thick aluninide coating that the outl etd Mevegbsr ot al |y
bl ocked and their cross sectional air-flow passage is reduced in size. The
result is aloss in cooling efficiency. This problens arises primarily
when the absol ute physical size of the outlets 46 is small, as is usually

21 ustr ot e e e Bt 8 Minfhe <o o e il amales 0 ¢
i nvent i on.of oferable nicked-bascdupesiliopeard Wehe'W prBs hhHhPh ﬂgmma?_g&négsit%&, E}}ai ts
may

I nt er nal cav.ig}t1 38 therein is provided, step 60. The articl of -any
oper abl e t¥{81t prrentsolphoug fdhpsrcent cobalhowbent 8.3fpeacegt shibmilonyabat@ise such

as the hol i ne or. .another, cojponent that is _cool ed

with an i tegér@#g?tﬁ)fl * oW of” %lgdéll%gﬁsg% %rlc?nts%gﬁt%?s aQO%ttﬂ? ipﬁ'f?ﬁ?tytan@h%ﬁoﬁ? a

nozzl e. THe6 petcent dumbnip,eibeted)7ypafBsle titkhidin Noke i.SB%?&n?H%ﬂflﬁy éﬁ%ﬁuﬁoA
ni ¢kel - base

ni ckel - base, all oy has nore ni ckel than any other el enent.
super al | oy)-] Bercontzaghopesfisst 0000 @erosnt kargo,Hedrmde hickélmdimpoiités: Rehe™ of

gamma pri p r a.related phase. EX | es f operabl e nickel -base

super al | o;ig 2’61?@%%%@’”%8@,0 |sﬁ’§na'mn‘6‘?fg er g@b?‘ito}%-o pereeiietaali,

percent, abo@bo8 p&céntPelrs C t t ' pbout 0.5
0 péc Rim,CabAltt 1.5 aﬁ?b@nt 8lnglya 3&1@{‘?@% g?céﬁceat

percent nol ybdenum about 9.5 percent tungsten, ant al um

about 5. 6psteaepouh P Srpancant thepiwm, ot H.86 pervent tahtalimiaboa® LS parcBntPer cent
bal ance

haf ni um 0,.1 rcent rbon, about 0.015 percent boron,
ni ckel and 1 npary ?l?oélgti ﬁéeﬁ(ée?ﬁﬁa@&‘?’ ‘?%8% (S\bz ergefiticadoncahegb@. 01 S oercemt wei ght

percent oboAQYilade’d MR hEER . : rcent. chrom wp about
1.5 per cen? nol ybdenu?n abougnﬁgg?%éggséé{%?gﬁlﬁ%g%@%a'g%%lﬁgl (?.ng’oﬁg%"(‘}ent

rheni um #bweightpaseperf about 7. & pembntrobalhaibout7.0peRBACRbmiuRh, WHGHMS about

1.5 percent hatfnifé% abouag g‘héz ercent carbon, about 0.015 percent boron,
bal ance nPEREM HRTCHTNGE 280 e RECEiRUAgStRN Nbouh peregntathewinim abogtofposi t i on

| 0 wei ght péreéeatitalin, ARAH 6.2 poRodRP A fifthuf SiBlt 0.18BGbne hnfhiBR! S5t 0 557 O™ UM
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 fo 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




percent nol ybdenum about 5 percent tungsten, about 3 percent rhenium
“about 6.5 percent tantalum about 6.2 percent al umi num’ Ngemben200§ per cent
haf ni um about 0.05 percent carbon, about 0.004 percent boron, about 0.01
percent yttrium balance nickel and mnor elenments; Renew N6, having a
nom nal conposition in weight percent of about 12.5 percent cobalt, about

