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ALUM NI DE COATI NG OF GAS TURBI NE ENG NE BLADE FIELD OF THE | NVENTI ON The
present invention relates to a nethod for applying a protective coating on
‘a gas turbine engine blade having an internal cooling cavity. Mre
particularly, the invention relates to the alum nide coating of the
internal and external surfaces of such a gas turbine blade. BACKGROUND COF
THE I NVENTION In an aircraft gas turbine engine, air is drawn into the
front of the endMA¥MIPERECQALINGHF SANWTRBIFEENGINEHRLABDEor, and ni xed
with fuel. The m xture is burned, and the hot exhaust gases are passed

t hrough a turbine mounted on the sanme shaft. The flow of conbustion gas
turns the turbine by inpingenent against the airfoil section of the

t ur bi ne HIBEHBOF MHIEINVENTIONe shaft and provi des power to the conpressor.
(As used,. herein the_ter§1turbine bl ade may refer to either. a turbine

bl ade or HReRIPIsohEvERtien relgles iha mafhodioriapalying,p pratestive doating on jargsst

por ti ons.pbhie ehg SES ; the. back-of the engine, driving
it and the al rg?%P? q%‘im%‘éﬁgT e L{!uégﬁ]t\gleréop ﬁ@ ccoﬁ%g'st iK/([)O ea‘?ﬁg%ﬁﬂ—ghs&egases,
t he nor e invention eelates to thealwpmide doatingdf theanteiRl asd gk temal FRRCERST M

tenperature of . the conbustion gases is usually limted by the materials
used to faagtﬁlrsi%'l,rg?]@%llaﬁjg'turbi ne blades. In current engines, the turbine

-bl ades are made of nickel -based superal |l oys, and can operate at netal

tenperatures of up to about 1900-2100F (about 1038-1149C). Turbi ne bl ades
t ypi cal | BACKHIRENDIQF THE ENVENTION hat channel cooling air through the

bage ondFm PSR ek SR RGO rbmcipmesear |1
{forced t yoLghfitheudi@PbompREsdrOmdhiddvibl ﬁﬁg”[]%er}tn&tﬁ#eis Blfle)! 4%1%;18' | ng
u 1.

chanbers, and out openings at the external rface the arr The
fl ow of thREeHIdust gases/are Taesed thravgh aHerbint mousted o the semaishdfoiTheatsly i n sone

cases, preoviding: ’ er.of. cooler air.at the syrface of the

airfoil. O?ﬁbrgw%é’g‘s%z’gg‘g‘%g “i!%l&ﬁ%m% ﬂ’Xd‘é‘é’%“g&Wf’afb?&?mstt they ﬂissﬁl%& fis

bet ween thi®ine blades, which turns the shaft and provides power to the compressor. (As used
herein, the term turbine blade may refer to either a turbine blade or a turbine vane,
which have similar appearance in pertinent portions.) 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. The maximum temperature of the combustion gases is usually limited by

the materials used to fabricate the turbine blades. In current engines, the turbine
, blades are made of nickel-based superalloys, and can operate at metal temperatures of
| up to about 1900-2100°F (about 1038-1149°C).

Turbine blades typically comprise cooling circuits that channel cooling air through the
interior of the turbine airfoil to reduce temperatures encountered by the blade and
improve part life. During operation of the jet engine, air is forced through the root
portion of the blade, into the zﬁrfoil cooling chambers, and out openings at the
external surface of the airfoil. The flow of the air removes heat from the interior of
the airfoil and, in some cases, providing a boundary layer of cooler air at the surface

of the airfoil. In at least some known blades, an abrupt transition extends between the



-1 o00t portion and the airfoil portion to increase the volune of cooling
air ‘entering the airfoil portion. Gas turbine bl ades frequently have
'netallic surface coatings that are capable of resisting the oxidation,
corrosion and sulfidation conditions generated during high tenperature
operation. Such coatings facilitate the airfoil w thstanding thernal
stresses that may be induced within the higher operating tenperature areas
of the Bpeidwrtippard dic airfpil pegiondatinergasestha pplhimeoficodling ajr esering thei ckness
on regi ong0f 31%‘811 bl ade operating at |ower tenperatures, such as the root
and shank regPon, the conbination of the increased coating thickness and
the abrupt transition wthin the dovetail may cause cracking in the root
portion dmshiughine idessheapentlp hanelusasllicnii@ficBecontings tHaRNRE tdapiblarge of the
dovetail. OQver %n&i@cpnti nued operation may lead to a prenmature failure
[

of the bIFEHHENG 3ftone siraEon ad subfidation eemditipns genetptedagipinigebiighy

deposi ti r ane . 0J.0 Lve, nmetals. .for exanple gl um num
or all oyga?)ﬁerg']%ﬂér)ﬁo E%tlgg'n gpglggf)gtgﬁsaféag:gﬁtge |eg ﬁlr%fle%tilﬁtﬁ{lﬁflggﬁm in a
coating cbedses theat may bhandered coithinrthy higHezrapehting @fparature Sk&st of the

Gener al | the bl ades. to be coated are placed within the container, along
with a s%’lﬁdée PWeYRS U theconting 18 sRplisthat toppsreatl 3 thicknesshen regionsosf thet al | i c
pell ets ' i %ﬁﬁlam?éﬁe rr.anged. i.n. _ro u djing the
bl ades. %Lag%g%%??%%g] aggg?gllr ner |rs t ’etr?a‘f) aa{g’e vmqur%ialn{da aé%t Pe‘grg(laésiﬂc‘!%‘eas a
furnace trombmationtod the imdreasedicdaingcthidknesy maptie. abtaptetatisiton ®ithinn@ecoat i ng
vapor ty@io\?%lﬁi:l I ncl udes .t.he, u%e of halide (L "activators" such as

f1 uori des, RSB BETDS rootmortion aykishen stpates arcinduesd intp thehe form
(of "a 9as tlahdition Saréd) lOFOMYCE&Fetaill O G RE HAB! RbAEuek Cofebidn Wl hle%{ietosgur ce of
the alum nide coati n% and form an al umni de-beari'ng gas, or 1t can be
gener at edrapaswieailegof gee bladd withiorthsengioe wi thin the container that forns a
reactive halide gas upon heating. The alum nide-bearing gas is typically

transpor ygd aBBVéngc&g‘lgWCEﬂb g a Eﬁe(f; 83? tdlef)q(gsiting a vapor of one or more protective

metals, for example aluminum or alloys of aluminum, on blade surfaces at high

temperatures within a coating container or chamber commonly referred to as a
“retort”. Generally, the blades to be coated are placed within the container, along
with a source of the aluminide coating, typically in the form of metallic pellets
retained in perforated baskets arranged in rows surrounding the blades. The coating
container is then placed within a heater such as a firnace to generate an aluminide
coating vapor. Generation of the coating vapor typically includes the use of halide
( “activators™ such as fluorides, chlorides or bromides. The halide activator can be in
the form of a gas that is introduced into the container to react with the source of the
aluminide coating and form an aluminide-bearing gas, or it can be generated from a
halide activator source within the container that forms a reactive halide gas upon

heating.

The aluminide-bearing gas is typically transported or moved within the coating
container by a nonoxidizing or inert carrier gas (e.g., hydrogen, nitrogen, helium or
argon). In some vapor coating systems, this carrier gas is introduced through the
bottom of the container and carries the aluminide-bearing gas upward to coat the

blades. Se_e, for example, U.S. Patent 4,148,275 (Benden et al), issued April 10,
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cont ai ner by a nonoxidizing or inert carrier gas (e.g., hydrogen, nitrogen,
heltum or argon). In sone vapor coating systens, this carrier gas is

"introduced through the bottom of the container and carries the

al um ni de-bearing gas upward to coat the blades. See, for example, U S
Pat ent 4, 148,275 (Benden et al), issued April 10, -2 1979; and U.S. Patent
5,928,725 (Howard et al), issued July 27, 1999. In other vapor coating
syst ens, PR andrPiSe Paigns5,028,723 (Bowewlettal), tsgéd hitg 27,0990 Ih lothez sapdng

cont ai ner, d.diffuses throughout the ntainer to rry the .

al uni ni dge’%iﬂ%%%*gem , Begairicr gad i pparodfipedibgou °E5?P§?fcfs§t°9%ﬁng69maspmo

