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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
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back of thi éng‘i"ﬁ‘ét}"n &GS 19 $4ating fhe Hatespal csusfeest of \eahdllowhgashtirbiee t he
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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 the hot conbustion gases

directly iMCKQRO@N@QF*’ﬁ[Eﬁ@VEﬁg‘g%};}O” conponents as well. In cur.rent

engi nes, the turbine vanes and are made of nickel -based
sugeral | oys, and can operate at tenperatures of up to about 2150F (1180C).

These conponeargalir gasatushins (eeaigite dlamgaway irtXitBatGoan e CREMmasi ve

agents, aSco%%'rf.l,sseadS by a shaft-mounted compressor, and mixed 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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| npact danmage and erosion by particles entrained in the _conbustion gas
stream Many approaches have been used to increase the BpEVEmp2006
tenperature limts and service lives of the hot-section conponents such as
the turbine blades and vanes to their current | evel s, while achieving
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the i nter palsieNQbding: te&ﬁaY(iﬁeX aliIQigRdam bl Iﬁﬁctic@ ﬁl@%oﬁlﬁeﬁenﬂs grb@a&pnponent,

and out of the internal cooling cavity through small-dianmeter outlets,
such as f cuthdenainterind chadary eryitgd §@mpresaod blagl &df§ews imndhd andesalaoolie t ur bi ne

bl ade. The air  fl ow carries _heat a fromthe ooIe onponent .and al so
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conmponent's. thé operating tenperatures have been pushed even further
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surfaces of the hollow conponents. However, the application of coatings to

t he i nt er nahpsnenfsaces poses sone probl ens not

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




found for external coatings, particularly because of the presence of the
snmal | -di ameter outlets. Existing external coating techdiNgisabend¥q appl i ed
to internal coating, and candidate internal coating techniques are not
sufficient to achieve the necessary internal coatings. There is a need for
an i nproved approach to coating internal surfaces of hollow articles

havi ng smal | -di apeter outlets, . The present invention fulfills this need,
and f ur eprolisd glyrpiatde conting whicha pehsne thicksinmarbstantiatypmprdarflad Her ei n
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cavity. e disclosed technique uses a pack alum niding proces§S to achieve
a preci sefaykidg Tn tie\shatie porfioR 6f thednfcral b@dacal Tiic ahueinkidgt songcevdviveler i S not so
thick as to substantially inpede airflow fromthe snall-dianmeter outlets
and not &BYibsiselected sp dhasithefrckness pidhe ceatingtis dimited dp Hhadasiied rrngpef shank

portion of ' r f ace h | umqni di;ng. source y be
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ensures that the al um ni di ng source powder nay be readily introduced into

t he i nt emsibe eeadily yeragieedafishthewpating nreesds isycomplieed after the coating
process is conplete. According to a first aspect of the invention, there is
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cavity conprisiPng thé steps o prow.d‘?ng an artitle having the 1 nternal
cavity t hienrehidingwhah@tdal kireace B e Rabmeloavity cbrﬁ?ﬁ&iﬂgﬁle%&ps lofbelvidiayi ng an
inlet mninmmtransverse dinension, and an outlet having an outlet m ninum
't ransver & agickehaiies theniatqrest caidn themin, whereinnthaiintermal cansviaelydesiirensi on
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percent @iinititéh Baisvelise 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 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




m ni mrum transver se di nension; introducing the alum niding source_ powder
into the internal cavity through the inlet; heating th8%$ﬁﬁﬁéﬁéz Oth the
al um ni ding source powder in the internal cavity to cause alum numto
transport fromthe alum niding source powder to the internal surface of
the internal cavity; and thereafter renoving the al um niding source powder
fromthe internal cavity through the inlet. In a case of interest, the
articl e frtigledus sheoiglgh sniaimuny frapsvgess dimensioreofabginh@ 05Q ineh £2501mhdhe ow gas

bi : i .elatively | ' il I
cool i ng Ruadin M08l Rofder » Bfle 5 SiBben Uiheind i A0 Er 250 00
gm in  HicR{@0 130 g).al um ni di ng source powder having a m ninum particle

size of greater than about 0.0015 inch (40 gn) and not greater than about
60 percent of the outlet mninum transverse dinension is provided. In the
case of hoetalyminidies sowse rmovidee iowlebieably mi niixtura of anmetallie aliimiewmi on may be
from about .0.009 inch to about 0.012 lnch 23Q -.300 ....the al um num
sour co. pORPERg RSV e BT apu e, TRE e i PumisiegThinias ToN3E 1o abou
0. 005 i NghorkfPably 4 3Rréfidum-Mashindh PoRideR|dnd O ERTiOBowder/isN¥RMMy 2006
article has the inlet mninmmtransverse dinmension of about” 0.010 inch (250
M, the aluminrionoridso Thealynoingling sascappederindycbesi mixtufe ¢f foom abowtt5 0. 0025
inch to about 005 i.nch .(60 . 130 . .Jhe al um ni di ng sourc owder is
desi r abl %O}H g? B?rge‘gfbyawﬁé&a?q the: Hgfqﬁiﬁ ﬁlﬁmm%'ﬁ@éﬁaﬁﬁl%gg%%@?gﬁ?ﬂl a ceranic
powder. The nmetallic alum num containing powder is preferably a

chrom um al um num powder, and the ceram c powder is preferably alum num
oxi de. The al um niding source powder may be a m xture of fromabout 5 to
about 15 percent by weight of the netallic al um num containing powler and
from ' ‘ ‘ '
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3a 7 Novenber 2006 about 85 to about 95 percent by wei %ht of the ceramc
powder. Mbst preferably, the aluminiding source powder 7Régvemberd®Bout 6 to
about 9 percent by weight of the netallic alum num containing powler and
fromabout 91 to about 94 percent by weight of the ceram c powder. The

al um ni di ng source powder may be introduced into the internal cavity
through the inlet. The article with the alum nidi ng source powder in the

internal @HEp ReRpoBedS praeane &Y tesighi o ehesammisinomder t Messprsferably,dbs t he
a um Nt DfnSRREGL ROUOSEwdR HalSrorh IHEENE 1o FELAS Felbad P Wl PHhe CaVI LY-
fera y fr P