4.2 perce ] erce I um about 5.75 percent
t ungst en, n%g%ﬁ{aﬁ@nﬁﬂ%se f@gﬁt%:n r}%é?fﬁ@:thom%g Eﬂn&?ﬁg ijéa'EBP’E?E‘Fﬁ 853‘%&"’&11 anghout
5. 75 per centidedtahinpufitieabout 0. 15 percent hafnium about 0.05 percent
carbon, about 0.004 percent boron, about 0.01 percent yttrium bal ance
ni ckel and_incidental inpurities; and MX-4, having a nom nal conposition in
wei ght pgﬂteeawcisﬁuqh@rﬂagb@unw gaxturbing blade 28 hbs fheriniental vartitye3s with ther om '
about 4.5, - . ercent rhenium.fromabout 5.8 to about 10.7

per cent ta{h{eglalg%%fl g ggﬁglggmlmg}%tr%sve%&we@p% ab‘gﬂ&?ﬂﬂf‘é d6daringranom 0 t o
about 0. Ofvurler esmitnudfifahiiigrse! BRMBiohCoARRY thfh A i fifflim i chiBleds! OM O L0

0. U oyttr

about 0.01_percent boron, fromO to about percen um “FFom about
0.9 to abdifensiqn. deageeferredbash o€ interestf themutltaninirurd Srabeveadalimendoisper cent

chromum JfromO.t 0 1. e nt niobium fromabout 5.0 to about 6.6
percent al o %‘H‘F (fq(@brﬁ”gﬁlt% agg&é.gﬁz_ nhel238 t300j rahiandh is fmastnpedferably3. 0 t o
about 7. r : ; rein the. sumof nolybdenum pl us

chr oni um g})ﬁg mﬁ‘i%ﬁ%ﬁ?lﬁ)}sﬁ@b?‘nﬂg‘ﬁ%\@u eg.o Egmfgmiaﬁ%t&‘@%‘ﬂ%tegéésng?n%%ﬁﬁ wher ei n
the sum obylitdiicbunt fs hiiouerierm@aQfm Bhitfed! IARAUTEPLY LIS LR TS from

about 8. Oyt%?about 15. 1 percent, bal ance. nickel and incidenta
i mpuri ti el theutist hascdifferant mininyin eandoinhgimuge sratsvetse ntimehsioles, 30ishihs t he

i nt er nal Al | . t. 44.having an inlet mninmumtransverse

di mensi on, ang t%%E\g%lisgg{nbei'éloﬂ%aﬁﬂﬁuﬁweﬁéﬁ’ﬁ et nininumtransverse di mension
smal ler than the inlet mninumtransverse dinmension. In a preferred case
of i nteresn, altinniding | wlircei pywaenit PANTIET, SRer 6B NSLRMHIS, the aluminiding

source powder has a minimum particle size of greater than about 0.0015 inch (40 pm)

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 pm), the aluminum source powder 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 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 pm).

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 umy) or larger in size.




from about 0.009 inch to about 0.012 inch (230 - 300 pm), and is nost
preferably about 0.010 inch (250 pnm). In the cases of ro%evembeel®st  the

outlet 46 is generally cylindrical, and its m ninumand nmaxi mumtransverse

di mensi ons arg about the sane. |If the outlet has different m ni numand

maxi mum transverse dinmensions, it is the mninumt rans\ée(rjse ?I rregzl on t hat

s utilize ere.. An al um nidi our ce. powder i s provided, step 62.

:3r ef er abl y%?ﬁ@%?@m%ﬁoﬂfﬁdm"%%gr ésﬁEﬁfEFéPIYHﬁ%Wée%ﬂmﬁqﬁ%\pfath% ée of
QmeReslc lqag,gggsp"m A0 s ﬁ@ eater t ahpu

Seroent of P &1 dp‘mese dpog'%ter g%,as S\?\ﬁ‘é?’eﬁﬁﬁli?bgrh%l e has

percent of the outlet mninmumtransver I"mensi

the inl et wmictalliouplumiomeentaining evaien720fs Hrofabhp Ut a ChABium-A&Ridufh about
0.012 inch_(23 powder desirably has a

