ALUM NI DE COATI NG OF GAS TURBI NE ENG NE BLADE FI ELD 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

i nternal and external surfaces of such a gas turbine bl ade. BACKGROUND OF
THE | NVENTI ON I n ' f rbin ' N into the
front of the eng@%%%@?ﬁééﬁmpgﬁw&%r and m xed
with fuel. The mi 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 bﬁﬁ@%@ﬁnﬁﬁﬁéﬂbgﬁﬁﬂgﬂﬂﬂe shaft and provi des power to the conpressor.
(As used rei r r.nin I refer .either a_ turhine

bl ade or 4 TEarte ISl Aot Bl eRLB16: AREE Gkl ke Bpi ik
portions. yubhe aginebhaieshaviasas ftanal tockngt bevitgac ek paiticsiagy,nthe dri vi ng
it and the aircraft forward. -The hotter_ the conbustion and exhaust gases,
the nore &ventiopfrlatpstothe alypenide copingrofitheinterael agd gxicnal sprdaces of

t enper at ur, aQEnﬁﬁEbEﬁEpUStiO” gases is usually limted by the materials
used to fabricate the turbine blades. In current engines, the turbine

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

t enper at utes out - OF (about 1038-1149C). Turbi ne bl ades
pypicalIy%%ﬁ#gﬁgéﬂﬂ%égygRgﬂ%gﬁgﬁgr hat channel cooling air through the
interior ofahBRcaft’ddl ARLALhSb, diPis'@EWE tib BIPESR M RSO Uhpfestdby the

bl ade and inprove part |ife. Duri ng operation of the jet engine, air is
forced thbyughattineoyntest compyesson rand fmixpd withafdel, The mixtureisdiured; indthel i ng

hanber s, ;and .out ' t h t | f the airfopl. Th
low of i HEF St PGt RAnEd segfien REPIRdpriied 8 fierams el Fochaw  n°some
cases, proYieinbgstianpas adas thel @itefic B ifpiabaheiagaiatt thdQirfil §edfién oPthet he

airfoil. In at |east sone known_ bl ades, an abrupt transition extends
bet ween t BEbing blaies. Waick fusns theshali and pravidas pewier fothercomprrsreraéds ¥3d vol une

of cooli ngel%hf, k! fhihd 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 airfoil 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



airfoil portion. Gas turbine blades frequently have netallic surface
coatings that are capable of resisting the oxidation, corrosion and
sul fidation conditions generated during high tenperature operation. Such
coatings facilitate the airfoil withstanding thernmal stresses that may be
I nduced within the higher operating tenperature areas of the bl ade.

However, if the.coat]j LS. . lied at too _great a thickness on regions of
the bl addOBHRIFUST ARy B AoiL PORtigR e Mrerse 41° Kelime & coRkng B enisriae Sieank

regi on, th@fift bhation of the increased coating thickness and the abrupt
transition within the dovetail nmay cause cracking in the root portion as
hi gher stresses are induced into the transition area of the dovetail. Over

tine, contGasueebiapdlagdes dreqnently dave metallic sudfaen geatingsithatr ereotapeble of ade
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al um num tanpdhtade operafiasesSadh bogings t RohieratbE eSrfod twitist-dGRA tHeRGal

cont ai ner or chgl{rber commonly referred. to as a "retort". Cenerally, the

bl ades t o SHESSeb&tabdnayr ke pndised) withimithe higher pperaling femparaintg ages Af fesour ce
of the al ywyi s ' ' f . | L I
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coating dbadeaoperatiigs at Rewerp tengetatudes,hsucha abh ahe evots aad shanle régionade t o

enerate an al um ni coatin apor .. . ner ati pn of the c¢qQating.vapor
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chlori des davetbil @ilyd@8se HiifBin 1M r&f poMRinCfs H‘?@ﬁer Qtﬁf_lést ark Ricd EHtQEI%eﬁegas

that is introduced into the container to react W e source O
al umi ni de trositipm green @f ftbe rdoxatadl uiver dimmd; econitingedy aperation i hax deadoéo gener at ed

froma halide activat urce. W t.hin the container that forns a reactive
hal i de gaé’“%%%ﬁre?ﬁ%lg Pﬁé’%ﬁsﬁ%‘% ‘&ﬁﬂﬂﬂw&‘h‘% BeMSear i ng gas is typically
transported or noved within the coating container by a nonoxidizing or

i nert car riherabges céatings ca el applésd, bydegoaiag, a higidr WNodE or ah@e ProtettiveSOMe

vapor coati ngl systens, this carrier_gas js introduced through the bottom
of the comeiflhefor FXampky plvaunyp orapllpys Migelumismmnen Plade pintaces ebhighat t he
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“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 peliets
retained in perforated baskets arranged in rows surrounding the blades. The coating
container is then placed within a heater such as a furnace 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. See, for example, U.S. Patent 4,148,275 (Benden et al), issued April 10,
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-2 1979; and U.S. Patent 5,928,725 (Howard et al), issued July 27, 1999. In
ot her vapor coating systens, the carrier gas is introduced through the top
of the coating container and diffuses throughout the container to carry