The heating 1 s prefer 0 a tenperature o m-abo t0 about

2000F (95Ghetal kO Aminu@r@nfaiing pbisider ahd fifoamnabhaudt L abour &4 bercaiobyt 12
hours. The renaining alum niding source powder may thereafter be renoved

fromthe Weighéphthle cerapii¢ powdirough the inlet. According to a second aspect
of the invention, there is provided a nethod for alum niding an internal

surface ofy ' 3 i L §] t royi gli article
navi ng. t na e AL e Seuf ol of I bt Hiful i GP R dhuthoy Bl B0, 71 oG
an out | etinlétr oThd heicientieh bl ale@itidig Rawco godderomt theintsingl cavitytri@nsyer se

di mrension_of from about 0.0009 inch to about 0.012 inch (230 - 300 m;
provi di ngh&dted t FHYE BlHainudotyr tansperhderm tbs, piyguridimgniontnn prarder de dhesj ze
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percent o e outlet mnimumtransverse n ure from

about 5 t groabaktut 13506 @BSutMOOORE @30 -0f098° MR had fdiCa Bindrofitm aBORtAI ni Ng
powder and from about 85 to about 95 percent by weight of a ceramc
powder, i Rewrséuetonsl2 heural uni ni di ng source powder into the internal cavity
through the inlet, heating the article with the al um niding source powder

in the i NRE r]%lln'aﬁlﬂygi Eﬂﬁminiding source powder may thereafter be removed from the

internal cavity through the inlet.

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.




to cause alumnumto transport fromthe alum niding source powder to the
internal surface of the internal cavity, and for a suffil¢wnber2088 t o
produce an alum nide coating on the internal surface having a thickness of
| ess than about 0.002 inch (50 pm, and thereafter renoving the

al um ni di ng source powder fromthe internal cavity through the inlet.

Feat ures discussed el sewhere herein may be used with this second aspect, to
t he ext eACCUHERE thay thirde appsct idfcihaplvetion, therg igopwvisied 20pethoddebrding to
athird . of invention, 4here 1s;provided a.npethod [ ¢
al um ni d?‘ﬁ‘g‘?‘ﬁﬁ‘@nf‘%? ﬁtaelr&\s[ur ace C'ct)ﬂf anaﬁgﬁeﬂ’falercﬁgll\{y’cg%@}ﬁ,m%ggrfcprsliegls nogf' the steps

of 1 propiodidige @ HatbwOos JabitdblRdBah bR iRty GaliBe tHerdig Wikireifi akd t y
therein, wherein the 1nternal cavity includes an inlet having an inlet
mi ni mum ingRsharideingiuden an dret hapingepn iglet matimun fransverse dijecnsissl 42 out | et s,

each trajl.i e [im | et Vi. an out l.et iLnimumitra erse

di nensi o%#so Egﬁaﬁg’% e[d%gﬁo?]ﬁ% ‘?‘#fe(tﬁ’ eﬁ?mna%rﬂﬁﬁg g &%en q?llpgguﬂ%ﬂgp{g}goﬁ qurs erein the
out| et nMdhifiue tri@0eYe BikerdionBnfllenthis tHd iare absiuiund trifYeisd @findmioabout

0.012 inch (230 - 300 m; providing an alum niding source powder having a

m ni num pAgeteincthe ogiflglempfimgmetitnsiverse dimensivntis Gropo aBout AP0 (inch o) abgntl not

greater . ab 0. inch 13Q. M, apd. rein the alum,niding source
povder | cbubr @80 o 30 g thrordind) n, AlTeRER e N RBHPELS vl ght
of a net ﬁﬂiﬂihﬁl_rraﬁ#ﬁue@me oF @idadr MhAMCabid a0 001 ineh (4P iR BAV hotBRedtér tRAPUL 95

percent by weight of a ceramc powder, to deposit an al um num cont ai ni ng

coating @hwut ﬁé)%ﬁ rieey h3) usyy dndcwhereint the aluministingsousesy pavydericompoiskscd ng t he

al um ni ding so e powder_into t internal cayit t hraugh. t he inlet;
neat | no. PduSeR BERCRNE'S krafodiy B bR neRbb o o Rt BB So00F
(950 - 189ffhing FdvdePand FdniBb&it §9 RIMUBROYS FerdldUbs wagRbaus cdrdmitour s; and

thereafter renoving the alum niding source powder fromthe internal cavity
t hr ough 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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the inlet. The present approach may achi eve al um ni de coating of the
internal surfaces to a precisely limted and control | ed Noyereede0bof | ess
t han about 0.002 inches (50 n). Thicker coatings tend to reduce the

m ni mrum di mensi on of the outlet cooling holes by an 4a 7 Novenber 2006
unacceptably | arge anmobunt, adversely affecting the in-service performance
of the article. Thicker coatings also pronote |ow cycle fatigue failure in
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powders, 9 %l;%hgoef? %@tw{@g %‘gggﬁgnﬁotﬁ%é’%é%gwgﬁ‘g‘ﬁ%%‘é@& }é@egntﬁ%ﬁey desired
t hi cknessedusingehe éffietitivve dloal dixmetehenNitedoles\imbAherde PRSdolifg pSFHIRIInoE S

penetrat es thr_ough masks to deposit on unintended regions of the article,

whi ch magt Ht 2 vhine pagh alumpiniding techrigpe apartipudaclyawhen nsedi wigh thepr oach.
VWhen the @&5 L Al i ed.. it be necessary 1o introduce
the al uPnl%nl Idﬁéﬁi%ﬂél%’gﬂ%ﬁé@n&ﬁﬁln oa%fi ;%raln}llf & Wg& I}ét%i\e}y £ f/l.mlfl\ﬁ’een Otah%g powder
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hus. pr o o TR AR Ipel N6 SLalEA e Bl i3 dalk RiiBidih

approach.

