11 Septenber 2003 METHOD OF CONTROLLI NG THI CKNESS AND ALUM NUM CONTENT COF

A DI FFUSI ON ALUM NI DE COATI NG FI ELD OF THE | NVENTI ON Th§1present i nvention
rel ates to processes for formng protective diffusion FuREReaber 3693 ngs.

More particularly, this invention relates to a process for controlling the
t hi ckness and al um num content of a diffusion alumnide coating by

control | i ng alMETHODOF I GONT ROLLING!TISICRRIESE% RITP 4 THE
| NVENTI ON 5 The operating environment within a gas tu?bi?ﬁéﬁ%w&t h
thermally and chemnical |y R§ADIEFUSIGN ALEBVIINHOZETOATING hi gh tenperature

capabilities have been achieved through the devel opnent of iron, nickel
and cobal t - ba e use of oxidation-resistant

envi ronnent al P@&a@%@@mwwprot ecting superall oys from oxi dati on;
hot corrosion, etc. 10 Diffusion alum nide coatings have particularly found
wi despread use for ThéBRIEA inP¥nEOTRY | ne engi nes., These
coatings are genqrgl |§ formedn%y Suﬁ?@ﬁ%ﬁ%@%&érﬁbmﬂﬁﬁ%’h}ﬁ 100
deposi ted by alhsinidd comtpgs. Mepopadticatarl,\Rs Bivestidh261420atd 5 rog%ssbf}%a

di ffusion process such as pack cenentati'on, above-pack, or vapor (gas
phase deposi t5o8krollng 3@&?@@@5& andalymisunbeantent afid diffsisiom dbtthiiedeagRat i ng

12 generally .distinct zones, the outernost of which is an additive
| ayer 16 contﬂ;{iﬁqr{n%@gﬁg@iWW@FWﬂurﬁ%F RMGRIOCA al | i ¢ represent ed
by MAI, where Mis iron, nickel or cobalt, depending on the substrate

mat eri al . TheB AGKGROENDBIGY ik inviEReTEpgul t of  deposited al um num and an
outward diffusion of iron, nickel or cobalt fromthe 20 substrate 10.

Beneath the additive layer 16 is a diffusion zone 14 conprising various

i ntermetal |ic and Thetopsratingeptissenentraithiroa gasltuirbiige diEn6 2dtAGherSaR! | ON

as a result of .dif fusional gradjents and changes in elenental solubilrty
and c'hexmcal?y Rostile Cyntg-xw.l.l’lcant advances in high temperature capabilities

have been achieved through the development of iron; nickel and cobalt-base
superalloys and the use of oxidation-resistant environmental coatings capable

of protecting superalloys from oxidation, hot corrosion, etc.

10 Diffusion aluminide coatings have particularly found widespread use for
superalloy components of gas turbine engines. These coatings are generally
formed by such methods as diffusing aluminum deposited by chemical vapor
deposition (CVD) or slurry coating, or by a diffusion process such as pack
cementation, above-pack, or vapor (gas) phase deposition. As depicted in Figure

15 1, a diffusion aluminide coating 12 generally has two distinct zones, the
outermost of which is an additive layer 16 containing an environmentaily-
resistant intermetallic represented by MAI, where M is iron, nickel or cobalt,
depending on the substrate material. The MAI intermetallic is the result of
deposited aluminum and an outward diffusion of iron, nickel or cobalt from the

20 substrate 10. Beneath the additive layer 16 is a diffusion zone 14 comprising
various intermetallic and metastable phases that form during the coating

reaction as a result of diffusional gradients and changes in elemental solubility



1 | Septenber 2003 in the local region of the substrate 10. During high

tenperature exposure in air, the additive layer 16 for rotective
al um num oxi de (alum na) scale or |ayer (not shown) thg*!ts'L ?%‘?&Fﬁ‘fb rsﬁédla

oxi dation of the diffusion coating 12 and the underlying substrate 10. 5
D ffusion processes generally entail reacting the surface of a conponent

with an al um niavthe deadiregion of dse aubsspasd m,qnuﬂhgh@gﬂ@,ﬁﬁgﬁ@&été@%&re ggses.
t he al um num cont ai ni, ng]é%as conposition is produced by heating a powder’
m xture of an Lfi‘%‘fjh%‘(ﬁ 8% 1 formy aspretentive abmoiunatidd @lyminz) 3c4le ©F layer

(activator) a y.um or, al kal | al, halide, and an inert
filler such azﬂgg?%ilgg&&f} %glaqq{bod% BoR soafing hbanyd theoundsrktiog e
are m xed and dypgapanked and pressed around the conponent to be treated,

after which the conponent and powder m xture are heated to a tenperature
sufficient to vaporize and react the activator with the source material to

form the ol atil e dPififvsinmpiukiste genbiatly ertthibfedceig!the 8lirfaPe oSN LEAGRRE: t he
conmponent to faormt hff di ffusion alum nide 15 coating. Al um num contal ning

source materi 34Mppe YRGB SIeasanaggasi compositnr cespak aeanertiation prodessas,

all oy particl um num halide. If the source material is an

al umi num hal i g%? Qg_ﬂg[%ﬁgl#é&ogt%g,g@%FOWOﬁlgpnrlécﬁfpﬁiél&(_—}d hyeheatfing a powder i al
is placed out pgk tal ity Lnized. As wt ack
cenentati on, vapt(‘)”g@?fhggeal al umﬂnliwzalnng %%%if}%s@%grgbgghnéﬁla t Cgl‘{lg%ggg&g?)e at
20 which the shchasamairahoniennot hikatiasétabhalidie asd Faserild a5 QTPYRERY O

forma _diffusjon alumnide coating. The rate at which a diffusion
al umi ni &8 coatiURyNdeop dpgredienss @ﬁﬁggﬂﬂpwctermﬁshd‘epmﬂémd and thien padket anm

