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Beneath the additive layer 16 is a diffusion zone 14 conprising
5 The operating environment within a gas turbine engine is both thermally

and chemically hostile. Significant 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
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powder mixture are heated to a temperature sufficient to vaporize and 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
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
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
and those VPA processes where the source material is in the form of particles
(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
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maximize environmental resistance by providing an outward-type aluminide
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



uncoated (e.g., newrepair netal) and coated (e.g., unrepaired) surfaces,
where additional coating on the original coating could | ead to excessive
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- diffusion aluminide coating whose &uckness can be accurate[y controlled, as well
as its alummum content through the coatmg thickness. As a result, a diffusion
alurrurude 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, aﬁd 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



In view of the above, the process of this invention is able to produce a
di ffusi on al um ni de coati ng whose thickness can be accurately controll ed,
as well as its alum numcontent through the coating thi:gkagsampAsodns
result, a diffusion alumnide coating can be produced whose thickness and
al um num content can be tailored for a particular application. For
exanpl e, a coating can be produced to exhibit a reduced rate of coating
grow h and i nproved environnental resistance as a result of being
initially deposited to be an outward-type alum nide coating characterized
by a relatively |aw al ym num content near the _original substrate surface,
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cause a portion of the alum num halide vapor to react with and deposit
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f | ow r at exrange 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
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Al so possible with this invention is the ability to rejuvenate a diffusion
al um ni de coating on a conponent, such as a conponent that has under gone
surface repairs. In such circunstances, the al um num acthvgépenbersiddsst ed
to such a range that diffusion of alum numinto the substrate is the rate
controlling step for coating gromh. On those uncoated (e.g., repaired)
surfaces of th coirponent, the driving force for coating growh is
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can be sel ecti vel yI1dQd#Hng | IR kadeat ey PR e process flow
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Ct her obj ect seffedtivalahhageingomethod thay entbparibld wieh Reidel 8 Hiabed
fromthe follow ng detailed description, DESCRI PTION OF THE éRAWN FPgur e
1 is a cross- BEREFHarNd; eqripments ubkit ragidition thenmethadhraint yee selectively

10 implemented without interfering with the process flow of other components 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.




15 di ffusion alum nide coating. DETAILED DESCRI PTI ON OF THE | NVENTI ON The

present invention is generally applicable to conponents that operate
within thermally and chemcally hostile environnments, and Semembearaoar e
subj ected to oxidation and hot corrosion. Notable exanples of such
conponents include the high and | ow pressure turbine nozle ers]_, bl ades and
shrouds of gas 20 turbine engines. Wile the advantages of this invention
will be described \Hfaﬁre}@mmﬁa@@uw@rdbmp@dﬁu@m aluniinidbnaratingtiahat
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typically the base material of the conponent protected by the coating 12.
T§Bi cal %ﬂt er thi compeneny inglude nikel, ivor and cobalt-bhse supernHoys dhpogle bther

[ [ ' d- -b . |, | , thou ot her alloys

coul d e useddiFH %lﬁﬁem%ﬁﬁf"hbseiﬁéﬁé Eé%ﬁifasa Weeﬁgﬁa@ﬁmﬁd by an
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Col ut onti '« HEPsRIG R Ee D mir St pGeiteclor o eringneeans onghe an
| nwar d-type didsu@k@n0ab6? B AertBabingd ¥8HRample, the additive layer 16 may
include PtAl; or platinum in solution in the MAI phase if platinum was plated
on the substrate 10. An inward-type diffusion aluminide coating would
generally differ from the 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.
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reducing the gas flow allows a greater amount of unreacted aluminum to remain
in 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



coating. Increasing the gas flowto the chanber results in greater anmounts
of 10 unreacted al um num being "swept” out of the chanber through an
exhaust port, effectively lowering the alum numactivity ®éptefbecaEs ng
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‘and ni ckel frafwjofigy of the coating run. The gas flow rate is then reduced or even eliminated
toward the end of the coating run to increase 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



substrate (i.e., coating growth) during subsequent exposure to elevated s
tenperatures. However, a high alum numcontent is desired at the surface of
the coating to pronote environmental resistance. In this Septe@beoroo3source
materials and one or nore activators are selected to achieve a high