When the pack aluminiding process is used, it may be 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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internal cavities. The powder may be readily introduced and | ater renoved
fromthe internal cavity, and does not become entrapped Nayemyer | et
cooling holes. The use of the powder technique, with the correct powder
size range and the correct proportions of powder, may achieve controllable

I nternal al um nide coating of the proper thickness in all regions. O her
be apparent fromthe

features a vant f .th rese i nvention w ||

fol | owi ng -ﬁ%}%dldfggasﬁﬁéﬁa%e@%‘ﬁoﬁﬁ"ﬁw ‘gf‘a}f wgasfuping bladgbodi ment, taken in
conjunction wth the acconpanyi ng drawi ngs, which illustrate, by way of
exanpl e, thigurr ixca picek flef diddfnk BY 8RG| The 1he | jon is
not, however, limted to this pref erreb g%gﬁlﬁn%ﬁﬁ%}gwgﬁ ON OF
THE DRAW Nugbinssbladesovenber 2006 Fi gure 1 is a schematic phantom view of a
hol | ow gas turbine blade; Figure 2 is a block flow di agram of an approach
for inter lup Niedi f th Ss. turbine blade; Figure 3 is a

bt 38 Lol PR Sisvk Hyudly e dinpine blags of Fiawrela

fragnment ary-sect i onal

taken in_ tieenthanspiode of gt 11bublvi Mol fARAL Wik A, opRGe powder i

pl ace; Figure 4 is a relative frequency grap I 'ng hesses Wi thin
the interigr cavity; _and Figure 5 is a relative frequency graph of coating
t hi ckness Rigwrathis ¢ plativbiequenes greph of coating thickdebses witharithe iRErAY dakid);

DESCRI PTI QNyOF THE | NVENTI ON Figure 1 depicts a hollow conponent 20 of a
gas turbine engine, in this case a hollow gas turbine blade 22, with
interior structure shown in phantomview. The gas turbine

Figure 5 is a relative frequency graph of coating thickness within the shank portion of
the 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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bl ade 22 is preferably formed of a nickel -base superalloy. The turbine

bl ade 20 includes an airfoil 24 against which the flow7dfovsabeed®aust gas
is directed. The turbine blade 20 is nmounted to a turbine disk (not shown)
by a dovetail shape 26 in a shank 28 of the gas turbine blade 22, which
extends downwardly fromthe airfoil The dovetail shape 26 engages a

22.
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are to tHB eprisr gprgyatiangeofd®liofv gaseiuetiing blatles2 4he Tow efliédoting aftOept ehe
preferably. i or f fine.,. chgnnels or tubes extending fromthe

i nt er nal éflg\%&[a%ggggﬁegn%(gét&(F%ﬁfﬂ‘fﬁ“ﬁg[}PWaE"@"R%a“@ o mesvenbéie goveh ethrough a
wal | 50 behseeptablethk! fiddtonSsy ERFRidB1as0e F urface-49. 1n
service, a flow o“cong)r essed cool | nlgoé}lalla | sénglﬁ}eelgkegﬁaﬁﬁnr%fféh&t ?nfeﬁ\enl et 44,
into the Utk pavlitiesads.t Mo®, reacrdlyptiie dperatigth tdohyseratitcs Qif 46 gad MurBirk! ow of
corrpressegré%ﬁgsl i ng.ai r hraﬁgrapt he jnternal cavity 38 and the outlet 46
conduct s amgy ITERIEE fethabioespie theHowpfispaling pindhe mpernal surfactad® t he

t enper at ubecodie dolifdt A8 tey eRhORLBL .1 i er. generations of hollow
gas turbine bl ades, the ?Ieogv ot cglgi%f:ﬁﬁgaba{%?x@% n?IHje(%rfOﬁ’tOBr nal surfaces 40
at a sufficiently low tenperature to prevent the growth of unacceptably

thick oxi aasdheigfore becae ancdssarpits cont theeinichicrsiahcdsul( &5 Bfvad Qkht he
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

o - nickel-base alloy has more nickel than any other element. A nickel-base superalloy is
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internal cavities 38. Mdre recently, the operating tenperatures of the gas
turbi ne engines have increased so that, despite the fl dWNGrEmbEHLMeg air,

the internal surfaces 40 becone so hot that they experience unacceptable
oxi dation and corrosion. It has therefore becone necessary to coat the