L L o RS ER SFOEL ARt UL GRS e o 02 Vgt
pel lets) w t hpewlexadxirk Q¥e RIPATH & ité}ﬁpg‘ﬁ\f&eastﬁﬁ&%ﬁ%tvaaﬂolﬁgena%rg react the
activator with the source material to form the volatile aluminum halide, which
then reacts at the surface of the component to form the diffusion aluminide
15 coating. Aluminum-containing source materials for vapor phase deposition
processes can be aluminum alloy particles or an aluminum halide. If the source
material is an aluminum halide, a separate activator is not required. The source
material is placed out of contact with the surface to be aluminized. As with pack
cementation, vapor phase aluminizing (VPA) is performed at a temperature at
20 which the aluminum halide will react at the surface of the component to form a

diffusion aluminide coating,

The rate at which a diffusion aluminide coating develops on a substrate

is dependent on the aluminum activity of the process. Generally, CVD processes

7 and those VPA processes where the source material is in the form of particles
25 (e.g., chunks or pellets) with a fixed alloy composition have a constant aluminum
activity as long as source material and sufficient activator are available. In
contrast, aluminum activity decreases uncontrollably with time during pack

cementation and other above-pack processes as a result of the reduced



‘activity as long as source material and sufficient activator are avail abl e.
In contrast, alum numactivity decreases uncontrollably with tinme during
pack cenentation and ot her above-pack processes as a resubepeinkshetd®duced
2 11 Septenber 2003 availability of the al umi num sour ce material and/or

tivat furth te at which th
2ot vat or aPTARY BF e gt e FRRRA AR abolor et Frocasses
i ncr eases gy} wﬁﬁm&fltﬁé theaaprmlutﬁ&he ﬁaﬁatcﬁsmeaéﬁlaﬁb%fimq;rﬁpeat ti mes

of ten reqwred to heat t | arge mass of powd As a result um ni de
coating themmwmmeﬂmkem@@swm&éds Wthlpr&@&s—addtedi\dbomah&esses t han

pack cenent d abqve processe t he a um cont ent
of the coé‘l“%ﬁ 8‘#?5 EEBE‘F'FBP t‘é*af‘%%"f&ﬁPEO ‘\?{ftg? lArgegass o B‘Eu‘?’a% coating
W th existdg RindiQd @Jtﬂ%%kmb% c@h‘iﬁ'be&@ EQUSIRY WL VEA S 4 ! nal

t hi ckness- andra uﬁhrl\um coﬁtent of an al um ni dfa coat 1 ng, contrg'l-l of the

al um num @V priotassebthan gatkenbirtitiogi anl gravegssk preassseshélavesesghey. One
advant age of bein control coat,i ngqthl ness and al ym num cont ent

g able t
woul d be #HEMBRTY ?We‘%t&frfgﬁlcﬁf‘%gt%%'i‘?tr@ (AR ESE RN ELEERR i r onment al
resi stanc&tlnlze(g ol i e R2tiR mﬁﬁgug gﬁr@geggn nide coating characterized by
a

arelati a um num co tent near "the original substrate surface, but
a high alum numcontent at the coating surface. Another advantage would be
during the codnionderdp cantreblthdbe &g SIL albwnufmmatlmfa(re g., new

repair netal oa nrepair rfac ere additional
coating C?:!I Wq%@n{%if)?ﬁl&#ﬂ:ﬂggq &g) PAPIHE™ t hi ckness.
However, @&ul&qiee&cé& oﬁ@sdmdr@g e 8f beih@aks tacmﬁhp@bMME&hessal um num
acti vi ty can be accur at el y controlled during a diffusion alumnide coating

process. BRI AErGUNNARYDE Wiyt |IbVitirrpbdiy to minimize coating growth and
maximize environmental resistance by providing an outward-type alumx_mde

coating characterized by a're[ali%ely low aluminum content near the original
substrate surface, but a high aluminum content at the coating surface. Another
advantage would be during the coating of a repaired component with both
uncoated {e.g., new repair metal) and coated (e.g., unrepaired) surfaces, where
additional coating on the original coating could lead to excessive coating
thickness. Howaevet, as noted above, the prior art lacks a method by which

aluminum activity can be accurately controlled during a diffusion aluminide

coating process.
BRIEF SUMMARY OF THE INVENTION

The present invention generally provides a process for forming a diffusion

aluminide coating on a substrate, such as a component for a gas turbine engine.

The process generally entails placing the substrate in a suitable coating chamber,
providing within the coating chamber an aluminum-containing vapor having a substantiaily
constant aluminum activity; flowing an inert or reducing gas into and through the coating
chamber, and contacting the substrate with the aluminum containing vapor to cause a
portion of the aluminum-containing vapor to react with and deposit aluminum on the

substrate while maintaining the substantially



The present invention generally provides a process for formng a diffusion
al um ni de coating on a substrate, such as a conponent for a gas turbine
engi ne. The process generally entails placing the substriat &eptenzbes2003bl e

coating chanber, providing within the coating chanber an
al um num cont ai ni ng vapor having a substantially const ant al um num

activity; i duci ng gas.into an rough the coating
chanber | 5?1“ e %&5&1?@%{'%’ O%ré'iﬁﬁoé‘c‘rpﬁ‘f"@ RINEEPY| W “?1 cg Wﬁ&bfﬁmﬁ’g vapor to
cause a mﬁlblc&ﬁ oWifngttheratd 4Rits i { nd deposit
al uni num qn t he ;ﬁ bstrafe v\lmmllll 231 ‘ﬁn]g?l%\[?églqﬁagm%?ﬁgﬁhseu 8 n%%tcl? a%lhllmnge»81