maxi mum al um num acti vi ty during coating. During coating, a relatively

hi gh gas flow‘é‘gil_lgl;3 ? 20. SCFH (about 0.57 nB/hr)) is selected to

ef fectively | /e thablades Wetrybimgswhect butvapbe piasé akninizing at

t d-t f th t f th
oating run TRRUIRB bfvﬁéél”cioi’%qﬁéﬂ”g&@%@@ oS0l bt oo
Che o0 o L hcena ook EATESR MU MRS B0 0P 11

external surface of the coating to be enrich

appl i cation fcuchhthatitheediffieion eFralafaAl SHEN RS bhtd thﬁcesl%fathéf@ ldg are
repaired V\/nenﬁ{eturned fromservice, an exanple of which is the Wwel pair

of a blade ti ewnﬁé@mmnwnmmuggumth mate, aghile g25 flowirhte GRBtERhe t O
neet the m n| oat Iﬂ@)ﬁ ¢ hi,ckness established for the bl ade. However,
those surfacell ustid tg BYuMiRe CORERS SFOW th @pathe@@atmyr@ms ohthee

all or part cp,fladelgepgrd |thg|l:hl{£? ph%cf% tdf’lgs]!: 8I’:md tc?er efore i keI y

exceed the 20 nmaxi mumt h| ckness é

condi ti ons as ninémunnand reakifRgh Aikits Witk BlidH¥ S or @P{@Bfa'd‘éQ gas f| ow i nt o the
coating chanber is tallored to pronote coating growth on the bare netal.

surfaces of the bl while mnimzing coating growth on the coated
surfaces. During a dbei mengion dasi beent lestribed nine érinas), oft ur préferiedades

with 2 surf .and unc d |ffu5| n.al um ni de and pl ati num
al uni ni de coa?ﬁ%g’sﬁ\%gépq P&E@QE %Bg b3§ Pﬁéeckb}apﬁés inal

and al um num gHe 449r FeLedSm n_e voI u of .about

1.13 nB. Argon gas was fl g dl%{:\(%ﬁéﬁb e r &%@%&%@% %(SPngE}ﬁe oHhern g

30 SCFH (abouthad. tBosonatediitind 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.



8 Il Septenber 2003 0.9 nB/hr), while the bl ades were being coated by vapor
phase al um ni zing at about 1038 to 1080C over a period of about two to six
hours. The alum num activity within the retort was estiabl Sgttedbey2adse

al um num source and activator, such that the diffusion of alum numinto

t he bare surfaces of the blades 5 determ ned the maxi num coating growth
rate, while gas flowrate through the retort was adjusted to m nim ze
coati ng gr oNtAr ons tdwea twab eflsr egi ons of the blades. As a result, the final
t hi cknesses of the alum nide coatings fell within the m ninum and maxi num
limts established for the blades. Wile the invention has been descri bed
internms of a preferred 10 enbodinent, it is apparent that other forns
coul d be adopted by @nq:r@deksl iferd formirighe diffusiofcalureiadeplb@ting,hehec orvpasi t i on of
t he al urninide. coa % uld be other than those noted, and the nethod
coul d be appfPEse esg 3 ety of components whose surfaces benefit from an

al um ni de coati m@cmg\aeuhsdatagi @/qoaﬁﬁphsmbepe of the invention is to be
T.1S CLAI MED

1S 10 A pr boos @ PG B GS S5 FHeTEH i ARG KGR EnPot M booss
conpr i singsitansdligesnstint ghramumgedvisubstrate in a coating ch_anber provi di ng
Subst ant i al Iy cREPRAL TR GETRUPRE P E5 SR g AREPHBRE 8P duci ng gas
i nt o and t hr oughrddhéng @atiffogjorc hmiieide camthg on the substrate by 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 subsirate 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



produci ng a diffusion alum nide coating on the substrate by contacting the
substrate with the al um num contai ning vapor to cause a portion of the

al um num contai ning vapor to react with and deposit al um Sestedbet HE03
substrate while nmaintaining the substantially constant alum numactivity
of the al um num contai ning vapor within the coating chanmber, and while
controlling the rate at which alum numis deposited on the substrate by
altering the flowrate of the gas through the coating chanber so that a
portion of the unreacted al um num contai ning vapor is swept fromthe
coating chanmber by the gas, and so that greater anmounts of the unreacted
al um num contai ni Rg I AT £ NRRL gLr he coating chanber w th higher
gas flow rat e%. 23 R\égr%%gesgsaecaccord} ga{’noc%?%llflmgl, "‘W%é:ree’irh the gRScess is a