I nternal surfaces 40 to prevent such environnental degradation. The usual

approach hag i b ' .containin oat.in nto the
internal surf gglgge&ﬂf% ﬁgfﬂﬁ%ﬁg@g%g?g%gg%}} qnéecﬂﬁf%%a %tlfg?fg?sgv FYPPlEhase
al uni ni di mf operableenitloatibasequperatiopost Reas™ i03, m@aﬁbﬁmaﬁb'&%‘%ﬁ&{ gd ng
vapor is passged through the internal cavities 38 So that al num’ deposits
onto the Wgkh perrend, ok showt 9foperaent siobaltisabout B2petdeat vlromitf, alsmt 19,5/ apor

h t ' [ Ly cases, .but i hers t hey. depqgsit such

oo kel eE Iotdentl b o Btk SRS Restet bl D Bichal i AbBHE and

their crosk6 pemehi aoima,rabbhOd7RREGAD Bitdnfurh SHOGET. s/ r&h?ﬁaﬁnmg e[bt‘aﬁylt 's a
marily n e

|l oss in cqooling efficiency. This problens arises pri
absol ute [Pkl BECant carben, gout AQ16 petcentsbotan, lmlansenicke] aud imputitiesg Reyie™he case

when th Iy hine blade 22 is relativel 1. F 2
' Ust rat a2 fﬁg‘ﬂﬁggk’}°§‘?r‘§!ﬁlp‘g’ﬁ%°§ﬂﬁfldﬁ welghicRieey Of ahpUcka & prrgeRtrRsbRibvent i on.
An arti cl absutch.8aped i Lt i LS dlgiternal cavit

33 Cherel n 1S brovided oteh aa e At al o aypioRehd 45 EFRRe (Vre,

but is pr&mesin) gbaut 2Sopaseané thendim,cabyat 6 B6ipeicent @ngluag abuets.85 pbleenthol | ow
gas turbi |.ade 22 or. anot her..conponent that is _cooled wth an internal
f1 ow of cG0 |‘ﬁﬁ‘%a?‘?"“éEéweé%eﬂaﬁ%@&?l?:gﬁa\lwl%a@reﬁm carbop, #heut0.815 persentr t i cl e
i's pref er abilos, BRsRceTficid] B HBlor RS M QY hbing ¥ ShShatase, ald oy has
more nickel than any ot her el ement ni\é;l%{égielﬁg’ahsa?m%ap'gc%fﬂg%?n?%osm?w
Novenber B0wBight pereenjtafieheut by peicentpuobaitpitioat 7.0 pefenOeimiuh, dpBuPhase or a
rel ated phase., Ex | es f ogerabl e ni ckel -base superal |l oys are Rene" 108,
havi ng a RASYH o0 gﬁwg, taggﬁl,t, ipRreent 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 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




wei ght percent, of about 9.4 percent cobalt, about 8.2 percent chrom um

“about 0.5 percent nol ybdenum about 9.5 percent tungstdiYovgpber 2462

percent tantalum about 5.6 percent alum num about 0.7 percent titanium
about 1.5 percent hafnium about 0.1 percent carbon, about 0.015 percent
boron, bal ance nickel and inpurities; ReneTM 142, having a nom nal

conposi ti ' al‘lﬁf]g [ . of _about ) nt cobalt, about 6.8
per cent cﬁélgéﬁ?tum a@gﬁpﬁf?tgﬂéseﬁ%@ O%q'é%%&?ﬁﬁgiﬁﬁﬁﬁ?nﬁg@%%@?ﬂ and
tungst en, iabidedtalindpugitiesent rheni um about 6.35 percent tantalum about
6. 15 percent alum num about 1.5 percent hafnium about 0.12 percent
carbon, ahqut Q.015 percent boron, bal ance nickel and m nor el enents;
ReneTM N5, i6lg suchasithe hellew gpoirkine blade 32 bes thetinterarat endtitycd8 whbdie 7. 5

percent c t 7. er.cent . chrom u about 1.5 percent nol ybdenum
about 5 pgir‘l)lc%{e%?r h?ﬁ ﬁgs?fl élﬁl,gt ﬁ‘b‘Bf}}“‘% trﬁ’ésrvg’ésﬁt‘ﬁ‘]i“ﬁ%gﬁﬂ% ﬁ?&é}}foﬂﬂﬂ%‘ 48 hagmgaent
tantal um oatleu iniindind efa6 SRkscAiEndion sARR tthdh He étc;?rﬂlé)irrg%fx'%aﬂg%r about

0.05 percent carbon, about 0.004 percent boron, abou percen
yttrium Bamensien. dnalpstferrechehsmiofinterestetie mutlet raihmiv Nansveass dighedsitwi nal

i tign in, wei f about 12.5 t cobalt, about 4.2
per cont - cRBhAL A8 15 aheit e a2 T OBe Ab b oud 15 et partoub
1 ten, ' t 7. t apt al bout
578" por tnt a0 R AE M 3 Mo el 8P Mol iofrer e e 261 DestEGont
car bon, abylindridahé jrembmunbeidanaxisReiiralviiie BRESEs Meldbbiihe BahaNCE

ni ckel angqi ncidental inpurities; and MX-4, having a nom nal conposition in
wei ght  pé&lr terfutlgt has digierant mmingnum apdameximus SFapsvese rdimendibm iU ther om
about 4.5.1 . perce r.heni. u fromabout 5.8 to about 10.7
percent tanta urnH ?grgnég%"geg'fl%%l?glﬂfggﬁfe'17. 0 percent cobalt, fromO to
about 0.05 percent hafnium fromO to about 0.06 percent carbon, fromO to
about 0. OAnpanménidinpanare fovaer s oAl sty 82 PEEfGMy, Wbt ahiiidihs om about
0.9 to about 2.0 percent nol ybder]t})(r?ﬁo from éa%l)bout 1.25 t%’ glbou{tlﬁ{méq]%éper cent
chr oni um SAHESRUOVIEH hegrominimum paticle sizerif godatemthahraboueth o0t 5 mch (A@pAapout

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.




