METHOD OF SELECTI VE REG ON VAPOR PHASE ALUM NI ZI NG FI ELD OF THE | NVENTI ON
The present invention is directed to a nethod of vapor phase al um ni zi ng.
More particularly, this invention relates to applying a vapor phase

al um nide coating to bare alloy non Iine of sight regions. BACKGROUND OF
THE | NVENTI ON The operating tenperature within a gas turbine engine is both
thermally and chemcally hostile. Significant advances in high tenperature
capabi | i t i MEERHGQ@DoednSERECEIMEB REGIOMN VAPOR RASEATL UMINIZINGI ckel
and cobal t - based superall oys and the use of environnmental coatings capable
of protect] 1g sageral IH}%% from oxi dation, hot corrosion, etc. In the

conpr essor 0P V5 SR NJENaf t gas turbine engine, atnospheric air is
conpressed to 10-25 times atnospheric pressure, and adi abatically heated to
800 - 125 ' : ' [ i r.ks directed
into a cogrb}ﬁ tr%%eﬁpﬁ\‘/(ﬁ%?%q?t&r?c—s{éant? fgﬁabmgqiﬂ%gfsﬁg%ﬁgﬁ&ﬁg?%ﬁs 1\lh‘%_ﬁi ted, and

t he conbugkitonlaly tesmveatanselntes to gadyiag bavaparphakd ghmikdanathgtsare i N
excess of 3000 F.$116?0 . _These hot gases pass through the turbine, where
airfoils PIY%HR LG 8F SIEIEEIPHS bi ne di sks extract energy to drive the fan
and conpressor of the engine, and the exhaust system where the gases
suppl y t hBACKGROUNDEOF il siVIvpigN To inprove the efficiency of
operation of the aircraft engine, conbustion tenperatures have been
raised. O course, as the conbustion tenperature is raised, steps nust be
taken to phegperetingtanmneratere yritidme gesturbific errgineniabethi thérmallpand ng t he f1 ow

path for ustion...Every aircraft.gas. turbine engine
has a so- %%ﬁﬁ@%l%% ﬁ?%??h?é]?%¥%cﬁgemﬂ§‘r§e pgra“HFF%@L}IE SPotResesor . The
HPT is | oediexkdithivagh dieadeyclopmeiof ilof, Kiokd1URE esbdlttbdsétEsupsffibieaddayout and
experiences the highest tenperature and pressure |evels (nomnally - 3000
F (1850 Cihediss ofenyvipamentabeentiags capably of prattalingguparalidys frongoxidatiotne HPT

al so oper%%r@gioﬁe&g hi gh speeds (10,000 RPM for | arge turbofans, 50,000
for small helicopter engines). There nmay be one or two stages of airfoils

in the HPT in order to
In the compressor portion of an aircraft gas turbine engine, atmospheric air is

e

compressed to 10-25 times atmospheric pressure, and adiabatically heated to 800° -
1250° F in the process. This heated and compressed air is directed into a combustor,
where it is mixed with fuel. The fuel is ignited, and the combustion process heats the
gases to very high temperatures, in excess of 3000° F (1650° C). These hot gases
pass through the turbine, where airfoils fixed to rotating turbine disks extract energy
to drive the fan and compressor of the engine, and the exhaust system, where the
gases supply thrust to propel the aircraft. To improve the efficiency of operation of
the aircraft engine, combustion temperatures have been raised. Of course, as the
combustion temperature is raised, steps must be taken to prevent thermal degradation

of the materials forming the flow path for these hot gases of combustion.

Every aircraft gas turbine engine has a so-called High Pressure Turbine (HPT) to
drive its compressor. The HPT is located immediately aft of the combustor in the
engine layout and experiences the highest temperature and pressure levels (nominally
- 3000° F (1850° C) and 300 psia respectively) developed in the engine. The HPT
also operates at very high speeds (10,000 RPM for large turbofans, 50,000 for small

helicopter engines). There may be one or two stages of airfoils in the HPT in order to
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1 neet life requirenments at these levels of tenperature and pressure, HPT
conponents are always air-cooled and constructed from advanced al | oys.
While a straight turbojet engine will usually have only one turbine (an
HPT), nost engines today are of the turbofan or turboprop type and require
one (and sonetinmes tw) additional turbine stage(s) to drive a fan or a
gearbox. This is called the Low Pressure Turbines (LPT) and i nmedi ately

fol | ows t Heeqtiife fequireracdngfithese levebauaf temfBeraimee andysessate, HP Taoagsnérms dr op
| ess energetic fluid

occurs acr the HPT,. the. LPT operates with _a much
and will us%%ll“iaffs ?lé'c‘fﬂ?lf‘iag%?f’éjrsg?l&g‘ﬁ ﬁ'ﬁ@sad(’ﬁ%‘iﬁ’ﬁlaHW%p to six) to extract the
power. Conponents formed fromiron, nickel and cobalt-based superall oys

cannot Wi tWhileaeraiplttgrbst vigiee RPN Ratd ol 678 @ehihd (RGP B MogeCt i Ons _ of
a gas turbinge eg}gl ne, such as the LPT and HPT sections. A common sol ution

is to profPgeesiodny sl diecttbefan qrifurbaproprype andreqtivd oned(and segnetinges i nhi bit s
oxi dati on : ' L. terial t hat .have found w de use
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coatings Pressgerfarbints(LPT) audiniiedisely BROWS i YAST B thé vaiinglaygatMi num

deposi ted _by chem cal vapor deposition (CVD), slurry coating, pack
cement at i §H%ICC§BW@1tﬁéBq?§5u€Frdr%ﬁ@<‘rur§ aareys thaBPd, diedATnongeateswitl) a dwmehsi tion. A

di ff usi omak Upd Bit \ | stinct zones, the outernost
of ' wni on g HETBLAEEASA B GARY Rt dRtRelt SRR o elficl ant

i nt er net atleippwegeneral | y represented by MAI, where Mis iron, nickel,
cobalt, a noble netal or conbinations thereof depending on the substrate

mat eri al . Beneatng khe gﬁdi tive | ger ig a diffusion zone conprising
various i fPBPREFHF 1970 amt%pwg | cpbalf-Based supaalipys cammo} withatard t hat
form dur i RétglsbicRpbities/iPREMERT Aftafh ot ofQlpal AIBAS LhiiBl Ahen Ay adi ent ()
and changes in elenental solubility In the Iocﬁ regli ons” of’ the substrat e.
Duri ng hi s LiFdnansy BP T sestionsh o4 wommion salutiontihe pacddé such compencritowith a

protective _al.um num oxi.de | yi.pa) . scal e | ayer, that inhibits oxidation
of "t e o o1 0SBl RS aifim BBy AnGhessBlbrian o Coating materidl

that have found wide use for this superalloy generally include diffusion aluminide

coatings. These coatings are generally formed by such methods as diffusing

aluminum deposited by chemical vapor deposition (CVD), slurry coating, pack

cementation, above-pack, or vapor (gas) phase aluminide (VPA) deposition.

A diffusion aluminide coating generally has two distinct zones, the outermost of
which is an additive layer containing an environmentally resistant intermetallic
generally represented by MAL where M is iron, nickel, cobalt, a noble metal or
combinations thereof depending on the substrate material. Beneath the additive layer
is a diffusion zone comprising various intermetallic and top'oIogically close packed
(TCP) phases that form during the coating reaction as a result of compositional
gradient(s) and changes in elemental solubility in the local regions of the substrate.
During high temperature exposure in air, the additive layer forms a protective
aluminum oxide (alumina) scale or layer that inhibits oxidation of the diffusion

coating and the underlying substrate.

Currently, the majority of HPT blades are protected from the environment with PtAl

environmental coatings or thermal barrier systems (PtAl bond coat with ceramic top



Currently, the majority of HPT bl ades are protected fromthe environnment
with Pt Al environnental coatings or thermal barrier systens (PtA bond
coat with ceramic top 2 coat). Geater performance is being sought for
these systens to increase turbine tenperature capability and inprove
repairability of conmponents. Different coating conpositions and processes
are required to achieve this capability. However, the new processes being
used are |¢oadt &iteater perfoematicess ghnglswhbfm thﬁsesjmemd wdacreddeitarbinen t at i on

hi ghl i ghts, t he need f cosi-effectiv roc sses to a coatings in the
moa ™ oot ptbErlRe CapaBliey SR O R i E SR Eorieoisn IR ESrORRARBR ay

coatings. dRagRRitioMs i HBcdbes 496 fdg&r réd ¥ :Rﬁie%e Hﬁ@éar'f?] ; BiligK EloREHT! Y Hb\(rf | -NiAl)

based coatings, which contain additions of ch m-and reactive el ements
such as zimreesssasieingped mdmhdrtp(hﬂepf swhtjregms Dﬁthe(bme Aansdibitaiondevel oped

t thermal barri s, for r bi ne
engi ne. coniBNBrBEBrIBR ek etpe NG hersie uo iy S Pmatd hr R MRSk um
((3-N Al) shanaftasopthe B&ﬁp&ﬁ@tﬁg&@ﬂgﬁ@éﬂ: rleW ddeflay EadtiRBs. No. 6, 153, 313,

i ssued Nov. 28, 2000; U.S. Patent No. 6,255,001 B1, "issued July 3, 2001,

U S. Patent No. 6,291,084 B!, issued Septenber 18, 2001, which are assigned
to Gener atecgitbe fighcAlcpmmanily b %@aa%mcgﬂeﬂémmumﬂé NoiAdkkased pontimgs.i on, and

whi ch are r o the

nat ure of t}ﬂg{ %?%%%ggtgé&%@eﬁp% 0 a ﬁﬁd%% esgk’l;’g%Il kf&ﬁ]%éasec\égmg‘f f‘%{ij t he

bond coat ihafpdum £HHpind etteipinl (Y@ chavo bééiﬁdevbmped toderveaR biond c@a&ﬁ@@ﬂﬁmy s of
ollng nor can the processes be used to coat

conponent s, thag, use film
exterior %@Pf)}ﬁgnﬁffcoﬁﬁ%gs Figes Rrbine engie C&F”é’og?ﬁ%&%w PREREBAD| ex
geonmet ry Qbta$imedd HAMP MGG (SNiAl %g@f &aﬁﬁ%@r&@selﬁ 8POSLI D Or

vapor phase al um ni zation process s are use n er1or cooling
passagewaysl 53313/ issued Novel3 e’hODO,rU.ShHateu@db.sﬁ,ﬁSfSa(m&sBIQissﬁétEILﬁpBrmﬂment s, then

excess aI ) m i ' int he fl - ings. The rate at which
o di ffusi oS °d€5§§§%4ﬁ3 ﬂ’&gﬁ cBigEbsH MU\ZQ%& ich geiagsigasddAdent in part
on the Suhﬁh&@t BleBRit TonfPany thEe aﬁ?ﬁ@hf e SreskyRBv o MW H]@(‘Lfﬁr ial, the

anount and tgpe of acti vator use t enperat ure of e alum ni zation
process. hereby incorporated by reference. Unfortunately, due to the nature of the processes

used to apply these -NiAl-base coatings, the bond coatings cannot be applied to the
interior cooling passageways of components that use film cooling, nor can the
processes be used to coat exterior portions of the components that are shadowed due
the complex geometry of such components. If standard chemical vapor deposition or
vapor phase aluminization processes are used to coat the interior cooling passageways
and/or the exterior shadowed surfaces of the components, then excess aluminum is

~ deposited into the 3-NiAl coatings. The rate at which a diffusion aluminide coating
develops on a substrate is dependent in part on the substrate material, the amount and
type of donor material, the amount and type of activator used and the temperature of

the aluminization process.

Without the deposition of a diffusion aluminide coating into the sections of the
component that cannot be coated with the 5-NiAl-base coatings, the operable life of
the component will be severely limited. However, excess aluminization adversely

affects the performance of the 8-NiAl-base layers.



W thout the deposition of a diffusion alum nide coating into the sections
of the conponent that cannot be coated with the f3-N Al -base coatings, the
operable life of the conponent will be severely limted. However, excess
al um ni zati on adversely affects the performance of the f3-N Al -base

| ayers. 3 What is needed is a nodified chem cal vapor deposition (CVD),
vapor pha ki di : 'ﬂ?f(lﬁ’ﬁ ) [.on process that
will al umﬁzﬁiilaé?%%& ’géig??({elggﬁ%}}eggé%g?gﬁgdeh@? e al r#’gllgﬂ)&(%?ltﬁ%eernal and

ext er nal ) alupuniding(VPwi)l or above thelymtiaalnirahdayion afdcesstthdtivall siurhiante thhem stry of
the pre-deposited coatings. T resent .invention royi des an

al umi ni Zaﬁ?%wdﬁyﬁﬁggggnwﬁﬁe ﬁ’ch)gH (Prﬁ?‘BE]eaéléi eﬁimglﬁ@ﬁf gt swhstangially non-

l'i ne- of - skt @i RS cIRIMiSIBIHOME BreSddpditedBUE R 'W&sﬁn&iﬁvéﬂti@h coatings,

or other alum nide coatings, already applied.” SUWARY OF THE | NVENTION I n
an aspect provifes an pliingrigetieiepioeesp motbawself yocdspparamgtedt fof alviminizaigmoinni de

coati ngs - ted. portiaon of surface of substrate, . wthout
i nt erdi ffgg? H{SQ&H‘;}%@P%?%‘%{”]P Oélﬁ%ﬁﬁiat g?veéﬂmrﬁﬁﬁfli\]ﬁstltfogl%aﬁ (Wéerl ayer to

adver sel yalafifisidé cédtidgs, dlead\oap@plioft h  potential or nmechanical properties of
said coating layer, conprising the steps of: providing a netal substrate
conprisin rnal surface and an internal passage therein defined by
an interngpi@ﬂzéégg?ﬁQ{Eﬁgggpngoﬁbrtion of the external surface of the
substrate being coated, but at |east a portion of the internal surface

bei ng Uncﬁﬁr%%t,‘%éﬂ& i@ ploQffcl AProR¥Efor ?&&t?&%&%@fcﬁ@mﬁic%rc%'tﬂlg‘i%ﬂs' sting of
(3-N Al -base, AlX, a |ine-of sight diffusion alumnide, a
non- | i ne- &f urgogled pditionusiasnrfatenfiadulistrate withokt intirfiffusingr saffimémi de, and a
slurry di ffgsito? I]aI uIm ni.c{e on 1:sai d SL{bs rati:‘)f fﬁ/mgrei n the substrate is a
gas t ur bi HROU Of SN QA &PUInE lAKE 1 AdVErSFLY afiert theqoating %rOE?TLtl‘i’Jral ity of
i nternal gaeitiangr PadsaBabpPetids 8XdafNebating QieF camphsihgietefort he airfoil;
cleaning the external surface of the substrate; subjécting the netal
subst r at ePP¥iding amais] subsiretagompripng ge etepweb surfasn apd acinsengarsveeed using a
fluorine- ey Is I f [ ou onsi stj of Al1F3,
o P, PRl i Bl oLt Rl Rl (i RlRidhaf QRS L B

substrate being coated, but at least a portion of the internal surface being uncoated,

with a coating layer selected from the group consisting of p-NiAl-base, MCrAlX, a
line-of sight diffusion aluminide, a non-line-of-sight diffusion aluminide, a pack
diffusion aluminide, and a slurry diffusion aluminide on said substrate, wherein the
substrate is a gas turbine airfoil, and wherein the internal passage is a plurality of
internal cooling passages which extend through an interior of the airfoil; cleaning the
external surface of the substrate; subjecting the metal substrate to an aluminum vapor
phase deposition process performed using a fluorine-containing activator selected
from the group consisting of AlF;, CrFs;, NH4F, and combinations thereof, at a rate in
the range of about 0.036 mols of fluorine per fi*/hr of transport gas to about 0.18 mols
of fluorine per'ﬂ3 /hr of transport gas, at a temperature in the range of about 1350° F.
to about 1925° F., using a transport gas selected from the group consisting of argon,
nifrogen, hydrogen, and combinations thereof, the transport gas being provided at a
flow rate in the range of about 20 ft*/hr to about 120 ft*/hr for a period of time in the

range of about 2 hours to about 10 hours; and cooling the substrate.