0.- 300 % th(i: al um num sour ce [ _
particle sfFEPO5HIon, @Fﬁsg eferablzo 91 sbpuc H4$Rﬁf@bbt!wt ?@?ﬁﬁ_cm%@??aﬁn&‘g?sgm ,
i t outlet mnl gur
3?%\922} ongﬂﬁl\/%lslﬁﬁn %’?@?E‘?’g%ﬁtﬁ?ﬁ@ﬁ’zggﬁgﬁ%ﬁﬁ S‘; ?Eeé'alﬁm?d]eﬁgg‘%fﬁéﬁi Xl e s} ze
of from abadumir@n062ibe (alamind, or AMOY. CARRNIMA GRideGRwdet 30ntRIR: alu}ﬁ{[iﬁg,' E gv\ger

the al um num source powder is selected to permt the filling o
into the i éﬁ% w@a@mtwéepowdéraa oot mietdlreginr foeumt)i dit is preferdiettaedwval  of

th wd ' vity. 38, Lf the powder, size |s . too sma!l,
the powder y aniThg 6ol pBWRRE 467 Ehittincs hﬂ%m*lwzﬁu&gfg% i tﬁj; mm i nto
the int beessisibyypoSer-td-miet wall WihisiorSia#Rr Hhidn tion,

parGt : (r:ll ;rptlecnd t;iyépnt rgg iIrll1 and pl ug StKF\e Elou{l etsgélbg, g%% 0cannot be renoved

when t he um ni di.ng processing is conpleted. The present approach is to
be cont rag#h@dﬂwl 106 8QUIeR PRder ettt is oralidedaasia mixture mif diony abovt Srteiabotithe

' s ] i.call y. t 0.007 jnch (180 or larger in
G 7o, o - S peiter WY Geighd gl el B nr ool aAATs G Beichodor 70

i s pref er podfyraplyakis cledmiimaldmhnbi Povifer, 2l ®od] dHchit 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.

Ekternal 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 pm) 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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al um num cont ai ni ng powder 72 and a ceram c powder 74, as seen in Figure 3.
The - netal lic al um num contai ni ng powder 72 is pref er abl/\N@femper 2006

chrom um al umi num conposition, nost preferably of about 44 percent by

wei ght chrom um bal ance al um num and m nor anounts of other el enments. The
ceram c powder 74 is preferably alum num oxide (alum na, or Al1203).

(Al um num Qxi dﬁEF) wder .cont iﬂlns al um num _but the al um num oxi de powder is
not et al IY°cHR grtipp of dhe intemief cavith38 thatds vefhimithe dirfagl 24uotciés pownder
not contaiB.R lﬁ@ﬂ]ﬁq' ' . that the alumniding process is by
pomder-to-ﬁr}rgtgl wa loglq%%%g%ﬁlm?e;fher t han vapor deposition. The

al um ni di ng source powder 70 is provided as a m xture of fromabout 5 to
about 15 Feraleminidiyg weirghpontlet M@ ishitakihéed iatoif HtehHO Bhdly 38 thr er 72,

which is pref erﬁglty the chrom um al um num powder, and from about 85 to
about 95 (B¢ dsiddpyier il of e 2. h&he artiehd is ipveattdrfiom thevpositign elicsymainl v, t he

al um ni di r . fr bout 6..t.0,ahout 9 per,cent by wei ght
of the mﬁ?ﬁ?g%%\r’l@%gég °ﬁ%‘6ﬂ8§o§%‘é@°%}%@em-a%?gfﬁﬂs e} % about
94 per centfilbthe ierghlt caofty B as aflyaddigosaBMI g, e

al um ni di ng source pcc?v\dt)ér 70 hgzﬁla{ft?cs)ut 7.56;?@%%‘%??163%%?8%1%“‘%%

met al | i ¢ RFURYE tha ammlee filling. powder 72 and about 92.5 percent by weight of
the ceram c powder 74. External pack al um niding source powders nornally

o [ Laht . |.um LNni, wd b 2/3 b
el gt coramentshe WAl HE uRhniBlne FURE RUREE 0 ingrialehl Seib i fead. ' °

denonst r atechustaliuniifins thirgdspart ot theoNuinidifis so&h&gémﬁttﬁé e POVAET
| eads to toqQ thick an alum nide coating or layer 76. For the present

i nternal &WdaseAd el the infspnal cavinods, stapedtal Riferiblis theastey of/fieating thodrtitle mor e