(Mant kowakd déffusa Yhrotgtfue the\ntdind ko 289Che Mﬁd@%hﬁ@#& d&riaaéoaﬁﬂle
controlled, relatively uniformalumnidé coating be applTed to the

ext er nal blidgs-i Becel s Patent 6.932816 (Mankowskidtrad), tsbuadddarchi21j 2000.s0 desi rabl e
that the alumnide coating applied to internal surfaces of the bl ades,
particul gr: L regi-on. be.relativel,y thi.n, (fqr _
exanpl e, ?‘ffgﬁe%‘ga %Qtﬂlr# g%ﬁ%tggfégf iséljl%l% Hiiqrm glugiipide £oa ap@_il%g%%enc hes)
(from abexierib? . andt mtetal usurB8es] offithe embines Bladss. NG id Qlso CRYZELILRARIHA €

cr acki n%#' n .tl}‘}]r% rogt portion of the bl ade. BRI EF DESCRI PTI ON OF THE

| NVENTI nitecostipg @ppligd tosinterpal gurtigey ef thedklades, pasvsulady indhe agysl yi ng an
alumnid QRdANE: rl ' Al an.ext ernal surface
and an iﬁ?(gr nal cool I rll)g rg%g}(étlg tﬁiﬁ(ﬁ)ﬁ%}%h@@eg}lﬁ&ﬂ? g?%g ﬁpfgré’glfiﬁ%?t i's
connect e8-0005 tthebeuit &GN inshies) £itembaboudd2i7ng abbal 351 ntibnsRiNeSn&abng
conducted in a v%ﬁger cqQating, contai ner hfatgi ng a hollow interior coating
(c-hanber, Y& PRER gﬁﬁﬂﬂlggﬁ §reporinef the blade) | 0adi ng t he coating
chanber with the blade to be coated; (b) providing an alum ni de coating gas
in the | BGRIBH PESCRIEIIOMNOPEHE (QVENBR®NG an inert carrier gas into the

| oaded coating chanber conprising the alumnide coating gas at a gas flow
rate of from about 60 to about 150 ft.'/hour (from about 1699 to about
4248 | it & erhapeyt, fhis invesiomistaies 2 a methodufor aplyiogre alwnimilescdating ahumi ni de

coating gass L arahh &en a9 hﬁﬂgg 08! &erBl%urface and an internal cooling cavity

defined by an internal surface that is connected to the external surface by cooling -

holes, the method being conducted in a vapor coating container having a hollow

interior coating chamber, the method comprising the steps of:
() loading the coating chamber with the blade to be coated;
{(b) providing an aluminide coating gas in the loaded coating chamber;

( P {(c) flowing an inert carrier gas into the loaded coating chamber comprising the |
aluminide coating gas at a gas flow rate of from about 60 to about 150
ft.*>/hour (from about 1699 to about 4248 liters/hour) for from about 2 to about
6 hours to move the aluminide coating gas through the cooling holes and
internal cooling cavity of the blade, while maintaining the loaded coating
chamber at a temperature of from about 815 to about 980°C, to deposit an

aluminide coating on the internal surface of the blade; and then

(d)  flowing an inert carrier gas into the loaded coating chamber comprising the
aluminide coating gas at a gas flow rate of from 0 to about 150 ft.*/hour (from

0 to about 4248 liters/hour) for from about 2 to about 6 hours, while

-3



I nternal cooling cavity of the blade, while maintaining the | oaded coating
chanber at a tenperature of from about 815 to about 980C, to deposit an

al um nide coating on the internal surface of the blade; and then (d)
flowng an inert carrier gas into the | oaded coating chanber conprising the
al um nide coating gas at a gas flowrate of fromO to about 150 fl."'/hour
(from O to about 4248 liters/hour) for fromabout 2 to about 6 hours,

while -3 maint aiaiingiidhelloniiacboanas oS ARkt IIESALHES Rlaof T O

about 1040 to ?bqg} }}%ﬁ%; tQ deposit an_ alumnide coating on terna
surface of the "bTgHL: A fFRasitag shppinidertostingioe thd etemel atrfige bbthe

met hod for appl yjlagag an al um ni de coating on a gas turbine engi ne bl ade
havi ng an external surface and an internal cooling cavity defined by an
internal surface that is connected to the external surface by cooling

hol es, t heltintotfisa asnsich ghis dmetutivr delates to wﬂﬁmodqaaaﬂmﬁn@%taaMQﬁd@édﬁkipg a
hol | ow | n{,&agg{tuqugél gé%cpfia\%ggr the nmethod conprising the steps of: (a)
| oading the c8atihg ¢ 13 VPR @ sKigenal swrfase apd anduterrab ropinpviattitpg an-

al um ni de definicl by gasatethal Berfhaghad ' L )_flow,ng ap inert
carrier gas.int ggt he Ioag_ed coatiﬁglsgﬁg%obgrgdggqn%?%ﬂ t ac%:bé’n‘?‘wgﬁﬁ
coati ng gzailé"l%& the gethqd baingaeandutted riore abport cdifing Cconlpsitiér hakdng fat RAIRWT

(from abouhteddPanati 4 Liters/hqur) for fromabout 3 fo about 5
hours to nove the gF%irln%#lb?fg%geo%ﬁhﬂgcﬁ’gEnf‘H Ssgttersid: cool i ng hol es and
i nternal cooling cavity of the blade, while maintaining the | oaded coating

chanber at(@a tétm&ngﬂmroeaﬁﬁgéh@libe@bﬁﬂith@ﬁfﬁd&?oﬁp%ﬁtséwoq to deposit an,
al umi ni de coating having a thickness of from about 0.°0005 to about 0.0015

inches (f:@mabout .12.7850 about 38.1 microns) on the internal surface of
the bl add” and T¥ERE BRI cpatng Easinithe lnaded coging dhatibet:he | oaded

coati ng chanber conprising the
© flowing an inert carrier gas into the loaded coating chamber comprising the

aluminide coating gas at a gas flow rate of from about 80 to about 140
ft.>/hour (from about 2265 to about 3964 liters/hour) for from about 3 to about
5 hours to move the aluminide coating gas through the cooling holes and
internal cooling cavity of the blade, wﬁile maintainﬁlg the loaded coating
chamber at a temperature of from about 850 to about 950°C, to deposit -an
aluminide coating having a thickness of from about 0.0005 to about 0.0015
inches (from about 12.7 to about 38.1 microns) on the internal surface of the
blade; and then

(d) | ﬂowipg an inert carrier gas into the loaded coating éhamber comprising the
- aluminide coating gas at a gas flow rate of from 0 to about 80
ft.3/hour (from 0 to about 2265 litres/hour) for from about 2.5 to about
5 hours, while maintaining the loaded coating chamber at a temperature of
from about 1050 to about 1110°C, to deposit an aluminide coating, having a
thickness of from about 0.0015 to about 0.003 inches (from about 38.1 to
about 76.2 microns), on the external surface of the blade in the airfoil body

portion.

BRIEF DESCRIPTION OF THE DRAWINGS
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al um ni de coating gas at a gas flowrate of fromO to about 80 ft. 3/ hour
(fromO to about 2265 litres/hour) for fromabout 2.5 to about 5 hours,

"while maintaining the | oaded coating chanber at a tenperature of from:

about 1050 to about 1110C, to deposit an alum nide coating, having a

t hi ckness of from about 0.0015 to about 0.003 inches (fromabout 38.1 to
about 76 f rq'ncrons), Qn the external surface of the blade in the airfoil
body poFt§ohls HrgrEnechEsHRVef ages Oubingenpeabiaes -4 FIG 1 is a
perspective view of a gas turbine engine blade. FIG 2 is an exenplary

Cr 0SS- Seqid; ONAl anVdxeM LRSS nBEvibhagenSon. i . 3is
sectional side a\1/1i ew gﬁnggﬁg%%?#gﬁ{lgof a %apére%%g%:lh%%%@lraa?m for
coating turbine blades such as in FIG 1. DETAI LED DESCRI PTI ON OF THE

| NVENTI ORIGeB ds rseetegpriab sideevidwaef aysmbediment depivapa evatiagipparablsafie 20 of a
gas turbine. engi,ne. ur bi,ne bl ade 20 may be fornmed of any operable

mat eri al Fo%ﬂjtg% ec%!?‘??sflghﬁsﬁ bll: base superalloy. Blade 20 includes an

airfoil 22 against which the flow of hot exhaust gas is directed. Blade 20

i s nmount ETALED DESORIPTICN GMPHESIOVENTRYNa dovetail 24  that extends
dowmnwardly fromthe airfoil 22 and engages a slot on the turbine disk. A

platform?26 extends |ongitudinally outwardly fromthe area where the
ai rfoil Zsigrang foiheeavingsnllGdvétniets atnbing blade RO 22 ai gos| turdbies engine: st
si dewal | : ' I FLLSt sidewal | 28 i.s . conv and

defi nes ﬁ%ﬁ@??lgge 2?&2%Pég@ﬁégi 4fa§’g{°P§ﬁ%P§§8b%%n§MémWf%t§ E}Emg%()lﬁcave and
def i nes hasersapauliey.sBtide ab indludegian a2@oil 3 demalthehidBtRMbwWOr Bsexhaised at a
-keadi ng edge ,.32 an aéﬁlan_axi al ly-spaced trailing edge 34 of airfoil 22.
Airfoil Eisisdi tegdéla 20 & mopnted do rking diskdnet dhowmd thyemdovatah24i r f oi |

| eadi ng ' i and, 30, r ect.ively,
2501 1, BSOSO U 4 08 P RS

platform 26 extends longitudinally outwardly from the area where the airfoil 22 is

joined to the dovetail 24,

Airfoil 22 includes a first sidewall 28 and a second sidewall 30. First sidewall 28 is
.convex and defines a suction side of airfoil 22, and second sidewall 30 is concave and
defines a pressure side of airfoil 22. Sidewalls 28 and 30 are joined at a leading edge
32 and at an axially-spaced trailing edge 34 of airfoil 22. Airfoil trailing edge 34 is
spaced chordwise and downstream from airfoil leading edge 32. First and second
sidewalls 28 and 30, respectively, extend longitudinally or radially outward in span
= from an aitfoil root 36 positioned adjacent dovetail 24, to an oppositely disposed
h airfoil tip 38 remote from dovetail 24. Airfoil tip 38 defines a radially outer boundary
of an internal cooling cavity (not shown in FIG. 1). The cooling cavity is bounded
within airfoil 22 between sidewalls 28 and 30. More specifically, blade 20 includes
an internal surface (not shown in FIG. 1) and an external surface 40, and the cooling
cavity is defined by the blade internal surface. In one embodiment, a number of
internal cooling chambers extend through the interior of airfoil 22, between airfoil
first and second sidewalls 28 and 30, respectively, ending in a plurality of cooling
holes 42 extending between the airfoil internal surface and airfoil external surface 40.
During operation of the gas turbine engine, a flow of cooling air is directed through