t he al um ni de- bearing gas and coat the blades. See U S. Patent 6,039, 810
(Mant kowski et al), issued March 21, 2000. It is desirable that a

controlle el ati ye unj m ni.de caoating be a ied to the

ext er nal gﬁaé’l i _e[rl'ﬁajpgtgﬁﬁ’g&iasgé}rqwd Fh@ii‘??é‘%?‘é‘éf@g ] ?ﬁg'i@ I Faps| r abl e
that the cBhtHp &YistdehsCARdaAEr 3PS iRBolR el 'ﬂlﬁl%ﬁ%?hlestHf) bRaRoafi %B&t@h@pes,
particularly in"the root and shank region, Dbe relatively tlﬁ n or

exanpl e, hagidifdeses tipegheusthesbnfainemtabant theGl@odiletearbg gas Sdeds thenches)

(from abo 2.4.1 out | &0 0 not emat ur e
cracki ng ilﬂ)%adt‘leﬁeg?eo@tsgggtﬁ?ﬁ %ﬁg’%?{q marﬁ%‘ﬁ%ﬂ e%’%?aéﬁﬂﬁi@%ﬁ&%%({ﬁ THE

| NVENTION I n one aspect, this invention relates to a nethod for applying an
al um ni de Icisaliesiraplothat & c@atolled) llatieclongifoem blhafigideohfite Boaspiie@ith e surface
and an internal coqoling cavity defined by an internal surface that is

connect ed Sktsmah ang ingsrmal | suslgedsael they tuskiae ibladesnolt dg alsondesiableothabdieng
conduct ed gjfmidi : ' : F%E??a!'} V] | ow: | | @ ating
chanber, tahgm%led%éra]&g {u(l: (r%rgélliésa?tﬁ Sjﬁt e g tﬁléf%ésjego(#:r{g? gj}aﬁg%ap%%cél Ilz[}hg{nc@lgtrﬁﬁtg
chanber wiané shavk fepmadebe oelbidvedy diir dfor (dxpmple) haviay iadhiviiness «f fisrh mbgat coat i ng

in th d ti . , | ' ' into th
oaded coBtl3 ‘et O0S 5RRE) Fiprm mbOutn bt b PP g0 38 16 s 11 ow
rate of T rcaumedp@iinflridifRthe fodf portion of B H1add r OM about 1699 to about

4248 liters/hour) for fromabout 2°to about 6 hours to nove the al um nide
coating gas through the cooling holes and internal cooling cavity of the
bl ade, whiBFRIEFPENGRIIAGN: QB TEERBEWENGEONng chanber at a tenperature of
from about 815 to about 980C, to deposit an alumnide coating on the
i nt er nal f at ; f I | ner, Irier gas
nio the Toatcarega it mveb@iielfilo ifilned kg BthilPuf RuliBhl oSRle o

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 60 to about 150
ft.2/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
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al um 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 -3 maintaining 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. In another aspect, this invention relates to a

met hod for applyi.ng. an al ym ni.de coatin on a gas turbjpe engine bl ade
havi ng an exte tg’é‘éﬂ'g‘ '3'630%{3?6 CORtnEE rakémmmawégomaép%ﬂmby an

i nternal surf agebdiat 15ccaRGRR dh bitdififo SEETNH S kieAGE altfact RPN

hol es, the nmethod being conducted 1 n a vapor coOating contalner having a
hol | ow interi btadeoati ng chanber, the nmethod conprising the steps of: (a)
| oadi ng the coating chanber with the blade to be coated; (b) providing an
al um ni deycoatj n as .in.the.l oaded coati hanber.. (c). fl.owi ng an inert
carr or oS ARbE ST bl shvRupd Al EREstbe SR Y bl R
coating gas ajlas durbias ehfiawblaab Badhg bih eXlcARPFRE ah® ardhBethalldBling Edvity/ hour

(from about 2265 to about 3964 liters/hour) for fromabout 3 to about 5
hours to dsfieed by an| iptemad sudfecst thatyisgeenneeted delthe petemebsimtrerhyl eeolingd

i nt er nal i i , ile Lot ai_ni I coating
chanber a?l B%E’t glgrrplglrgtgl? g?lbg i E@g%egggu? \Q%g% f%‘ﬁggoﬁp &3%8(%{1@&% %g{éggﬁ an

al um ni de itexidr dogtimavhangbed, thdinekpdemplisihgalie agswf: 0. 0005 to about 0. 0015
inches (fromabout 12.7 to about 38.1 mcrons) on the internal surface of
the blade;, and then (d) flow ng an. jiner arrier s into the | oaded
coating cZ%?nbe?oaéH}ﬁ)tPfg§%’ﬂﬁlgt‘wémg%}1‘ﬁWi‘ ﬁ’ied’ia‘@dﬁﬁjleﬁﬁatg‘gs at a gas flow rate of
fromabout 30 to about 120 ft.'/hour (from about 850 to about 3398
liters/hogs) fQFovidiaphAARMlinide 20itthgBR94 theQodRY toatidtiHambERI Nt ai ni ng the

| oaded coating chanbér at a tenperature of from about 1050 to about 1110C,
to deposit an al um nide coating, having a _thickness of from about 0.0015
to about €003 flopdngan (ngrbparapoats mé the lgaded coating chamber comprising the

aluminide 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 from about 3 to about