ercent alum num fromO to about 1.0 percent titanium from about 3.0
?o6agout 7.5 percent tungsten, and wherein the sum of OYGMSE®AUA0S! us .
chrom um plus niobiumis fromabout 2.15 to about 9.0 percent, and wherein
the sum of alum num 8 7 Novenber 2006 plus titaniumplus tungsten is from
about 8.0 to about 15.1 percent, bal ance. nickel and incidental

tles article such the hol | ow gas turbine blade 22 has the
: rr]r![og; Inal cavi flsmggl qugepowcfﬁr lﬂl’rﬁérﬂblﬁg)f@ﬁd‘?qwﬁeﬁ mixrerofa medallver se

di mensi on, alafpgminlBoftHin | t I mum trapsverse. di mension
smal | er thgln t he |(r)1I et%nﬁ%@r%ﬂs@%&%ﬁ wdengo% Se?lh“%\? % Tg‘a case
of i nt er esmetatlive abtihen-containingn fovaies ier Bep@forbie i¥na |o§mnfnﬁﬁpg‘1§1gmﬁ 0. 009
inch to about O. 012 i nch , and is nmost preferably about

0.010 i nch®{HIYoR mqsh pr 352’19)5é‘%oﬁ%pufrrﬂétpa;wneubeswm%hehmmmm béﬁncesSI .
mtrans
o apouy St inor ARBuhb e i, e TR ey L4

are about the sane

transver seaIMImlnsomds (aliuninias of A, 04 I(‘Ammlﬁlﬁ%&fdé%o%ﬁiefl ORI, Qihgigﬁlﬁﬁ s
utilized ere al um ni di ng source powder is provided, step

Pr ef er abl tth% R i) Powdar e%n@iomeelhchmsfmm ri:: nmrp:“qfamci gigﬁ ::I&:IGS e of
not ea er than a
ey oent ¢ e ou% Ise?rg%lpﬁlvdr%%ﬁﬁ? 'g gﬂ%@@r%e‘a@? ‘H’é’lﬁ S0 it rtae plysiinidingc| e has

per cent of

the inlet pmmmmytpoamwﬁm@wm@ﬂfmﬁaﬁef%% WePodifich, | nch 1o about
0.012 inch (230 - 300 pm, the alum num source p esirably has a
particle ze of f_ m about 0.0015 inch to about O. 006 i nch (40 - 150 pm,

but not a?tl‘@FmE S%%Pmmerﬂ&rlé@mwdﬂd ashiembatrre etf ﬁmmabnumsuoabsmelr se
di mensi on.q I th um um sourc owder has_a particle size
of from aboh?&%e%ﬁ%e%@g o, th‘ea]BIS h e AN ?‘@8"& Pewdet, Ay, 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.

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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The size of the al um num source powder is selected to permt the filling of
the powder into the internal cavity 38, the al uninidi nd Nesgeeo?006and t he
renoval of the powder fromthe internal cavity 38. If the powder size is
too small, the powder tends to clunp and will not flow through the inlet
44 and into the internal cavity 38. If the powder size is too large, the
powder the outlets 46, and cannot be

p\z,iv:]@i clﬁs g}end t.0 eq%t ap in and pl ug > out | 6, ;

r enoved nHIPh & HiSuRRTHPR gtilﬁr"étéﬁ%‘éicﬁ@t}@ diatps avithin theheirfriledéner itappr oach
is to be ot . onventional pack al um niding, wherein the
al um num gﬁ‘%ﬁﬂ%@ﬁ?éﬂ%@%ﬁy about 0.007 inch (180 m or larger in
size. 9 --- - --------- 7 Novenber 2006 The al um niding source powder 70

i s pref er dfieyalpminididg domse powideit PO és Bitrodusadtiald he inRHHAT AU} 99%8&%}} ng
powder 72 and a ceram ¢ powder 74, as seen in Figure 3. Thé netallic

al umi num dBA st A9 glep Sl Figerei% - The petickisyinyrted fdm dhd position shiavarin

It : f bout,. 44 t i gh h '
bal hnce o By B Bl Yaile ARG REPSE OF aloat okt Bt Bhouder

74 is pr effdl tblinternal carlty 98w Rileas(pdkssiBleN The AftichlRdBbe siaALN B DibEKide
powder contains alum num__but the alum num oxi de powder 1s not nmetallic in

form) It Pramofe thehomplete Bling he al umi ni di ng source powder not contain a
hal i de activator, so that the alum niding process is by powder-to-netal

wal o di ff gl o di@bhagT, \:aphor_ depositjop, .The .al um ni di ng source powder

70 is proﬁgggugs a r%h%( gﬁ‘(ﬁgﬁﬁfsrog{ﬁ%ﬁ rgot“bg’ﬁ%@fn% f%VIHe?%Mea@ wei ght

of the met@tdusealaninin trraRPbRIFiod ChePAWRBTdiAZ sotbd g&w&é 70&6%@{@%5&1 the e
y weig

chrom-um al um num powder, and from about 85 To abolut 95 percent
of the cefH#ce 4Pokdes infeanal Kayity 3%, ctapr G| Breferdbly, dhastemofiheating the areiclpowder 70

has from Oﬁ#for&e{l] %y%%gﬁ'ﬁg theP SRS ab%émvp\%lra 118 o(%fﬁotn? Sbost fl7|5|0l’f(<’: to about

al um numc ai ni
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 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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powder 72 and from about 91 to about 94 percent by weight of the ceramc
powder 74. Most preferably, the al uniniding source powdefovegbeadd08bout 7.5
percent by weight of the nmetallic al um num containing powder 72 and about
92.5 percent by weight of the ceram c powder 74. External pack al um niding
source powders normally contain about 1/3 by weight of al um num contai ni ng