the internal cooling chambers to reduce the temperature of the airfoil 22,
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froman airfoil root 36 positioned adjacent dovetail 24, to an oppositely
di sposed airfoil tip 38 renote fromdovetail 24. Airfoil tip 38 defines a
“radially outer boundary of an internal cooling cavity (not shown in FIG
1). The cooling cavity is bounded wthin airfoil 22 between sidewalls 28
and 30. Mre specifically, blade 20 includes an internal surface (not
surface 40, and the cooling cavity is

shown |n6:l:&‘6?| .1) and anp external
def i ned ds Bn syemplare cresp-seationakodew of blade 20vinshiding wirfosl 2111nﬁdaerdeof

internalzg ¢ h hel er

bet ween ai rfécyl'lﬁM ﬁ'&r%g?ga Ws(geggé%&enb&é\%al? egnak éd’ﬁrl?ég‘;@ ’Inﬁ endi ng
in a plurcavity §0 afcludes|a pigrahltlp bf inné? wal smmaagqmaw%ahhgeaﬂty 5®ldto lant er nal
surface and airfoil_ exter surface 40. During operation of the gas

turbine & Oféo?bQﬁWQWn %56nahﬁBﬁm?%HXﬁﬂ¢%%@mﬂaﬁﬂmﬁmm0fChhebﬁnﬁérnaI

cooling g futh 5FG 21is
an exerrpl(greﬁhgrsiggﬁ g%?’?ﬁ gﬁ%flﬂt\%}dtggv Off)ﬁ:l‘dg@z@ II|E nlg u ‘§maep fj?)l?elr .S Bl ade
20 i ncl udé@racmmteggllyamm wirfiil 2k f Ooelﬂng)yhmibdrmserd@élk; feﬁ%@h aRf bl ade

20. Oool cav des a IuraI| i nner_wal'ls 54 that separat e
cool i ng P@lil SBf"%quf{ mgaﬂ“f' ts998.c OF%QP%ﬁﬁﬁbfr dnsie WR!]@'Mrretry

and i nt e%ﬁfbhéﬁﬂéﬁﬂsﬁﬂrﬁlpfzzcﬁﬁlﬂa%ésa Wiwab® Bl AR 9 o LR, Lt ened

use of blade 20. 1n one enbodi nment, inner wa are’cas
with airfchimbers?2, bt phigalithiafidd sodBguhembep@di ed cooling air through a
plurality of cooling circuits 58. Mre speC|f|caIIy, in the exerrplary

cooling TeRuilcoBlibe utbE o ERaRis bR Ceropt ?tﬁx%%%a Bzﬁf@?wd

(cool i ng airtsibep $8) exd endordadiv gusiﬁaﬁl ﬁﬂét %dr@ébﬁ’tﬁ %‘ag 22 to
airfoil tip 38, and is bordered by airfoil first an secon si dewa Is 28

and 30, r?sagfﬁlé'ém (Rbpyn(ienBlp 1h arldy aiyfoilaleadibg esfigefid. | Eoemiﬂrrg)odadge 32.

F d 0] | t,h | d
Forvar d caanba%o i¢ ORIBE bR edon B SRy £RAVAEF el il 6w over
hol es ( nobolﬂigomm)s fed ﬂ:kmxghnmm wadr lhobed (@6t &Hlﬂvn)tlh&hé Iifekr SREIE 58 iEh e f

forward coglin
ﬁ{ng %ge St ﬁe 0? forward cooling chamber 60.

Mid cooling chambers 64 are between forward cooling chamber 60 and aft cooling
chamber 62, and are supplied cooling air by a mid cooling circuit 68. More
specifically, mid cooling chambers 64 are in flow communication and form a
serpentine cooling passageway. Mid cooling chambers 64 are bordered by airfoil first

and second sidewalls 28 and 30, respectively (shown in FIG. 1), and by airfoil tip 38.

e,
*

Aft cooling chamber 62 extends longitudinally or radially through airfoil 22 to airfoil
tip 38, and is bordered by airfoil first and second sidewalls 28 and 30, respectively
(shown in FIG. 1), and by airfoil trailing edge 34. Aft cooling chamber 62 is cooled
with cooling air supplied by an aft cooling circuit 70 that defines a radially outer
boundary of aft cooling chamber 62. In one embodiment, airfoil 22 includes a

plurality of trailing edge openings (not shown) that extend between external surface
40 and internal surface 52.

Blade 20 also includes a root portion 72 and an airfoil body portion 74. Root portion
72 is bounded by airfoil root 36 (shown in FIG. 1) and extends through a portion of

-6-



' Md cooling chambers 64 are between forward cooling chanber 60 and aft
cooling chanber 62, and are supplied cooling air by a md cooling circuit
68. More specifically, md cooling chanbers 64 are in flow conmunication
and forma serpentine cooling passageway. Md cooling chanbers 64 are
bordered by airfoil first and second sidewalls 28 and 30, respectively
(shown in FIG 1), and by airfoil tip 38. Aft cooling chanber 62 extends

| ongi t udidexetRi} 24 (shova 1 FYG. thhr Sirdoil hd)dyfpm’tioﬁ24ﬁ9ilﬁﬂmxfé@gﬂ3mmﬁ@ﬁaﬁ?yiapfj is
Lt obd fhrst d sid | 1.s,. 28. an , respectively

O ohocn o0 B RS 4l BB Db R iR e st 2

ot | nos. ormuisoilSualing oty 5o Sudatk Bofh Rid: oA 79 a6 kit alGobt

embodi me®ASa8FF foi | 22 includes a plurality of trailing edge openings (not
-shown) that extend between external surface 40 and internal surface 52.

o I 2 and an.airfoil hody partion 74.
3 ade 20 kRl g6gRee 990 koRSE WM, oD i WBHR bRk’ e
ext ends teinbodipierd, Hor tlubtinide coafing ¥ edpplied 26y (ePOMng Aldrhifuml bnto el OF |

bod ortion 74 i.s in flow co nication with Toot portion 72 an ext ends
f ro% Poolmtfﬂal( P 07’2& c?oénl?tf% pdyt phblade 20nsesyrs asnd sahistretet §0, hyoa vapors of

i et ; g I on..72 are know: Loot
passages  Bicoumhies e ath pREGMIITRE ShiBRld' GRAE SRS AREGE wAR i i de
coating EBments swh aehbtdeme aircortitne, Fitritin)i et aithdieni Sarddlithl Q8bRY

depositing al.um nym.onto the _jnfernal surface 52, so that a E)ody_o’f bl ade
ﬁZOpser vegﬂré)gméms dﬂgg_t“?lﬁf"e aﬁé_, p"&i‘?‘ apst cogprinaions utherdofie taldpwsovd ats
'process. aThesioh Wkl #ORhAGrRGAe TIRA LS bl m G AR RHE S
haf ni um zirconium yttrium silicon, titanium tantalu ; _

- chr om umpny) &t interdiffusad wigh It imatgriahrod the rdubstedte B0 td QL Me atudnihidpr ove its

ol erent o 4 74,97 4Re Tedl HifacR ol e AoihudsoRinEal® Srs arempapisionat & 0
to form wheé tht dinfind® concentration highest near the internal surface 52, and decreasing
aluminum concentration with increasing distance into the substrate 80 from the
- internal surface 52. More specifically, the thickness of the aluminide coating 76 on
internal surface 52 is less than about 0.003 inches (less than about 76.2 microns),
typically from about 0.001 inches to about 0.0015 inches (from about 25.4 to about
38.1 microns), within airfoil body portion 74, and less than about 0.0015 inches (less
than about 38.1 microns), typically from about 0.0005 to about 0.0015 inches {from
about 12.7 to about 38.1 microns), within root portion 72, which operates at a lower
( temperature in comparison to airfoil body portion 74. In one embodiment, the
thickness of the aluminide coating 76 is less than about 0.001 inches (less than about
23.4 microns) within root portion 72. When exposed to a high-temperature oxidizing
environment, the aluminum-enriched layer at the internal surface 52 oxidizes to form

an adherent aluminum oxide protective scale at the internal surface 52, inhibiting and

slowing further oxidation damage.