Sept enber 8% housh Hgnsoating WWGNO that aa}hqumnnnuifrtlmommmcmd ng vapor
withint halumﬁﬁﬂ ehtGRIBEORIor IMe:p?fr&gr}flé Qc!ahhé"?lramgr gfih% (ﬁ%t Iaclté f}ﬁ um num i s

deposi ted on, t he subs%rate by altering the aw r hr ough
the coat i AF2EhANBES & tfeh‘él’creaﬁteéd‘lhwl@lﬁnﬁ@atmhefanmreéa@wm frah um mmihgont ai ni ng

vapor is sisgiber WitlORighd?@a it 1R, reNRHR 8N alﬂ}{mhﬁﬁqggﬂé andoéﬁun%{lr escgllﬁgr{t ﬁggl’ eat er

anounts of, the unreacted al um num coating vapor are swept Trom coati ng
chanber wWEHHHIGEAIRRLE cogiRer dnesentrash dewdr it ttesaiwee Hswk ngoniatt ef and

al um num eeedcedtal@iinuh Rnt 88 WbitindEhahbbnl Dot CBFEHCFégsed M Ak | over
flow rates d%%exﬁ | esser anounts Of unreact ec% um numafI mthRe? goatl ng
chanber , ﬂ“’f‘ﬁ‘flmlcﬁ’étF’é‘&?éB‘néhWWIﬂP peptingbeing foamedl. hi gher al uni num

contents within the alum nide coating being forned. In view of the above,
the process of this invention is able to produce a diffusion alum nide
coati ng whose thickness can be accurately controll'ed, as well as:.its

al um num content through the coating thickness. As a result, a diffusion

‘al uni ni de coat i[AGiER bABeRIRAS Hib %ngpﬂggw&@}g coggﬁmﬁc nt ent can

be tailored for a particul ar appI| For exanple

pr oduced dtﬁwﬂadnahunuadeemhm@wham&mﬂqemmm@[ﬁfdh dﬂéﬂ?%dreu
environnmental _resistance as resul t- of beln initially deposited to be an
out war d- t. #H 85 ARy sontent tthé“ %%"FS% Aslaaebult) 3 difusiahuni num

cont ent ngﬁfmﬁ@fe coating can be produced whose thickness-and aluminum content can

be tailored for a parhcular apphcatlorL For example; a coating can be produced
fo exhibit a reduced rate of coating growt:h and improved environmental
Ieésistance as a result of being initially deposited to be an outward—type
aluminide coating characterized by a relatively low aluminum content near the
otiginal substrate surface, and with an increasing a_[uthinum content toward the

coating surface.

This invention also provides a process for forming a diffusion aluminide coating, the

process comprising the steps of:

placing a superailoy substrate in a coating chamber;

providing within the coating chamber an aluminum halide vapor having a
substantially constant aluminum activity;

flowing an inert gas into and through the coating chamber; and

producing a diffusion aluminide coating on the substrate by vapor phase
aluminizing, during which the substrate is contacted with the aluminum halide vapor to
cause a portion of the aluminum halide vapor to react with and deposit alummum on the

substrate while maintaining the substantially constant aluminum activity

.4 V



original substrate surface, and with an increasing alum num content toward
the coating surface. This invention al so provides a process for formng a
di ffusion alum nide coating, the process conprising thqlSSQFng%,: s@agci ng
a superall oy substrate in a coating chanber; providing within the coating
chanber an al um num hal i de vapor having a substantially constant al um num
activity; flowng-an inert gas into and through the coating chanber; and
produci ng a diffusion alum nide coating on the substrate by vapor phase

al um ni zi ng, during which the substrate is contacted with the al um num
hal i de vapor  to  cayse.a portion of the alum num halide vapor to react with
and deposiPrEM A Ty ghminide gagting by alipiinedhedow rate pf the ceirovghteant i al |y

const ant  abtigniuimee: tsb et ¥ pdlioS@PiR ARG teP DNBmERAR Bilite Mpok ff@sv@hf fygion
al um ni de 1cl:oat L.ng altering the flowrate of the gas through the coating

b
chanber sd $ftn hﬁ%‘f"iri by heogasatd s Hrbdedteqmerntsohweased ialianingm bilides swept

from the vepataiengeptRmdBE chiting BRnBBSwitithighes Qad AR ra@k €at er anounts of
unreacted al um num halide vapor are swept fromthe coating chanber with

hi gher gas flow rates. Al so possible with this invention is the ability to
rejuvenate a diffusion alum nide coating on a conponent, such as a
conponent that has undergone surface repairs. In such circunstances, the
alum numactivity is adjusted . to such a ran that diffusion _of al um num

. E.,. ( 3

into the substAl§e@opsiblgwi woRaHGR 1 e SbUY €9 spweRstedBFsiRm. on
t hose uncgated .(e. Q... r i f S,.Qf , | Vi ng
Force orQeurchgogrngeRr s soTPlmPl sEEf v colProsRURGRH vl diabhe
control | edri¥e AlgaB¥. ENSELFmtiices/@ealEmii{aneetely ih@djuseanesaet . t hat -
retain the original alumnide coating, the driving force for 4a 11
Sept enbera 2088 that diffusion of aluminum into-the substrate is the rate controlling step

for coating growth. On those uncoated (e.g., repaired) surfaces of the

component, the driving force for coating growth is significant since the

aluminum level is controlled by alloy chemistry. For those surfaces of the

comporient .that retain the original aluminide coating, the driving force for

4a




al um num deposition is a function of the alum numlevel remaining in the
coating. Areas with significant alumnumlevels in the existing coating
will have miniml coating growth, while areas w th existi8&nte@Bbé fghd hat