5 hours to move the alminide 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
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) flowing an inert camrier gas into the loaded coating chamber comprising the
aluminide coating gas at a gas flow rate of from about 30 to about 120
ft.*hour (from about 850 to about 3398 liters/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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about 76.2 mcrons), on the external surface of the blade in the airfoil
body portion. BRI EF DESCRI PTION OF THE DRAWNGS -4 FIG 1 is a perspective
view of a gas turbine engine blade. FIG 2 is an exenplary cross-sectional
view of the turbine blade shown in FIG 1. FIG 3 is sectional side view of
an enbodi ment of a vapor coating apparatus for coating turbine blades such
as in Fl GFIHE. DETAI LED.DESCRI PTI ON CE THE | IO\I Referring to the

dr awi ngs, TEPG S BETRECHES Wew 15898 Ping snsige 5 gas turbine engine.

Tur bi ne bl ade 20 nay be formed of any operable material, but typically is a
ni ckel - bage. 2%@&}1@1/&13(Bio@ﬂ@e@i@nﬂ%é%@ﬁ&e%&bﬁie@ﬁe‘shg%n%gFI@slt whi ch the
fl ow of hot exhaust gas Is directed. Blade 20 is nounted to a turbine disk
(not shown b% a dovetai]l 24 that extends downwardly fromthe airfoil 22
and engag sisgectipnal sider igwi ¢feary prskodimenp johef ¥aDeT Zeating appigatus for

| ongi t udi t‘aH)ﬁ ea where the airfoil 22 is oined to
thegdovet g?+%4 H@?lg!li%é Eé@?@n@hﬁ g a first sidewall 28 and a sJecond
sidewall 30. First sidewall 28 is convex and defines a suction side of

ai rfoil 2DEBANLERDESCRIPTENSIOF BHEIINVEMEEKDN and defines a pressure side
of airfoil 22. Sidewalls 28 and 30 are joined at a |leading edge 32 and at

an axi al | y; space railing ed 34 of air foil trallln edge 34
is spaceé)‘ orﬂaﬁ’b’g‘:‘e{ r’%&/\’?g ed6RIEs B g}nﬁeflﬂ?qz %@3{1? &5 %Bgeglzg Birst and
second  siTdemat brd2B0ansy BQfomﬁanﬁ%y\@bmble%h@ﬁm bhangpidaty Aah InciQl-
radially outward in span froman airfoil root 36 positioned adjacent

dovet ai | Dase supergHowpBlade 28 (igclades go gisépil 23 pgadnst whaqba the Qowezfdméexh‘aom
d i | | t
oveLal Bl AR Bt 205 ARLARES, B LARNLY (U B RNt o

bounded hdt lekiendd dldvm\irara@ Mﬁwﬂrfﬁilﬁvﬁmeﬁgig&s antbt34. ﬂlé/ﬁfr@né ARk Al cal ly,
bl ade 20 |Fﬂt%0udes nterna surface (not shown in FIG and an

ext er nal HRL20 48Xte dl"flﬁ'gJ il %W&@imfwﬂ the #ren ivheee H}ﬁ %1ﬁ°@11tﬂ2a¥§e
internal syriPc8he hvpne£Mbodi ment, a nunber of internal cooling chanbers
ext end th?ough thPé ?‘F\ter%or of ai rf0|I 22, between airfoil

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 frailing 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 airfoil root 36 positioned adjacent dovetail 24, to an oppositely disposed
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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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 chanbers to
reduce the tenperature of the airfoil 22. -5 FIG 2 is an exenplary
cross-sectdiongl. view of. blade 20.inc¢cl udin L,riai.l 22. Blad 2Q..i pcl udes a
cool i ng cf\}&t 18,61 GRFPRIEH BOSSHFCrnRal Vs Oghﬁpﬁg 1§§u%flgt5’1lr§%}g2%0%lé}ol i ng
cavity 50 Jongtlyges c%)oﬁh%l Edlityt30 QFinkd PR En Wildhal SAffatd19d oSBIRAE 26.6C6818lg NI
cavity 50 into a_ plurality of cooling chanbers 56. The geonetry and

i nt err el atcRvis Y prnaudes papality @GDIIQYGNQ%@I J4sthgiseparateeeoalingeavite 50 mtersded use

of bl ade. l ' tae iANEL. WAlls 54 are.cast integrally with
oo Porelfy B ARNFER 6. R deoliBle) Sna SlebRiSRRIP S4XnREhHS %

pl ural ity tofvatioGhivagecwith thd intended dderof BaRCIK | @ank)embodirh&if, DXEPAIR Y
enbodi nent, airfoil 22 includes.a forward cooling chanber 60, an aft

cooling cHAH&Rst doteetgly withyairfed |42 yContling chapbers Yyaretunpligdscooling @ war d
cooling c 6 i t-1di | y radl thr ' il 22 to
airfoil tiﬁpﬁagg,{ aaﬁ%ﬁ%ﬂsﬁbqgf cpotig %{/éqg?ﬁgbi Mpre! %%hgdr?éﬂ)é’e@o%’gg’i‘%ﬁe% s 28
and 30, redpdiunén.e hipfofls BDvinciudessh Gordyrd aoulingy chvnibeni 60,1 @ndifingodsiiige 32.
Forward cogl i chapber 60 is cpoled with cogling air supplied by a

f or war d cé}g?lflﬁ%ﬁ@'r ?Pfué"g{tyﬂﬁ]i“ Coogéﬁmjﬂgb%?g‘ki s fed through cross-over
hol es (not shown) in the inner wall 54 on the trailing edge side of

forward cgolbifd @ORAPeharkiber O &ki6RSN16MS ﬁhﬁlﬁé%& SafiAIP ROk MEBl Jofovar d