A layer of aluminide coating 78 is also present on the external surface 40 in the airfoil
body portion 74. The aluminide coating is formed by depositing aluminum onto the
external surface 40 in the airfoil body portion 74, so that a body of the airfoil 22
serves as a substrate 80, by a vapor phase aluminide dei:)osition process. The
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(__alf‘urri num (and nodi fgi ng el ements, if any

coating 76 on the internal surface 52. The alurninide coating 76 has a
conposition wth the alum num concentration highest near the internal

“surface 52, and decreasing alum num concentration with increasing distance

into the substrate 80 fromthe internal surface 52. Mre specifically, the
t hi ckness of the alum nide coating 76 on internal surface 52 is |ess than
about 0.003 jnches (less than about 76.2 mi-crons), typically from about
0.001 in mﬂ‘fﬁ B80g My de modifiehgith(dementsuchtas Assctibed abbaio infpove

M Crons) ,.nW-t:Ai ' [ ti.on and le t han_.abo 0. 0015 i nches
(| eea"®) jeotobighledighdddlana WU RSHGUAT Thy oSttt Tt moB a8 e St
0. 0015 i mofipss {rtexwdifiu ﬁ&ouuithlﬂeYnétaiﬂb@pth&&blauﬁibcg@%)ﬁmﬂ“tﬁé"iaﬂn{;ﬁ}ﬂ% portion

72, which ot[i)er,;\%es t a lower tenperature in conparison to airfoil body
portion 7R3U4& /%08 thesyigmebsurfacedl. The akmeividecioating 78 Ihasianiciepasitani ng 76

is less t DMk Molelr? . out. 25.4 mcrons) W thin root
portion %}g.ﬁpﬂvi\%en e‘?%‘é’ge C!E:o a%ﬁi}é%l?%gﬁ%aag?g? %&8“18&%“5?3?? ﬁg: a‘éﬁ@‘?‘%’?ﬂﬁ%nt , the
al um numabnrinoiie dodayeatiat withe inonéinpadistdnct a6® B Ssthzesot fofom@ an
adher ent a{ um ngxg%\ﬂ d rotective scale at the internal surface 52,

i nhi bi ti F5CERY VLRG0, VHHdG,cqatagi 78ris bminalls from hagus 0.08052b ahowti de
coati ng 0%04SinghsO t I face 40 in the airfoil body
portion 74. The al gﬁﬁai%ggﬁtc?égitﬁgdb?g ? g{r]'ﬁera&g@nsgg}%@i?lpﬂeg%ygf??ﬂi”r%?ﬂlonto t he
ext er nal 2BeAtfBeRL 5410 dbaut HE0Rinches (frardpomo3d.1 anabivht 76Q hitiéns) thiedynof t he

airfoil 22 _serves as,.a.substrate 80, by a vapor_phase al um ni de deposition
process. %ﬁeléna?_gm%%rﬁon% %@g??lﬁd’oﬁé(yp%@"ﬂn’&ffig&ew epogsdeiern dighich as

descri beceraiauard @xidiahL VRvir6RAhEAS | AY e{lﬁﬁirﬁmgﬁ%%hg@glfq%ﬁ%{ BLOBEEg s The

IS 1N uSe
mat eri al S¥Hagend0 resatee f@m ao ddbherant lbuminum okide promativ@Gedl8 snthkhe

ext er nal anthe.al.um ni de coati 78 has a conposition wth the
al uni nume%%{r:l%azg ?%12 i48hm§fbé ?“%%W‘}%ffb‘r@%%%onwg@:e 40, and decr easi ng
al um num concentration with increasing distance into the substrate 80 from

the ext émnalerlaypidedivéoatliiemal beldepelfited QAbAHg 4fd bonthdRiCRk ¥ tdAfm about
0.0005 t Sur EB:%UAO of the airfoil body portion 74, The protective coating may be of the
MCrAIX type known in the art. The protective layer is usually from about 0.003 to
about 0.007 inches (from about 76.2 to about 177.8 microns) thick, typically about
0.005 inches (about 127 microns) thick. The protective layer is deposited by any
operable technique, such as physical vapor deposition (e.g., sputtering, cathodic arc,

ion plasma, electron beam) or thermal spray.

The overall protective coating optionally includes a ceramic layer deposited overlying
and contacting the protective layer. The ceramic layer is usually from about 0.003 to
about 0.010 inches (from about 76.2 to about 254 microns) thick, typically about
0.005 inches (about 127 microns) thick. The ceramic layer is usually yitria-stabilized
zirconia, which is zirconium oxide comprising from about 2 to about 12 weight
percent, typically from about 3 to about 8 weight percent, yttrium oxide. It may be
deposited by any operable technique, such as physical vapor deposition or thermal

spray. Other operable ceramic materials may be used as well.

Duwring engine operation, cooling air is supplied into airfoil 22 through cooling

circuits 58. Tn one embodiment, cooling air is supplied into airfoil 22 from a
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0.004 inches (fromabout 12.7 to about 101.6 mcrons) thick, nore typically
from about 0.0015 to about 0.003 inches (from about 38.1 to about 76.2
"mcrons) thick on external surface 40 in the airfoil body portion 74. Wen
exposed to a high- tenperature oxidizing environment, the alum numenriched
layer at the external surface 40 oxidizes to forman adherent alum num

oxi de protective scale at the external surface 40, inhibiting and slow ng
further GRMPASSYn Crolingeair patetng rd(mponitm’&fzisioh4fmln%cﬂm_jﬁ%1mafiﬁg@3|ted
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s%plu'zle '? gri ng, 1??t‘::ho ﬁ}ég %@H&tﬁsoﬁﬁg?@é ﬁ%}%ﬁf’%&f r%??onﬁ'fél AP @h@rﬁrﬂé‘Fer%%r ay. The
overal | _purdect) isheaiatoiltgdy it 4 deshits i dRdredicd Wpetllife k@M dPOS|  ed
overlying and contacting the protective |ayer. The ceranic 1Tayer is

usual l'y from about 0.003 to about 0.010 inches (from about 76.2 to about
254 i %:/r fﬂf&‘i‘#ﬂ%kﬁ“@%i geperafed, during epging Dperation snay heuindaed inte rants)

thick. T M Cindi | B I L1jzed .zirconia, ichis
21 coni Ut s fhe ekl ekny hihiiFag kBine 6 T i SRRl

t ypi cal | )intﬂﬂﬁbﬁab@bba&lmimmb@ntin&maisgffh%qom ﬁﬁﬁrlrﬁn mﬁtltﬁdrﬁkﬁﬂ Qz(g‘éetgl-ci)tsa%e%i (r)nra]tyobe
deposited b er.able techni que, such as_ physical vapor

EE S R B, B il i s
Dur | Mg e . e B Airfo 4
(Durl o cngmnemapenatitle RO G Mo UpBES, B Lkl b 019
airfoil aknfipidm eeating vithiprestsportiotdd facfjitates nenditemmingg 40k Lo Wwign 72 i s

channel e . | i ng,.chanpers, 56 airfojl body portion 74. Because
hot conbg(%(#i%éﬁmégfs}égm?%Fﬁg%n%@ﬁ ué?t?%?ﬂfqogwoport ion 74, the operating
tenperature of airfoil body portion 74 typically

FIG. 3 illustrates a typical vapor coating apparatus useful for applying an aluminide

coating to gas turbine engine blades such as shown in FIG. 1. The vapor coating
apparatus is indicated generally as 100, and includes a generally cylindrical coating
container indicated as 110. As shown in FIG. 3, a gas distributor 112 (including a
pipe 116 for receiving inert gas from a source of supply, and a manifold 118) is sized
to fit within container 110. Container 110 has a top or lid indicated as 114, a base
indicated as 120 spaced from lid 114, and a generally cylindrical circumferential side
( wall indicated as 122 that connects lid 114 and base 120 and extends downwardly
beyond base 120. Lid 114, base 120 and side wall 122 of container 110 define an
interior coating chamber indicated as 124. As also shown in FIG. 3, pipe 116 of
distributor 112 is inserted partially through a hole or aperture 126 at or proximate to
the center of lid 114. Manifold 118 is positioned within chamber 124 at or proximate

to the top thereof, i.e., proximate to lid 114.

Apparatus 100 also has an article support or holder 128 attached to or otherwise
associated with base 120 of container 110 that is provided with apertures, typically in
the form of slots (not shown) or other suitable devices, for receiving and holding the

turbine blades 132 to be coated. Prior to coating blades 132 with the aluminide
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i ncreases to a higher tenperature than that associated with root portion
72." The alum nide coating facilitates reducing oxidation of ~external
"surface 40 and internal surface 52 in the airfoil body portion 74 despite
the increased operating tenperature. Furthernore, stresses generated
during engi ne operation may be induced into root portion 72. Limting the
t hi ckness of the alum nide coating to | ess than about 0.0015 inches (about
38.1 m cr"@ﬂ%l}g» dh M3 berfgsirable ta cnad thase WWrmﬁtregmnngmmW&ahagl | Forat es
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: ! t ur bi ne
ngi ne bl anmooit Soaiag et SadRll WS P B 1S, 0 PhuefTl e s 1

i ndi cat edrfgbwiewahblgaﬁdd 1BGf distdbutoe Il t2le The mmahﬁ ¥paomd SEibdskals 101@at ' ng
cont ai ner '”gf %as 11 hown in FIG 3, a gas distributor 112
(i ncl udi A§ aﬁ 21 21 620 obe r@é@avﬂ?@eﬂﬁﬁ’& tupgasthrer drtemalk glimensions sm;dpl y, and
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top or lid indicated as 4, ase |cate

and a gekapuhlty thqplelﬁd}adaalth@ axt.c ot examplleatheshlahhs 18aldndibashetal Ay 122
d base 120 and extends downwar dl beyond base 120.