is depleted in alumnumw Il increase in alum numcontent with slight
coating gromh. As a 5 result, excessive coating thickness is avoided on

t hose surfaces_wt.h thg original coating. In addition to the above
advant ages, t HEUBHBYBhACPAsiEAR 57 firsiiares! the shtminsfin develveeradinindin ithe

met hod that i atal ith existi al um ni zin processes and
equi pnent . | nscggglﬁg‘l %ﬁpésﬁﬁ@qﬁﬂgwgﬁgﬁg‘%ﬁ%’éﬁ '\5‘3”‘9 exstingprating wall have
wi t hout i nt er frafdift] \ebhiin f - nent s.that, dp, not
require the benefits of t%?goﬁgggﬁgﬁ%é&g‘ﬁ@%&c@%%& Q’&\?%Qﬁ@l@?%m
t hi s i nvent i omlwinihuinewbirice¢ase gpahahatiad coﬁfe(hWiH@sIfigﬂtldeHﬂg gﬁswa' d 5
~description, DESCfRI PTION OF THE DRAWNGS Figure 1 is a cross-sectional Vview
of a substr at &eSHt 8xEaFsiygiopating thicknessss avoiflad icarthesestinficde watietengriginal
DETAI LED DESC@EE%’%%N OF THE | NVENTI ON The present invention is generally

n

applicable to co ents that operate wthin thermally and chem cally
hostile environnents, and are therefore subjected to oxidation and hot

corrosion. Notabl e@XadiiodSo%he SHE M@{%E}%F ﬁr@s‘\ehgg%ehﬁgxﬂgég&qgggglgs W

pressure turbine nozzles, blades and shro gas tur

Wi | e the adveffectijes abfmirhizingi meeindd chatid col@atibke iikle dxwitiny ahRhRfigREe tO
gas turbine engine hardware, the teachings of the invention are generdlly
appl i cabl e toPg?ﬂﬁsie@rrﬁBﬁeﬁﬁuWWﬁ chlraraddlitionnithe wethddgamapebeelettiedyt o

protectyphe conpaReited (Mot TuEl¥ling Wik e pRodchs B S/ OEer Aoasonents that

do not require the benefits of this invention.

Other objects and advantages of this invention will be better appreciated

from the following detailed description.
DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view of a substrate with an outward-type

15 diffusion aluminide coating.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is generally applicable to components that operate
within thermally and chemically hostile environments, and are therefore
subjected to oxidation and hot corrosion. Notable examples of such components
include the high and low pressure turbine nozzles, blades and shrouds of gas

20 turbine engines. While the advantages of this invention will be described with
reference to gas turbine engine hardware, the teachings of the invention are
generally applicable to any component on which an aluminide coaﬁng may be

used to protect the component from its environment.




Figure 1 represents an outward-type diffusion alumnide coating 12 that

can be produced by the nethod of this invention. The coating 12 is shown as
overlying a substrate 10, which is typically the base nateSemigmbér 2008
conponent protected by the coating 12. Typical materials for the substrate
10 (and therefore 5 the conponent) include nickel, iron and cobalt-base
superal | oys, though,other alloys could be used. The alum nide coating 12

i s general |y char act:8WfezkErmgses amguiwardetypeydiffusmn lumividerddaéingd 2 that

di ffusion zon f r..of i gh ntai ns.. an_oxi dat,ion-resistant NAI
internetalli C%S%gjgeé%gi&gg&ﬁ %@%@lg‘éeqft%%vﬁpﬁgnbg?ﬁ COgRRgd & ifishpyn aphe
additive | ayepvéfl ah OB ] ' 10 _dependi ng
on whet her ot her haih; oharae ORI Y pleB P HE A HE AR B dotobORER!
substrate 10 protectetidbyatherioating 0. Tipicalematopiabs for ke adsbintaite 80 {zﬁ%ﬂethelje@oféay

include Pt Al 2 or platinumin solution in the MAI phase if platinumwas
plated 6n t héh&edappaeRt) includa nighkebriton gpa cabalt-basosupérativys, thonghbting

| d diff f. t d-t ti h in Fi 1
by havi ng. 15 SI07 Sl ba iRl J 28 eBipoitRng sodlits FER sqlabenuertaaedhan ow
by having 1 _ et F atigedh el
D111 usi onal ua e ey nacoryREh iAo 1d, SRRt bR udiee

(not shown) oan bhiglationsresibane Ml infgnRXAH6 Phase Sudal the redREl-LARIMBRISbetd NE
oxide scale inhibits oxidation of the alum nide coating 12 and substrate

10. A sui t abl Bhasei (NiAds sThepddiive kyer damayplsoconfainypthenirtyrastallic (Hasty 125

m cronetegrs ( £:.0.001-0. 005 inch). JAccording to,this invention, the

coat i ng£€2 i s&%ﬁe?lr‘rielﬁg By vgﬁe PLARST g}q%ls W%ﬁ%ﬁpaﬂ?%%‘? fwiseRzgsesy og the
subst anti al | ys1RR&EAAD 54 IEVANRY ' r osition
will be described as b ﬁ%&a%ﬁ cu| am \I;gy\lgkéﬁlrptléég&go?&%@%g I\%?%h% HPeY
i nvention, itinckidedPi@deenplatirtumin sdlugion\RAhe MEEPBESe i A HMLPMVEE DD
substantial ly cogst ant al um num activity could be used or devel opeg for use

with the met H3Y toe substratelBnt feh inwapbty ph slifusiepogiuninidp rove ting ewoatd:
wel | known i rgeh@?alﬁ; &er%'}porglrtﬁe outward-type coating 12 shown in Figure 1 by having

15 a thicker additive layer that primarily extends into and below the original
substrate surface, but is otherwise compositionally similar. Diffusion aluminide
coatings of both types form an aluminum oxide scale (not shown) on their
surface during exposure to engine environments. The oxide scale inhibits
oxidation of the aluminide coating 12 and substrate 10. A suitable thickness for

20 the coating 12 is typically about 25 to 125 micrometers (about 0.001-0.005 inch).