)
cool i ng chanber 60 and aft cooling chanber , and "are supplied cooling
air by a mirpik &gl Phgand ic hprdesd. bymidoil Spetc and satdngd, sidealtodBiang hanber s

64 i . i cati d_f ti | . Md
Cooti ng CREPEMERETMRLETY % M5 O T Aol IERRRE b 35° Sdahl SO0 | s
and 30, rehpabériodak yodlsdaith doblifg &ir sdpplic@b alfyrvadrd feodling direud®6, Mhichcool i ng

chanmber 62 extends longitudinally or radially through airfoil 22 to airfoil
tip 38, afBOMng ¥HiH&dedrangharossuiver hples (nefridiowat ihthesingenapll S4om thed 30,

respecti velyino(c3BoWae | : Eﬁiantﬂ?/ prfoil trailing edge 34. Aft
cool i ng chgnglgr EZ%gbggd;rfvé%i&ﬁvw?% [ofe]e} efﬁg air supplied by an aft cooling

circuit 70 that defines a radially outer
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.

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
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boundary of aft cooling chanber 62. In one enbodinent, airfoil 22 includes
a plurality of trailing edge openings (not shown) that extend between
external surface 40 and internal surface 52. Blade 20 al so 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

dovetail 24 (s i n FI 1). Arfaqil body portion 74 is in flow,
communi caftqo %ﬂﬁ/&f‘mﬂsmﬁ”@dﬂ?ﬂgr hdgré"‘il HP_Qi?fOé‘nF"d‘s‘SFIF gﬁ‘_{"r"t%%m%‘f’%tlpﬁh“ﬂ? to
ai rfoil tigotdRetidd 720 SIGRY HFRMoot g&@i’bh'ﬁ% aftfoi ﬁg.ngla(gﬁvén{%dgg xt endi ng

t hrough root "portion 72 are known as root passages. Bl ade 1nternal’ surface

52 i s coatpetionstdf @oling savitf SArxwhding thaegh sadti paytids 72| are dnewn exstrodi nent |
the alum nide coating is applied by depositing alum numonto the internal
surface 52%%g% hat a body of blade 20 serves as a substrate 80, by a vapor
phase al um ni de deposition process. The al um nide coating may be nodified

with el erBisdesinteiad] sasfabadNigitoated WA Jd{Rr oftdn Aluifini8é bo£ARB. 76 | thogtid!m
tantalum cobalt, chromum platinum and gal | adi um and_conbi nati ons
t hereof , teBWbOAPIRSether aluminide copitre ieepplieshéy dapesitingclupingpeonietie The

al um num mediefo%i439 ' LS.interdiffus wi th the

mat eri al g 1'?lﬁle su cétsir}éts (Z%%%@oégn? lfl %%gglshﬁe% P%g S%i():%t%#ff g@ h7y658'ﬁp?rhe

i nternal phadeadlembfde dmsitlonnprocede. CHirt Alo@inide basting weypeshédified wiikt h t he

al um num concent r‘g}hi on hj ghest, near the internal surface 52, and_decreasing
al um num @?ﬁ‘i"t"é’?ﬁ Py ghh i FEGOBRETL NN sikicen. tiieiupm, daafalyan.rewbaltso from
the inter S . r | fical : ' -al um ni de
coating 7gﬁ§?lﬁﬁht§%ﬁsﬁﬁg§§gﬁ%’s egé%%)ﬁ]gﬁ%s{)%ét}g%f%S%%%E%s&(I ess

t han aboutcoz@sion niststames pnd othep pooplettiesf Tloaralabdmtm @arOhodifying €leheenss dfuit

0.0015 i nches. (f bout .25.4 to, ab 38.1 mi ithin ajrfoil bod
por L1 on 7 aiAchGURRR i B, Btefah F i AL rploutd o Gpclraier
m crons), compigCd bi the aiftrabiostrtle 320Tht arakinide Qa0804 T6i 13ShesorkidspiBn about