}_ihgt 1(1:2n Ct ; éeég na%l H’@ CRErPnIEo 5083 ot ginelgs. nd e ﬂl@l%@{% bladesilageri or
coating @h@rﬂaﬂtet& ndocaHoRt 88 skéh-as® ﬁﬂltﬁﬁ? HIBOREL EIBWF bfatgaég thdl l?eefw%%G of

idl stributor 112 is inserted partially through a hole o aper Ur e 126 at or
pr oxi mat Sefweentaagh gevtafblaskes 132 aaclhasmrfmats cﬂy;ihdzﬂlyl slagedsdisdrers @Brtiwrishi n
chanber 184 to. t.he, t.o eof e., proximate to lid

114. Appar atﬁi @%B(Pr ldg%éivaé?{ lélldfcia@peg r s 3?6 holtie powderedthalided to or

ot her i S ecthasrcie! ghiedllipldzod a6 s 1 (O oSO ot i biepr8yIied wi 1
apertureiﬁ%qe%/pl cally in the formof slots (not s or "ot her st abl e

devi ces e|V|ng and hol ding the turbine blades 132 to be coat ed.
Prior to coating blades 132 with the al um ni de

After loading holder 128 with the blades 132, the container 110 and its contents,
including the aluminum coating source (e.g., aluminum pellets) loaded into baskets
140, are sealed and loaded into a furnace or other heating device. Pipe 116 typically
is then connected to a source of a nonoxidizing or inert carrier gas such as hydrogen,
nitrogen, helium, or argon. The loaded coating container 110 is then heated to a
temperature in the range of from about 815 to about 980°C (from about 1499 to about
(- 1796°F), typically from about 850 to about 950°C (from about 1562 to about 1742°F),
more typically from about 880 to about 920°C (about 1616 to about 1688°F). The
particular temperature selected will depend on the coating application parameters
desired (including the source of aluminide coating used) and other factors that would
be understood by those skilled in the art. At these temperatures, the powdered
activator 146 will form a reactive halide gas. Suitable halide activators can be
selected from aluminum chloride, aluminum fluoride, aluminum bromide, ammonium
chloride, ammonium fluoride, ammonium bromide, and mixtyres thereof. Hydrogen
chloride (a gas in its standard state) may also be used as the halide activator herein.

The reactive halide gas flows through the pellets in baskets 140 comprising the
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* portion of the blade may be nmasked. Apparatus 100 al so has holders in the

Y

-9:coating, it my be desirable to mask those areas not requiring any
coating. For exanple, all or part of the external surface in the root

form of perforated baskets indicated as 140 positioned wthin container .
110 for receiving or holding pellets of the alum numcoating source
material. As shown in FIG 3, baskets 140 and bl ades 132 are bel ow

mani f ol dalgnigle enating soyresr (e12.2 aluphisumusberce)amtl semts mthothebalukeham140 and

bl ades 1 hed epdi ng. upon the interpal_di nensions and
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132 and baskets 140 may. be arranged in alternating concentric
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e

]§ .
to all OWaEJ!?IﬁE ere en. t n _each row of blades 132
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act i vat oembodincemt,ete gawtivahilideagms My bd Aowed ae eREBal@] Eiingdontai@dor i S
typi callﬁl(g]!1 ced so as not to touch or be in contact with blfades 132 or

basket's PROPT MOERIPIRGS (rap Pl 1)t instend off baingsgengted: withirotheai ner
110 and b8 WS ac i h A ti.ng source,(e.a.
al um numb%t;tll Fet s%]l?eg;gedg&?ﬁé g agg‘é 'eﬁsﬂo%%ﬁo(edgg%% @8 ag "“l‘%eéﬁ?sagngnt 0 a

furnace gs viajidre gmatdteryindeviacr diirpal thlhetopiigtdntainks ahbahes Gonegt ed to a
source of ,a,.naonoxidi zi.ng or inert carrier gas such as hydrogen, nitrogen,

helium Bt fefgndedoating sopteinetdhrqush ansior metePiPEL0As vk he hadersivod o0 a
8

1€

tenper at by eudss skiied i1 Ihel AT ANGHE G LB ORI mBEHOLREAM SPR! 1499

to about ~1796F), typically from about apout 9 roma
t o about 2luminidy cozting gas yill bel depefideminoabihe ttei@Beratupe, adsowtll 92Qke (aleayt 1616

to about _1688F). Th ticylar, .t t |l ected wil| depend on th
toating ARG 2a8 B sk ructa b et 24 Rudhriwier bl ECeis Beur N de

coating gfemy ford ot hyvid@eeollemidiad cM‘ﬂlﬂg\?\%asbﬁiéMH%EﬁﬂJQP‘iiZanst e Gsskilled

in the art. At these tenperatures, the powdere
amongst, around and through blades 132.

To deposit an aluminide coating on the internal surface of blades 132, interior
chamber 124 is purged of air by introducing the nonoxidizing or inert carrier gas, such
as argon or hydrogen, through pipe 116. This carrier gas then flows into manifold
118, which has a configuration similar to a “shower head” in that it comprises a
plurality of gas outlet holes (not shown) spaced along the periphery of a cylindrical or
‘disk-shaped head. The carrier gas exits through the outlet holes as gas streams 150 so
as to provide an inert gas atmosphere. The rate at which the carrier gas flows into
- pipe 116 (and out of the outlet holes as gas streams 150) of manifold 118 is in the
range of from about 60 to about 150 f.>/hour (about 1699 to about 4248 liters/hour),
usually from about 80 to about 140 f%/hour (about 2265 to about 3964 liters/hour),
and typically from about 100 to about 130 ft’/hour (about 2832 to about 3681
liters/hour). As the gas exits the outlet holes, each gas stream 150 is directed in a
downward path so that the inert carrier gas swirls above the concentric rows of
baskets 140 and blades 132, thus creating a relatively uniform and homogeneous

- atmosphere in chamber 124. ‘In addition, the pressure of the gas flow forces the
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activator 146 will forma reactive halide gas. Suitable halide activators
can be selected fromalum num chloride, alumnumfluoride, alum num

* brom de, amoni um chl oride, amoni um fluori de, amoni um brom de, and
m xtures thereof. Hydrogen chloride (a gas in its standard state) may al so
be used as the halide activator herein. The reactive halide gas flows
through the pellets in baskets 140 conprising the -10 alum nide coating
source (&trgams dP0netther eastierc gds dovnwantly Sroxh tdisttibetoal 1001 fidMarovadr £ t o

f I
ha e a0 g MR Pl S ERRelsR0dRanisa® 138, L) umi num or 8l um numal 1 oy. 1 or

exanpl e, cobalt alum numalloys (CoAl), iron alumnumalloys (FeAl), or

chr om umin atdemta fore@ibea¥igmintdeoating Yhd GRbilgh the rcﬂ@ 1288 PR LRt aﬁ‘?& form

In an alternative enbodinment, the reactive halide gas nmay be f owed into
t he | oad&as @B@%qsnfgc%ﬂ%ﬂémﬁéfmthﬁwgﬂn Hﬂn@mrtypmaﬂymchmsed dydiavagz thcpe 116),

t ead cont escri bed
above. | 5 5ke A0 o SRR Mol ol 1 2 BN ey fibctey o gior o
in a readhronglepiperidls. tThusheheconidrghsCaARHRIMIEY o a&&&dﬂtﬁ@uﬂ; @f figo the
| oaded cogwhgﬂ@contalner t hrough one or nore pipes. e under st ood

by those? FORHNG §S Gpvironygat, ﬁ%b@ﬁ@ﬁﬁﬂ%ﬂld@@dﬂﬂmﬂb coafirighgasr at e of

[ e endent on tr
[ ormat | o e s MG 8 SB35 bl DR HERRALERL SR DS e o
i nt o chaabéfort24hdalwdhmide bcuitmg gk ZhroMphCihe i1owk e bldddsvi 10 afi@hik® dher novi ng
the alumnide c %35 wi thin chanmber 124, as well as anongst, around :
and t hr ofyH Y ggiadigzl T therehyo spatingnthem, nilni rhstioden |fh'g lmﬁn‘t toheric rgaer nal

{surface ebmiliRgdeSankBrixck Miftl the Elunﬁﬂfi’lmgﬁtugéas'a%d%%{s e g‘?%ﬁ of s

introduci ng the nonoxidizing or Inert

exterpab agh inse ol stficesThf bladav 13%r metrmmnéﬂ s ifldbdMhf thel d 118,
i pgenery o e e head" gt}yﬁ that it conprises a

whi ch ha oan m.lar to a "shower
pluralit a@?& %@E‘F‘@bﬁ%%@%ak{q‘(ﬂa@% \Pegigd O Hmg ranging ﬁ@ﬁp@bqqﬁtﬁéﬂy oI I 2t
cylindri ﬁl@dut@rhouﬂd $§f1n§fh%p@6in%69t 3 18RS Hobls, dR3e Bilay 52480 1§ ou
hol es as gas streans 15
to-about 4.5 hours, to move the aluminide coating gas through the cooling holes and
the internal cooling cavity of the blades, while maintaining the loaded coating

chamber at a temperature within the about 815 to about 980°C range.

As the aluminide coating gas flows over the surface of blades 132, the aluminide
| coating gas is reduced to aluminum which is deposited on and diffuses into the
substrate, thereby forming an aluminide coating on the internal surfaces of blades 132.
Within the above time and temperature ranges, the aluminide coating on the internal
surface of the blades 132 has a thickness of less than about 0.003 inches (less than
about 76.2 microns), typically from about 0.0005 to about 0.0015 inches (from about
12.7 to about 38.1 microns). After passing through blades 132, the remaining
aluminide coating gas is exhausted from chamber 124 through gas exhaust outlet
indicated as 152 and into an open evacuation chamber or area indicated as 160

defined by the extension of side wail 122 beyond base 120.