the range of about 0.036 nols of fluorine per ft3/hr of transport gas to
about 0.18 nols of fluorine per ft3/hr of transport gas, at a tenperature
in the range of about 1350 F. to about 1925 F., using a transport gas
selected fromthe group consisting of argon, nitrogen, hydrogen, and
conbi nati ons thereof, the transport gas being provided at a flowrate in

t he rangelrpﬁmﬁl@é?%;%e%g tl?lérg’{sgj'm@ige(ﬁ%gxtétci%?fﬁr foh%fﬂ%&l&é@giof?lﬂﬁﬁﬂig c&ftin é me in

the range of abou ours to a ours; cooling the substrate. 4
| n anot hepn as peetatediivetian 6% guriave dbasubsipatocerisout terfliffusingg sliffidiersi on

al um ni de_coat.i .0n_an uncoate ortion of surface of a substrate,
wi t hout i ﬁ?‘gylgiqr}gf}gﬁnﬁ'émdn@@fq’%‘?%ﬁfg taﬁﬂ‘ﬂﬁf&ﬁf‘ﬁs‘f’:a}ﬁ WS B8 coat i ng
layer to pebestid @k nedhdregl pfo?@rtﬁgaf i) cSH @MY er, RO ING thOdteg¥RENANI Cal
properties of said coating l[ayer, conprising the steps of. providing a

net al subBrovities & sl peishgtesamprisiog nalextomal aodcgndd anintemalrmstagpassage
t herei n dgf.in i urface.. at l.east.,a rtion.of e external
surface o ekfﬂlgge%egg) rag{] I;ét%f)“gf%]“géacc%a%g%‘?t %%‘E‘J“%’i‘ 0#@35%%31%8 a\c&gﬁ t he

i nternal substraedehgicogtedtnnat ieskt a pottion of thoiatdrig slilyRbetithBebadd f rom t he
group consi, }s_,lti ng_of G3- N Al -base, wherein the 13- N Al -base is (i-N A1Cr Zr,
MOr ALX, aWitheoatinglaygrselerief dompthe gropp sonsistingoffhNidl-baseovhereinghe Bdi f f usi on
al um ni dep; NsLsEli ] it f.15] - Gt Ficpsi Hm.n) .

compr | si oy ot eS| REEMCRRDE et ighl MNP AR R BB

consi st i ngghtafiffasioralominide,oftenenthe ronAald-ef-sight aiffusiondalomitidalayérons t her eof |
a pack diffusion .alum nide, .and slurry diffusjon alumnide on said

subst r at eSOTHHETRS HUmAREy ¢ IH’E‘ea‘%sa m&teé‘ﬁgseh‘?ﬁ%i #Ff?é“é[?ergrﬁ?ﬂ conglGher ei n t he

internal GRSRAGEHe clerfer) AHdMd h¥taPland BEABAG0ZQRELHY 2 pRASHALGS, WNi ch ext end
through an interior of the airfoil; cleaning the extgrna sur?ace of the

subst r at ealumim{leend aglurydiffation algmbside an eaid sutstratel wheneimthe sghsiragetias e

depositio ess rfqrned .using a fluorine-contai ni.ng activator

el cot ed 1 PG et Ple el paed e pSne e Matl o8B na i ons
thereof , jessaes @hechi cRtdnl Shibaglosh RleriorBOtHe AHGBCIMRINE the etk upcper ft 3/ hr
of transport gas to about 0.18 nols of fluorine per ft3/hr of transport

gas, at a°ltbeprbshpter wibjesting themagiglsubstraidinan Alwsmum vaper plinsedeposgivs F. |
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consisting of AlFs, CiF3, NH4F, and combinations thereof, at a rate in the range of
about 0.036 mols of fluorine per ft*/hr of transport gas to about 0.18 mols of fluorine
per ft*/hr of transport gas, at a temperature in the range of about 1350° F. to about
1925° F., using a transport gas selected from the group consisting of argon, nitrogen,
hydrogen, and combinations thereof, the transport gas being provided at a flow rate in
the range of about 20 ft*/hr to about 120 f°/hr for a period of time in the range of

about 2 hours to about 10 hours; and cooling the substrate.

In yet another aspect, there is provided a process for forming diffusion aluminide
coatings on an uncoated portion of a surface of a substrate, without interdiffusing a
sufficient amount of aluminum into a coating layer to adversely affect the coating
growth potential or mechanical properties of said coating layer, comprising the steps
of: providing a metal substrate comprising an external surface and an internal passage
therein defined by an internal surface, at least a portion of the external surface of the

substrate being coated, but at least a portion of the internal surface being uncoated,
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hydr ogen, and conbi nations thereof, the transport gas being provided at a
flowrate in the range of about 20 ft3/hr to about 120 ft3/hr for a period
of time in the range of about 2 hours to about 10 hours; and cooling the
substrate. In yet another aspect, there is provided a process for formng
di ffusion alum nide coatings on an uncoated portion of a surface of a

substrat e ;M ' ' ' I .Cl: f ' into a
coati ng. | e ¥tthe |Gl thelbro b SHARbE PRBN b wit i AL
mechani caNipl-bperns - @8 AW rZs M raData lhg-dfayeht diffigiopralehimile; heosliapsf- of .

provi ding a |. supstrate coppri.si.ng .an external surface _and an internal
passage ?%ﬁ%ﬁm@éﬁﬁ‘mﬁﬂ‘ W%ﬂ.ﬁ fesifluiqe, aberein the pg S‘é ¥ft i on of the
external gmhifiae 1896r &diSpristitPahmhAtush, REIAGuHO B S maRiih] &iectRiBdm ddPor ti on of

the internal surface being uncoated, 4a with a coating | ayer selected from
t he groupgwWvnsPRIsting abfa reeckivablemsge a nablemadtal, arvbeombindtions theaed, and a
(3-N Al Crzr A1X .a |i.ne-of .sight diffusi al,um ni. de non- 1 i ne- of -

si ght di f?zl ust olg? ﬁéﬁlouﬂrﬁlﬂrpgléfpe %{‘%écifﬁ’(ﬁ{‘?t?u‘g]i‘%ﬁmgﬁﬁ?ﬂbﬁ?% 15 RSy lee[ he pack

di f f usi onair@ilysidwhiEeinai€intERiPassapd i AplRliRLNineiaPtdoiN: paidgas mat eri al
selected fromthe_ group consjsting of a reactive elenent, a noble netal,
and conbi WatGhetend farpuglt an wiggion of thegirfil; ¢lcmpingitemexdernal surfgee offhe ai d
substrate ejn. ' ' ' Ll and wherein the
i nt er nal %ugég%béﬁgé&gﬁ%@gﬁ%lg 13&/18%#&%? %tagl?a?i%rbﬁég{o{h ﬁrggli‘oagsé Esi%'i\égdeslfcjd’jblﬁwhi ch extend
t hr ough aprocess @erformal usitpea forfuetdontaidirg aithvgtdrReleetsd &omathe groupace of the

substrate; suhjecti tal substrate to an_al um num vapor phase
deposi t i ofPIS5H Béé&ge{:%rﬁgﬁ@é‘aﬁ mafipRsy ok ght Btnindge Eaer ¢ tor
sel ect ed &Ho%rohhgnwi@mu&megbéﬁﬂ@%fgia&%&gga(%%%t b'%ﬁn?lﬁ'aﬁﬂﬁ&% nations

t hereof , at a3.rate|nthera ge o s of uorine per ft3/hr
of transpeartit asof transpboigas, @t 4 &myerauefin tharengae abpetr 13503 Fhio abbut r anspor t

gas, at a rature in the r e.of apout 1350 F. to.about. 1925 F.,
daing s { e Bor bl adrbdet S RRat tont 1 ol wonsind S iR,

ni t r ogen, hyddygnOaR condifations HeRR] (8 Fatdporigal beihggr&vﬁ&lasawﬁou%ﬁe igei ng
provided at a flowrate i.n the range, of about 20 ft3/hr to about 120

ft3/hr f othe gangeof gopus ROt M ta sbouh &2¢ ifbyefoon peresbeftirge froihe sangs odbout 10
hours; aneﬂ)o%? 9 hbl!l}’g & gbeou? lljg ﬁ})ﬁrg,t atid cooling the substrate.

Disclosed herein is an aluminization process with a novel aluminum atmosphere that
may permit the aluminization of the surface of non-line-of-sight regions of superalloy
substrates that already have a primarily B-NiAl base coating, a coating generally
represented by an MCrAlX coating, where M is a metal selected from the group
consisting of iron, nickel, cobalt, and combinations thereof and where X is a material
selected from the group consisting of yttrium, another rare earth element, and
combinations thereof, a line of sight diffusion aluminide coating comprising
‘aluminum, chromium, and a reactive element, selected from the group consisting of
hafiium, yttrium, zirconium, and/or a noble metal selected from the group consisting
| of platinum, rhodium, palladium, and combinations thereof; or a pack diffusion
alumide coating, such as slurry processes and tape processes, comprising aluminum,
chromium, and a reactive element selected from the group consisting of hafnium,
yttrium, zirconium, and combinations thereof and/or a noble metal selected from the

group consisting of platinum, rhodium,
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Di scl osed herein is an alum ni zation process with a novel alum num

at nosphere that nmay permt the alumnization of the surface of

non- | i ne-of -si ght regi ons of superalloy substrates that already have a
primarily (3-N Al base coating, a coating generally represented by an
MCr ALX coating, where Mis a'netal selected fromthe group consisting of
iron, nic ; t . L ! i mat eri al
sel ected ? ?Iga%l‘%}ﬁ’te]& Ig rcgﬂigﬂ%})lﬁg%@t ‘%ﬁgf"gp %{n{lﬁ éﬁ%ﬁpgﬁag%rﬁgﬁﬁl?cgﬁgﬁszgﬁ h el ement,
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conprisin al um nu chrom.um..and a reactive elenent, selected fromthe

group congfoé:ﬁsﬁggcg S0l My Seviipp Qkfg‘wo&r‘?f%‘i‘l & EMAUGAS ogﬁ@/b@fe perHem of thet al
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conbi nati ons thereof; or a pack diffusion alum de coating, as slurry

pr ocesses Sighdhatdhrpysfosmanescaf the BiYinl bissgoatingitayeris adwetsebnaftaciedartea

reactive t lL.ected fromt roup .consi stin f.ohafnium yttrium
zi rconi umﬁisgirq?d‘Jal (Pgrgr%sggjta?{oﬁ%os?t haélflggfﬁ‘%gﬁ%fau‘gl t86t‘€é8'r¥gta‘£pas§é:f’@tﬂged fromthe
group conkuiyst sucly tiek thel vedi ghityercehhal tiniiiim dbanpaep@dh wiv p-Ng] bREBsdIRLI ONS

t her eof ff)r use i.n high tenperature applications, but whose non-1|ine-of

si ght regid¥R&ts & theganss of abai 2@ Ve gh percaticalunpianptonbpyt 3w Fight pesectt ess

di scl osed \ ' ' ' ' . r rtions of
the. . subst ity CoRetho L Al W Ot e B e PRI OB W bace
coati ng | egating lgeciretdegtadedif tixer f or mance of the R-Ni Al base coating | ayer
is adversely affected. The disclosed process nay deposit and diffuse
alumnuminto the (3-Ni Al base coating |ayer such that the wei ght percent
al um num at any depth in the (3-Ni Al base coating layer is in the range of
about 22 wei ght percent alum numto about 30 wei ght percent al um num
Coating grow h potential and nechanical properties of the (3-N Al base
coating |l ayer are degraded if the 4c percentage of alum numin the |ayer
ri se above about 30 wei ght percent alum numat any point in the |ayer.
Certain donor materials and activators in conbination with a

4c



range of process paraneters are necessary to achieve the benefits

di scl osed. More particularly, the process entails placing one or nore
substrates in a chanber that contains an al um num contai ni ng donor
material and a halide activator. The al um num at nosphere nay be produced
using a donor material of alumnum a chrom umalumnumalloy, a
cobal t - al yai-BHm Al Mimindfh ih't llffpe'fa AdtoBY30 Feight SN i gem al | oy
or any cogbi ne}?gl_ons thlélr e()l%j.ﬁ)é'llﬁgéa umwr;?l] zatolﬂo??l0 %F%%%é%&nﬁa%ﬂd@?hal i de
act i vat or anypdistinee/layerc |Cateimdompr ofateriaks dndlactietars in vahingtidoneithat ot he
art, including.AlF3, Al Cl3, AlBr3, A1l 3, NHAF, NHAC , N -14Bf, NH4l, CrF3,
&3 eSO BTy A GiishY DI idhe B AP ke The

al uni num gafieilafPiRs prdless Ritall§ pREMBIONL Bt mArE ML I dalibehad | oy, a
cobal t-al um num al | oy, an iron-alum numalloy, a titaniumalum num alloy or
conbi nat i &¥¥aiphat dgminuph gontainingaloner metsrialrandeyhabide aetivatasf t he hal i de
activators known to the art, including Al F3, A1Cl3, A Br3, A3, NHF,
NHACH,  NH4Er 4N gl : . / : [ nations

t her eof am)zrllg ot %?@Sﬁﬁ%e% éb‘;é%ﬁgeu%@gs&g%gg ?ﬁcbr%éetgme{?’gg u@ﬁ%@% ar gon,
ni-trogen ehrdmaomalunsihivardloy recobak-alunifihemcbiogent ik@i-dlamiim biley, aal | de
activator .in, ralﬁs.of tivator per cubi fogt of ~transport gas flow per
hour is kBBRUR-RiHmRU glsen ayicombinaiges tﬁmﬂ hTR3gRIHEPORIEOCE t he

t enper at upgy Qle 4 RAIJRLEEISY, %ﬂ:hg‘gé'y iln@l'ﬁgfe hhaftly 8? ;H@Ehaﬁﬁe LOR R OGRS toTHE

tenperature of the process may preselected froma tenperature in the
range of thghouinchi@B@RAIF408IC]:, AdBabAls, NI9I5 NH.O0NK)Br, REQBIGIFe$EChf t he
range, th con ratj on .of hali,de activat i s not below about | g/ft3/hr
or above §BBorEftan§%}[:]l ?‘Edz?qwbmaﬂ?és thezep T?é?‘lngg‘géerﬁay have a flow rate in the

range of about 40 ft 3/hr to about 120 ft3/hr. The substrate may be

al uni ni zethd slmaheudondr Rtikral b BdAUhinkeh, AQKEEmivat alamiQiPaNaL dre in the
range of about 1350F 34000)_ to about 1925F (1050C). 5 Disclosed herein are

process pebatielunisuptien, atisen-aluavnua alesh e titadin e ddlel ornay devel op
diffusio nco%ﬂfﬂﬂtﬁqg PR 8 hﬂfﬂetar&ﬁvgglr 1%&}9 BL }1'1389 3f 81f€: htaﬁc?e gc?R%lto{rsa te, 5a

known to the art, including AlF;, AlCl;, AIBr3, Ally, NH4F, NH4Cl, NH4Br, NH4lL,
CrF3, CrCl3, CrBrs, and/or Crls, and combinations thereof, among others. The

operable transport gases are hydrogen, argon, nitrogen and combinations thereof.