12.7 to about 38.1 microns), within root portion 727 which operates at a
| over t ety the glumippmconprntiaton highestinepoibie intsthal panfadedd, aud d¢areasing

g-ngggi Fﬁghle%ﬁipﬁrgsémcﬁlgtgﬁiz)goﬁgmt ilﬁgre%éihlgi (ﬂétgx?cec% 3 Itﬂg s%g)stira%e |8%Sﬁ'o}nh§1% about
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
25.4 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 deposition process. The
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25.4 mcrons) within root portion 72. \Wen exposed to a high-tenperature
oxi dizing environnent, the alum numenriched |ayer at the internal surface
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i nternal surface 52, inhibiting and slow ng further oxidation damage. A
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substrate nal.. ndiR) m_ni ing 78 is
ypi cal |y o Sy, O e G AE 8 BN T PR L ABR Bt
about 101.0804i iacloss(froihiabdut 10T @0 ay@utcEl1lE nicrons) tﬂ%hﬂky'frr;]di)e Eﬁﬁéaltwﬁtaﬂout |
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cont gct i nS“‘??’F@ %@%&P‘{ﬁ%ﬁs t0g &"f”a&’é aﬁlberg’f‘t%@‘%‘?’?f@?@e l?_BQi?Ctb’Sr%"P{ﬁ’ngt?a‘.e The
protect i vexweanl bittaceny, RAibind 4R sld@h@'%ﬁe‘x‘@%id'ﬁﬁ&‘{\ﬂam&gé he art. The
protective layer is usually fromabout 0.003 to about 0.007 inches (from
about 76.2 to about 177.8 rri_cronsé thick, typically about 0.005 inches
(about 12AMRYEFBRETOtedtivEleoatingsmay be denasited pugrbring andieapinsting thebsxtemsl
oper abl e i | p 111 . Q.. Sput f,ering,
ot hodi o g f 81 (R GRERELRRY bRk, YET Hns ITBRTYS BasE oy tRPY bR

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 yttria-stabilized
zirconia, which is zirconium oxide comprising from about 2 to about 12 weight
percent, typically from about 3 to about 8 weight percent, yitrium 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.

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

circuits 58. In one embodiment, cooling air is supplied into airfoil 22 from a
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The overall protective coating optionally includes a ceramc |ayer
deposited overlying and contacting the protective |layer. The ceram c | ayer
is usually fromabout 0.003 to about 0.010 inches (fromabout 76.2 to
about 254 mcrons) thick, typically about 0.005 inches (about 127 m crons)
thick. The ceramc layer is usually yttria-stabilized =zirconia, which is
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i nduced into root rtion 72. Limtjng.the_thjckness of, the al.um nide
coati ng tanq%gs% E%Pﬂbﬁgé%ﬁmf B 18erh iR Ace C2nBiikinggol PoRieR Jasf?mﬁwtffsnt er nal
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degradation and cracking within root portion 72, the mai’nt al niyng t he
fatigue | infanteining thddatipie IMorof bigsleci(x | Mair¢ ypecifically) myitingawhiking of thehe

al um ni de _goatin .t hin.root portion,72 f.acilitates ngintaining.fatigue
i Fe i ¢ neipigeollibe B Shot 3R U ‘Bl Bt me Rt T Ratet Bl Bt ade 20,
FIG 3 il kedtpoptioesT2g ahd fius skte@BE usTallifoof Bpgarat us useful for applying an
alum nide coating to gas turbine engine blades such as shown in FIG 1.

The vapor coating apparatus is indicated general by as_ 100, and includes a
gener al | y F&§1 ¢ Adystrates adypicalnyppor geatingrapparafis; usgiub doraappiviog apelumigide i n FI G

o "SSP G VR0 By RS 1 0% oy 92
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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to fit wthin container 110. Container 110 has a top or lid indicated as
114, a base indicated as 120 spaced fromlid 114, and a generally
cylindrical circunferential 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 chanber
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the alu oati our.ce nmate sho in FIG, 3, baskets 140 and
bl ades 133M0¥P %‘lﬂ kg iR Brechirh 1 Bor 381 % rﬂil@o\ﬁftgé?s 1Bppandhgskeis Ahd magn g
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I nternal dinmensions and configuration of contailne he size of bl ades
132 to be anddwekptaid0| shieldf be tsoels as ko callowt thet Froe dlavkidf| g therebétweant . For
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shoul d be oSlaCﬂij?@erécD halideodetivatr fihdieattd cgeh&ﬁn?ag 1t46erm§tpeﬁmred Bataeeen each
row of blades 132 and baskets 140 is typically placed discrete portions of

a powder ed°haterde tapicilbaplered sipt acktp Gudk onbeyin sontgpwitixiilades dddered
hal i de %Bék% {Qp is typically placed so as not to touch or be in contact
w th bl ades 2 or baskets 140. After |oading holder 128 with the bl ades
132, the container 110 and its contents,

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 mixtures 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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baskets 140, are scaled and |loaded into a furnace or other heating device.
Pipe 116 typically is then connected to a source of a nonoxidizing or
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As woul d ke HBderstaP tP%)Ip%?ﬁiae§i(4j led in the art, the reaction kinetics

controlling tRe’rate o Ion of the alumnide coating gas will be
dependent on the tenperature, as well as the rate at which any carrier gas
i s i nt rodJToedeposit carc hbmiigide 1@4tibg ahi gter itterhalr surfite sfbhides 932 énterior