powder and,about 2/3 .hy weight ceram c powder, Studies |eading to the
present in SH?P%#“BEWQ W&&‘é’&ﬂ%hﬁﬁeP?{P@ltqﬂe@ﬁftaeﬂra%&pwde@raug from 5

al um num oAt Qe ' | i ni de coat i or |ayer
76. For ?r?gé rg}szﬁtpei nt e?t;\al él u‘%%?r#“g*?br%ws%ié%%@%ﬁ?” ,ﬂle[FFénaé?%ﬁioﬁi e | ayer
76 may notpdvalenunid beihgralehimim OxRRR2powddr. (‘TRe MlldWingKiabRNALRESESRD! Y not
more than about 0.0015 inch (40 m) thick. If the alum nide |layer 76 is

t hi cker, tfi  are two adverse effects. First, the overly thick alum nide
| ayer 76 tends to reduce the fl ow passage dianeter of the outlet 46, so

t hat the f Tl ) i ey rosthecagyse—the—ohgthet hole

is parti ai?gﬂchlpgck ) Sgg nd, t hgmg@lg;l ycatvm :Eﬁa&kum tcraal ay&¥dposi ted on
the intern&lr-Alsur f plladet9 | aluinividé @@dkaBss0f  t heaphanide 248chRRgds to derve as an
initiatiop site fo ycle fatigue failufe. The alum nide | ajer 76 may
not be | e$s than out 0.p003 inch 10 7 Novenber 2006 (8 nm) in]jthe
portion of the internal cavity 38ils@m) is wifhin theiki@mil 24, |or its

[

protective function is cgnprom sed. The al unfni di ng source powdelf 70 is
i ntroducef@™ rEreTmat—cav bty 38— threugh—the—nlet—44—st¢p 64 of
Figure 2.{The artifcl eml S invertegﬁf(}%mthe ppsition O in Figure 1,
with the | nlet 44 {facing jupwardly, to acconp]ish the filling. Caje is taken
to fill rhedsterinalijgcajity 38 ggBef Ty as possibl e03|(i?? artici g may be
shaken or|vibrated to prjonote the conplete filling.

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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The article with the alum niding source powder 70 in the internal cavity 38
is heated to cause aluminumto transport fromthe al um/AYeHcHpesNOCce
powder 70 to the internal surface 40 of the internal cavity 38, step 66.
Preferably, the step of heating the article is perfornmed by heating the
article to a tenperature of from about 1750F to about 2000F (950 - 1090C),
and for a ti,nme ?f HéOﬁ\i%But 2 hours to about 12 hours, in a non-oxidizing
at mospher &4 R Iess than, 0,002 fpel Gk Hm) der fha interior Twadl pthei shiank partioni ns di ng
source poveteq’0 is removed fromthe internal cavity 38 through the inlet
44. This may be done by inverting the article and allow the | oose

al um ni di ng source powder 70 to flow out of the internal cavity 38 through
the inl et Althbughmyparticslamnembodiingii of the i@vetionCitis RRYE AEsciBYd A8 dE@iTgyed from
the internal cavity 38 with a water_flush. The present invention has been
reduced t &UPOSEY jof e‘)ﬁi“FF“ﬁl%le MaEguD inqditi¢atioge singnethancemendd imyt be tinede

sel ection -Sj owder, nm xes. e.powder size studies showed
t hat powdg6ri fhg |Hfz)\eé\1(sélﬁ %Pﬁ? é‘fg%n?tﬁgng%g\é%ﬁ?d §eH518F i-{ﬁﬁ: NEN{ORy  goqor dth% the
i nl et ovelimentiamFenddo beligited bzRpt asYothe qﬁgénlae& tlalh)g of the internal

cavity was not achieved. For outlets of about 0.01 inches (250 m, powder
sizes of greater than about 0.006 inches (150 m) tended to plug the
outlets during the alum niding process and could not be readily renoved.
The preferred powder size for outlets of about 0.01 inches (250 n) was
about 0.0015-0.005 inches (40 - 130 n). Turbine blades with an inlet size
of about 0.03-0.04 inch (0.76 - 1 mm) by about 0.25 inch (6.3 nun) and an
outlet size of about 0.01 inch (250 n) were alum nided with 11 7 Novenber
2006 the sanme 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
t he remai nder of the
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powder m x bei ng al um num oxi de powder. The following table illustrates the
results: percent No of airfoil internal cavity shank int/é¥avambeaii06y cCr-Al -
bl ades al um ni de thickness al um nide thickness mls (n) mls (pm 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) 154 1.1
(28) T 1.1 (28) For conparison, a typical external alumniding mx with 33
percent Cr-Al powder produces an alum nide coating thickness of greater
than 2 nfLAlL m (1 ml = 0.001 inch) in the same processing. Fromthese
data, it was determ ned that an acceptabl e range was 5-15 percent Cr-Al
powder i t heaqhiibdidiaNEniRELE S RRIHAsurRY oF diRlGTR Bty gyt 6 9
percent, and that 7.5 percent”1s nost pre erred. A seri8s of tests were
per f or nethefsmps bhie nost preferred Cr-A powder percentage of 7.5 percent,
and the results are shown in Figures 4-5 as relative frequency plots of the
nunber of neasurements of .a thickpess as a function of the thickness of the
Al umini de | CoRPVIEPE B ARS hAYiaE ity WWemph eyl e wiiorcin ihs FRISTAL or nal
cavity angd;id Qfciides: i nterior surface of the shank portion, respectively.