vapor phlak® FRepdsthrongpr ddes sso8: inky privamissr adeordlideded! @i 2, Wherein
the vaphe RRIZFSS48ROSHLLAN s RLOCESS 1 S orned at, abqut 950C to about
1150C for a dur atsi_o!r%l ogflh'%u\(%guf&g ;&g%%ﬁggr EEL A Bro ‘égﬁgac‘éﬁfsﬁi RBato claim
1, wher éi® [Hd Lusilost mdiumiclitle icoat isuperia) tas & W JHOCESBuREsQRdi Ng to
claim 1coMeigl Nyt he,,, substrat 0) is_a gas_turbine engine conponent. 1,0
11 Sept ember HZOO%E6%I3A %&}ggsgg%é%& nﬁh‘?’cg)e%ff' aitfieR  @frer8fn dMeegas flow
rate through the coating chanber is decreased. while the diffusion

al um ni de coating (12) is produced, such that the diffusion alum nide
coating (12) has a higher alum num content at an outer portion thereof
than at an inner

10a




10a 1 IL Septenber 2003 portion th(Sreof. 7. A process according to claim!|l
wherein, prior to placing the substrate in the coating chanber, a first
surface portion of the substrate, has a diffusion al um bi d8eptecdti 200319 and
a second surface portion of the substrate is free of any diffusion

alum nide coating, wherein the substantially constant al um num activity of
the al um numcontaining vapor is sufficiently high to pronote diffusion of
al umi numinto tpersidsttiafi@orel ative to deposition of alum numon the
substrate, with the result that alum numdiffuses into the second surface
portion nore rapidly than the first surface portion, and wherein the gas

flow rate i’s suffici e!npdoyeskm@hrcﬁng fortiuihi 1t whke@R Sirfor @ pRéingtd M, HMqR t he
first surfa strat.e, gothat vvhenthe process is
termnated the ? ést%la &rStnﬂ" 8% PPTYRL of fhe; hbstrats, ast ¢ diffisiom\aduminidev enat ed
di f f usi on akeating |adtéa(sgcamd rsgfacefposmb&fam:t ﬂuﬁi&a}é 8okl oftah gkﬂ@f@ﬁ Sfmifide Thg
diffusion a duc the process of"claim1l

k%g R GORL NG aﬁl&aPy(@g%a% G iy

The diffusion arum nide COAr aghiyity phibe glgirsscentaigngi m 6.
10. The di f ¥apsr grsufficimmily high to pamangdiffhadn pr AckHEE i thé BRPHORESR 9§ cl aim

7. 4. 1. Ap, r m i ffusion al um ni de coating, the process
conpri si ng t{?gglg?]goiﬁ{é?m{lgl Ac néﬂ’gg ﬁhﬁ%ﬁéﬁfugﬁlﬁé@%@m} Aiffises gafpi they
chanber -, pWGWdchurfgCE\mtﬂmn lmowmapldl}/ahanrtge fideduifede pRRicAl WAL beleowaPor

- having a activit flowng an'1nert gas

i n;“O gnd t ?]iré%jg ﬁﬂ:ﬁ%éldg%ﬁi’ t dr.?g%srl Ion Eg?ummum on the first surfaceg portion of the J
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.

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




producing a diff-usion alumnide 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 cause a portion of the alum num hal i delVapeptemnber2008t- wi t h
and deposit alum numon the substrate while maintaining the substantially
constant a lum numactivity of the alum num halide vapor within the
coating chanber, and while controlling the anount of unreacted alum num
hal i de vapor within the coating chanber to control the rate at which

al um num is deposited on the substrate and to control the alumnuml1 | 11
Sept enber 2003 content of the diffusion alumnide coating by altering the
f1 ow rat ecWfent pigthg difusinp alygrinidneoatinnbit alivgng e foerraseftivadas shrpehtthon of t he
unr eact edcaatibdeiditena) i Y of fr .coating ch er by the
gas, and so that great e%%a%nunt()sftg? ﬁ%}ﬁa?}eegcathg@hgf'@%%uvﬁf%% is‘éiggil ngor are
swept f r olf CPAEINg sBAMbsE b tha s ndyiotthet igregien amepmés dflupiwactet @smindd. halider ocess
accor di Ngvdper £+ akdht &dm INMBLE] inizing is perfornmed at
about QSngto a‘boél?tt 1150C fog:bhaarﬁgelﬂrv}g??%eo%@?%%%ﬂ en hours. | la 11

Sept enber 2003 -13. A praccss according to claim 12, wherein fthe gas
flowrate is fromabout 10 to about 30 SG FH. 14. A process according to
claim 12, wherein the substrate (10) is a gas turbine engi ne conponent.