The concentration of the halide activator in grams of activator per cubic foot of
transport gas flow per hour is kept within a preselected range, which range depends
on the temperature of the process and the length of time of the process. The
temperature of the process may be preselected from a temperature in the range of
about 1350°F (400°C) to about 1925°F (1090°C). Regardless of the range, the
concentration of halide activator is not below about 1 g/ft’/hr or above about 5
g/f*/hr. The transport gas may have a flow rate in the range of about 40 ft*/hr to
about 120 ft’/hr. The substrate may be aluminized for about 2 hours to about 10 hours
at a temperature in the range of about 1350°F (400°C) to about 1925°F (1050°C).



wi t hout addi ng a substantial anmount of additional undesired alum numto the
R-Ni Al - base layer. As a result, gas turbine conponents such as high
pressure turbine conponents conprising iron, nickel, and cobalt-based (and
conbi nati ons thereof) superalloys can be initially coated with a (3-Ni A

| ayer and then internally coated with a diffusion alum nide coating

W t hout a f J Hg%”g = Ni Al B =Y L0 LS a
superallogmfﬁﬁgéﬁg%g“gg ##gsly cé%?g%ﬁ%glggﬁég%ess ggﬁgg?#ﬁgﬁkﬁétove. The
subst r at esayalgvéiay diffusionrafenindé cpamgage theterepotices ofitbelsubgtrata, i nt er nal
surface, and an external surface, at |east a portion of the external
surface being coated wth an internetallic netal layer that is primarily a
(3-Ni Al alloy. An advantage may be the ability to protect regions of HPT

bl ades with (3-Ni Al alloy coatings applied by high velocity oxy-fuel
(HVOF), electron beam physical vapor deposition (EB-PVD), ion plasma
deposition, or other line-of- sight processes. Another advantage may be
that the al um num concentration at the surface of a previously applied
(3-Ni Al alloy coating can conpensate for any |oss of alum num during a
prior heat treatnent. Another advantage nmay be that the R-Ni Al alloy |ayer
of the bond coat or environnmental coating can w thstand higher
tenperatures as conpared to prior art bond coats or environnenta

coatings. Another advantage may be the | ower costs associated with this
process than with the current practice of slurry coating the non-

| i ne-of -sight portions of the superalloy conponents. Another advantage of
the nethod may be the outer |ayer of the diffusion alum nide bond coating
is high in alum num providing an al um num source for the formation of an
al um na scal e. Another advantage may be that the (3-Ni Al alloy layer, which
has superior environnental properties, can be applied to presel ected
portions of the hot section of a superalloy conponent, while the remai nder
of the superall oy conmponent 6 can be provided with the non-1line of sight

di ffusion alum nide coating of the present

S5a



invention w thout adversely affecting the (3-NNAl alloy OQher features and

advant ages of the present invention will be apparent fromthe follow ng
nore detail ed description of the preferred enbodi nent, taken in
conjunction with the acconpanying drawi ngs which illustrate, by way of

exanple, the principles of the invention. BRI EF DESCRI PTI ON OF THE
DRAWNGS Blihoutladifhgth SB8&5EH aSbaRibe Ay ' AREAMI LY In

t he at m)spkllePlé and gj?ahe capagllg‘l Ity ﬂgbhfg?hélo I %ﬁgﬁ@h@tgwg%ﬁx&yonshi pto
t he i nver basediyerhdsneepdy gisuvmbinerdogipoBerts suchps bighsmredshmiudtimr t i | | ustrati ng

the VPA process of the present. jnvention.. Fl i §.a perspective view of
a turbi ne “BHFBYE" Slf!oﬂpnﬁf%fgémﬁ’ ]?:IF% S@@égﬁ&&hgﬁd?@gﬁp@al@t@ﬂéﬁfm ne bl ade of
FIG 2 W bipeallo§s Min¥eGhiially casted wh Rl f-ReAtiaydrifd SidnShtefiall 368 Ritha

di ffusion alum nide coating applied to the ~inner surface using the nethod

of the pradifisianphanmidercoatmgovitboytadyersely pffeeingthafrNifélayesul ts of an
el ectron m croprobe analysis various (3- Ni Al CrZr coated Rene N5 pin

sanpl es afiRlosbdBereRTRh SFpchIoS sh ' the present
i nvention. DIS‘IS'AI LED DESC%I'GPTIO%\SI @%ﬁ%#ﬁ%ﬁ#ﬁ%&ﬁ#&ﬁsggiﬁfmﬁﬁventi on is

gener al | yabiiveedhe dubstratehmasilhave an intarnal passags theerimti¢fined byowpowenl s t hat have
bare subs te nqn-Iline-of -sight ,regi on .t h ot her regions that . have
been coat 5e"([i%v(fllg’t2}51851111 F §{%ﬁ}&%m§ch,&; l?aﬁ Ppo lgn\é\ﬁg&‘teieﬁwﬁﬁ%e%ﬁmﬁecﬁﬁtggent ed by
an Mo Al¥ith efthteehetsie retaM Aebhsds psiglacity £0-Ninoailéyie group consisting of
iron, nickel, cobalt, and conbi nations thereof and where X is a materi al

selected ffromthe gro consisting of vttri ther, rare earth el enent,
and conbi ﬁgtaa%%agce%%aryle{%ft,he_ﬁ lfliyntg p5%°°t§f3 s ﬁﬁl}’ﬁgp’a?ﬁ with &gﬂﬁ‘ﬁé‘ﬁ%ati ng
conpri si NgbaBihpdApMIBA b RghVelt¥ity BREL fidel IANICE)NBE@ on be8MEpkREtal vaHrt he group
consi sting of plati num Thodium palladium and conbinations thereof

and/ or a Yepaeitipy EER{PARIntongdasar degrositiom or leehey Hoerpf-cight pracessgs.of 7 haf ni um
yttrium zirconium and conbi nations thereof, but do not use flow ng gases,

Another advantage may be that the aluminum concentration at the surface of a
previously applied B-NiAl alloy coating can compensate for any loss of aluminum

during a prior heat treatment.

Another advantage may be that the B-NiAl alloy layer of the bond coat or
environmental coating can withstand higher temperatures as compared to prior art
bond coats or environmental coatings. Another advantage may be the lower costs
associated with this process than with the current practice of slurry coating the non-

line-of-sight portions of the superalloy components.

Another advantage of the method may be the outer layer of the diffusion aluminide
bond coating is high in aluminum, providing an aluminum source for the formation of

an alumina scale.

Another advantage may be that the -NiAl alloy layer, which has superior
environmental properties, can be applied to preselected portions of the hot section of a

superalloy component, while the remainder of the superalloy component



or a pack diffusion alum de coating, such as slurry processes and tape
processes, conprising alum numchrom um and a noble netal selected from
the group consisting of hafnium yttrium zirconium and/or a reactive

el enent selected fromthe group consisting of hafnium yttrium zirconium
and conbi nations thereof. Wiile developed for gas turbine engine
conponents, and particularly high pressure turbine airfoils conprising

ni ckel - baseendgpegadddoyish themontlmmoifisight didfusivh aBiniinide cbating afithe pigsmer al | y

appl i cabl ny .situation, i ich if..i esired to al um ni ze

non-1 i ne- 3%‘{’81%1‘.38%‘{‘&‘.98{3% gﬁgseqyna?@\é\@%g ﬁ‘?ﬁtﬁw‘&@ﬂ?yand i ron- base superal | oys
(and conbi nations thereof). The present invention is an al um nization
process - Wther feames 3ad aliAtigat 61 M6 GresBRITBVERIOH Hill BY 8pRR&H floptdd to devel op
di ffusion al um nide coatings on the uncoated non-Iline-of-sight regions of
a gas tur dPHevingmuse defeiled deseniptioregfdhs picfryred eowediment.akemim ont o regi ons of

t he conpo Nt il | coated with,a j3- ;N Al -base | ayer.
The prese rr(}t% Hlfuﬁéﬁe% o) niﬁ%ﬁ@ﬁq}zﬂé@'&@{%dﬁ?\ggjgs VE %céﬂﬂ%ﬁgﬁges by i"éc?ﬁ O(fﬁﬁ?ple’gtf‘%c esses,
vapor phagemeipiesiofittiedhventionVPA) and above the pack al um nization
processes. VPA is the preferred process for the present invention.

Accor di ngl i i j vercones _the principle obstacle to

al um ni zi mhgﬁw}ﬁéﬂﬁﬁggﬁﬁpw of a conponent whose

| i ne-of -si ght regions have already been coated with a /3-N Al base
coating. Ay 1N&akbdudi HirdthaiRe oY Rhmiub &% i !

t enper at uﬁgs whi gh ar gk%%ﬁfi cie_lenFI y hi ghuenﬁlgﬂﬁﬁ){hgéﬁgﬂgﬁaﬁgit%n of the
const i t uef#pabdite Al o ioterdiffosd B-riladnshipste thaipeersoof ihs tanfjratateed to a

di ffusion heat treatment prior to the alumnization process of the present

i nventi ong; f the, [ 3N Al.- hase |.a is interdiffused into the
under | yi ngléggg% ?lgtcés.sqlﬂle?‘.éaffgpggr@ﬂg “}%WRFOCB%& tF‘%QE’FW@“"ﬁB@“@nti rely
(3-Ni Al base, but rather has a diffusion zone under the f-N Al base | ayer.
However, BIG.rkekerpesgedtivehisvebna turbide bladk. base” refers to the entire bond
coat created when (3-N Al base alloy is applied to the substrate (and
possi bly djffusion heat, treated), including other elenents '

subst i t ut I Shd B cprsasestionalview of 9 the yrhingladeo IR 2 with 2 f-08AICZach as O

and Zr. Thecalwitdioit bgr A8 - es. invention, deposits and
di ffuses a‘?\ei I}I)gl gn* fi cgﬁt?r amg‘%?&%gﬁg%%n%%&gﬁegonﬁ%g %@%ﬁﬁi}ﬂtﬁgase | ayer .
inner surface using the method of the present invention.

FIG. 5 is a graph showing the results of an electron microprobe analysis various -
NiAICrZr coated Rene N5 pin samples after the samples were treated with the VPA

process of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is generally directed to the alumihization of superalloy

- components that have bare substrate non-line-of-sight regions, with other regions that
have been coated with a 8-NiAl alloy layer, a coating generally represented by an

- MCrAlIX coating, where M a metal selected from the group consisting of iron, nickel,
cobalt, and combinations thereof and where X is a material selected from the group
consisting of yttrium, another rare earth element, and combinations thereof, a line of
sight diffusion aluminide coating comprising aluminum, chromium, and a noble metal
selected from the group consisting of platinum, thodium, palladium, and

combinations thereof and/or a reactive element selected from the group consisting of
7



The thermal performance of the $-Ni Al base |ayer is not adversely affected
by the diffusion this small amount of alum numinto the fl-Ni Al base

| ayer. 8 Wiile various alum numcontaining donor materials can be used for
the alum nization process of the present invention, chrom um alum num

al  oys, cobalt-alum num alloys, iron-alum numalloys and conbinations
thereof are preferred. Sufficient alum num donor nmaterial is provided to

saturat e t M, MHATREITORUR Abenrabinatigns thesgof, bat dogiot ksedlawing gsdes, art. I n

a nore pre hadi . | uri num cont ai ni n onor materials are a
chrom ulron a{’rﬁ'{ aﬁg%ﬁg%ﬁ%}y Wé‘? c?)gt?%%cs)ﬁlﬂaféﬂm%ﬂ?esﬁ?ra%gﬂ?pe@_ﬁ?%ﬁ?eﬁm and about
30 wei ght e dlmiumdhoRiveebed 4 nedly Fict Beladttditoinlthé giowp 2BRYIin20

wei ght percent .cobalt and 50 wei ght percent alum num_ an’iron-alumnum

al | oy t hatOfhainigg, yiram, zicemy #tredqtin elgmentisstedsioomdhiagrouper ¢ tent
| um L furggj u '@- W Al | St.; t | percen
? i ;J ;nnlnﬂm a%élglg%gg&% l%i g‘]ﬁ p’ei;i%gﬁ?ﬁd’a %ﬁ%&ﬁgl%g?qqlﬁ t?%%(\’,}ehnvg&&epr eferred

enbodi nentdevelopedafou gamrbimmg%mmon@o@lemﬁ,randrmmuiagh Hé%’l ﬁe@dﬁﬁfﬂﬂ&ﬁé al ;Jm num
all oy that .i.s., about. 70 i ght percepnt chromumand 30 weig percen

al umynum aﬁﬁglsmﬂél%fnﬁegh%%m%ﬂm thgdeaciuaes pf Bis igeentivaare t he process
of the pr IH | ' o . . s . SpoILcgas and
the hal | doraaty BASKbIET by Sl ohich & el i FERRERE TU o s
creating tsight sdgions i oobals nickelyandsguri-basd siperalivys famgisentbindtionethicied). coul d
forseeably be used, the preferred halide activators are ALF3, Al Cllg "

Al Br3, All NH4E,. NHACI . NH4Br, .NH4l, CrF3,, CrCl3, CrBr3,, and Crl 3. e
nore pr ef@?%ﬁmﬁtdwe fon 15 ?\lﬁ%ﬁzaﬁ‘?@?ﬁﬁﬁ WIK?S@:PQCGWﬁP?N_ , OF3, and
Crd 3. TheafBfters BHeitRER Bhnab HSRIGFLFUALA LukRRidE B@atfﬂgg Bk MeARichABg Pr ocess
of the present invention is AlF3. The concentration of the ALF3 activator
requi red fenpredisight eeions ofk genturkingremppmment wishpit degbsHingtelieessr esent

[ [ i S -] J bout 1 Al F3. ft3/h f .t sport gas
o apour " Aluhibdn i LBRACe e 230nar HhehaypreiGRly bk Cored Sl
enbodi NnenNiAl-bsscdhyeni TheREdH SBREAG hAtds eminiaél%f)orldegpgﬁoﬂ@@wer ft3/hr

of transport gas flow Wen other fluorine halide activators are used, the
nunmber of processes, vapor phase aluminization (VPA) and above the pack aluminization

processes. VPA is the preferred process for the present invention. Accordingly, this
invention overcomes the principle obstacle to aluminizing the non-line-of-sight
regions of a component whose line-of-sight regions have already been coated with a
B-NiAl base coating. As the 8-NiAl additive layer either has to be applied at
temperatures which are sufficiently high enough to cause diffusion of the constituent
elements of the 8-NiAl base layer or is subjected to a diffusion heat treatment prior to
the aluminization process of the present invention, some of the 8-NiAl-base layer is
interdiffused into the underlying substrate. Therefore, the 3-NiAl base layer is not
entirely 5-NiAl base, but rather has a diffusion zone under the B-NiAl base layer.
However, as referred to herein, "8-NiAl base" refers to the entire bond coat created
when $-NiAl base alloy is applied to the substrate (and possibly diffusion heat
treated), including other elements substitutionally present in the various phase NiAl
matrices, such as Cr and Zr. The aluminization process of the present invention
deposits and diffuses an insignificant amount of aluminum onto the -NiAl base layer.
The thermal performance of the 8-NiAl base layer is not adversely affected by the

diffusion this small amount of aluminum into the 8-NiAl base layer.