To deposit an aluminide coating on the external surface of blades 132, the loaded
coating container 110 is heated to a temperature in the range of from about 1040 to

about 1125°C (from about 1904 to about 2057°F), typically from about 1050 to. about
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as-to provide an inert gas atnosphere. The rate at which the carrier gas
flows into pipe 116 (and out of the outlet holes as gas streans 150) of
“mani fold 118 is in the range of fromabout 60 to about 150 ft. 3/ hour
(about 1699 to about 4248 liters/hour), wusually fromabout 80 to about 140
f13/ hour (about 2265 to about 3964 liters/hour), and typically from about
100 to about 130 ft3/hour (about 2832 to about 3681 [liters/hour). As the
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and into the interior of blades 132, thereby coating them 1n particular,
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hours, t icall¥ gorom about 3 to about 5 hours, nore typically from about
3.5 to i@{l}{ﬂuﬂ_% (J@R& to nove the al uninide coating gas through the
cooling holes and the internal cooling cavity of the blades, while

- Mai nt ai NiARGhE huth BAE ebafiR 3 dal FlowrieWi Ghe Jhrtfeds YTRAAL YIS, Wid Miufhibile about
815 to about 980C range.

coating gas is reduced to aluminum which is deposited on and diffuses into the
substrate, thereby forming an aluminide coating on the externél surfaces of blades
132. Within the above time and temperature ranges, the aluminide coating on the
external surface of blades 132 typically has a thickness of from about 0.0005 to about
0.004 inches (from about 12.7 to about 101.6 microns), more typically from about
0.0015 to about 0.003 inches (from about 38.1 to about 76.2 microns). Of course, the
rate and uniformity of deposition is influenced by the uniformity of the aluminide

( coating gas environment in proximity to blades 132, as previously discussed. In one
embodiment, static coating techniques, in which no inert carrier gas is introduced into
coating chamber 124 (i.e., the gas flow rate as described above is 0), are used to

-deposit an aluminide coating on the external surface of blades 132.

After passing through blades 132, the remaining aluminide coating gas is exhausted
from chamber 124 through gas exhaust outlet indicated as 152 and into an open
evacuation chamber or area indicated as 160 defined by the extension of side wall 122
beyond base 120. Upon completion of the coating operation to the desired coating
thickness, container 110 can be removed from the furnace and cooled or optionally
furnace cooled, while maintaining an inert gas atmosphere if desired.
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As.the alum nide coating gas flows over the surface of blades 132, the
alum nide coating gas is reduced to alum numwhich is deposited on and
“diffuses into the substrate, thereby form ng an al um nide coating on the
i nternal surfaces of blades 132. Wthin the above tine and tenperature
‘ranges, the alum nide coating on the internal surface of the bl ades 132
has a thi ckness of |ess than about 0.003 inches (less than about 76.2
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range of S{‘ r!oi :m! %goaﬁtl%%&% PEEHIY ‘il%'%@%%@ f%ﬁ%@gﬁiaw?amnp%ﬁ uthe2057F) |
typi cal | exferinsaitautbykdoing Bokb fithe ﬂ&iiﬂé@%dﬂi&&ﬂ?ﬁ%@%&hwy to about
2030F), nore typically fromabout 1065 to about 110 about 1949 to about
2012F). An inert carrier gas is again flowed into pipe 116 (and out of the

out | et h&¥e@p 1gas streans 150) of manifold 118 at a rate in the range of
fromO to about 150 ft 3/ hour (0 to about 4248 liters/hour), usually from

about 0 tx / ( 0 |.l.t ers/ hour typjcally from
0 to about “zg% t %ﬁ%%sfd &%%t grg%utﬂ?e?%g%seﬁz?%reg éﬂnﬂ"}s ust dt‘?’rd%giﬁ Wi cal Iy
from O t elvativide c26ting BY sumple blddes in thequshatind Gotthine¥ SHoMALEN FIGT e Inn@kt
carrier %la% ge%nm' nﬁl es anglam' es with the alumnide coating gas and acts
(to aid i "MHFEPBEON &GS 5os rgfo e fortingeeniing forfarealuminids ecasing 132. The

i nert - cakijets, @hhed byt FAUSS: W AnACHLRRICELSARE Mt HATRER Alwilg, above

rates for a period ofy time Tanging from abou ,ur?ypi cally
from abelley pelicts @s alosuibed reganding K. €3, ttypiloal thaoubh ahe abslitig Bole® agbout 4

hours, whi,l nmai.nt ai ni.n e .l oaded.coat | ng chanber at_a tenperature
norhen gl Rl SaidBat R paBS Sha SSESLBY RNl oot holes of the blades

In this reverse flow step, an aluminide coating was deposited on internal surfaces of

the blades. The thickness of the internal coating and the aluminum content were
controlled by the temperature, gas flow, elépsed time of gas flow, and amount of"
activator in the coating container. In the second step, the argon gas flow to the
coating container was stopped, creating a static environment that primarily affected
the external portions of the blades and resulted in the deposition of an aluminide
coating on their external surfaces. The thickness of the external coating and the
( _ aluminum content were controlled by the temperature, the dwell time at the
temperature, and the amount of activator remaining in the coating container after the

first step.

The two-step process used 70 grams of aluminum fluoride activator, a coating
‘temperature of about 1975°F (about 1079°C) during both steps, argon gas flowing at
120 ft.>/hour (about 3398 liters/hour) for 1 hour during first step, and 5 hours of static
dwell during the second step. The aluminide coating deposited on the external
surfaces in the airfoil body portion of the blades had a thickness of about 0.002—
0.0025 inches (about 50.8-63.5 microns). An aluminide coating having a thickness of
from about 0.001-0.0015 inches (about 25.4-38.1 microns) was also formed on
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P

As.the alum nide coating gas flows over the surfaces of blades 132, the
alum nide coating gas is reduced to alum numwhich is deposited on and

~diffuses into the substrate, thereby form ng an al um ni de coating on the

external surfaces of blades 132. Wthin the above tinme and tenperature
ranges, the alum nide coating on the external surface of blades 132
typically has a thickness of from about 0.0005 to about 0.004 inches (from

about 12.interngl gwdases 06 thesblailey umas the ladingtedpe and kyiilfposdgevobling BoRE15 tO
about O. .lnch fro bout 38..1.10 about 76.2 mcrons). O course, the
rate andolgl%il?%&rﬁ? ?‘ﬂjf%Fs g}é@'ﬁé}:‘t’tﬁ%ﬁ‘ﬁf‘?@{’?qﬁ qaydiss @pd é?"?tﬁ‘é C‘EPH?WSOWPﬁctbF%f t he
alum nide coating gas environnent in proximty to blades 132, as

previ ouslBxathipkeissed. I n one enbodi nent, static coating techniques, in
which no inert carrier gas is introduced into coating chanber 124 (i.e.,

t he gas gow rg as described above is 0), are used to deposit an
al um ni &P fﬁge%weﬁer@a@tlerth%mmmm shpwtds FIG23 uéiriges metwedi ng

t hr ough 2 thewtenmi ni i ni i ' d f
chanber Ty e ong A, O Bt Bafielht BEadh LRoRARALR open
evacuat i depaditaatitin, conteviled almdinidd echting Hfthgl2 fthioReksEO1BR ®xh WGj18n Of

side wall_ 122 beﬁ ij bhase 120, Upon conpletion of the coating operation to
the desi FHies Bbop %{] fHFREY thedptemal garfaces of alh pirful ahdanethif eavitiashe -
furnace @apghe ) | I u | ed L e.mai ntai ni ng an
inert gas at ng%gﬁ%rg{iﬂ%oggg??égd&g-@é#ﬁggﬁ g%%o{v%i %ﬁ%ﬁr%@‘ﬁq FeABat e some
enbodi meveporsthrohgtstherveeling holes bnd irséraal eoting catiieE ONGE LIRS boa R{vagNY sort
of Iim'ti\t'on on itg.scope.. ILn the ex n%&sg, .the test blades were
SRy (THis CAEed %18 JB kA8 cintFon and ] exeTaaly rands total
ni ckel - bar@dinusueshalt! &Yih ki A . oThe
bl ades had ala ext er nal sS(rjf&%ggggﬁggea%u%%Pﬁgﬁggodmgl%gﬁ?%ﬂggquned by
an i nt er diffusien de thecwohsteate.e Duringt the seamtlestapa khesienipreguteywsolidedgmbol es i n
the airfail_ho rtioon of the blade. Exanple 1 A two-step process
differ entEH i ga%r# %‘%@% 8}’1%1% mlt%énctoloﬁﬂg\ﬁé‘émﬁ%ng’&s fefugpd g ingrease the vapor

pressure (or activity) of the aluminiding gas and increase the kinetics of aluminum

diffusion into the substrate. This resulted in a thicker, higher-aluminum external
coating with little or no additional internal coating. The internal and external coating
- thickness and the aluminum content were thus controlled in both steps by the amount

of gas flow, the elapsed time of flow, and the temperature.