According to this invention, the coating 12 is formed by an aluminizing
technique characterized by a substantially constant aluminum activity. While
vapor phase deposition will be described as being particularly well suited for use
with this invention, it is foreseeable that other VPA processes that provide a

25 substantially constant aluminum activity could be used or developed for use

with the method of this invention.

Vapor phase deposition processes are well known in the art, and are

conventionally carried out in an inert or reducing atmosphere within a coating



conventionally carried out in an inert or reducing atnosphere within a
coating 6 11. Septenber 2003 chanber (retort) containing the conponent to
be coated, an alum num source (donor) material and one :qrSépeabactoogat or s
that, with the source material, generate the coating vapors (e.qg.,

vol atil e alum num halide) that react at the surface of the conponent to
formthe diff#?iog a ug}i | de .coating. However, 5 with this invention, an

i nert gas suct'HE g §6IPTHrCoORtRBMRE v QyaBOReRiHOL¢ Capfert, sgealunsinfiioseudice

t hrough the c to alter the, anpu f .unreacted al um numin
t he chamber, Suc ?I ﬁ[g%te?ﬂl{agéga I}engr FAE agqra%aﬁ,ﬁv ltgow@esrﬂur‘é? mpgfgrial,
coating can feahfeothed-dadint drhge] ar I1Ck j S

coating. | ncP%easi ng the gasgfﬁ)%vrt gegﬁeédéﬁg’%%{ehrl&rﬁggﬁ ﬁgﬁ@%} %1%61{%%? aelir%‘ll-)lﬁnt S
of 10 unr eactsdfadeufi themobgiorent ot the difffisibhalamhanidercohin U @RByer,

exhaust Bport, Hﬁffecti vely lowering the alum numactivity of tThe coating
process.> I n cHHfr d¥s Inventinm ity inerd ggassuchoss argawer = geduding gasosindh af

d al ug LA .10 the chanb ffectiyely i i h
a1 umt num act oA e oo D bt & OB er At 2.38lq ) 2lishdhe fmeuReRt
ot herwi se be wgegcran dlamintaiingHe Eﬂaﬁ'nl[‘)@r,]sﬁcﬁrﬂﬁmﬁé’cohﬂﬁé 5’%%%3#@@3@?131“

conventional coating materials, coating tenperatures o
about 1150C, canientedthagoatingatandnstatibrabiinetivhe pagtiedat fediBrErROUS Hf tHO

i mpl ement . axis invention, the highest desired alum numactivity for the
coating proc&8ating. dnerspsingiihe gy tome te the camberskegnlie imgreatenhmandt6f

activat,gr (s) t he coat.ing progess, .and .the effective al um num
acti vi tl;? at “g‘%g%‘iz‘%lh‘ R goﬁ@FBfl%i%&?@?aéﬁ”ﬁ eghyrsexhasst Perto t he
chanber. For effex@vdly fowkR8gURE allmin BRHCESi ' ' L N} gl gm num
content of 25 weight per c§nt aand t he us?e B aﬁﬁ%neél%er%é Pﬂ%g%eﬁggéﬁtﬁ%s !
activator proedunisg fhergasdlave hHows algredtegamatimtbhumieacte Wlintinuii it6 Rerfaim be
effectively te ucelq b;l/)flo%(vin,g ) ] :

n the chamber, effectively increasing the aluminum activity of the process.

Conventional coating conditions can otherwise be used and maintained in the

15 chamber, including the use of conventional coating materials, coating
temperatures of about 950°C to about 1150°C, and coating durations of about two

to about ten hours.

To implement iu1is invention, the highest desired aluminum activity for

the coating process is established by the choice of source material and

20 activator(s) used for the coating process, and the effective aluminum activity at

any given time is controlled by metering the gas flow into the chamber. For

example, the use of a source material with a minimum aluminum content of 25

weight percent and the use of aluminum flucride as the activator provides for

a relatively high aluminum activity, which can be effectively reduced by flowing

25 argon gas through the chamber at a minimum rate of 10 SCFH (about 0.283
m3/hr).

An application that benefits from the method of this invention is where

minimized coating growth potential is desired during engine service on a



25 argon gas through the chanber at a mninmumrate of 10 SCFH (about 0.283
n8/hr). An application that benefits fromthe nmethod of this invention is

where mnimzed coating growh potential is desired dukiin8emegbae2®sr vi ce
on a 7 11 Septenber 2003 conponent. To mnimze in-service coating growh,
an outward-type aluminide coating is preferred where nickel diffusion

during coating fornati is.such to mnimze interdiffusion of alum num
: ? SETERACRF T
Htc

fromthe coatifig ang PURE (reervigerophiag arew th an asdwerddype alnnhinide
during subsequ : tenperatures. .However ., a_ high

al uni num cont eﬁ?a?lgggg[sl F%Eé(g{'\ﬁ{e%%s%?% é’cfé“sg?n fREme Soating forgatipR dpstch to
envi ronnent al  peisiaiRneeerdiffubibhSoS MG frdiAWhE CdiBnS bl Sici 4 ORee"
nore activators are selected to achieve a high maxi mum & um num ac?rf’vﬁhfay
during coati ngsulBiratag(icoatoeating ggroelth) i drediyg hsubiseqasnt leRpoéeredto E@RPAEL20