8



nol es of fluorine should be the sane as the noles of fluorine used for the
Al F3 activator concentration. If CrF3 is used as the halide activator, the
concentration of the CrF3 activator required to produce the al um num

at nosphere of the present invention is about 1.29 g of CrF3 per fl3/hr of
transport gas to about 6.48 g of O F3 per ft3/hr of transport gas. In a
preferred enbodi nent, the al um num at nosphere requires about 1.29 g of
CrF3 per fVWailsvagqusaiupiape-qongpiring dener materals fan be used torabe alneimiadtione 9

activator, ey . he F3 activator r ired.to oduce the
al uni num pg%)%%g gﬁ@% §%§&§Jﬁ€eﬁggé’s%%?nq%§wwlg¥’ ?ﬁoyébﬁq?’gﬂﬂ%ﬁlnﬁ"bﬁ{WF per
ft3/hr of irorasiaménin gisys ahd cabihti@nsdherodre Prfdrrdae’ Stfhdlchf alfidun@nspor t
gas. In a preferred enbodi nent, the_ alum num at nosphere requires about

1.29 g of rmgiepakis proypdegito satarpip e alugainizationatmospherawitb ddeasds {1 uori ne
~containin I: [ ' . actor.- is the.numher of noles
of F per 19?1 g/@fhrlgg%eehﬁ amngglg(ﬁ% pa%fgﬁﬂ %@v&é@r@&a © aﬁﬂ%@h‘i@@%ﬂ?ﬁ?ﬂ?ﬂg hal i de

act i vat or gnatetias aemtvhronsiimpathednund affoypret ik LBANIT0Meidtt PBRBAY dhr&Afmi | OW

shoul d ra%ﬁﬁﬁ{,rory ab&gt 0.036 npl es per ft3/hr of transport gas flowto
about 0.1 QU 30 syergas priceryralumpmymm, g gpbaltpluminusyallopthatds ebgutd0s vapor
transpor t aash pekbmUdbiiald b R 8k NntiP St

al um ni zati on %’?oce_ss of the prfglslfe: tc%}lﬁ\z}téﬁzrjﬁlghnanllﬁoa %%%“%%Pryotggtn, hel i um
argon, nils stoyeM) weightpercant iron gad ebout &0 dveightberoartiabnsintung b Gidniuhhe
preferred trans};ﬁogt ggﬁes are hé/.déogen, argon, and conbi nati ons thereof.
The nost ArePerréa’y i @ﬁBP?t ggerght pergeyt Bigam andabgpi A weight paseenbr ocess i s
run for amesinad. of iR hRfkRA dRRARnGH, tﬁpﬁmhm&n-@&ﬁ{ﬁﬁﬁﬁggd&x%?“t 10 hours
depending on the tenperature at which the alumnization rocess is run. In
a pref er r Ettesrbisdi dreamivm-duminuwmatow tipt i abartFoessglit percent dhosmam agy i od of
tinme in t?g“;e%‘ge rgént%*)out 2 %rs to atga?ut. 10 hours. In a nost preferred
enbodi nent. tHe ArdA Al ZAr8n pF Seegat eialyminum gongr materiglprgyidgd 88t 6 hour s.
The  al unitiipzedesOOF thE PReS iBlenkitieisRuERER: td QNN R trirpd resel ected
tenperature_in _the rg%ge of _al;ouis 1350F (730C) to 5%%&&%%;@’@??050@.

W t hout whalilegtiyatongas patrdurpipuheory, it is believed that the actual

anmount of
While various halide activators creating the aluminum activity required by the present

invention could forseeably be used, the preferred halide activators are AlF;, AICI;,
AlBrs3, All;, NH4F, NH,C1, NH,Br, NH,I, CrF3, CrCls, CrBrs, and Crl;. The more
preferred halide activators are AlF;, AICh, NH,F, NH,CI, CrFs, and CrCls. The most
preferred halide activator for the aluminization process of the present invention is
AlFs. The concentration of the AlF; activator required to produce the aluminum
atmosphere required by the present invention is in the range of about 1 g of AIF; per
ft*/hr of transport gas to about 5 g of AlF; per ft’/hr of transport gas. In a preferred
embodiment, the aluminum atmosphere requires about 1 g of AIF; per ft*/hr of
transport gas flow. When other fluorine halide activators are used, the number of
moles of flucrine should be the same as the moles of fluorine used for the AlF
activator concentration. If CrF; is used as the halide activator, the concentration of
the CrFs activator required to produce the aluminum atmosphere of the present
invention is about 1.29 g of CrFs per fi*/hr of transport gas to about 6.48 g of CrFs per
ft*/hr of transport gas. In a preferred embodiment, the aluminum atmosphere requires

about 1.29 g of C1F; per ft*/hr of transport gas flow. If NH,F is used as the halide



activator is probably irrelevant, as long as sufficient alumnumis
produced to allow the alum numcontent of the surface of the superalloy to
i ncreases over time. The driving forces for the diffusion and deposition
of Al are governed by G bb's Free Energy considerations, which drive the
deposition and Fick's Second Law of Diffusion, which sets forth the
relationship for the diffusion of the deposi ted Al into the substrate
surfaces. Fgivaler, thosangentration of the GFs astivatoavequiredid prodircathe wheriou i s t he

trat I t th
G T i on sl S pleled A0 Rlabbld QREBENRLF B i fdiampartet and
is the time ablutSZe@DgtdﬁNH4lFb@f ﬁ%fmh@)oﬁfgaﬁ ONf£Pleldtcd¥Umbodanas, thdC AL, is

related to the second derivative of the concen r at i on gradi ent through t he
di f f usi on UBBIUPEHEeEPhgES wavireshopt 1.29 E@ﬁatHﬂmenﬂmrqféramporbg@Lﬂnmg t hat

t he diffusj, t |0n and plies to
a one-di nengﬁ%gag?t)g?gd coma@ %p 9‘?&%%?%%%3 ?fg"tnitt 15 tﬂ‘?émﬂtbtegusi on

al uni ni zatéfanolps effese fﬁmrbhﬁampeﬂ%at flowy ot h@ﬂubﬁn&g&iﬁﬁﬂﬁé maudEi ck's  Law
of Diffusion, Whlt%h I S exponentl Ily related to tenperature as set forth in
Equati on 2CHEMERR, thg numpgr-ofmaelss p P‘Z‘ﬁ'ﬂﬁoféq&t}’ﬁ’oﬂfgaﬁ)ﬂpﬁf shanldrangedrenl at ed by
the an eq 3 t havi ng

t he uni ts%&h@ﬁ%@@gﬁhﬁﬂﬁ%f&&ﬁ? 9[\%Silt ?@h&gﬁg%&a V\ﬁ'"llgleﬁ%e ﬂj}%loffrved in
part, frorraBspivbgdsifles. Ener gy consi derations, having the units of cal / mol ,
with T representing the terrperature in K and R bei ng the uni versal gas
const ant set forth below.in uatian 3. = D ex Q RT) .Equation 3

Fr om Equat BH° $rouf veRoy BﬂSPé)geg‘?‘S? iHa ltﬁaﬁrh%ﬂnd?e %e‘i?én the dpdisianur e
dependent .ahhifizaf ﬂo@éss bhthe\Rbistt Blerddon! 1?1@1113[?% gﬁf %H%@ﬂﬁ&éﬁggﬂ di f fusion
U

over the sarrelen time  for various e va Dfor A is
greater i rlillfsftﬂge,rttt ¢rowt gasam amC@mbmﬁllonsnherbmfAthequéfegrsd trasipbet gBsdsaredi f f er ent

for the S%%ro%eA %}[g an(%lI Combinal 10ns ‘tahnpeei\arfatfﬂé S’I%St pret%rred transport gas 1s

hydrogen. The aluminization process is run for a period of time in the range of about

2 hours to about 10 hours depending on the temperature at which the aluminization
process is run. In a preferred embodiment, the aluminization process is run for a
period of time in the range of about 2 hours to about 10 hours. In a most preferred
embodiment, the aluminization process is run for a period of about 6 hours. The
aluminization process of the present invention is run at a preselected temperature in
the range of about 1350°F (730°C) to about 1925°F (1050°C).

Without wishing to be bound by theory, it is believed that the actual amount of
activator is probably irrelevant, as long as sufficient aluminum is produced to allow
the aluminum content of the surface of the superalloy to increases over time. The

- driving forces for the diffusion and deposition of Al are governed by Gibb's Free
Energy considerations, which drive the deposition and Fick's Second Law of
Diffusion, which sets forth the relationship for the diffusion of the deposited Al into
the substrate surfaces. As set forth in Fick’s Second Law of Diffusion, where C is the
concentration of atoms in a material in number of atoms/cm®, D is the diffusion
coefficient in cm%/sec, x is the depth of diffusion in cm, and t is the time in seconds,
the time rate of concentration change, AC/At, is related to the second derivative of the
concentration gradient through the diffusion coefficient as set forth in Equation 1
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activation energy Q is also materials system dependent and drives the
tenperature dependency. Q for the ,6-Ni AI/A is expected to be much
greater than that for the superalloy/A interaction. The ability of a

di ffusion coating process to create a coating of a certain thickness and
Al concentration on the surface of a superall oy conponent depends on a
nunber of factors including the Al activity in the transport gas, the
reactivi t YPHIWasRIing that ehediffusiompesffiigpntda i independensoé donoatrationiasd af f ect ed
by the equjl.i;lri C . iLon. the process tenperature), and the
ability f;Hpbkgﬂtogr%%%gg%ﬁ5ﬁtﬁheei'base metal (how far it can diffuse
away, which in turns affects reactivity). As shown in general formin FIG
1, two of AGése B@CCHRE) nanely al unminumactivity in tIRuaksisphere and the
ability of alumnumto interdiffuse are shown as a process of inverse

absol ute ocess.l1 tenperature. The lines in the figure are to illustrate
the theor glrh(?ff on @P’é‘ﬂuﬂtm&ipﬁ’%ﬁ © Bres¢rH anventipm isgEovemgg by Fipklsoy and are

not neant 1a% ¢DEGSWA! wiicAls QipoRaliANp PLNeS ¢ @hﬂ)tefdtlﬁgasg Go@f PN in Fig. 1
in such a manner provides an illustration of the activation energy for the
process. ﬁquaﬁmbE@OWerrperature, the Al activity in the gas is driven by
activator level, donor material type and gas flow. Wth a set donor
material , ,qag £l ow and activator content are congjdered mnor to the
effects of process tenperature, mneaning that inc ualion 4 process
tenperature increase the activity of Al in the vapor nore than the typical

range of Q@as viluow! Brig cachd ¥aduddtcCBY RN eyRatidh thhtuittizes twh conktats, S| ope of
t he upper sets of lines that correspond,to the capability of the Al to

i nt er di f f 3Bl coRstang hayingthe ugits pf cIi/sge and Q,Hke sctivakorotnegyRWhidinder any

set of copdjti | $hy i . tvity in the .at nosphere, the
surface O][‘sdd[e#ggggn %Irtfgﬁ%d]ﬁ})b%gﬁrg%%‘%gg\?méisﬁ%%%n? ’f%g 11 %?’E}ﬁ‘ﬁ(?}]i)de coati ng
may acceptal/ml, with Thepeseriting itd tempaetiny irt K BedRMRingth wﬂ@&@al%ﬁ@i eved. At
hi gher tenperatures _ where the process generally has higher activity in
the gas, g‘?ns@&ﬁaﬁéetrf%’éﬁgﬂ?w‘ﬂgﬁli%tﬁ“eﬁ onto a surface. The tenperature is
hi gh enough that the Al can easily interdiffuse into the base alloy. The

schemat i cpshpyexp feyrehanges in process Equation 3

From Equation 3, it can be seen that the value of D is temperature dependent. The
smaller the value of D, the smaller the depth of diffusion over the same length of time
for various solutes. The value of D, for Alis greater in superalloys than Dy for Alin
NiAl alloys, while D is different for the same alloy at different temperatures. The
activation energy Q, is also materials system dependent and drives the temperature
dependency. Q for the $-NiAl/Al is expected to be much greater than that for the

superalloy/Al interaction.

The ability of a diffusion coating process to create a coating of a certain thickness and
Al concentration on the surface of a superalloy component depends on a number of
factors including the Al activity in the transport gas, the reactivity of the surface (how
much Al can be accepted, which is affected by the equilibrium concentration at the
process temperature), and the ability for Al to diffuse into the base metal (how far it
can diffuse away, which in tumns affects reactivity). As shown in general form in FIG.
1, two of these factors, namely aluminum activity in the atmosphere and the ability of

aluminum to interdiffuse are shown as a process of inverse absolute process
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tenperature affects the interdiffusion nore than changes in process

activity. Due to the greater diffusion rate a higher tenperatures, the

resulting coating Al levels on a are superalloy are conparatively |ow.