15. A process according to claim 12, wherein the gas flow rate through the

*

. g
coating chambet?is decPESEFSWRTILTLHRG ditrf Bt alldni ivkRrebat ithg (12) is
produced, v84SH thdde aluminizing is performed at about 950°C to about

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

lla



the di ffusion alum nide coating (12~ has a higher alum num content at an
outer portion thereof than at an inner portion thereof. 16. A process
according to claim12 wherein, prior to placing the substr&éerteier 2003
coating chanmber, a first surface portion of the substrate has-a diffusion
alum nide coating and a second surface portion of the substrate is free of
any diffusion alum nide coating, wherein the substantially constant

al um num activity ,qf the al um,n i . ffjl.ci-ently high to
pronot e diffusi on'lgf al um nunﬁ#nr?’%gg#ecggddﬁé?a?@%@ f%ﬁkéhﬁ 81to deposi tion of
al um num on t he ‘thelyak faiverateds i dout &6 6 abduna0 SgFMi num di ffuses into the
second surface portion nore rapidly than the first surface portion, and
wherein the gas flow rate is sufficiently high to inhibit deposition of

al um numon the first surface portion of the substrate, so that when the
process is term¥hted & hRroress awboetiony por tdlenisu of2t hashebit r ahe have
rej uvenat ed; @i ddLsd On nj pi de coat| f stantially equal

thi cknesses. 17. The Ej}f?éf#]us?o% %%%m{:llrll?ggngog ?%ﬁe(‘f%"pﬁpéﬁﬁced by the
process of claim112. 18. The diffusion alum nide coating (12) produced by

the process of di%ai mAProessTRceirdimg oro af Lnimi U2, cdaétapn (R gargduced
by the preqess cs! ghpbd LI NG TH CKNESS AND
ALUM NUM CONTENT = OF A DI F@L‘Js%‘ﬁ m&%m&ﬁm@? THlet Le
DI SCLOSUREtRepAdEEYsivor alyrihigeacdatingi 0h2 bl Usi pic@uceal i Hgch 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

) produced b
the process of claim le. Y
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(12) on a substrate (10), such as a conponent fora gas turbine engine. The
process generally entails placing the substrate (10) in a suitable coating
chanber, flowing an inert or reducing gas into and throbighSeptembenzdasy
chanmber, and then alum nizing the substrate (10) using an alum nizing

phase deposi t1on" aronocr. CRNEREEEINE rrr Gl S, AN Bt B aBRAl 7"
unreact ed al um num wi t hi n PHeAcBAFFHIONaADEMINEDEORORBINEd by altering
the flowrate g ating chanber so that a portion of
t he unreact edAgFgénﬂﬁgméﬁs%ﬁs%Omﬁg?C%rgg%& he coating chanber by the gas. The
anount of unreacted al um num swept fromthe coating chanber is. regul ated

by netering the gad browesat efém DHodeingoacahtiifols idiheadlmbhbdei agatahg and
al umi num cont eqd ) of . he L@SULLLRY (3bYT Uide, coating (12 B % o gas
turbine engine. The process generally entails placing the
substrate (10) in a suitable coating chamber, flowing an
5 inert or reducing gas into and through the coating chamber,
and then aluminizing the substrate (10} using an
aluminizing technique with a substantially constant
aluminum activity, such as a vapor phase deposition
process. During the aluminizing process, the amount of
10 unreacted aluminum within the coating chamber is controlled
by altering the flow rate of the gas through the coating
chamber so that a portion of the unreacted aluminum is
swept from the coating chamber by the gas. The amount of
unreacted aluminum swept from the coating chamber is
15 regulated by metering the gas flow rate in order to control
the aluminizing rate and aluminum content of the resulting

aluminide coating (12).

Fig 1
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