SCFH,(abogt 0. 57 nB/FQ% j,s selected to effectively |ower the alum num
activity 10 sutpsratureheHawevera high alwmainuppeontent is dgsized atcthesurfase dhtheed

during the W ABAY i.ng run. The gas, flow.rate is then reduced
or even eli mnﬁg(%e ® \fgb‘gﬁ? %fe%@%ﬁﬁg‘gpyﬁﬁ%ﬁé}aﬁ 'ﬁ[&t ”f”é‘t’ioﬁ‘c?%%%fﬁ‘ﬁiﬂﬁum
activity and caubent bemarettioaors Hid @6t 18 AEA2L high huBig . A0L1GRGH

alum num I n another application for this invention, nponent’s sucC

turbine 15 aiadtivilysduring capingr dumidye coatirtg) ameldﬁf/elgrhigmgu's flew %lg.,@b%’iﬁl?b@ of
which is the v&I:}g[gregair f a bl ade t;ﬁg. The new netal at the blade tip
requires a ful Aebory 0-3%m34hy)) igrel tneHesbxelydgweritbe abusiresn abtivished
for the ade. f surfa regi ons of the blade that were not

r epai redm Ry St Y\ﬁ'ﬁg\ﬂée ac#q@ﬁ%? i aragtp'pgﬂc&agpgjtﬁ%q ?L’ﬁrg?ﬁrﬁ Baing ghe and
therefore wouldajotiebthxeatfs e PRe PRIAW Patdlh BARERY | sipiset ed
to the sane coat]iaggcondition% as th%gﬁfmcoat ed reql ongeé%\?%gﬁnés e

i nvention, gagomastvtheend phéheomtinggruhanitereass aluminum activity and cause the

external surface of the coating to be enriched in aluminum.

In another application for this invention, components such as turbine

15 airfoils are repaired when returned from service, an example of which is the
weld repair of a blade tip. The new metal at the blade tip requires a full coating

to meet the minimum coating thickness established for the blade. However,

those surface regions of the blade that were not repaired may still have all or part

of the original aluminide coating, and therefore would likely exceed the

20 maximum thickness allowed if subjected to the same coating conditions as the
uncoated regions. With this invention, gas flow into the coating chamber is
tailored to promote coating growth on the bare metal surfaces of the blade, while

minimizing coating growth on the coated surfaces.

During an investigation leading to this invention, turbine blades with

25 surfaces coated and uncoated by diffusion aluminide and platinum aluminide
coatings were processed using CrAl alloy as the source material and aluminum
fluoride as the activator in a retort with a volume of about 1.13 m3. Argon gas

was flowed into the retort at rates of between 10 and 30 SCFH (about 0.3 to about



tailored to pronote coating gromh on the bare netal surfaces of the bl ade,
while mnimzing coating growh on the coated surfaces. During an
investigation leading to this invention, turbine bl adesiw Séptedbes2pdzaces
coated and uncoated by diffusion alum nide and plati num al um ni de coati ngs
were processed using CrAl alloy as the source material and al um num
fluoride as th ac}} Vfto n aretort with a volune of about 1.13 nB. Argon
gas was flowedt?imydud 2ths blades peere beintg ¢ratedb by vaPoapitasdal@hiriZiapaut
0.3 to about ! 03 0.9 n8/hr), while the bl ades were berng
coated by vapgarﬁop% g@gé g‘ﬁgﬁéq@?mf 3, perigd & abels §ve 0 so8heuxsy sFhenalyeninaah of
about two to HeKvIRQUWLBhintAE r8lovy ol PV ithin the retort, was
est abl i shed by thietyal umi numrs83%@9%8%%4%%63{%{%3%%%593{@"T'ﬂéi KRt on
of al uni num i rsucht that theediffistace¥ albiniifand A thd bAR! SR Lhgum .
coating growh rate, while gas flow rate through the retgrgﬁggﬁg ])ég?n%d
to mni mze c&EHINGHIhe maimume coatinggrovedi mite volhild s flowadasthréagh the
result, the firgf%l t hi carlﬁaestsas of ,t.he alum.nide coatings fell within the

SIRE A% b veted dodpinigze coafing BEowHnaBdhe ivates regionmok thd on

m ni rum and na

has been desciihrd, Ay 4 RLNR odipment .. it is apparent
that other forns coul d be a'd%%tfglgp yéﬁéég%kqfﬂtﬁ%gﬂ&ﬂ"qﬁcwgs Wa %,
t he conposi ti aninihuthend imsdhnie gireeatdaBlided Sr e plags, than those not ed,
and the nethod could be applied to a variety of conponents whose surfaces

benefit froman al nide coating. Accordingly, the scope of the invention
is to be limted omll% ehinviepitiopnihag been rdescgbed linSeqtmsThstr a2PedeMBAT | S

CLAI MED,; }S: 1 for form di {fusion alum nide coating, the
or 0Ces Elb err{%oafrﬁgﬁt? 1tis apparenq]tﬂgt Sther ;orms could Le adopted by one skilled in
the art. For example, the composition of the aluminide coating could be other
than those noted, and the method could be applied to a variety of components
whose surfaces benefit from an aluminide coating. Accordingly, the scope of the

invention is to be limited only by the following claims.