When coatings are deposited at |lower tenperatures, which nmeans that there

Is a lower Al activity in the atnosphere, low diffusion rates result in

hi gh Al concentrations..in the coatin% applied to a bare superalloy. Wth a
e

gi ven t enpEMREFFEE-ohBe inesdp the figuye ang te Hiustratntbe thepw, ofithryelagye diffusion coat i ng
conpositi | @l | ] I ne. hi evi ng,,t he desired
ovel s of SIETALRG BHTAT 1Yt B8 hoGRRRAT th bl o A vBINT iblig

bal anced |tbw gtapbfin Fig. d desiwhAl maaier piovides an iletatiomsfhe @ivansh shsy r at e

t enper at ur wtho drive . interdiffusion. Based on such understandi ng of the
process bﬁ’ CHROSESY At Y BN ternRRTRiHTC Ehecdbastivgy it he gas isdRdekyect ed way to
produce t hgigask 198, GRRE ngerY | Gow] bdefausd um. Je coating
of the interlnal_ gl efrent s of thgﬁ)go%rr%gér?eﬁ%' %@l%g%tﬁgﬁérﬁﬁt%%l’#g%%ﬁ on

wi th the /aBdNctiyatonmnteayarezotsiddred mirome tat affeetspif peress tevapdratups, esunabl y be
nore effective hhan a | ower tenperature grocess. However . the present

i nvent i on TREQIEAhAUPCIRpses HRFoPsss ferinsraturednergase theactiydy of Al indhe sapatr i nent s

| eadi Ng UBndre thai the 'tm&?%%? Pas R arlddkiValdf bt RORL mﬁg-ﬁgﬁﬂ?gt ©

0
results. Alumniding a /3-N Al coating at ﬁl gh  tenperatur

si gni fi castopy ofithgtmpengety eflisies thahcartespamshipi thgycapabilignofi the Wy tddue t o
sufficient interdi.ffusion co red to that .f wi th bare all oy
subst r at eaﬂtfx‘{agﬁ?%s\ﬁé?‘ﬁﬁ%’%‘&é&%ffﬂf ¥ ,lAiPS %Eﬁ%@?f’fﬁﬁ d di ffusion were
inhibited, resulting in low Al pick-up. Substantial interaction of the

di f f usi onUsidemnanyi séeofédnblitions edtabiivhibl aGarRde RuditdBGhe MfdspiRtd@he Super al | oy
| ocations can be coated by selecting a process tenperature where diffusion

i s inhi bi f¥dRcePlthrcomngnpit to hpgoated with aiikfysiomaluménide cratippmag aotapt t he

[ 3 I.fEusi . into.th N Al i id d
Dherani e iR AL Suflab b PR dof kB Soniil) M hidnbFiempRiflieta Char «he
upper t enpéiestthe rdcessigeneraBy haddfipher tAQ abgviepRithe £92 AlFcdnli®R@4dily As set forth

in the exgeri me(gt al results below, 1900F (1040C) was shown to be
ef f ect i vedeRAsIiPLonlg psprtacen Sl tempaatyrionighensuagh that the Al can easily

interdiffuse into the base alioy. The schematic shows that changes in process
temperature affects the interdiffusion more than changes in process activity. Due to
the greater diffusion rate a higher temperatures, the resulting coating Al levels on a
bare superalloy are comparatively low. When coatings are deposited at lower
temperatures, which means that there is a lower Al activity in the atmosphere, low
diffusion rates result in high Al concentrations in the coating applied to a bare
superalloy. With a given temperature and Al activity in the atmosphere, the resuiting
coating composition and thickness will not change with time. Achieving the desired
levels of coating thickness and coating Al concentration requires a balanced level of
process Al activity in the atmosphere and substrate temperature to drive

interdiffusion.

Based on such understanding of the process by which a diffusion aluminide coating
forms, the expected way to produce the desired coating system, which is a diffusion
aluminide coating of the internal elements of the component, but with little interaction
with the 8-NiAl overlay, a higher temperature process would presumably be more
effective than a lower temperature process. However, the present invention has
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i neffective. Referring nowto FIG 2 there is shown the nethod of the
present invention for applying an alum nide coating to a substrate having
an internal passage therein defined by an internal surface, and an
external surface, which has already been coated wth a |-N Al base bond
coat layer. The initial step of the process 100 is the provision of a
substrate havi ng an internal passage therein defined by an internal
surface, affipblisheddhat this)is sefitheierse amtheleapéenments ldadiag tp fo thiv nventionfast he

cxter el U AR SRS Bl NS 2 hSEL S L OV AP SERUR o 110 of

where M a uasmpeiatu&e lecloathnificamly higﬁempupelg qmﬁle%atﬁg ﬁ’éteﬁtfa@l'lj} duBk&kel
cobalt, and canbinations thereof and where X is a "nmaterial sel ect ed from

the group LéRIFRipieElifpsign @Srqomﬁar@rf@tth@rfomh@nbbm hlley swbsinate. Andower
mbi nat f h | t hat
conpr 1 i ngUpPARIEGial dBpacldif B diidn Blieiniibld Rt b ROhckie’ gr oup

consisting of platinum rhodium palladium and conbinations thereof

and/ or a ribstintial isfesvtion of the diffitsith AurainiddWith HRUPNEAINGH Bk bheided, aaf ni um

yttri um ziyconiu d conbi nations, thereof, but do not use flow ng
gases, OéﬂeﬁéBRerg]}lWa{‘}gﬁltlﬂ‘i'S SHLBR cpated byt selfsting g prpcsss tegperatuye Wh@rées ses and

tape. pr oceswson ROMRLRUAIRIATAL Ry A QBP0 DS ARORL Snglf 2! 06! ect ed
fromthe group consisting of platinu 'um an
conbi nat i oweceshisthebt wherd dffusmniratas ane\leweherthmﬁ Naﬁl Beoadddred Bpdriisiegr oup

consi stin af ni um zZi.rc um, and conbi nations thereof. In
a preferrgﬁ?%?}%gﬁ%% OUb tﬁmég%@i‘e‘)y bto‘P?’F’ié cdthaf e wpReIemprraline figdle coat ed
with a f- 3 Htel amiwewzsap@mb%ﬂ%%éﬁ%%at%@l peRARfital P&‘@%ﬁy ol ectron

previously app using a high ve process
beam physil&# Rﬂﬁé@°®é\tﬁ@§h¢%t@k(®?femﬁ}) vdrilei 105 {H @80 was she@sto ben a nore
preferred. & nt, the substrate has an internal passage therein

defi ned by AN I hternal airfoil surface, and an external airfoil surface and
the /3- Ni Al layer also conprises chromum zirconium hafnium yttrium

silicon, Refiningmow pRIG.actherdlis sHoMG tHE RIS pradchPRSeditlprePf - In a nore

preferr ed enbodi ment, .t he
applying an aluminide coating to a substrate having an internal passage therein

defined by an internal surface, and an external surface, which has already been coated
with a 3-NiAl base bond coat layer. The initial step of the process 100 is the
provision of a substrate having an internal passage therein defined by an internal
surface, and an external surface and having at least a portion of the external surface
coated with a layer selected from the group consisting of a §-NiAl base layer, a
coating generally represented by an MCrAIX coating, where M a metal selected from
the group consisting of iron, nickel, cobalt, and combinations thereof and where X is a
matertal selected from the group consisting of yttrium, another rare earth element, and
combinations thereof, a line of sight diffusion aluminide coating that comprising
aluminum, chromium and a noble metal selected from the group consisting of
platinum, rhodium, palladium, and combinations thereof and/or a reactive element
selected from the group consisting of hafnium, yttrium, zirconium, and combinations
thereof, but do not use flowing gases, or a pack diffusion alumide coating, such as
shurry processes and tape processes, comprising aluminum, chromium, and a noble
metal selected from the group consisting of platinum, rhodium, palladium, and
combinations thereof and/or a reactive element selected from the group consisting of
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substrate is a gas turbine engi ne conponent having an internal passage
therein defined by an internal airfoil surface, and an external surface
and the /3-Ni Al layer was applied wusing /3-NNAICrZr alloy particles
conprising a weight percentage of nickel in the range of about 53.5 weight
percent to about 64.5 wei ght percent, a weight percentage of alumnumin

t he range of about 20 weight percent to about 30 wei ght percent, a weight
per cent agdafiuBhytgHmAiicAnLRE améﬁgnbloatuabdhﬂrecﬁ’ e ghtferpet @mbrdimentabout 15

05 vei gt st B oML S0P MG REL 8o i a DA e P Snd SeG, 70
pref err ed teeBOUANBRE layicheras brewoﬁhlyta@ﬁﬁe@hd@g/a mﬁ vaRRlty 853;6%1 BraresdVOF
a

process usin /3 Ni Al base al] oy particles npri si ng out " 60 wei ght

percent ni(H @%mn beam phyygisel W?MPSIQDEQEWMDMIOQIMI&&@WBI ght percent

chrom um Uy A | The optjon next step of

t he proce?p&f%%g Is a's o@g%ggg (rsg(tziil ﬁ%ﬁg?%%&%gg?mk%ﬂgﬁﬁ &% he

coat i ngs Itlﬁer@ndeﬁﬂmﬂtm incomped il ue@t)Asd an extefial hieldil s HH@QRe BT eat nent s
for densi g are well-known in the art. The next step

& ggitlon and spoot hin

of the prodelRyenalgp ‘IQ%“IEISE&PIFH@“%WI@B%% hafaiurg, Yeivoy silisey, patiumor ot her
particles ﬂgmﬁd I Qnponent

/3-Ni Al - Qm?%i;]eﬂrﬂaa# e opti on ttlg%%@? reBf. inaallglal% pr%fégﬁ(ge%rgo@reng a ?%e maski ng

any pr esebldzstrettt iex gaasrmﬂjlnqomglmanmpmheﬁthﬁvmgb&tmtaﬁﬁl pdvadgevbetth deligeddver sel y
1. N effective

af fected an al um.ni oating with an alum na powder or other
mskant . et epaEnT T e el Suttes A WA azer ¥ eRalicd e
subst r at eyiad I aI um num
T oy, " colark PIRICR NGy paiclcs LORPHIME WM B Ebiiale o SRR, I ")
hal i de actangapbahouthdlS avefighd pagent torbant gdis welphtrperdeng aspaglitpascentipe

I t b f ' CVvD VPA 14
Sbove t heoh AR RE Fas® AT haid 20 Sk Crtcit o st 3R whaht e OReR run ot
t enper at uwelghﬂpérts&.targ@rmhﬁhlaﬁ%Ihééé&%f%@?% w%%h%ﬁ?&%xt éIJ%Et 510500) The

al umi ni zation process is run for atine in out hours to
about 10 W@lgh%per@@p@ndlan’gelm petventagerpirizioniue of the hmgp pbHaess 0. SSuélghtm ent

al urt num gongt IRl

Ig welgsht percent zirconium. In a most preferred embodiment, the
B-NiAl base alloy was applied with a HVOF process using 3-NiAl base alloy particles
comprising about 60 weight percent nickel, about 27 weight percent aluminum, about
12 weight peréent chromium and about 1 weight percent zirconium. The optional
next step of the process 110 is a shot peen treatment to densify and smooth the
coatings i preselected component regions as required. Shot peen treatments for
densification and smoothing are well-known in the art. The next step of the process
120 1s cleaning the substrate to remove any dirt or other particles contaminating the
external surface of the component or 8-NiAl-base layer. The optional next step 130
of the process is masking any preselected external portions of the substrate that would

be adversely affected by an aluminide coating with an alumina powder or other

effective maskant.

The next step 140 of the process is the aluminization of the substrate using aluminum,
a titanium-aluminum alloy, chromium-aluminum alloy, cobalt-ajuminum alloy or
iron-aluminum alloy donor material, a halide activator, and a hydrogen or argon vapor

transport gas. The aluminization may be performed using a CVD process, 2 VPA
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provided to saturate the al um ni zati on atnosphere, as is known in the art.
As the alumnization process is run at a relatively |ow tenperature, very
little alumnumis diffused into the fl-N Al -base |ayer. The concentration
of the AIF3 activator required to produce the alum num atnosphere required
by the present invention is in the range of about 1 g of A1F3 per ft3/hr
of transport gas to about 5 g of ALF3 per ft3/hr of transport gas. In a

pref err ed mobtasliorantabotdihe pheliildpositioh PREBRE MRcraBGHini AT oA BREssIs i 20f ALF3
per ft3/hr of transport gas f|low. Wen other fluorine halide activators are

used, the H§HBEREE Hhﬁ!céén&?f(’ffabﬁ@r1|3|§Q°Fsﬂ4897® t@@bﬂlﬂel%é?fé(lﬁéo‘ﬂie'fhol es of

quorlne sed as the
nal | de. act | ganirioh PocBt sl rf ke ¥ inIRNGRRE LERTa pblye ek T RE o
produce t hiepeddimg onitheattmpamtuee ef the proche. [Hueheait ahin@ii dbaol marbelE 1. 29 g

of CrF3 per ft3/hr of tran ort s to about 6.48 g _of CrF3 per ft3/hr of
transport H‘jﬁ‘é‘he‘{'ﬁ’ sgtusatethe 3 E‘E}‘B?P%Salaw hergips lékﬁﬁ’ﬁmmﬁhﬁtﬁ‘ﬁo Heg e requires

about 1. 2% en@fzaGbi ?r&%s it td{ &t Bfa tl{ré@W&Erhgz Fgé}gc tithd al [fm{ & used as

the halide activato he concentration o ATt required to
produce t heffaded mitnding Mbh@rleyemf Thdﬂeormeﬁsamm dfﬂN@Ang,QBthﬁo ted0. 44 g of

NH4F  per tft3/dhr t%f r ans ort to abo t ﬁ of NHAF_per. tt3/ hr of
transport ‘GG a"lﬂ”@?‘ ﬂ yt ﬁ@reé?ll}r‘(‘i“fﬁﬂﬁP‘&!Sn‘ﬁéfﬁﬂTéﬁ&e requires

about 1. 2%rabaft 1N $AKIFRBEr ﬁxmfwan@;ontgraéfbsmpts%%m#% g{%&#e case of

fluorine containing halide activators rtant IS the nunber

of nol es dfanspopiegas {84 prefeted enamsigoet, fgaahﬂﬂmmn aEnosphbﬂe requires about 1
ors...the nu es of F per ft3/hr

fluorine- taknin al i.de activa I
of tr ansp%r({r}Aa}g%%erﬁ @'ﬁ/ E BUPET Eah J]Y 1 V@?ﬁ“{%‘b‘?ﬁt uerl@g %3&9"%@?‘ ¢ 3/ hr of
t ranspor t ugas thel it oPROWS of BudSnd BRI HRShe §atn:1)’é 8 the fndidsHIFRBke 925 1 ow.