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 fi.>/hour (about 1699 to about 4248 liters/hour),
usually from about 80 to about 140 ft*/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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driving force for noving the alum nide coating gas within chanber 124, as
wel | as anongst, around and through bl ades 132. To deposit an al um ni de
coating on the internal surface of blades 132, interior chanber 124 is

purged of air by introducing the nonoxidizing or inert carrier gas, such
as argon or hydrogen, through pipe 116. This carrier gas t hen flows into
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applies a certain mnimum pressure is is typically achieved by havi ng

the carr F@mmg%aie%mmﬁ@@wb the Juminide C@at@gtg@s alldzmct%lto gidhén fhesoitingsofy

I ndi cat ed S. he carrler as, c be used
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conmi ngles and m xes With the alumni ng gasS and ac in the
coati ng ofhe 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 wall 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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external and internal surfaces of blades 132. The inert carrier gas is
flowed into the | oaded coating chanber at the above rates for a period of
time ranging fromabout 2 to about 6 hours, typically fromabout 3 to
about 5 hours, nore typically fromabout 3.5 to about 4.5 hours, to nove
the al um ni de coating gas through the cooling holes and the internal
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f1 owed i ntsobdthat, [thadsd faodtd ag abhmairhier caating v@ the external 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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above rates for a period of tinme ranging fromabout 2 to about 6 hours,
typically from about 2.5 to about 5 hours, nore typically fromabout 3 to
about 4 hours, while maintaining the | oaded coating chanber at a
tenperature within the above about 1040 to about 1125C range. As the

al um ni de coating gas flows over the surfaces of blades 132, the al um nide

Che. ! o onaThe 16 ing Eimb e Ain e ol cbr e SO oGy coRon dut shaeld ot -
sur f aces o cbhaRa to b3 any Wet B inltRRrARPEs b AN oL BRPRE AhUESH FiRAgGeS, ¢ he

al um nide coating on the external surface of blades 132 typically has a
t hi ckness votre highriredsotet 28 tod0%® angingiidades ngudedrpm ashigle ¢istamicksbibaset?. 7 to

about 101. €I ons). typically from, t . 5 to,about 0.003

i nches (f rs&;%}élgoa(ﬂ@%é?él{g{ g’yatﬁgfﬁﬁ? : enﬁ%‘@ggé: 686 %%P%i‘,ad @hes*tettle angd
uni f or m t yusficededQm ihieal cSolinpf davitp efindyby B intérhhioduifaty cinettb® tatiem ni de
coating gas envirgnment in proximty to blades 132, as previously

di scussed ex{efnab satace by saplingiolesindbe airfodhodn gortisarnfitkpidade. i n whi ch no inert
carrier gas is introduced into coating chanber 124 (i.e., the gas flow
rate as dﬁ%?geffj above is 0), are used to deposit an alum nide coating on
the external Surface of blades 132. After passing through bl ades 132, the
remai ni ng al um ni de coating gas is exhausted from chanber 124 through gas
exhaust out Itep-stepd pomessd ddferds 2framdthenp@sent inpenionewas uatd do aiphyrizar or
area indicated as 160 defined the. extension,of sjide wall 122 eyond
base 120. 2 Pild%c?ﬁﬁ‘in& % © Pﬁéesc]&atpie O EISTORIAUNE Sl"%w’f‘ Ilfé%k]%s%r ®eoat i ng
thi ckness fir@@MpakuBh phd WaS WOWRE irit8TRY B8kt QhialiRr td/ fheC Sudlds eplrg or
optionally furnace cooled, while maintaining an inert gas atnosphere if

desi red. Yamprghémmed byvieaefingxalnminyn iflucride ratieaterowith eshisodivee atuniohmt hi s

i nvention t 0 e an ont of ..limtiatiqgn on its
scope. | nmtlﬁ)l’je&%g%%% gg&%ﬁ%qg%%?ﬁglpgﬁgg tt(\)/veffr%‘em %’l:élh&pﬁj S| }18g gggest bi ne
engi ne bl ademahadding cavities of thg biades yitd aht ofitek &bveasedt hAuPer Mk bindes.

desi gnat eglatﬁé t he trfﬁg{fe nane Rene(r) N5, The bl ades had an ext ernal
surface a hIGVSESS IR steBoin ymenide coatingrwateldepasitedron intend surfaessiafce

connect ed tﬁeohfghﬁsl. agaése hiBlesS W HRE EntBhal O HnB%rAaOmE SathinkBe cAlebiOl brebOdY

portion of t
controlled by the temperature, gas flow, elapsed 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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Exanmple 1 A two-step process different fromthe present invention was used
to apply an alumnide coating to sanple blades in the coating container
shown in FIG 3. In the first step, argon gas was flowed into the coating
container to force alum nide coating vapors, formed by reacting al um num
fluoride activator with chrom um alum num alloy pellets as descri bed

regarding.Fl G 3. .to flaw.through th 0ol | hql es,.and, internal. K cooling
cavities dli;teﬂ%sgfaga%g{” %(Pl"b‘{ﬁs "g?r %ﬁgea@m)ge?%%anﬁ&&lh%p@g‘ ‘i?l‘)ﬁf’% °]_(?Fades.
In this rehefisterdal QUf23tLEF thébthet Mffoll b8y eRatitd WhdWRScdR RAiiLEHeRDbaldt er nal
surfaces of the blades. The thickness of the internal coating and the

al um num content_were controlled by the tenperature, gas flow, el apsed

ti me of g%‘aﬂ’lﬁ/@ and anount of activator in the coating container. In the
second step, the argon gas flow to the coating container was stopped,

creatin ' ' - | L o the.