t han abou 2 thick, apd preferah not re_than about

0. 0015 i n?:shger?o% e%’ﬁ?t elgt(%gg. [qef al{}ﬁ%ktgl%%mﬂgwg'@égﬁgn?ég?%‘nfﬁ%@é? abqere are
two adver sgoeeff S ' ' . Rl 6.tends to
reduce the fl o_ﬁ?asé%gggc%%ge%gﬁ tgg}lee&t %%ﬁl%ts Fte?héljlgk %sg&%dr%g?q{%es’ é%gl i ng

f unct i onandn-yxidizingmatmiospheye duch as beeoaylneirdden, ailidliain. hol e

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 ym) 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 pm) 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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is partially blocked. Second, the overly thick alumnide |ayer deposited on
the internal surface 49 in the region of the shank 28 t/@¥eiembgr e as an
initiation site for low cycle fatigue failure. The alum nide | ayer 76 nmay
not be | ess than about 0.0003 inch 10 7 Novenber 2006 (8 nm) in the
portion of the internal cavity 38 that is within the airfoil 24, or its

protective,function.i.§. conprom se The al um ni di ng source powder 70 is
Pher oducednt it pRBusiRineRART0NS The neicantheshpfine oAl pavcer magobtom £4 of

Figure 2. gdd@nfkd it§!Rrdefit | - r ithQn.shown in  Figure 1,
with the inlet Zﬁlfsgirdr?gt Bgﬁ%ﬁ?&tng&]a%ggﬁ%ﬁﬁs dﬁﬁléh?% ffi%{lde&é’?ihei s taken
to fill trwwdenteixnbéing ahirhinuiB oailel pdwderasTROSolGNRg HBR ARksirske tRy be
shaken or vi‘ﬁrgted to pronote the conplete filling. The article with the
al uni ni di 155%Surce powder 70 in the internal cavity 38 is heated to cause
alumnumto transport fromthe alum niding source powder 70 to the internal
surface 4 he TRL.eTRAl . Cawi Ty 38T step: 66 Preferably—the—step of
heati ng t%g@ﬂgﬁti cl f%i 58% rpg%ﬁneémg%aheaﬁ shank ¢ g} o P@perature
of from apOHAlL750pbldesabPoalimim@OMrckn8a0 - 108RRiniddttciRsg @ timg of from
about 2 hours to apout 12 hours, in a non-okidizing atnosphere quch as
argon, hydlrogen, of heli u’m The remai ning al ym ni di ng source powder 70 is

renmoved ffomthe ipternal| cavitynd8umhroughlt he i nhels (ah) This fay be done
by inverting the article fand allow the | oose| al um nidi ng source{powder 70

to fl ow oft—of theTnternatr—cavity-38througp—the—n-et—44—ARy{r emai ni ng
al um ni di pg sTgurce poll\L?der may beb‘l)ﬁe(mw fromthe i nPrdal  cavi fty 38 with
a water flush. Theg present invention has beeph reduced to practice¢ in a
series ofitests dgsigmed|to valpgabg The sgfection a?u@?mer Sizes and
powder m kes. The jpowder |size studies showed that po\ sizes ¢f less
t han aboup—0.0015li nches (40 n) clunped in the

_ 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 pm) (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 ahd 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 pwm) for the interior wall of the internal cavity
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inlet over a range of inlet sizes, and smooth filling of the internal
cavity was not achieved. For outlets of about 0.01 i ncHe¥oveder 2§96 powder
sizes of greater than about 0.006 inches (150 nm) tended to plug the
outlets during the al um niding process and could not be readily renoved.
The preferred powder size for outlets of about 0.01 inches (250 n) was
about 0.001 -0.(205 tbncﬂe (.40 - 130 . Turbine blades with an inlet size
of about "6 ¢ iR '0?]6.“?@(501% op fhepintarior ovatbof thecthatle partiomn s and an
outl et sizRgpfg about 0.01 inch (250 m were alumnided with 11 7 Novenber
2006 the sane alum niding conditions. The percentages of the Cr-Al powder
ranged from5 percent to 15 percent of the powder m x by weight, and with

the remai rlthough a paticylametabodiinenbef g iakeitionURs Bebil Qe ROPEE I ddag He! | owi ng
table illustrates the results: percent No of airfoil internal cavity shank

i nternal @®HEAOSSS of Ulnstrationg sverigus, maditieations cnde suhantamdnts deayt be cloadss i | s