The resultleglg diffusion alum nide |layer formed on the bare portions of the
subst r at e Ul TapBigtAll; g@g@tqr@@mmgamdf Ca,098sedrastthe ha‘hdc Iactwfatcsmhbl anount

of alum n%ﬂc ﬁtrétﬂ)tnec{fqh 3%gt1\|rart]$roret he %B}\clidAl c? &%Sﬂﬁm‘ P@’%F r t _he

fl-N Al -base Tayer 1s hot "over-alu oxi dati on

resi st anc éhepraeat invagionfis kbt a-oni g%f‘(ﬁﬁﬁﬁ@r'fﬁﬂ@bf BhSspRR\ERE &PARbuAE, Il@gt ed by
the al um ni zat|on3 The transport gas has a flowrate 1n the range of about

40 ft 3/ hr °f §tF:ppolivhnefdransmyrhgas. In a preferred embodiment, the aluminum
- atmosphere requires about 1.29 g of CrF; per f'/hr of transport gas flow. If NH4F is

used as the halide activator, the concentration of the CrF; activator required to
produce the aluminum atmosphere of the present invention is about 0.44 g of NH,F
per ft'/hr of transport gas to about 2.21 g of NH,F per ft*/hr of transport gas. Ina
preferred embodiment, the aluminum atmosphere requires about 1.29 g of NH,F per
f'/hr of transport gas flow. In the case of fluorine containing halide activators, the
important factor is the number of moles of F per ft*/hr of transport gas flow. For all
fluorine-containing halide activators, the number of moles of F per f*/hr of transport
gas flow should range from about 0.036 moles per ft’/hr of transport gas flow to about
0.18 moles per ft*/hr of transport gas flow. The resulting diffusion aluminide layer
formed on the bare portions of the substrate is about 0.0005 inch to about 0.003 inch
thick. A small amount of aluminum is interdiffused into the 8-NiAl-base layer,
however the 8-NiAl-base layer is not over-aluminided to the point where the
oxidation resistance properties of the 8-NiAl-base layer are adversely affected by the
aluminization. The transport gas has a flow rate in the range of about 40 ft*/hr to
about 120 ft’/hr.
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15 In a nore preferred enbodi nent the al um num donor al um num al | oy

material is a chromumalumnumalloy that is about 70 wei ght percent
chrom um and 30 wei ght percent alum num the halide activator is Al F3, and
the transport gas is argon. In a nore preferred enbodi nent, the

al um ni zation process is run at a tenperature of about 1900F (1040C) for a
time of about 6 hours. The AIF3 is provided to the process at a rate of
about 1 g lpemdrtptéferrai embgiimentrtile blumimng dondrsaliphinvinddidy atiatéridlad # of  about

20 ft3/hr. ,The. resul tin i ffusiopn alum nide | ayer formed on the bare
portions Cmor?lﬂglé q"gf’ oy @aasag?utdoo&ergmmwe%@wmum X Wﬁlrgbhnt of

al um um reehMEhMGLMRCRRLRI{AG it A1 M BRSEl MG RS d e |

a-Ni Al -base layer 1s not over- umi nided to the
resi st ancenqre ppferrédegnbddimbng, helilubhiniratien ploaysris e ad venseehtyresdfl ect ed by

h I f d enbod th I ation
tpr gcgsg mop 5?‘%3'935"&@#8”%%Er e ?ﬁ ‘(Pauég?l@é’%t Irﬁe\/él;l:gﬁtp}a‘b"é ‘&ﬁt?t ?I)fz 1’3.| umi num
at the suphaess ffa hit@rhboldiA Rr%f:;/lir%Y@Ir oh An@BRYr oy RETHERE- The

next, and possibly final, step of the process 15 |s coo I ng the substrate
to anbi emgoutéﬁﬁbﬂm dihe resuﬁmg@i@ﬁfmmaalumudt? lagedifoproeddtothy bhiemirtiomst ep of t he

process 16 urf reatyrent. o ti 0 0 reduce the
roughness fhesg&&?ia]tsl 8“4#1%{8@’&1%%%9 EW%&BY?& QFWEW?léSi ncl ude any
funct i onalinterdiffigee irité @RS SERAEbAS 1&9@9\1\{6%%&11@3%%1 bafeqaye%@lﬁmlo%r-s uch a
surface treatnment could include a tunbling process alone or a shot peen

pr ocesses aluFHnidrd tof the peiné avhisie the @Xidﬁlqn'rgﬂpﬁamgpf;mcs of the BMNGAI-bdse I
t to | ess
Chan about gt PP el tbdbs therifatits WP Bty RREGa FRhPEHERE o)  ace

finish of alhgnigstidn prgcess of fhapeestit 1f1ﬁéﬂlﬂﬁﬂ‘ihdréhsb§@1§ vﬁet%’f‘p@f’éémtof?’o
m croi nches. .Such a reduction in the roughness of the surface finish

i nproves PWEUBER 3HIR sHifaceithess-DhaICrgr layar i abertd 1 weighigiernesnbonponent  t hat
does not have a thermal bond coat ("TBC') applied. Such a reduction in the

roughnessTHénéﬁeaﬁn%&gﬁ?xﬁhﬂlgt %ave&?g%s 1%19950211@ ltl‘.le b téﬂ)e TBC on

aircraft engi ne’ conponents that |"ayer s applie € next optional,
and possaibbignf tempbratiee.effhobptidnel mxacad @oés?lﬁly ifial, bt!ép aﬂmlelp@x&tfess)mm% a TBC
layer to ! Querfaec)é tﬁ%Eslh t;eatment operation to reduce the roughness of the coating surface.

Such surface treatments include any functional surface treatments as known in the art.

For example, such a surface treatment could include a tumbling process alone or a

shot peen processes that is followed by a tumbling process. In a preferred

embodiment, the surface finish of the coating surface is reduced to less than about 80

micro inches. In a more preferred embodiment, the surface finish of the coating

surface is reduced to less than about 30 microinches. Such a reduction in the

roughness of the surface finish improves the aerodynamic efficiency of an aircraft

engine component that does not have a thermal bond coat (“TBC”) applied. Such a

reduction in the roughness of the surface finish improves the durability of the TBC on

aircrafi engine components that have TBC layers applied. The next optional, and

possibly final, step of the process 170 is the application of a TBC layer to the exterior

surface of the 3-NiAl-base layer, which will include oxidation of the substrate as is

known in the art.

FIG. 3 depicts a component article of a gas turbine engine such as a turbine blade or
turbine vane, and in this illustration a turbine blade 20 coated with the 8-NiAlCrZr
16



surface of the j3-N Al -base |layer, which will include oxidation of the
substrate as is known in the art. FIG 3 depicts a conponent article of a
gas turbine engine such as a turbine blade or turbine vane, and in this
illustration a turbine blade 20 coated with the f-NNAICrZr 16 | ayer,

di ffusion alum nide |ayer, and TBC | ayer prepared with the process of the
present invention. The turbine blade 20 is forned of any operable material,
and is prieyesrdifihgomalumimide layes kad TﬂC lagheﬂrepabe&b\eltlsﬂmqrwdels@yf ther

conbi nati ons there Th ur, O0_.includ an alrf0|l 22 agai nst
whi ch th'e RS Br 18%‘ Ihr Gt éﬁé’ 59 “P’é péepyeméa GBleal BRdise 20 |9
nmount ed tQ)r&eiaﬂrymnr!ﬁmdhﬁﬁel(d}(ébbﬁtlﬁﬂé)s draffo @ rﬂﬁlhatl(%ﬁ, tflé}% exfpends

downwardly fromthe airfoil 22 and ges as ot on etur i ne disk. A
pl at form Zgbé‘tﬁtbéad@s?ollmigdﬂswmamdnl 212 ogr:tm\ﬂmducﬂrtberﬂbtvmfamaxhahar@s fishe airfoil

22 | d
Chr ongh ¢ HEEtek T BrolEy Befl 20 i nBiISEh Ll GoF fros gy SRt ne

surface oR4ti erichdsidwiRvardf fFdr@Whe éi&ffoﬁ 09 lahd‘&lg%gés d s‘iotCHnr € rtLﬁ’ng *&Fs‘t%”g h the
i nternal cooli ng ggssages to reduce the enperature of the air | 22.
The ai rf oif} Pladgrny @P@éltﬂsllmmémaﬂwuh’garéfnouoﬂmewd v8@re thdjaaréeht2 iso t he

dovet ai | oS ose end 32 r e fro the
dovet ai | %0 jneﬁa%léa%ovi%%ﬂa 4 %%6?4? St“ag% c’tli?% R aﬁsﬁge&?é%gg fhrough

showi ng oigerddr of e dirfoib 2 aindingdn |op Bin@erSAGRSsutthc8 ¥t BB AirRd] 31 rR'ﬂmv an
interior of the airfoil 22. The internal cooling passage 34 has an

i nt er nal Qﬁ?‘t"éﬂéé 39'63 dlﬁﬁ?&ththEtuéh ﬁse latewl aﬂolé;&msmts ta reflued thesur f ace 38 of

| ayer 40|sforrre helnterna air usi on
al umi ni deadjsceht)torthdddnwtail 14, asd atgoplbasttetymispoﬁﬁdqlﬁéiﬂ naeﬁ@gseﬁ*@m&hamer e it
deposits qnto té]e substrate material 42 of the airfoil 22. The alum numis
interdiffO®Pldth the material of the substrate 42 to formthe

al umi numenriched protective layer 40 lying below the internal airfoil

surface 3PIG. W18 aMrghidinal sec@i ik gl PLbAY! HOSwii§e A ARerfaiCOMPOSI ti On

with the al um num concent ration
cooling passages 34 extending through an interior of the airfoil 22. The internal

cooling passage 34 has an internal surface 36, and there is also an external airfoil

surface 38 of the metallic portion of the airfoil 22.

A diffusion aluminide protective layer 40 is formed on the internal airfoil surface 36.
The diffusion aluminide is formed by diffusing aluminum into the passageways where
it deposits onto the substrate material 42 of the airfoil 22. The aluminum is
interdiffused with the material of the substrate 42 to form the aluminum-enriched
protective layer 40 lying below the internal airfoil surface 36. The diffusion
aluminide protective layer 40 has a composition with the aluminum concentration
highest near the internal airfoil surface 36, and decreasing aluminum concentration
with increasing distance into the substrate 42 from the internal airfoil surface 36. The
diffusion aluminide protective layer 40 is typically from about 0.0005 inch to about
0.003 inch thick. When exposed to a high-temperature oxidizing environment, the

- aluminum-enriched layer at the internal airfoil surface 36 oxidizes to form a htghly
adherent alumina protective scale (not shown) at the internal airfoil surface 36,

. inhibiting and slowing further oxidation damage. The aluminum-enriched layer
serves as a reservoir to heal any loss of aluminum during normal operation. A bond
17



hi ghest near the internal airfoil surface 36, and decreasing al um num
concentration wth increasing distance into the substrate 42 fromthe
internal airfoil surface 36. The diffusion alum nide protective |ayer 40
is typically fromabout 0.0005 inch to about 0.003 inch thick. Wen
exposed to a high-tenperature oxidizing environnent, the alum numenriched
| ayer at the internal airfoil surface 36 oxidizes to forma highly

adher ent ateatjsneh g disestddurxsanl plisd@to thbexvenabdirfoll ¢subtraen@irf0é 88 & |
surface 36, inhibjting and slow ng further oxidation danmage. The

al umi num eRQYUSHERd hes 8pt besp appliedan the prterapl aitfpil serface 6. any | oss of al umi num
during normal operation. A bond 17 coat, such as discussed next and applied

been appl | So g o e hich SRSAL S - RIAICREE 125, Ao BBl FORR BIFROR. T
primarily @003inkh Alick, verliay and ¢ordantsathe extefhaDAGil sorfade@8 Sueh®0ad i nch t hi ck,
overlies andtc4nt acts tl{] exter rﬁl airfoil surface 38. ,Such bond coats 44
are gener at9% KrBHACIEH PHEORM 0 g 31 SHoHel sReqE EOmPOSIlISINBMROt BBy not be

known.  Whethoid OF Bh dxosed Vo @i bR RS Rtk il & L he
surface the bond 005?044 oxXi élézes to fgs)%gféil%éﬁ}gmg‘%ﬁ%#g@n{{g%%%na
prot ect i vebosdapat 44rexidizgdsdotyrm ahighheadhxtest alamimuprbtactiveodcalel{potishowinc oat 44,

inhibitin d sl ow ng furth i datjon. damge.. A . TBC 46 is optionally
deposi ted_gd(gn _e(%%er%%%%lg‘?‘nc& Ogt&lé%%%xcto 9{)4" btgﬁ_‘lﬂgng é‘gﬁfl?'i"ﬁﬁaqm{‘ﬁé}xﬁ%ﬂ“obr otection
for the aidahigt. AZ'B®YE igeptdRallPIGREIERSH BP of BAH Bt b2 d foSidenvention, a
test using Rene N5 pin sanples was conpleted eval uating | ower and higher

activity cdditioaplthermialipieteciipn forthe pisfod 22Ni Al chenistries. A pinis a solid
cylinder that is about 3.5" |long and about 1/4" in dianeter. Three

di fferent = Ni Al . . .or the i.nvestigati.on. The first
g O PR RSl MBS IOl 20T BT AR i S N - 27
vei ght penresrbmpletedadvaluatid?lomeir @hd higheicRivitovatimRtiihe with WBbGHt per cent,
the secon ?6- Ni Al.CrZr. The second hi %g A" (3-NLA CrzZr all oy conposition
was about N5 chgmigiHes. 8 pinisia sqlid cybeder thapisabperd.S'bleng end abgut T4out 12
vei ght  pergeaider Ornadadii i Httﬁ~g%A1’@Zg Hltloﬁ%e?gﬂéed%r' thyill?ve%{?lgz{t%n.( I Al O zr
al | oy conposition was about wei g

first high Cr §-NiAICrZr alloy composition was about 59.2 weight percent Ni, 27

weight percent Al, about 12 weight percent Cr and about 1.8 weight percent, the
second 3-NiAICrZr. The second high Al 8-NiAICtZr alloy composition was about 55
weight percent Ni, about 32 weight percent Al, about 12 weight percent Cr and about
1 weight percent Zr. The third 8-NiAICrZr alloy composition was about 60 weight
percent Ni, about 27 weight percent Al, about 12 weight percent Cr and about 1
weight percent Zr. A total of 27 pin samples were prepared, 9 samples with each test
B-NiAICrZr alloy. After the 8-NiAlCrZr was initially applied to the pins with an
HVOF process, the pins were subjected to a diffusion heat treatment (DHT). The
DHT was performed in a2 vacuum. From ambient temperature, the pins were
increased in temperature at a rate of about 1700°F per hour to about 2000°F. The pins
were held at about 2000°F for about two hours. The pins were then allowed to cool to
room temperature. Three pins per chemistry were subjected to a cyclic hot

corrdsion/oxidgtion (CHCO) test as a baseline for performance.