porti ong 6% %ﬁ%bl%?%%%&%ﬁ%@?ég%ﬁﬂﬁ% B?Iﬁg&ére%g%ﬁ %@ﬁ(}éé thsﬁ %ﬁ{n@\lﬁ?ﬁdde

coati ng omwftlhesnvengione dm &iis methodcths codtive parimitenset Fafanphe] exteslfadd woat i ng
and the | um. num.cont en e controlled hy the tenperature, the dwell
fime at ¢ AEPON G Rn P led RETmiREELAABUPE MY HE ct IHTE ke ARG S ne
coating comdha buldd. PinitbRs) dnl ths intehSPsurfhB& SAUPr A6 2RY f6ecal 70 grans

of alum num fluoride activator, a coating tenperature o out 5F
(about 10Pfd)e Hladesaglbdrenfizst efsp, argoyeas gers Usedp Mipvathe damifide 8ostingr (about

3398 lite r.). . for 1 hour, duri irst ste nd haqyrs of static

dwel | dur :;/r%ré r? #gb%%lcg(j}ﬁ(? O(glf%hoqﬁaél%glp{fmai Fa‘élrtgg‘éftvﬁ}?@ Oggﬁgg?feé&t Sio‘f’?fe
external tapdr@aRsS iThid beusad rtﬁ@idoaﬁl%miél@feﬁé QintcRhalt QY BkeARD AU (dRal

thi ckness of about 0.002- 0.0025 inches (about 50.8-63.5 microns). An

al um ni de 2REHIVRQCIURAL RS the tagpiang & eordugedobscanssuel theoBve. Jgoatssi efches
(about 25 . m as—al: 0 - | rnal surf.aces ,of the
bl ades neg} tl%’eﬂllln gga |e%3§geﬁc?\£% gﬂhﬁg rﬂl:%ﬁ §%§d§t§ e&gé%lﬁéenagtu eowgss.raisﬁhaéldi nt er nal
surfaces die gdseflaw tievugh tHedhterind dyolkixpy tavitks waredooedt tai ihcreasel the &aporer e

bare. Exanple 2 Sampl | ades were coated in the coating container shown in
FIG 3 u S%Slgerg@{ g:gﬂf?ty? 0? %e alumm?dlng gas and increase the kme%cs 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 ft.*/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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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 hqles and j n{ernal ling cavities of the hlades_at a | oger
t enper gt u%a.no?ﬁi %mfg%{{ﬁg‘gﬂtst ﬂg%g’ﬁafrg'ﬁﬁu?%i}@me}é%m( WE‘LFFgI Ef%v YR eml ) and
total al WRc4TreCsHbuRN hotobe HBEN&P RS bOG hiRithSor BA YRS doAMRCGUBE iﬁ%&i@ﬁ.t 'hgwer

kinetics of diffusion into the substrate. During the second step,
t enper at urfccppdingly wsipua mapdifientiogssadapiationsh mod giitetrati vésnmey reburctwodrieng

s i o nesHEE RS PR BBAFRE: bRl P Ra R E5R hline SRRl lbiton o ¢ ne

substrate. This resulted in a thicker, higher-alum numexternal coating
with little or no additional internal coating. The internal and external
coating thickness and the alum num content were thus controlled in both
steps by the anbunt of gas flow, the elapsed tinme of flow, and the
tenperature. This two-step process used 175 grans of al um num fl uoride
activator; a coating tenperature of about 1650F (about 899C) and argon gas
flowng at 120 ft.3/ hour (about 3398 liters/hour) for 4 hours during the
first step; and a coating tenperature of about 1975F (about 1079C) and
argon gas flowng at 80 ft. 3/ hour (about 2265 |liters/hour) for about 3
hours during the second step. The alum nide 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 al um nide
coating having a thickness of from about 0.001-0.0015 i nches (about
25.4-38.1 mcrons) was also fornmed on the internal airfoil body surfaces
of the blades. An alum nide coating having a thickness of from about

0. 0005- 0. 0015 inches (about 12.7-3 8.1 mcrons) was also fornmed on the
internal surfaces of the dovetail cavities (i.e., the root portions) of

the bl ades. Various enbodi nents of this invention have been descri bed.
However, this disclosure should not be deenmed to be a limtation on the
scope of the invention.
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Accordingly, various nodifications, adaptations, and alternatives may occur
to one skilled in the art without departing fromthe spirit and scope of
the clained invention. CLAIMS: 1. A nmethod for applying an al um nide
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 exter surface by cooling holes, the nethod being conducted in a
vapor coatrﬁgié%ntainer having a hollow interior coating chanber, the

met hod conprising the steps of: (a) |oading the coating chanber with the

bl ade to be coa eskthddoJorRipplish B ahinidldenidatiflg caoRkhd BirBiné onBinkhfadeoaded
coating chanber; (c) flowing an inert carrier gas Iinto the | oaded coating
chanber cdApnBsIhgxiemal sarface andian datermal poghing savity gefined by aminteradl f r om 60