(m mls ( : )1.0. 3¢ 7) 210 0.8(20) 0.3(7 10 10 0. 8(20)
20. 6(15) v%poﬂt ?el}gf@%?é‘}ﬁ 1t.h€ s%’é‘) ﬂfﬁgPC%nﬁg.lﬁ% %V?enﬁoq-y pﬁAECQFQI@&lﬁ'e theal

al um ni di meyention i idy tSBe ﬂﬁtﬁ@@iceﬁfas%yiﬁ@‘éﬁﬁénde@&ﬂﬂiﬁ?es an al um ni de coating
t hi ckness of greater than 2 mls (50 m (1 ml =0.001 inch) in the sanme
processing. Fromthese data, it was determ ned that an acceptabl e range was

5-15 percent Cr-Al  powder in the alum niding source powder, nore
preferably from about 6-9 percent, and that 7.5 percent is nost preferred.
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A series of tests were perfornmed for the nost preferred Cr-Al powder
percentage of 7.5 percent, and the results are shown i f Nuvgmbes2Wo5 as

rel ative frequency plots of the nunber of measurenents of a thickness as a
function of the thickness of the alum nide coating for the interior
surface of the wall of the internal cavity and for the interior surface of
the shank _portion, respectively. Al of the neasurenents are within the
range of CBAIMEY t 0 0. 0015 inch (8 - 40 m for the interior wall of the
internal cavity 12 7 Novenber 2006 and are less than 0.002 inch (50 pm
for the jnter| hey td : | : ; a

parti cul gi'r en%g{é?%%br%gm%l ghrl?%%gﬁﬁ}gér} %%ceb(gzdr? ' eglg; ?%’éqﬁlwn etail for

pur posesthefstepk bfist rati on, various nodifications and enhancenents nay be
made w thout departing fromthe spirit and scope of the invention.
Accordingly, the,  .invention is nof to be |linted except .as, by the appended
claims. 137 ROV J0U6 DETAE ths Iemal FRRHOUCSh i theiMg™ah i nt er nal
surface &i‘vit?«%dlﬁﬁe@! nal cavity, conprising the steps of. providing an
article having the internal cavity therein, wherein the internal cavity
includes: an inlet having an inlet mninmumtransverse di nension, and an
“out | et havi ngamimles bavieg aminiétmummuansmevese dinrensi,endsnal | er than the
inlet mnimmtransverse dinension; providing an al um nidi ng source powder
having a m nipumparticle size of. .qreater than.about 0.0015.inch (40 m
and not “great Bt pd Peyfise BTG eninno iy et ifiaiin Snder tmu e

inlet minimum transverse dimension;

providing an aluminiding source powder having a minimum particle size of
greater than about 0.0015 inch (40 pm) 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 claim 1, wherein the step of providing the article includes the
step of:

14




outl et mnimumtransverse dinmension; introducing the alum niding source
powder into the internal cavity through the inlet; heaf/iNrycmber 2006i cl e

wi th the al um niding source powder in the internal cavity to cause
alumnumto transport fromthe alum niding source powder to the internal
surface of the internal cavity; and thereafter renoving the alum niding
source powder fromthe internal cavity through the inlet. 2. The nethod of
claim 1, wher@pHidingths agilehapngthicduiet mpsmym fransgershdimegaien ohomst ep of

0201, gl kU EUPIRGD 6 Bt U D00 S 1 o B,

clai m 1, *Wherern e ste rovi step of

provi di ngrogidid thewugAsiding dure pelvadeinciidesihestepbhiod of claim 1, wherein the
step of providing the article includes the step of. 14 7 Novenber 2006

providing the article having the outlet mninumtransverse di nension of
f r om about 0. Povidingcthe phmipising spupaepawien hpving apagide sige obfigmdberlei n t he

step of i di th m nidin ource powder includes the step of:
provi di n%e{)ﬁge/mgl:}%b Pg?ﬂgy&?ﬁr(%% g%(i\k?gﬁ having a particle size of from
about 0.0015 inch to about 0.005 inch (40 - 130 m. 5. The nethod of claim

1, wheresn thehémehollofRlmi divtkrdih ¢herdtbp 6F Provitihd dRSarti¢le indhidRP tid
‘providing the article having the outlet m ninmumtransverse di nension of
about  Ostepofinch (250 m), and wherein the step of providing the al um niding
source powder includes the step of:

providing the article having the outlet minimum transverse dimension of about
0.01 inch (250 pm), 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 wm).
6. The method of claim 1, 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 1, 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 claim 1, wherein the step of introducing inctudes 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.