Al'l of the freasurenents are within the range of 0.0003 to 0.0015 inch (8 -
40 m) for the interior wall of the internal cavity 12 7 Novenber 2006 and
“are | ess thanatOind®haying hn (3¢ mmymimtrankersedimensgon,wad | of the shank
portion, as desired.

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 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:
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Al t hough a particul ar enbodi nent of the invention has been described in
detail for purposes of illustration, various nodifi cati’d¥yeaber 2006
enhancenents may be made without departing fromthe spirit and scope of
the invention. Accordingly, the invention is not to be limted except as
by the appended clains. 13 7 Novenber 2006 CLAIMS: 1. A nethod for

alum niding an internal surface of an internal cavity, conprising the
steps of. proRiOHIding e agiadls badng thgi oy et maumpmdrangyersqdimeopsion f EPM  wher ei n

the i ntefngl o GRVILK LNGlUASRY A nhel hay] ngnan i nliel gL mup b¢ ansver se

di nensi on, n-out aving a nsverse nensi on

snal | er dpﬂa&mmgme aluflifidinF sourBd PotvidaniaviRisangitepasi on; providing an

al um ni di ng source powder having a mninmum particle size of greater than
about 0.0015 inch (40 and not greater than about 60 percent of the

out | et ni ni' mupfevidingsthe eguniaidinghequsee, Pavwer badeg adattinde sizeipf AiPwiabgulsour ce

powder i he | nter avity t u the inlet; heating the article
W th the&gﬁlﬁﬁnﬁﬁlh‘i%&“Q@h?i@“bﬁ%éwﬁﬁhe internal cavity to cause
alumnumto transport fromthe alum niding source powder to the internal

surface of thehd Mol clami L, Wherdifl th Qe af pRVidiRsThel fclt hechales Meni di ng
‘'source powder fromthe internal cavity through the inlet. 2. The nethod of

claim1,st9heffein the step of providing the article includes the

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.
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step of providing a hollow conponent of a gas turbine engine. 3. The nethod
of claim1, wherein the step of providing the article iAdavdgeber2086 step of
provi ding a holl ow gas turbine blade. 4. The nethod of claim1, wherein the
step of providing the article includes the step of. 14 7 Novenber 2006
providing the article having the outlet m ninmumtransverse di nension of
from about 0.009 inch to about 0.012 inch (230 - 300'3&“ and wherein the
step of Provi dhagethed oficipind, wihewisbaser opberime thaatiggdacledes the ¢ of

provi di ng ghe al um ni di ng source powder having a particle size of from
about 0.8015 inch to about 0.005 inch (40 - 130 m. 5. The nethod of claim
1, wherein the step of providing the article includes the step of:

provi di ng the aedtingltee hdivieng attdRpadatiteadf fronmbbauN VSEIASY eb@g 2000E (830N of
about 0.01 inch (250 m, and wherein the step of providing the al um niding
sour ce pownd@?0°C).rrad derestimp of Semmbent 2 kgusy topbeyt 1hkouas-uni ni di ng sour ce
powder having a particle size of fromabout 0.0025 inch to about 0.005

i nch (60 130 s i r-ej .St .
i ntroduci ;118 i néqdﬁ%gd tf%%q‘élg}e?%élg??m%%@i Sgl} f%%e %21 lg*eﬁlr%& E%d@hg&ns%&ru}zge powder
as a m xt tHesstepb ot netal lic al um num containing powder and a ceramc

powder. 7. The nmethod of claim1l, wherein the step of introducing includes

the step of: provjding the al um ni di_ng squrce powder as a . m xture of from
about 5 to abBipVt @ﬁér%ﬁ?%‘%w@h@ cgnal Layidy dherpia anduaR Avlgt &M ni ng

powder anﬂltérﬁﬁn&aqvl?tﬁj bnd 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 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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85 to about 95 percent by weight of a ceram c powder. 8. The nethod of
claim 1, wherein the step of introducing includes the st/éfpvsmber §106vi di ng
t he al um ni di ng source powder having fromabout 6 to about 9 percent by
wei ght 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 7 Novenber 2006 9.

The net hod of _cl ai , erein the step of heating the article includes the
step ofll-heaﬁ%@e%é %\ﬁTaﬂreﬂéW erginy g stapaf previging thepii Eélﬂfﬁu%? to about
2000F (9 i f 2 hours to about 12 hours.
10. A rretég%8%?1%5%%10&%%%5}#%%%@%%%F‘ﬁ?&?? g ee'of an internal cavity,
conprising the steps of: providing an article having the internal cavity
t herei n Bhd afihé methiodtod ctaire 10| whereirathe eepi df\provadidg #hre atitle étcliidesrthd he

i nternal cavj tly avi nlgg% outI%t rﬂr‘n' mum transverse di nension of from
about 0. HBRS! PRVIIER £35 erP3S Bge- (230 - 300 m); providing an

al um ni di ng source powder having a mninumparticle size greater than
about 0. 9015 TRCRAHA oFbladhd ONRhedPRE %fepﬂi’%fbﬁ@ﬁﬁ'%he@@urﬁﬁ'icﬁﬁ@%o&&e the
outlet mninumtransverse dinmension as a m xture of fromabout 5 to about
15 per ceowddpynchedegltite stdp of: net al | i ¢ al umi num cont ai ni ng powder and from -
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 alum ni ding source
powder in the internal cavity to cause alumnumto transport fromthe

al um ni di ng source powder to the internal

16a




surface of the internal cavity, and for a sufficient tine to produce an

al um nide coating on the internal surface having a thi dkhessmbef 2008ss t han
about 0.002 inch (50 m); and thereafter renoving the al um niding source
powder fromthe internal cavity through the inlet. 16 7 Novenber 2006 11.
The nethod of claim 10, wherein the step of providing the article includes
the step of providing a hollow conponent of a gas turbine engine. 12. The
met hod of claim 10, wherein the step of providing the article includes the
step of providing a hollow gas turbine blade. 13. The nethod of claim 10,