to 150 ft . r | fior fr.om 2.t .hours to
move the ST sl @hectetto b8 clichl shiffi by Biiing s B IRl ko

cool i ng cavnductedlf intareapbt acktingwlohtatmer baving aitolloy ihteeiot osuting chembém thechanber
at a terrperahtlu e of.frotg] 815 tfg 980C, to deposit an alum nide coating on

t he inter A4 omprsing the fEPHPhde; and then (d) flowing an inert carrier

gas into the | oaded coating chanmber conprising the alum nide coating gas

at a gas {how naidoheLbAMAHALLERI IUihRD LEhAmO to 4248 | i ters/ hour)

for from 0 6 hours, while maintaining the | oaded coating chanber at a
tenperature of from 1040 to 1125C, to deposit an alum nide coating on the
ext ernal §@k f adEodding ga abiigise coatinghgas ip thedeadst contiigwhambenr t her conpri si ng
the step of |oading the coating chanber with an al um num source t hat

Tne: ot nodor SCarmed'yf SniERl R0 oBP R e Liled Roink Mk Bel CObatE BRI TG o)

reacting an al ahinnnidesoatimgegasiat b gas Aawirate ofl Glohv60 wr 1504 /Ake (ethpsboof cl ai m
i ted fromthe grqup consisting of

3, wherein the hali activator_ is sel )

al umi num chl or it%lg?d’gﬁfﬁﬁw %qufB?IP&et,o éﬁﬁ‘ﬁ? ARomayedhs aRminidasanting gas
through the cooling holes and internal cooling cavity of the blade, while
maintaining the loaded coating chamber at a temperature of from 815 to
980°C, to deposit an aluminide coating on the internal surface of the blade;

and then

(@) {flowing an inert carrier gas into the loaded coating chamber comprising the
aluminide coating gas at a gas flow rate of from 0 to 150 ft.3/hour (from 0 to
4248 liters/hour) for from 2 to 6 hours, while maintaining the loaded coating
chamber at a temperature of from 1040 to 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 or 2, wherein the aluminide coating gas is formed by

reacting an aluminum source with a halide activator.

4. The method of claim 3, wherein the halide activator is selected from the group

consisting of aluminum chloride, aluminum fluoride, aluminum bromide, ammonium
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-17 chloride, ammonium fluoride, ammoni um brom de, hydrogen chloride, and
m xtures thereof. 5. The nethod of any one of the preceding clains,
wherein during step (c) the |oaded coating chanber conprising the

al um nide coating gas is naintained at a tenperature of from850 to 950C,
preferably from880 to 920C, for from3 to 5 hours. 6. The nethod of any

one of thhﬂgﬁe' ' . wherej i | rat.e .during .step (c) is
in the raﬁ;ge o% ’ %@%n@bﬂl g&‘i(he(’) 4 "3‘7“% :B??%g%sfl{{%gg%ﬁ?ﬁl‘?eé raggl ﬁlgﬁbﬁr&

pr ef er abl yhdreafin 100 to 130 ft3/ hour (2832 to 3681 liters/hour). 7. The

met hod of any one of the preceding clains, wherein the carrier gas is

argon or hydrogen. 8 he nethod_qf any one of the preceding clajns,
wherein the te%g]@rrﬁ?th?‘g(’?a@f Pﬂ%ogﬂ?pprﬁédlli%cwvﬂ@%ntd&“&&f@ﬁ(cbﬂ@f erably

from 1065 : 151% MR : 2 L 118,
wher ein t%%ﬂg%ﬁgﬁ%ghﬁg?i%ﬁ on %)E}Eeal nterﬁg%gﬁ%g@%?ﬁﬂr&%ng %:tjgisi s less
t han 0. 00%emprratuee of Gom 8fhto ?60°C, praferably) fromh8&kta A°Re fai frbmi 3 tSdy
portion a?ld | ess than 0.0015 inches (less than 38.1 mcrons) thick in the
r oot port'8Hr.s' 10. The met hod of any one of the preceding clains, wherein
the alum nide coating on the external surface of the blade is from0.0015

to 0.003 ishcheshefhatdb@f hny @nébfihe Proe@Mg) cliiftisC kwhereid BR s’ fio | rafeody
ortion.
P during step (c) is in the range of from 80 to 140 fi’/hour (2265 to 3964 liters/hour),
preferably from 100 to 130 ft*/hour (2832 to 3681 liters/hour).

—

7. The method of any one of the preceding claims, wherein the carrier gas is

argon or hydrogen.

8. The method of any one of the preceding claims, wherein the temperature
during step (d) is from 1050 to 1110°C, preferably from 1065 to 1100°C.

0. The method of any one of the preceding claims, wherein the aluminide coating
on the internal surface of the blade is less than 0.003 inches (less than 76.2 microns)
thick in the airfoil body portion and less than 0.0015 inches (less than 38.1 microns)
thick in the root portion.

10.  The method of any one of the preceding claims, wherein the aluminide coating
on the external surface of the blade is from 0.0015 to 0.003 inches (from 38.1 to 76.2
microns) thick in the airfoil body portion.
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