15




provi di ng the al um nidi ng source powder having a particle size of from
about 0.0025 inch to about 0.005 inch (60 - 130 n). 6.7 Nevembeddd60f cl ai m
1, wherein the step of introducing includes the step of: providing the

al um ni di ng source powder as a mxture of a nmetallic alum num containing
powder and a ceram c powder. 7. The nethod of claim1, wherein the step of
introducing includes the step of: providing the alum niding source powder
as a nixt 8re ofthe methoshrdiglaim I hergioilie step Oyﬁgf?%mgtth%wlﬂléil%‘@ esfthessteret al 1 i ¢
aluninun}%gntaining powder and from about 85 to about 95 percent by wei ght
of a ceram'c powder. 8. The method of claim1, wherein the step of

i ntroducing includes the step of: providing the alum niding source powder
havi ng from abbedting tho©asibleud aYempestaerit ffom Wweh@hv50F taab@it a3000°B (950

chrom um al um num powder and from about 94 to about 91 percent by wei ght
of an al umilBfirCoxanddoppiivme of frem aponicd/leqtseto 9b0o612 kpursthe net hod of claim 1,
wherein the step of heating the article includes the step of: heating the

and for a0t o oney o ME G APLE R SRRt S Bl SR ol or

al um ni di g sepsioftt ernal surface of an internal cavity, conprising the
steps of: providing an article having the internal cavity therein and an

inlet to the internal cavity, and an outlet fromthe internal cavity
havi ng an out | BIOVIAIRg diinitticle hging: e atemal a1y dherpinotrdapd deleb f o i nch to

about 0. o%e&ﬂcghvgﬁggnd an Ot strol ¥ ﬂ{té}ﬁﬁlgﬁh@tg%ﬂ%g%rg%gﬁ&%ﬁﬁ?%mer

having a mninmumparticle size greater t out I'nc m and
not great etndvbae dabautont fREl @at 0.0009 Meh to about 0.012 inch (230 - 300 pm);

pfoviding an 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 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 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 pm}; and

thereafter

removing the aluminiding source powder from the internal cavity through the

inlet.
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outlet mninmumtransverse dinmension as a m xture of fromabout 5 to about
15 percent by weight of a metallic alum num cont ai ni ng7pbwgaben{i96f r om

about 85 to about 95 percent by weight of a ceram c powder; introducing
t he al um ni di ng source powder into the internal cavity into the internal
cavity through the inlet; heating the article with the al um niding source

powder in the_jnternal cayity t cause alum numto transport fromthe
al umini dthg s E@fhsamg Hfld%tW eﬁemiﬁpﬁgﬂp Ol%é’tﬁ‘?‘fl‘éﬂééﬂ%ﬁar’él & ncledssibg cavity,