conprising the steps of placing a substrate in a coating chanber; providing
within the coating chanber an al um num cont ai ni ng vapor having a
substantially constant alum num activity; flow ng an i nertSeptembeu2i03g gas
into and through the coating chanber; and producing a diffusion alum nide
coating on the substrate by contacting the substrate with the

al um num cont ai ni ng vapor to cause a portion of the alum num containing
vapor to reagirTwighcgnevgieppsit al umi num on the substrate whil e maintaining
the substantially constant alum num activity of the al um num cont ai ni ng
vapor within the coating chanber, and while controlling the rate at which
alum numis deposited on the substrate by altering the flowrate of the
gas through.the coatithgreksnber femitghat diffugon t dhaninidef cddfieg,uthee anted

al um num cqnt ai ni qg vapor. is swept fromthe coating chanber by the gas,

and so that “GFE4tE e%engﬁrits of the unreacted al um num contai ni ng vapor are
swept from t he poatiegpstitaieroating dhalnbgher gas flow rates. 2. A process

according to claim rejn the process i a. vapor, phase deposition
P ocess. 3. a prititte YORBIHY st LraRh s SufubERRre R oet PP
deposi ti onsysnagdls cosstgpeslioinmmdcttityabout 950C to  about 1150C for a
duration of two to.ten.h(r)turs. 4. A Rrocess acc( r di n.g to %I ai naol, wherein
the substrate (L08PL ety Rapapg g intg andihronglithe coatite Shabet 204, ¢ ai m 1,
wherein the subsidndbe a( diffpsibis atungaide tosativighen ehgisniestra® NMpo reithcting , tBe 11
Sept enber 20006 6. ﬁ\] rocess according to claim1 \Méereifn th as flow
rate throudfrthe ¥oat ' ny  CRaRpEr 2"y 'eet rO%;%ec Use i ROEOn “of the- aluntinum-
containing vapor to react with and deposit aluminum on the substrate while maintaining the

substantially constant aluminum activity of the aluminum-containing vapor within the
coating chamber, and while controlling the rate at which aluminum is deposited on the
substrate by altering the flow rate of the gas through the coating chamber so that a portion
of the unreacted aluminum-containing vapor is swept from the coating chamber by the gas,
and so that greater amounts of the unreacted aluminum-containing vapor are swept from

the coating chamber with higher gas flow rates.

2. A process. according to claim 1, wherein the process is a vapor phase

deposition process.

3. A process according to claim -2, wherein the vapor
phase deposition process is performed at about 950°C to

about 1150°C for a duration of two to ten hours.

4. A process according to claim 1, wherein the

substrate (10) is a superallioy.

5. A process according to claim 1, wherein the

substrate (10} is a gas turbine engine component.

10



the diffusion alum nide coating (12) is produced, such that the diffusion
al um ni de coating (12) has a higher alum num content at an outer portion
thereof than at an inner 10a 1 IL Septenber 2003 portionitBéSesder 2003 A
process according to claiml| wherein, prior to placing the substrate in
the coating chanber, a first surface portion of the substrate, has a
diffusion alum nide coati - ng and a second surface portion of the
substrate is free of any diffusion alum nide coating, wherein the
substantially constant alum numactivity of the al um num contai ning vapor
is sufficiently high to pronote diffusion of alumnuminto the substrate
relative to gepogitl ] he.substrate, with the result that
aluninun1diffﬂses§i%FgQF%% %%g%%%%ﬂkﬁp?%c%l%b?t?Onw It Rf y98Ran the
first sub¥dterpert Fbnoughd thiereiatite dasnbéowisr aledisasad fwgigat |y high
to i nhi hie ¢BRQSISE AN i_n n_th {rst surface _portion of the
substraté?gsq thgﬁb%hg% tiéﬁg?oggégng ?é?hihﬁt%ﬁo?ﬂﬁe@ir§FCQth§Econd
por ti ondhst G usdoiys tarlamdi rhiaiee aejtivenatier didd usionglad 8 pindengqat i ngs of
subst antdgldey, requal i ck es, . 8. The diffusion alumnide coating (12)
producegb%$éhfheggr5%25%U§%§ilé?ﬁ?igng.tﬁ?ﬁf?fff Ton23&l ufftni HeeBat i ng
(12) produced by- the process of claim6. 10. The diffusion al um nide
coating (12) produced by the process of claim7. 4. 1. A process for.
formng a diffusion alum nide coating, the process conprising the steps-
of . placing a superalloy substrate in a coating chanber-, providing within
the coating chanber an al um num hal i de vapor having a substantially
constant al um num activity;

10a




flowng an inert gas into and through the coating chanber; and producing a
diff-usion alum nide coating on the substrate by vapor phase al um ni zi ng,
during which the substrate is contacted with the al um nuin Beptethervagmy to
cause a portion of the alum num halide vapor to react with and deposit

al um num on the substrate while maintaining the substantially constant a

| um num activity of the alum num halide vapor within the coating chanber,
and whil e contrpbkihep tdtesmagunt - of unreacted al um num halide vapor within
t he coating chanber to control the rate at which alum num is deposited on
t he substrate and to control the alumnuml1 | 11 Septenber 2003 content of

the diffusidn al um ni depooss aagrdiy @lcdlaniinghddig, grloew patifs 8k & {&
hat a ortl on of the unreacte um num

through theg.c

_hal i de vapor |‘£s?)(g}§1I1 %{Ere o "Siﬁur%{i%lf’?’ﬂﬁ Chrobstie havea diffision minnide hat
great er anoueatisg gfid grsﬁr@aétseﬁhcalpumon wihtkadubdeite Glﬂ@rof%ff dRRh alxARuL he
coating cha flowr process according to
claim 12, \AE&%¥ \Meﬁj' mh\g)g&éFa%% “%‘i‘f'iﬁﬁf“m‘%“hﬁ“i"gy pethe glupdrpmyeonidiing  950C
to about Hmcmrsmfﬁcacndum@ﬂutmpmnfotd Wiffution bEAluRRUMSntol thé SubbitatSRRlgIREr 2003
-13. A prac rein_ fthe gasflowratelsfrom
about 10 to8 bgﬁ&%ﬁwﬂﬁ h 'g’}g?%c‘%‘ﬁ@&’%?ﬁ&lﬁ&]?aﬁdlwl@? diffypesdntovtheer ei n
the subst rseeendsugyceiportmn gase tapidlyi the tﬁeﬁﬂrlstr\ﬁrfﬁ&fﬁé&ﬂﬂﬂénd v.'hérenﬁthe ERGRRS

- according t ei..t e gas ow rate through the Coating
chamber is %teegé gdggéelé%% % R %P?S%ffélloéﬁuﬁllnﬂ’m?ﬂtt'i%ﬁ%%{’trfaﬁ?gp‘(ﬁl@)oﬁf@
produced, stibtiraeyap thftthehemthé peicen iAlterminatedeth€ @iddt i anG sbdodd fRRRNE oPingher

alum num  gubetrate have rejuvenated diffusion aluminide coatings of substantially equal thicknesses.