wherein the shemidhly BoMiRGEGALT DI GIROHERCHARUIES dhaplsides the

step of: 16a 006 rovi m ni di ng source powder
havi ng fpernermbgLWe@lttocﬁ t}&)metallﬁz gdemiram- cmtaMggmwdef abd &onedtaht Prto

al um num cont ai ni ng, powde rom aboyt 91 to about 94 percent by wei ght
of the CM%P?TSWSQVW%@W%%W&WIHBGW f-cl ai m 10, wherein the step of

introducing includes the step of: providing the alum niding source powder

as a m Xi«we Phe fkMOY 3P Oltm 20! PhersiAQhd stéégﬂﬁfrsmngﬁmcmesgm shog metallic

chrom um al um num powder and from about 5to about 95 perceht by wei ght
of an al um num oxi de powder. 15. The nmethod of claim 10, wherein the step
of heating t hprosidingite ilnoliinidieg sohmse mivaler o mmm of fremapbaut|%ett 0 a

T 5y £ Bt S 2R 005 25 87RT a80 T1 2

85 to about 95 percent by weight of an aluminum oxide powder.

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

17




16. A nethod for alumniding an internal surface of an internal cavity,
conprising the steps of: providing a hollow gas turbi nd Néwibeh2¥long t he
internal cavity therein, wherein the internal cavity includes an inlet
having an inlet mninmumtransverse dinension, and 17 7 Novenber 2006 a
set of trailing edge cooling outlets, each trailing edge cooling outlet

havi ng an outlet m nioum transyverse_ dinension snmaller than the inlet

m ni mum t r ans$ &t traiibgedgedieoling aridath cpnle tigilingedserontingvtleahring se

di menst of}, bﬁtleft rlﬂimlﬁgﬁ%angvquegdilﬂeﬂgig tsﬁlaﬁQP%htathQ ?lﬁet! Iﬂﬁllﬁm(u?l ans e?l'QeO . m;

provi ding an al um ni di ng source pomﬁer aving a mninmumparticle size of

gr eat er {inmnsiabowhe@irD theSoutlze MifdiinMitragmcbrsodingheioh ds fioraabahaud09. 005 i nch
(130 gm,. and wherein the alum niding source powder conprises a m xture of
f r om aboiieh & ahogt 89b2inchL2Her 3¥nemlEy wei ght of a netallic

al um num cont ai ni ng powder and from about 85 to about 95 percent by wei ght
of a ceramc | ! . CO i t he

i nt ernal surf@@gﬁo g ?%glﬁ%ﬁﬁ@?{r% 0%095\%(%%6?%%%%%%1%8&%?&%?%' f|qng source
- powder i gfeget ﬂﬁnid&bﬁtrU.@blSJmOBt(X(OEM)OMﬂhndt@eatéﬂhgﬁ abf@al,005%inthe1F ticle to
a tenperature of from about 1750F to about 2000F (950 1090C), and for a
time of pmprandidtreir theqluminidingimute fvdeo gowprisasd mikereaf frem abewrfovi ng t he

al ui i g SPULCS BONIEC SLomythe Apteqnal, CaVL L LNaNalL Lipschr ot 18

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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OF | NTERNAL SURFACES OF A HOLLOW ARTI CLE ABSTRACT An article (20) such
as a hol |l ow gas turbine blade (22) has an internal cavi {yYNQvsper 28 ej n
with an inlet (44) and outlet (46). The outlet (46) has an outlet m ninmum
transverse di nension of from about 0.009 inch to about 0.012 inch. An

alum niding source powder (70) has a mninmumparticle size of greater than
about 0.0015 inch (40 [err]m and not greater than about 0.005 inch (130
[err]m . The alum niding source powder (70) is a mxture of fromabout 5

to about 15 per Cenbﬂ%ﬁi grht of anetallic alum num containing powder
(72) and from abou ONgddtY EONERQEREDRAGRIAJIIMBNIDING er ani ¢ powder
S

(74). The alum nidin ource powder (70) is flowed into the internal

cavity (38) through THRNALMIBFAGHS QIha BOLLOMEARMITLEs heated with the
al um ni di ng source powder (70) in the internal cavity (38) to a tenperature
of from about 1750[err]F to about 2000[err]F (950 - 1090[err]C), and for a
time of fromabout 2 hours to about 12 hours, to deposit an

al um num cont ai ni ng coating (76) o%&%ernal surface (40) of the

internal cavity (38). The alumnid e powder (70) is thereafter:
removed fromthe internal cavity (38) through the inlet (44). Fig. 3

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 minimum
transverse dimension of from about 0.009 inch to about 0.012 inch. An aluminiding
source powder (70) has a minimum particle size of greater than about 0.0015 inch (40
pm) and not greater than about 0.005 inch (130 um). The aluminiding source powder
(70} is a mixture of from about 5 to about 15 percent by weight of a metallic
aluminum-containing powder (72) and from about 85 to about 95 percent by weight of
a ceramic powder (74). The aluminiding source powder (70) is flowed into the
internal cavity (38) through the inlet (44), and the article (20) is heated with the
aluminiding source powder (70) in the internal cavity (38) 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, to deposit an aluminum-containing coating (76) on the internal surface
(40} of the internal cavity (38). The aluminiding source powder (70) is thereafter
removed from the internal cavity (38) through the inlet (44).

Fig. 3
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