This two-step process used 175 grams of aluminum fluoride activator; a coating
temperature of about 1650°F (about 899°C) and argon gas flowing at 120 f.3/hour
(about 3398 liters/hour) for 4 hours during the first step; and a coating temperature of
about 1975°F (about 1079°C) and argon gas flowing at 80 ft.*/hour (about 2265
| liters/hour) for about 3 hours during the second step. The aluminide coating deposited
on the external surfaces in the airfoil body portion of the blades had a thickness of
about 0.002~0.0025 inches (about 50.8-63.5 microns). An aluminide coating having
a thickness of from about 0.001-0.0015 inches (about 25.4-38.1 microns) was also
formed on the internal airfoil body surfaces of the blades. An aluminide coating
having a thickness of from about 0.0005-0.0015 inches (about 12.7-38.1 microns) was

also formed on the internal surfaces of the dovetail cavities (i.e., the root portions) of
the blades.
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al um nide coating to sanple blades in the coating container shown in FIG
3. Inthe first step, argon gas was flowed into the coating container to

" force alum nide coating vapors, formed by reacting al um num fl uoride

activator with chrom um alum num alloy pellets as described regarding FIG
3, to flow through the cooling holes and internal cooling cavities of the
bl ades and out of the dovetail root holes of the blades. 1In this reverse

fl ow st ep Varigns aemhedimeatsc ot thigy ineentivephsve deenndésotibedial Howehacemiof the

bl ades. th ating and the al um num cont ent wer e
control eé‘&l!) Sn{%éeﬂbt%z% Lffé éﬁgrﬁq %&lﬂ@h&gs% the spopsfotfhe invemfionand
anount  ofAccentingle! Vdridud ﬁlb&lﬁé@ﬁéﬂsnﬁdeﬁﬂm{ﬁsnﬁﬁd ait&nag&s%%ﬁ %Qa&tt%po ! he

argon gas IJOMItO the coating container was stopped, cre t|n “ati c
envi r onmekHletl fathe it Yithoutydepatiog tfesan thetseiribandisoape gfithe cltanﬁe(hhvéﬂﬁ%nm ades
and resulted in the deposition of an alum nide coating on their external

- surfaces. The thickness of the external coating and the al um num content

were controlled by the tenperature, the dwell tine at the tenperature, and
t he amount of activator remaining in the coating container after the first
step. The two-step process used 70 grans of alum num fluoride activator, a
coating tenperature of about 1975F (about 1079C) during both steps, argon
gas flowing at 120 ft. 3/ hour (about 3398 liters/hour) for 1 hour during
first step, and 5 hours of static dwell during the second step. The

al um ni de coating deposited on the external surfaces in the airfoil body
portion of the blades had a thickness of about 0.002- 0.0025 inches (about

.50.8-63.5 mcrons). An alumnide coating having a thickness of from about
. 0.001-0. 0015 inches (about 25.4-38.1 microns) was also formed on -14
internal surfaces of the blades near the |eading edge and trailing edge

cooling holes. The internal surfaces of the other airfoil body cavities
and dovetail cavities were bare. Exanple 2 Sanple bl ades were coated in
t he coating container shown in FIG 3 using a nethod

RS
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of the invention. In this nethod, the coating paraneters of Exanple 1 were
altered to deposit a thin, controlled alum nide coating having a thickness
of less than 0.0015 inches (about 38.1 mcrons) on the internal surfaces
of all airfoil and dovetail cavities of the blades. In the first step,
argon gas was used to flow the alum nide coating vapors through the
cooling holes and internal cooling cavities of the blades at a | ower

t enper at uIGLAINIBI s caused the coating thickness (internal and external) and

total alymn oatin r ced C of the | ower
Ot oo o MR R Bbe A LTS SoR AR BB R0 AR, o
t enper at uhevingsanr axteetl audacd laad gas ifiéroal tooling glavith elefiméde bpadn oderhaing

iti i Vit f th
o u i di T asE e B e Re BT I PR oot o PV SO e s PRSP o ¢ ne
subst r at e cofificted ipsulraped coating doniaiherrhavingghleslload interioucnating eharaber, d@at | ng

with littl i Lk | internal coating. The internal and external
i EuPERe 8 3% o

coating ft dm num content were thus controlled in both
steps by (e ammdirg thefcoging dhaower niile thel Bipdeth ke comtaf; f1 ow, and t he

t t . This.two- . 7 1N\ fl id
ot vator B oo ad AR Eang i b iB R el MARRAET 2ndar gon gas
f1 owi ng afc)120 fibwing/ droinert ¢zativrgas3iB@Btheei lbades) beaiing aharhblo corepriking g t he
first step; : ' t t f FA(ab C d
argon gas. 1 othinEeRARhY Ake SR B M s9c 8 b Aithe ool 8RR 5
hour s duri ng t fitg/tesic frion sbeyt. 1698 do abouti 4248 ditegg’acum prdeposhbaut @ toambotthe

t I f [ i £foOj i I i ck
of about 0. 009 B ey ey B G RioddiCne A% BB "
coating havi nginternahicotdingssavity dfrthen leiade)t wBiled @taidaibDgSthienioadsd Cabling
of the bi ades. hamaptl Zidfipera@i<"El O Aoty eI T ABuEN0E: o BRI, 2o

of the bl ades. a 0 about
0. 0005- 0. 0015 iahohivide Cading orlthe Hit8Ballsuriace @h e blade; aadl $@nf or red on t he

it RLELPZEGZHS f i‘gl‘c?&;in%faﬁ PRAdQHRL A ds HRVING' 16Sddd cSiting ' dREmb8PLoRBhditd R Of

aluminide coating gas at a gas flow rate of from 0 to about 150 ft.*hour (from
0 to about 4248 liters/hour) for from about 2 to about 6 hours, while
maintaining the loaded coating chamber at a temperature of from about 1040
to about 1125°C, to deposit an aluminide coating on the external surface of
the blade.

2. The method of claim 1 further comprising the step of loading the coating

chamber with an aluminum source that generates the aluminide coating gas of step

(b) in the coating chamber. '

3. The method of claim 1 wherein the aluminide coating gas is formed by

- reacting an aluminum source with a halide activator.
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Various enbodi nents of this invention have been descri bed. However, this
di scl osure should not be deened to be a limtation on the scope of the

i nvention. Accordingly, various nodifications, adaptations, and
alternatives may occur to one skilled in the art wi thout departing from
the spirit and scope of the clained invention. -16 CLAIMS: 1. A nethod
for applying an alum nide coating on a gas turbine engine blade having an
ext er nal dur f adéeanethadof siier hahe@iothertglidadctivatad &f selededfromrthée gtapnal

et hod beicy s aah ol s B TPt ATt RE0E o,

interior coating chanber, the nethod conprising the steps of: (a) |oading
the coating chanber with the blade to be coated; (b) providing an al um nide
coating gas in the | oaded coating chanber; (c) flowing an inert carrier gas
into the | oaded coating chanber conprising the alum nide coating gas at a
gas flow rate of fromabout 60 to about 150 ft.3/hour (from about 1699 to
about 4248 liters/hour) for fromabout 2 to about 6 hours to nove the

al um ni de coating gas through the cooling holes and internal cooling
cavity of the blade, while maintaining the | oaded coating chanber at a
tenperature of from about 815 to about 980C, to deposit an al um nide
coating on the internal surface of the blade; and then (d) flow ng an inert
carrier gas into the | oaded coating chanber conprising the alum nide
coating gas at a gas flowrate of fromO to about 150 ft.3/hour (from O to
about 4248 liters/hour) for fromabout 2 to about 6 hours, while

mai nt ai ni ng the | oaded coating chanber at a tenperature of from about 1040
to about 1125C, to deposit an alum nide coating on the external surface of
the blade. 2. The nmethod of claim 1l further conprising the step of |oading
the coating

-17a-



chanber with an al um num source that generates the alum nide coating gas of
step (b) in the coating chanber. 3. The nethod of claim1l wherein the
al um nide coating gas is formed by reacting an alum num source with a
hal i de activator. -17 4. The nethod of claim3 wherein the halide activator
is selected fromthe group consisting of alum num chloride, alum num

fluoride, 1N ] . [ Ur chl orj de i fl.uori de,
anmoni um g?'!?#l e%h‘%@%@ﬁ”'@%%ﬁ&@m%y n'lﬁﬁtiﬁ)%déggént%ggﬁgof '_“a'Wg_m[ e et hod
of clai m Iherabferein during step (c) the | oaded coating chamber conprising
the alum nide coating gas is nmaintained at a tenperature of from about 850
to about 950C for fromabout 3 to about 5 hours. 6. The nethod of claim5

wher ei n t P t enherragthod oflLalaimgt, stregpeit aluring sfepdp) tledoaded3@kting chmber 920C.

7. The net ; i . in r isin

t he rangé’ggﬂr@fp%%égégjhﬂm%%ﬁaﬁéﬁgb%%]gfﬂ%ﬁﬁ'{# %&ua?{e?nan%gggp F%%%‘%&ﬁc?%ggtout 3964
1i ters/ ho@by .to 8bour@e0tton rdmadbort Ateralfouiiddeisn t he gas flow rate during
step (c) is in the range of fromabout 100 to about 130 ft3/hour (about
2832 to about 3681 litres/hour), and the tenperature during step (c) is

f r om about6. 880 Tihe regtbod oBABINCS vherdin éhartenipedatofe duriagreteh (o)Misefren mbbute
carrier g i hydr ogen. 10. The nethod of claim 1 wherein during
step (d) ?ﬁgt?ﬁgé@%ggﬁ'i er gas is flowed into the coating chanber at a gas
flowrate of fromO to about 80 ft3/hour (fromO to about 2265

T eel o) | S BN 5 Mol R Ty e TR g

10, wherein the tenperature
1110C. 12 rargeeofitonhatebud 8O ¢4 afbont 140 fiffbowi (abeui @26% trpatyont 39@4 litarsimyr)st ep (d)
is from about

8. The method of claim 7 wherein the gas flow rate during step (c) is in the

range of from about 100 to about 130 ft*/hour (about 2832 to about 3681 litres/hour),

and the temperature during step (c) is from about 880 to about 920° C.

9. The method of claim 8, wherein the carrier gas is argon or hydrogen.

10.  The method of claim 1 wherein during step (d) the inert carrier gas is flowed
into the coating chamber at a gas flow rate of from 0 to about 80 ft*/hour (from 0 to

about 2265 litres/hour) for from about 2.5 to about 5 hours.