8. The diffusion aluminide coating (12) produced by

- the process of claim 1.

9. The diffusion aluminide coating (12) produced by -

the process of claim 6.

10. The diffusion aluminide coating (12) produced by

the process of claim 7.

- 11, A process for forming a diffusion aluminide coating, the process

comprising the steps of:

placing a superalloy substrate in a coating chamber;

providing within the coating chamber an aluminum halide vapor having a
substantially constant aluminum activity;

flowing an inert gas into and through the coating chamber; and

producing a diffusion aluminide coating on the substrate by vapor phase
aluminizing, during which the substrate is contacted with the aluminum halide vapor to
cause a portion of the aluminum halide vapor to react with and deposit aluminum on the
substrate while maintaining the substantially constant aluminum activity of the aluminum
halide vapor within the coating chamber, and while controlling the amount of unreacted
aluminum halide vapor within the coating chamber to control the rate at which aluminum

is deposited on the substrate and to control the aluminum

11




content at an outer portion thereof than at an inner portion thereof. 16.
A process according to claim 12 wherein, prior to placing the substrate in
the coating chanber, a first surface portion of the subklr3¢membasr 2003 -
di ffusion alum nide coating and a second surface portion of the substrate
is free of any diffusion alum nide coating, wherein the substantially
constant alum num activity of the alum num halide vapor is sufficiently
high to pronote diffusion of alum numinto the substrate relative to
deposition of alum numon the substrate, with the result that alum num
diffuses into the second surface portion nore rapidly than the first
surface p&¥sbAf the Atfugire plyminidncoatingsbif Altsring thatflow stesiftifel g embdgh thi gh t o
i nhi bit depasdt tiagibeOdo LW IR i e, parti.on of .the
substrate sgg,t hat when ttmihé pr o(gre}lsjésDllﬁggc%ergrsdtrlﬁnﬁg{%%gl?dﬁeva??rrlgtSW%Dﬁérog’econd
portions OFf caias chager puihe zhsaord sodhatzeentar edowisf dfmsicavieddluminnindelidoat i ngs of
subst ant i wpbyare sivepk frbiit SR : i i al um ni de coating (12)
pr oduced b;j t he procesl(ls%k('g)]c§ cl aia%ge%glty%%}gil‘gﬁghg‘#%}%séi on al um ni de coating
(12) produced by the process of claim15. 19. The diffusion al um nide
coating (12) produced by the process of claim16. 12 METHOD OF
CONTROLLI NG THI CKNESS AND ALUM NUM CONTENT OF A DI FFUSI ON ALUM NI DE
COATI NG ABSTRACT OF THE DI SCLOSURE A process for formng a diffusion
al uni ni de coattfig (A2PFBReESs HIFELEY 16P, Gtthrad2a componbat thera gas
turbine epgoe pHdiee RIQGRAYS ARClid bLr2BtAkhSaP! 36000 556 YPaake (10)
in a suitable coating chanber, “flowing an _ :

1150°C for a duration of two to ten hours. '

lla



inert or reducing gas into and through the coating chanbﬁrz and_:ﬂeg
alum ni zing the substrate (10) using an alumnizing techni que w o
substantially constant alum numactivity, such as a vdporsﬁﬁagéedéﬁﬁ$ltlon
process. During the alum nizing process, the anpunt of unreacted al unm num
within the coating chanmber is controlled by altering the flow rate of the

gas through the coating chanber so that a portion of the unreacted

: ; : _ ¢
alum numis swept fromthe c | Ay S, .IThe anmount o _
unr eact ed aIuninuJQSMBpt fro '3%89%%§?§ﬁ§§%Hﬁ%ﬂ%?f?@gh Bulated by netering
the gas flow rattheigas Sodertd is fioansbont 10 tdebont BOSOFH.Ng rate and al um num

content of the resulting alumnide coating (12). Fig 1

14. A process according to claim 12, wherein the

substrate (10) is a gas turbine engine component.

15. A process according té claim 12, wherein the gas
flow rate through the coating chamber is decreased while
the diffusion aluminide coating (12) is pr_oduqed, such that
the diffusion aluminide coating (12) has a higher aluminum

content at an outer portion thereof than at an inner

portion thereof.

16. A process according to claim 12 wherein, prior to placing the substrate in
the coating chamber, a first surface portion of the substrate has a diffusion aluminide
coating and a second surface portion of the substrate is free of. any diffusion aluminide
coating, wherein the substantially constant aluminum activity of the aluminum halide
vapor is sufficiently high to promote diffusion of aluminum into the substrate relative to
deposition of aluminum on the substrate, with the result that aluminum diffuses into the
second surface portion more rapidly than the first surface portion, and wherein the gas flow
rate is sufficiently high to inhibit deposition of aluminum on the first surface portion of the
substrate, so that when the process is terminated the first and second portions of the

~ substrate have rejuvenated diffusion aluminide coatings of substantially equal thicknesses.

17. The diffusion aluminide coating (12) produced by
the process of claim 12,

18. The diffusion aluminide coating (12) producedAby
the process of claim 15.

19. The diffusion aluminide coating (12) pfoduced by

the process of claim 16.
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