and for ICi | HH&%% i.nL:de coating on the internal
surface g@?%ﬂogfdﬁ%t %I&dr%ggvséog?lﬂ{ngss t %hghfg)lt%leﬂ%lggoz inch (50 m; and
thereafter renoving the alum niding source powder fromthe internal cavity
t hrough the Thi eethod®f ¢laldoVi@mybereR0M6 steplof pidneding theomiticdt indladenti®d, wherei n
the step of providin e article.includes the step of providing a hollow
corrponenﬁtelb?P%foﬁ’é??gt%ﬂoa{g’Wegaéﬁ@%HEblﬂ - The method of claim 10, wherein the
step of providing the article includes the step of providing a holl ow gas
turbine pi adeThd Rrethbi@rBRENAE, RherelPihsd ’of‘ﬁ’ﬁf“ﬁcﬁhg'tﬁekb%rﬁ&%ﬁ:&%%tﬁééw' di ng
the al um ni ding source powder 1ncludes the step of: 16a 7 venber 2006
provi di ngewdee isdludes theditepoofsour ce powder having from about 6 to about 9
percent by weight of the netallic alum num containing powder and from about
91 to about 94 percent by weight of the ceram c powder. 14.. The nethod of
claim 10, wherein the step of introducing includes the step of:
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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 uni AuNeysowde200énd from
about 85 to about 95 percent by weight of an al um num oxi de powder. 15.
The nethod of claim 10, 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 tine of from about 2 hours to about
12 hours. 16. A nethod for alum niding an internal surface of an internal
cavity, conprising the steps of: providing a holl ow gas turbine bl ade
having the in Vit s ther el [ ot I ' j ncl udes
an inlet havi ﬁ‘g’wﬁ% ﬂﬁe%&mﬂtﬁlpﬁl n’él({afczfn ve(?egeﬁhallir‘%:g{g?lo%&gr?dﬁﬁ%&% 9Novenber
2006 a patembytweaglitiofghedgmlidodbmrgmoobiteihing @ecler tndfibimnaboetdgetacool i ng
outl et having an outlet .m ni.mum transverse di nension smaller than the inlet
i ni num ?ﬁ?oéﬂﬁg‘\‘/é?@@t divRiefd o6 e GRFEMEDPAWERe outl et ni ni mum transverse
dimension is fromabout 0.009 inch to about 0.012 inch (230 - 300 m;
provi di ngy an kit g| f i oGl size of

O cat er Fhan Shomemgd 6 Sanm A r RN s oM ERILAR HELF 5. 005 1 noh
(130 gm, and wherein the al um niding source powder conprises a m xture of
from about 5 prowidaigpptite dlBmpedipgrioulye peovdphtas of maxtoet af fiom about 5 to

o oorRRE SR oYU o e R bR s SR BB Y e O
| nt er nal gSky hd6e Pherbdhe bl Wefsh 8t a@¥inintim bRHE BAWELNT the al um niding source

powder into the internal” cavity through the 1Inlet; heating the article to

a tenperature of from about 1750F to about 2000F (950
15.  The method of claim 10, wherein the step of heating the article includes the

step of 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.

16. 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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1090C), and for a tinme of from about 2 hours to about 12 hours; and
thereafter renoving the alum niding source powder from7tifeveinbee2t cavity
through the inlet. 18 DI MENSI ONALLY CONTROLLED PACK ALUM NI DI NG OF

| NTERNAL SURFACES OF A HOLLOW ARTI CLE ABSTRACT An article (20) such as
a hollow gas turbine blade (22) has an internal cavity (38) therein with
an inlet (44) and outlet (46). The outlet (46) has an outlet m ninmum
transverse di #fsQfdfriling sdasrrogking puiteipach atingsdgp senting quilst having  An

al um ni dj | 70 ' i.cl e. s ater than
bout 0. IS iR WLt Ginclfon Suitlbl T REERLShBiBbA G- ButEC = 150

[ err] m . dildeasiahuwhedeth thg Galet adnipoul @fanseré?) dintengiofix tftoie abdutf¢.0FR about 5
to about 15 percent by weight of a netallic alum num containing powder
(72) andlﬂphmﬁ%bﬁ-pl%ylobdzﬁboiﬁo ¥B):per cent by wei ght of a ceramc powder
(74). The al um niding source powder (70) is flowed into the internal

it 38) t | @QQ tlcl L. ith th
;fi\ljlm' %i fji nz; S S?t:dg‘{kp%lpv\gledrnﬂ%@&g( ?%n % |dne:r21%‘ﬁ§'|rg %:gl\}tl%% y Eé@ﬁ)n%l[egs?%et '§fejn¥)merat ur:
~of from %raa@uﬂlaﬂ;%e{ueo.obs iR B0 Yim)2AHA0h R r drdter Bal abouk QRGIsemeh @30 and for a
r

time of om about 2 hours to about 12 hours, to deposit an
al um nunmuoprand iwhergin thealumigidifgjouoee pdvaler nomoprisds aguixfue ef frgm@powtfs t he

BT IHENETR A U T P R

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;

intrbducing the aluminiding source powder into the internal cavity through the
inlet;

heating the article to a temperatire 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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