11.  The method of claim 10, wherein the temperature during step (d) is from
about 1050 to about 1110°C.

12. The method of claim 11 wherein the temperature during step (d) is from about
1065 to about 1100°C. '

13.  The method of claim 12 wherein during step (c) the loaded coating chamber
comprising the aluminide coating gas is maintained at a temperature of from about
850 to about 950° C. for from about 3 to about 5 hours.
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1065 to about 1100C. 13. The nethod of claim 12 wherein during step (c) the
| oaded coating chanber conprising the alum nide coating gas is maintained
at a tenperature of fromabout 850 to about 950 C. for fromabout 3 to
about 5 hours. -18 14. The nethod of claim 1, wherein the turbine engine

bl ade has an airfoil body portion and an airfoil root portion, and the

al um ni de ati I pt.ernal, surfac f the bla | s. | ess. than about
0. 003 i nente. (1 DBABaA S1 T Fanetih B fubine chdfie AR F73) PR
porti on armbriicrsand draesirfaiboat partiog,1Hnd the hkmifite ssatingam tab iniérn3Bsutfang of ons)
thick int t. .on € t f cl.ai . wherejn,th

al um ni de tﬁgg[a:agds %%Emaceh %l:);&JueP hoa mcgh%rs Rfa%g%%oafn %H?&%%-éd@'c{"g‘sﬂ"b"r‘h’% Sut

0. 0015 t o adffwilivody.p@EBN arcHess {hBn @bpaitibOd 153i8ctest (@Bss dirruabol® 32. 1miicroors) t hi ck
in the airfaj i.on. 16. The nethod of claim 15 wherein the
terrperaturtéﬁghnrt{ﬂ%gg%ﬁ)gyopb) I's maintained at from about 850 to about 950
C. for fromabout 3 to about 5 hours, and the tenperature during step (d)
i s maint aiped f bout t C. f fr b 5to
about 5 holrs. 1 Moo Ot oo 4. PaRRI ancsRutse, Reigh HIBRHETR dur i ng
step (c) isrfacenf thabdade i$3®M ebakidLBO 1530 dboB! Mi60S inches (frab@bbut2BB3Pid 0 about

3681 i f [ d is f 0t bout
20 1 31 hodolt rostritPabitfics FiBeaiitoly Boitthi ' 16" rhe met hod of ci ai m 17
wherein the carrier gas is argon or hydrogen. 19. A nmethod for applying an
L umi ni d : ‘ : : : _ ; ¢
and an i ntts nal THesRn Ay 87 Saht 5 BEeRTHe En ok AR, w e 19 SbREIRe U1 70
connect ed &t frothaboek 830 tecdbositi®$Qice foyfraro aboul@ thabest 5 bbiwspaidtbe bei ng.
conduct ed o2 ¥ADALGPALL NG i€ AMALAES o1 Dot 138bhOURAR4TE62E. BPALT N9
e et ho npr I'si ng es ;

chanber, eps o

from about 2.5 to about 5 hours.

17. The methed of claim 16 wherein the gas flow rate during step (¢) is from
about 100 to about 130 ft*hour (from about 2832 to about 3681 liters/hour) and the
gas flow rate during step (d) is from 0 to about 20 ft*/hour (from 0 to about 566

liters/hour).
18. . The method of claim 17 wherein the carrier gas is argon or hydrogen.

19. A method for applying an aluminide coating on a gas turbine engine blade
having an external surface and an internal cooling cavity defined by an internal
surface that is connected to the external surface by cooling holes, the method being
conducted in a vapor coating container having a hollow interior coating chamber, the
method comprising the steps of:

(a) loading the coating chamber with the blade to be coated;

(b) providing an aluminide coating gas in the loaded coating chamber;

(c) flowing an inert carrier gas into the loaded coating chamber comprising the
aluminide coating gas at a gas flow rate of from about 80 to about 140
ft.3fhour (from about 2265 to about 3964 liters/hour) for from about 3 to about
5 hours to move the aluminide coating gas through the cooling holes and
internal cooling cavity of the blade, while maintaining the loaded coating

' 'chamber at a temperature of from about 850 to about 950° C., to deposit an
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(a) loading the coating chanber with the blade to be coated; (b) providing
an alum nide coating gas in the | oaded coating chanber; (c) flow ng an
inert carrier gas into the | oaded coating chanber conprising the alum nide
coating gas at a gas flow rate of from about 80 to about 140 ft. 3/ hour
(from about 2265 to about 3964 liters/hour) for fromabout 3 to about 5

hours to @Bl hdlifiFa FRANLALLGRR, LOGR Wbob e 268010 s hpkes and
internal cooling cavity of the ade, ITe maintal ning the ['oaded coati ng
chanber at a t dfipaeRoul B2.6fo ahayiBaA auicrogson theadmioual 9Btceof thedlatisposi t an
-18a al um ni de aﬁgqﬁémg having a thickness of from about 0.0005 to about

0. 0015 inches (from about 12.7 to about 38.1 m crons) on the internal

surface of(dk he flowingean ingit garrinegay idio the neidad caatingehvambencompisingaiei nt o t he

| oaded coatin § I Sd ieDJ i as flow
rate of from 8atm§ﬁ g@%uc? g@?ﬁﬂé}% %goahs? Bff@%ﬁémﬁgtg oudtt ggggﬁﬁlu?{fré&sﬁhour)
for from about '@aBout@28p digrs/Bourbigr Fomwebiolie2.5iaabewidrtiowds, wihie | oaded coat i ng
hanb t t d it
charber o 3 | Ragi o vlcb eR0ER g Lithatl g i, dopoo

an alum ni de coati ng, ? kness o t 0 about
0. 003 inches (f9aberddde” Ggiddenysiilbo@lunyaide caating haying adhicknees efdremnal
surface of theaBb@td(fO@‘f;f toiBodt 6684 thch¥oRPild ?88.1%931:,3*}%!%&? §f claim
19 wherein the al um ni de coatln? gas 1s 1Qorma(5l y reacting an aldm num
source with a Kaltheiextamel sufase of the bladedn ke aiddil bédycpettion.20 wherein t he

hal i de activator is selected fromthe group consisting of alum num
chloride, alum num fluoride, alum num brom de, anmmonium chl oride, anmmpni um

fl uori de, 28modhamaiheshpiriaimHigiwvisiein tatplominide coating aas g ferreed bner eof . 22.
The net hofﬂe&ﬂin§5|ﬁiam_n4igu Qﬁr%%eﬂvith%éliﬁgaéﬁ\ﬁ‘a?or@% t he | oaded coating chanber

conprising the alumnide coating gas Is naintained at a tenperature of from
about

21. The method of claim 20 wherein the halide activator is selected from the
group consisting of aluminum chloride, aluminum fluoride, aluminum bromide,
ammonium chioride, ammonium fluoride, ammonium bromide, hydrogen chloride,
and mixtures thereof.

22, The method of claim 19 wherein, during step (c), the loaded coating chamber
comprising the aluminide coating gas is maintained at a temperature of from about
880 to about 920° C.

23.  The method of claim 19 wherein, during step (d), the loaded coating chamber
comprising the aluminide coating gas is maintained at a temperature of from about
1065 to about 1100° C.

24.  The method of claim 19 wherein the gas flow rate during step (c) is in the
range of from about 100 to about 130 ft*/hour (from about 2832 to about 3681

liters/hour).

25.  The method of claim 24 wherein the gas flow rate during step (d) is in the
range of from O to about 20 %/ hour (0 to about 566 liters/hour).
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880 to about 920 C. 23. The nethod of claim 19 wherein, during step (d),
the | oaded coating chanber conprising the alum nide coating gas is

mai ntai ned at a tenperature of fromabout 1065 to about 1100 C. 24. The
met hod of claim 19 wherein the gas flow rate during step (c) is in the
range of from about 100 to about 130 ft3/hour (from about 2832 to about
3681 liters/hour). 25. The nethod of claim 24 wherein the gas flow rate
duri ng st &6 (d)THesnethod hclaima2ipeherkinf the wadiet gasis@ugorPdr HytiBigehour (0 to
about 566 liters/hour). 18b 26. The nethod of claim25 wherein the carrier
gas is argon or hydrogen. 27. The nethod of claim 26 wherein the al um nide
coating ga¥-is Fermeliohyf claimeft Wherelrihalaluminidenceatingasiis fonmed bal i de
activator, regcﬁmlgEl?lealur]:ﬁlht}r?n%omce%:?t dhaiy %ﬁ&a%nn the halide activator is
selected from group consisting of &l (i Aum chl o | de, al um num
fluoride, alumnum brom de, ammonium chloride, ammonium fluoride, ammoni um
brom de, dr o 1 Xt od of claim
28 wherei r?)é du?lﬁ%grﬁ%b g‘?)bf(jt%lm ?fr}gh%@d@éﬂ%l(g%e?@étl@é’tohlsr?ﬁ%lecpﬁroﬁ h%m ng the

al um ni de gc@mqwglsg@@soi Jumunt clilovisie, alurrmttfeﬂwmdat alumiredm bnoomiabout 880 to
about 920 aboud bélq]lrﬁ1 hod of
claim29 %n”g?%li n chlr?(rﬁ?% st én'§T§UBH?% on dggﬁé I htﬁ%hh&i%tgbnprl si ng

t he al um ﬁﬂdém&'aléﬁslthgfeggs i's maintai ned at a t enperature of from about

1065 to about 1100 C. for from about 3 to about 4 hours. -18c

29. The method of claim 28 wherein, during step (c¢), the loaded coating chamber
comprising the aluminide coating gas is maintained at a temperature of from about
880 to about 920° C. for from about 3.5 to about 4.5 hours.

30. The method of claim 29 wherein, during step (d), the loaded coating chamber
comprising the aluminide coating gas is maintained at a temperature of from about
1065 to about 1100° C. for from about 3 to about 4 hours.
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