Three pins were treated with a first higher aluminum activity HVOF process of the

present invention. The higher aluminum activity HVOF process was run at about
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percent Ni, about 27 weight percent A, about 12 weight percent Cr and
about 1 weight percent Zr. Atotal of 27 pin sanples were prepared, 9
sanples with each test f3-NNACrZr alloy. After the /3-Ni AlCrZr was
initially applied to the pins with an HVOF process, the pins were
subjected to a diffusion heat treatnent (DHT). The DHT was perforned in a
vacuum From anbi ent tenperature, the pins were increased in tenperature
at a rate BI00D6L01TYOF ageriod ofinbdu sixttouts. A0QOGE thT higheti REvicyver e hel d at
about 2000F for about t hours. The pins were then allowed to cool to

r oom t enpet WPHL PR Pas thep yse Faéﬁg@ﬁsﬁﬁgp%}t@tmfog@mqf@h@h@pm i ¢ hot
corrosi on/ gk | Q% QF% | . ee pins
were treated g\nﬁ%ﬂhﬁgw%tl rst I?ng%teesrsag?r%rﬁqﬁﬂlg@? ?ts‘ﬁ{yyﬁwggggss%% t he
present i reubjeciedito amtlecthmghisromblhmamiysisg@MRAY tp cviviOtenhOCRHstBReat UN at
about 18t 9%)}%? g#g 0 C) for a period of about six hours. One of the higher
activity ‘af umay LAherP Swvas then used for a CHCO test to eval uate
performance of the high alum numactivity HVOF process. One of the high
activity afvwonsgision thidk pinvasachHain thel b : - RNES r obe
analysis (EMPA) to evz)l uat e m cﬁg%%%%gﬁar}%%r@&tf gﬁgtis?‘gygkg@%?he pi ns.
Two sets @loy gpatingyyere treatad Withiarsceandtlpe abaminusetctindy HMOBpeicéseTaat t est

Ni Al Crz dwth I | um I Vi
o pr ogi2t AR VRISEGELGE rit e RRR A ORELC) npetadou:

1975F (108 akdut siarhoarsp adiedt oDlowak ity sluthifial birs Wi HRR s fol QW acti vity
al um num pins were then used for a CO test to eval uate performance of
the | ow alldHrQdest icvialratsperfpopanne s dedowphemismonantivise HVOF pmsessct i vi t y
al um num g t ecked. t n. EMPA to .eval yate hem stry
near the ?3? %éggag?tc}tfﬁ@%%. e"él?l%rglllﬁﬁs‘%{ﬁt & P C?egﬁotaﬁgﬁ\@?‘?*g? seen the
EMPA 1 esuktaudte thetdhemisty et the ofirfavicd$ tHepiadle form of a graph. The graph
shows wei ght percent as the y-axis and the depth into the surface of the
pinin mcgroneters ﬁiﬂtég% -axis, well into the surface of the original j3-
Ni Al Cr Zr SEHROY t eEe 19 peanrthe EMIA resgltyfor thedwosatstofpingrimpie, t he

notati on fdNiwofa graph. The graph shows weight percent as the y-axis and the depth into the

surface of the pin in micrometers as the x-axis, well into the surface of the original -
N1AICrZr layer on the surface of the pins. As defined on the graph, the notation “Al-
JP127 refers to a proprietary base 8-NiAICrZr layer comprising about 27 wei ght
percent aluminum, about 12 weight percent chromium, about 1.8 weight percent
zirconium, with the balance nickel. As defined on the graph, the notation “Al-JP13”
refers to a proprietary base 8-NiAlCrZr layer comprising about 32 wei ght percent
aluminum, about 12 weight percent chromium, about 1.0 weight percent zirconium,
with the balance nickel. As defined on the graph, the notation “Al-JP0” refers to a
proprietary base 8-NiAlCrZr layer comprising about 27 weight percent aluminum,
about 12 weight percent chromium, about 1.0 weight percent zirconium, with the
- balance nickel. The notation “LOW” refers to two VPA process parameters having

relatively low activity as compared to the other process parameter where the process
was run with sufficient aluminum donor material to saturate the VPA atmosphere, the
temperature was about 1900°F (1040°C), about 50g of AlF; activator was used, the
transport gas was Ar, a total of about 40 ft° of transport gas was provided, and the
process was run for a time of about 6 hours. The notation “HIGH” refers to VPA
process parameters having relatively high activity as compared to the other process
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JP 12" refers to a proprietary base /3-Ni AlCrZr | ayer conprising about 27
wei ght percent alum num about 12 wei ght percent chrom um about 1.8

wei ght percent zirconium wth the balance nickel. As defined on the
graph, the notation "Al-JP 13" refers to a proprietary base /3-N Al CrZr

| ayer conprising about 32 wei ght percent alum num about 12 wei ght percent
chrom um about 1.0 weight percent zirconium wth the bal ance nickel. As
defined orpardiecigrwire thehmoress avhs am With sufficient ff@ifint Qordr nit@Rl ket ary base
f3-N Al CrZr | r npri si about 27 weight percent al um num about 12
wei ght pe _rsc‘i‘lélﬁ?atX ?P‘Fr‘gﬁélﬁ‘ﬁ’;msggg‘ﬁt tgi tonpErYR Wasthoahi 9757 €S0, 2bputi0zhe

bal ance nigrkgk, a&ﬂﬁto?%@héeﬂ?tﬁélt%pc{r? e?sr\ﬁas'f{%- E‘ﬂ? l\é@%(ﬁl;t%e@sofpar anmeters
having relatively low activity as conpared to fet St her process paraneter
wher e t he tpanspatgas wsprevidedpatdtheyfrbdess enate rah fior atite afubont hbersi al to
saturate the VPA atnosphere, the tenperature was about 1900F (1040C),
about 50g-0f ALlE3.activato s used, the transport gas was Ar, a total of
about 40 f’lﬁ? %arlpht?l%aﬁlé"p%?ws B@gg}ﬁﬁg I‘W‘B@]ituﬁ%'fmé{‘ﬁad’cf ed Etothesurfgeaol un for a
time of algsipinGtHaeWese suljected & Meikdh althnFiim h&H Ry VEAL %‘8@5& RiHacess

par anet ers havi n?@;el atively high activity as corrparg to the other process
19 par anetf@ptivile v eliminim leselthupgheutrthed ovhalgmirfunc activity pinsni num donor

(10000, Semoiabs il RORARAS Frrused byo FERENEARKEE o8 G s ar, a

total of phsuSuARishisly,dfe allﬁmﬂiﬁﬁpﬂf_FﬂieﬂaﬁloWa&fv‘i’t\/’iféiﬁg,lit@é‘ﬁi) 4 \GfRERRESS ware
run for a tinme of about 6 hours. The graph clearly shows that nmuch nore

al umi num R&3lugipyy dem the V8 A precess intadke previously depasiied AdfiAlbase subj ected to

t he hi gh H.au LY _JThe .relativyely lL.ow.alum.numl evel

t hr oughou?b#hrﬂgg'l Cofferiety %%%Yg‘%r%ﬁﬁ? ‘%’.nﬁlét"’naé‘i‘ﬁﬂ&?trﬁgaf‘é‘gl ‘ﬁlﬁéﬁlﬁ“’w Sittle

al uni num wasaichirh fints clek 3- VLAl Hdse chatihedl Witk udualifkeRbadeNobaRitase arRil Pri singly,
| ower activity led to little to no diffusion of

the al um nunmgpl i ed at . _ _

al uni num PRI PerBloY subsEaes, low glumipumastivisiuiends taepiensivealuflinmin Al base
coat i ngs. nsel [ A L.tions | ed to substanti al
QPR Lags. dIERRIRIRE e b e ?ft?%&%‘ﬁﬁe‘h‘f‘%‘iwf&ﬁg%g%‘té’e@g%‘ﬁ’iaﬁ{j‘é‘.““W{ Vi yal

ni ckel - base proodsaltdmpzadereshat led to a desirable result.

The CHCO results were as follows: The low aluminum activity first test 8-NiAICrZr
pin failed after 320 cycles; The low aluminum activity second test 8-NiAICrZr pin
 failed afier 321 cycles; The low aluminum activity third test 8-NiAICrZr pin failed
after 401 cycles; All three high aluminum activity pins failed after 418 cycles; The
first and third test -NiAICrZr pins failed after 378 cycles; The second test SNiAICTZr
pin failed after 365 cycles. The CHCO results demonstrated that the low aluminum
activity third test 8-NiAlCrZr alloy performed better than the bare pin sample and the
high aluminum activity pin with the same alloy on a per mil basis and performed
better than the other two low aluminum activity test f-NiAICrZr alloys. The
performances of the low temperature aluminided samples were in line with those of
the uncoated samples (within one inspection cycle) on a per mil basis. The higher
temperature (high activity) HVOF-overcoated samples appear to have longer lives,
but the apparent longer lives resulted because of the thicker coating. The high

activity HVOF-overcoated samples actually have shorter lives on a per mil basis.
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i ron-base superall oy substrates, |ow alum numactivity |eads to extensive
al um num diffusion into the substrate. The conbi nation of the relatively
| ow al umi num activity and process tenperatures has led to a desirable
result. The CHCO results were as follows: The | ow al um numactivity first
test fI-NNAICrZr pin failed after 320 cycles; The | ow al um num activity
second test (3-NNAICrZr pin failed after 321 cycles; The | ow al um num
activity tWhilgthedgyentign Nﬂsﬁbctanziesmbwdf\mtﬂ eferemat tes pfb@érr@/@hlﬁﬁhm&itl itt hree

hi gh al t fter 418 cycles: The first and third
redt 13 TSl ol e sBilefin Biesl painagotartamscmmube mage sndi Al & 7+
pin fail erqaf\IaR:lhts?rﬁ@ b estutedT8r SHERhE %?é;@&f%fﬂ%ﬁp ﬁlgﬁﬁbnrl pfetscBﬁ | ow

alum num activity third test ,3-NNA CZr alloy pe an the
bare pin §Efr%€f @veiignt leadditioghmany miodifiations ma)tlyemadetﬁlddlapﬁdmﬁafm' all oy on

a per ml 0 d . bett t.han.the.other two | ow al um num
aclto ivity t es?ﬁ(ﬁ] C&%t%ai‘o g’ien%%%‘fglng?ﬂgﬁ’ed’é‘@m?‘?’rﬁ’ﬁg@g aging ﬁlo\év?nﬁhtegrrpelrjat ure
al um ni dedssatipll seSperereod. Theiefgte )t i inteA@SBh& the fd@@nfrﬁmtbg‘i'inﬁfeﬁ% es (within

one inspection. Ec}acle on a per ml basis. The hi gher tenperature (high
activit y) Fresdeduaend dwgloégd agihe aest mwdh avetempluget for | cmng but the

appar ent beca f, 1 h cker at i n The hi gh
acti vi ty gedéérné ggtttiel%%géar?grlg%%ona‘gﬁﬁ%ﬁﬁqe QS‘@LQ‘;’{HFP@ g daibgpths per i |
basis. 26cdifidf ¢hetdppendedentiitnon has been described with reference to a
preferred enbodinent, it wIll be understood by those skilled in the art
t hat various changes may be made and equivalents nay be substituted for
el enents thereof w thout departing fromthe scope of the invention. In
addi tion, many nodifications may be nade to adapt a particular situation
or material to the teachings of the invention w thout departing fromthe
essential scope thereof. Therefore, it is intended that the invention not
be limted to the particul ar enbodi nent disclosed as the best node
contenplated for carrying out this invention, but that the invention wll
include all enbodinents falling within the scope of the appended cl ai ns.
21 _ _
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CLAIM5 1. A process for formng diffusion alum nide coatings on an
uncoated portion of a surface of a substrate, without interdiffusing a
sufficient anbunt of alumnuminto a coating |layer to adversely affect the
coating grow h potential or nmechanical properties of said coating |ayer,
conpri si ngriahgisst eps of: providing a netal substrate conprising an external
surface and an internal passage therein defined by an internal surface, at
| east a portion of the external surface of the substrate being coated, but
at | east & porfinsecest forfemiing diffigionaluiabds doelingy anranomcedtsd pwitibh of coat i ng

| | f st foe(3-Ni Al - MCr Al X
e of s ifitqiof Rt AR b1 Pyt el BF For e 1700 41 ur i e,
a pack didatingiayer @l adveistlgaffearttle Sodinggiywli fotdSiaDst rtdhahiRaIdRomRtGAT d

substrate, .wherei.n }he substrate is a gas turbine airfoil, and wherein the
i nt er nal palng layey comprisipg thersteps @fler nal  cool i ng passages whi ch ext end
through an interior of the airfoil; cleaning the external surface of the

subst r at eprosiditjgerinealsubigateRbbprisiup ah eReal Surfite ahd/fl HEhNFANagphase
deposition process performed using a fluorine-containing activator
sel ect ed ipsH defimcd by ap intemal Sxfagg apleasta pogiioncpithe external swafage ebibi nat i ons

t her eof , e s nol.s. @f . fl uorine per ft3/hr
of transpf)ﬁl;o'?t‘f’agtélgélti:a1 %Cgabt%%t% ugﬁgg&ﬁ%%g oﬁ %ﬁl%&gfé%leal ;S)lérrfaCF t%ﬁ?’ﬁrm(%?ate ’ransport
gas, at awitkapeatatgiayeriseletthe fioange gafupabasistink3 T B-NiAlkmsaatAR925 F., using
a transpatt lected . fron t?g@grl_oup consi sting of argon, nitrogen,

hydr ogen, "4 S 100 glprainy ingjof-sighbdidiysion aljarinisle; #Bagkr ovi ded at a
fl ow rat edifffsibRSluhAMAS, M 2 sﬁﬂﬁu&iff%goﬁtaﬁ{nﬂﬁid%%n?%‘%loﬁhhét%@e I afeor @ period

of time in the range of about "2 hours to abou ours; and cooling the
subst r at esubstratTise gos dobie afoil; land mbireinvhe igtemal peasapeds & ppralityef is a

s a (3 N $Yotngparionss Wih SRR lwoely ety o BhABR n ¢ he (3. N Al G 21
coating |l ayer conprises about 53.5 weight percent nickel to about 64.5
wei ght peleming the ekteinal surfaoe oPhewebsiate; t 0

subjecting the metal substrate to an aluminum vapor phase deposition process

performed using a fluorine-containing activator selected from the group consisting of

AlF;, CrF3, NH4F, and combinations thereof, at a rate in the range of about 0.036

mols of fluorine per ft*/hr of transport gas to about 0.18 mols of fluorine per f’/hr of

transport gas, at a temperature in the range of about 1350° F. to about 1925° F., using

a transport gas selected from the group consisting of argon, nitrogen, hydrogen, and

combinations thereof, the transport gas being provided at a flow rate in the range of

about 20 ft*/hr to about 120 ft*/hr for a period of time in the range of about 2 hours to

about 10 hours; and

cooling the substrate.

2. The process of claim 1, wherein the coating layer is a f-NiAl-base layer.
3. The process of claim 2, wherein the coating layer is a p-NiAICrZr layer.
4, The process of claim 3, wherein the B-NiAlCrZr coating layer comprises about

53.5 weight percent nickel to about 64.5 weight percent nickel, about 20 weight to
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22 about 30 weight percent alum num about 2 wei ght percent to about 15
wei ght percent chrom um and about 0.5 wei ght percent to about 1.5 wei ght
percent zirconium 5. The process of claim4, wherein the (3-N ALCrZr
coating | ayer conprises about 60 weight percent nickel, about 27 wei ght

percent  ahiiut BOIMcigh percerk AlUNGhGRL alRRE Q%ght?@fc@ﬁ@tb‘ Bhoing v@é?@’ri:%eljceﬂ@i ght
percent zirconium 6. The process of claimb5, wherein the afum num vapor
phase dep#ldpmiwn g9d sbewtd).5 weightpdreeniéelabmsit h§ weighkpeenctifoaiuor. at a rate of
0.036 nols of fluorine per ft3/hr of transport gas, at a tenperature of

about 1908 F., [ Qyi-ded at flow rate,of about 20
F0s/hr or o pob bR O Bl s0Rfed AEPREANCAAS oRlindloyer BpERTRe 4
wher ei n t 6eweightpercent nivgel; aipha e wiigin peickralRHi@AARS Sbout 32 PRIFOHBRENUSI Ng an
Al F3 activator at ate of, 0.036 nols of fluorine per $3/hr of transport
gas, at a“TUREE.A00RROW] weghiperesgbhzirconiume t ransport gas being provi ded at
a flowrate of about 20 ft3/hr for a period of tine of about 6 hours. 8.

The process OfTd @osd of WARK §1 WhérbR (ROAIRAh NSy h&%ﬁ&éﬁ@@%@ k- si ght
di ffusion alum nide | ayer conprising alum num chtpom u an mat eri al
sel ect ed 1s pesormedaisinecupA Faagtivetar atya tite of §.83cmiclseofdlueripaiper fd/maifl e net al |

and conbi i ereof . 9. e pr f .claiml, 6 wherein,the coating
is a pac k@%#%g?soa&a{eﬁ%e i 80?_%})@&) 18@%?%7"?‘3 F%SPQH]W hetrg PEvidsdidiy, and a
mat eri al fiok ené eflatfouopo ﬁhﬁrﬁm?beri@@aﬁmbioﬂ%o@tsh@ufs.eacti ve el ement, a noble
nmetal, and conbi nations thereof. 10. The process of claim1, wherein the
coati ng i7s a s,ll,ahurry di f%tis_i on alum nide | ayer conprising alum num

chroni um’-and ‘SPeREPEst of claig dorlhsgein thslumanuin winer Pbass deresition BPCesSr eact i ve
el ement, ;a,89hRd I ' j : . s of claim
1, wher eilﬁpt he co%&%&lnlﬂggg%&?gm Aﬁf%]&v%gﬁﬁﬁjsioghém@%wg%ﬁgct ed from
t he grouprapeprst sisi #ig tefnpematme ofadival 1 9007k kké tramspdrt ganbéingpiovitked at Ber eof . 23

flow rate of about 20 ft*/br for a period of time of about 6 hours.

8. The process of claim 1, wherein the coating layer is a non-line-of-sight
diffusion aluminide layer comprising aluminum, chromium, and a material selected
from the group consisting of a reactive element, a noble metal, and combinations
thereof.

9. The process of claim 1, wherein the coating is a pack diffusion aluminide layer
comprising aluminum, chromium, and a material selected from the group consisting

of a reactive element, a noble metal, and combinations thereof.

10.  The process of claim 1, wherein the coating is a slurry diffusion aluminide
layer comprising aluminum, chromium, and a material selected from the group

consisting of a reactive element, a noble metal, and combinations thereof,

I1.  The process of claim 1, wherein the coating layer is MCrAlX, where M is a
metal selected from the group consisting of iron, cobalt, nickel, and combinations

thereof.
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12. The process of claim1 further conprising the additional step of
densifying and snoothing the coating |ayer using a shot peen treatnent
prior to the step of «cleaning the external surface of the substrate. 13.
The process of claim1l further conprising the additional step of nmasking a
presel ected external portion of the substrate prior to the step of

subj ecti ng»ot he . I at 1 pelolels ition
process. %% ngggfdggses?glegd?ﬁ?l %F}ﬁ&l&?i dﬁs rtﬂ‘%:]%ﬁr%{)rl SI %tgg t8 ﬁgeng@bg]?l i onal step
of subj ecanhsmodthingdlxatdatigg laygevsina sha pedreitantmhentipsior ta thatprf t o reduce

t he roughness. of, the coati | ayer 15. The process of claim1 further
conpri si n&ﬁwgg%ﬁ"?ﬁr&aﬁﬁ}lﬁgﬁ%ﬁ?S‘%’Btﬁ?tﬁi ng a thermal bond coat to the
coating layer. 16. The process of claim 14 further conprising the

addi ti onall3st eghoprozpplofichéma fukther dBlprikRpdheaRlitidal §tbe otRailinga | ayer. 17.
The process of claim1, wherein the alum num vapor phase deposition process
i s perf or Bisgelpdrhextamalporionef the sebstratgtprier tathe sisp of sdgectingltee wetal | uor i ne
per ft3/h g re of about 1900 F., the
transportE%Héisraegdlg%gélgggélfrgggpoéﬁlg&%ﬁg%/}vﬁérg&éc%fs' about 20 ft3/hr for a
period of tinme of about 6 hours. 18. A process for formng diffusion

al um ni del4.0at Thegprooessad claim d dusherporniprising dlie addittumafl aeeoDiubfectitidaier at e,

wi t hout interdiffusin suffjcient apount of alum numinto a coating

| ayer to ¥ Qgéaém?oaf‘f g’é@?‘* gﬂ@hgﬁéﬁ%m&&}&eﬁ{wp@ﬂlﬁqség}w CRENEAY Al
properties of said coating |layer, conprising the steps of: providing a
metal subss.r at BhépioREss oF BEiraN f@feﬁ&rcaﬁlbﬁﬁﬁgft&cﬁdﬁwﬁa%eﬁ ot Splahe passage
therein defined by an internal surface, af |east a portion of %he ext er nal

surface otherpd bogdipeat tathe cpatingjlagerat ed, but at |east a portion of the.
internal surface being uncoated, wth a coating |ayer selected fromthe

group congg sti - NiGA| - $6l I. -~ NLAL-base js R -N A C Zr,
MCr Al X, a li ne?%f ﬁfgf%ﬁto Néliﬁ‘lfr? Egl on eﬁ?ﬁ%&’l?ﬁ%&%gd@gﬁmﬁ%teﬁeo-%sgp Pfgff@ﬁ di ffusion
al um ni dethemid bend cédteo therohtingglagdr- si ght di f fusi on al umi ni de [ ayer
conprising alum num chromum and a material selected fromthe group 24

17.  The process of claim 1, wherein the aluminum vapor phase deposition process
is performed using an AlF; activator at a rate of 0.036 mols of fluorine per ft*/hr of
transport gas, at a temperature of about 1900° F., the transport gas being provided at a

flow rate of about 20 ft*/hr for a period of time of about 6 hours.

18. A process for forming diffusion aluminide coatings on an uncoated portion of
a surface of a substrate, without interdiffusing a sufficient amount of aluminum into a
coating layer to adversely affect the coating growth potential or mechanical properties

of said coating layer, comprising the steps of:

providing a metal substrate comprising an external surface and an internal passage
therein defined by an internal surface, at least a portion of the external surface of the

substrate being coated, but at least a portion of the internal surface being uncoated,

with a coating layer selected from the group consisting of B -NiAl-base, wherein the

B -NiAl-base is B -NiAlCrZr, MCrAIX, a line-of sight diffusion aluminide, a non-

line-of-sight diffusion aluminide, wherein the non-line-of-sight diffusion aluminide
- layer comprising aluminum, chromium, and a material selected from the group
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consisting of a reactive elenment, a noble nmetal, and conbi nations thereof,
a pack diffusion alum nide, and a slurry diffusion alum nide on said

substrate, wherein the substrate is a gas turbine airfoil, and wherein the
internal passage is a plurality of internal cooling passages which extend
t hrough an interior of the airfoil; cleaning the external surface of the

subst r at ecodin Q)tf'a Q&acﬁ?@ el@ﬁgﬂﬂ a AHPS tnl;e?zfl ea&doco‘ﬁ{tlﬂ 1 BHaPaoY aaocéldck phase

dep05|t|on_proc ss perforned using a fluorine- con al ni'ng ‘act i vat or
sel ect ed Hfémsanheduginadey andaslueyidiffusodn alwhidde & §a43d subisiéhte, @ingeinalxbi nat i ons
abaut. 0.036. nols of flugrine per ft3/hr

t her eof ate in the range of

of trans pgptgs%a{%s ?ga%tblﬁlﬂ’t‘e ﬁ?f?.’g ‘H’gﬁ whegin e fgternal passage s 4/mipraliy r}t ranspor t
gas, at ajjtenhesoalig ﬁads%e%%td}?&%d%oﬁgﬁﬂﬁ imt@RE of thd frfgout 1925 F., using
a transport gas selected fromthe group consisting of argon, mtrogen

hydrogen, and conbi nations thereof, the transport gas being provided at a
fl ow ratecleﬁmtlﬁglerf'é%%aléﬁr aggsv ke UOSYAG/ hr to about 120 ft3/hr for a period
of tinme in the range of about 2 hours to about 10 hours; and cooling the

substrate sub}&:tmﬁ tIEErl‘ﬂ@t%iSﬁlbfs dte Ecp rﬂ%‘fs é;b%% gﬂa ﬁ%sﬂt'% fﬁ&%& ings on an

uncoated portio a sur ace o erdiffusing a
suffici enpelﬁamdtusm’g aaﬂummmmmnnuanntng ativaonddleuged fyrarthd goapltz@tmlng ofif fect the

coating gr o} i al hanj cal _properties of i d oatl ng | ayer,
conpri si né‘%gﬂgtgg‘gﬁnafndﬁPWF%%ﬂ@s e%f&fagqﬁ%g’t Sf@%(‘?ﬁ%\?‘?‘%ﬁrﬁﬁ an ext er nal
surface aﬂmsadfﬂuahﬁégal P ARST & 8sp ottfg%%ébo@%u@%twfﬁ&bﬂd@p%f fidhe sir face, at

| east a portion of the external surtace of substrat e "bel ng coated, but
at | east Happpertigan abd tamuerdturedn ﬂmlramdfabeutﬂéﬁﬂthmcabamteI@ZTW tifing coati ng

| ayer sel ed fromt OUR,. consi stin bas wherein the (3
TNV - basE i be e e PO aRE Sisiial of Sieohyntaees BIBHT A ni de, o
non- | i neccafibigitfiint tdirédtlimi @Lﬁn@iobtrgaﬁ béifg provikielkat diffofati@tOin (Re RbAbLe, wherein
the pack diffusion aluninid conprising alum num chromum and a
mat er | aI %I?é’lué%‘t 30(1“ ‘F’r?’(bﬁt“tw ﬂmfy epmindafiting inftherangeof about 2hewsite , a nobl e
nmet al , wﬁp@h&ﬁg ther eof, and a slurry diffusion alumnide on said
substrate erein’t substrate is a

cooling the substrate.

19. A process for forming diffusion aluminide coatings on an uncoated portion of
a surface of a substrate, without interdiffusing a sufficient amount of aluminum into a
coating layer to adversely affect the coating growth potential or mechanical properties

of said coating layer, comprising the steps of:

providing a metal substrate comprising an external surface and an internal passage
therein defined by an internal surface, at least a portion of the external surface of the

substrate being coated, but at least a portion of the internal surface being uncoated,

with a coating layer selected from the group consisting of B -NiAl-base, wherein the

B -NiAl-base is  -NiAICrZr, MCrAlIX, a line-of sight diffusion aluminide, a non-

line-of-sight diffusion aluminide, a pack diffusion aluminide, wherein the pack
diffusion aluminide layer comprising aluminum, chromium, and a material selected
from the group consisting of a reactive element, a noble metal, and combinations

thereof, and a sturry diffusion aluminide on said substrate, wherein the substrate is a
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25 gas turbine airfoil, and wherein the internal passage is a plurality of
internal cooling passages which extend through an interior of the airfoil;
cl eaning the external surface of the substrate; subjecting the netal

substrate to an al um num vapor phase deposition process perforned using a
fluorine-containing activator selected fromthe group consisting of AlF3,

CrF3, NHAkss RRsInE FBIINGHd %ei%%ﬁ%al?}%s %é ﬁ%aﬁalﬁr@li%{bef 6ﬁt%glgﬁ%(fbiin bout 0.036

mol s of fluorine per ft3/hr of transport gas abo f fluorine
per ft 3/ hpasshgestwhaelsproend thamigh at irderi@mfehadicod; i n t he range of about 1350
F. to about 1925 F., using a transport gas selected fromthe group

consistin : on, ni.trogen.. hydrogen, and conbinations thereof, the
transportgg%nggl%neéteﬁ%ﬁwggcgdettth%su%%%’r ate in the range of about 20
ft3/hr to about 120 ft3/hr for a period of tine in the range of about 2

hours to safjeting 1 fetdl sibsate tcHOdlinmghunl Gapon Phisealepositdh prébes pr ocess of
claim19, erein the coating is.a slurry diffusion alum nide _|ayer
conpri si n§eEMMFLHSnE aéﬁpgﬁpﬁﬁ{lt&l&lﬁtg aetivaioe pelegtelsEpathegropp soRIHEEGE oup

consi stingyef ooy, RIGE! A BhiBHERbns AeBE'Pa FRE H the Aiike CPHRYABIdzBNS t her eof

mols of fluorine per ft*/hr of transport gas to about 0.18 mols of fluorine per ft*/hr of
transport gas, at a temperature in the range of about 1350° F. to about 1925° F., using
a transport gas selected from the group consisting of argon, nitrogen, hydrogen, and
combinations thereof, the transport gas being provided at a flow rate in the range of
about 20 ft*/hr to about 120 ft*/hr for a period of time in the range of about 2 hours to

about 10 hours; and
cooling the substrate.

20.  The process of claim 19, wherein the coating is a slurry diffusion aluminide
layer comprising aluminum, chromium, and a material selected from the group

consisting of a reactive element, a noble metal, and combinations thereof.
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