18 Novenber 2003 PROCESS FOR SI MULTANEQUSLY ALUM NI ZI NG NI CKEL- BASE AND
COBALT- BASE SUPERALLOYS FI ELD OF THE | NVENTI ON This invention relates to
processes for form ng diffusion alum nide environnment# Neeabhar®HO3IMor e
particularly, this invention is directed to a process for simultaneously
vapor phase al um ni zi ng ni ckel -base and cobal t- base superalloys within a
singl e process chanber using the sane al um num donor and activator, to
yield di ffusion alum nide coatings of approxinmately equal thickness.

engi nes are cont | nubHGHYEoR ERP e Rt A f R BN e £ et ency.
However, as operating terrperatures increase, the high tenperature

durability of the c %\S(E:ANEBQZGQEUT@BKBE it i}%@"’{@ ngly increase.
ilities

Si gni fi cant advances I'n enperature capa ave been achi eved

t hrough t he devel opnent of ni ckel and cobal t-base superal |l oys, and through
the use of oxidation-resistant environnental coatings capabl e of
protecting superalloys from oxidation, hot | 18 Novenber 2003 corrosion,
etc. Diffusion alumnide coatings have found wi de use as environnent al

coati ngs.

FIELD OF THE INVENTION

This invention relates to processes for forming diffusion aluminide
environmental coatings. More particularly, this invention is directed to a
process for sﬁnultaneously vapor phase aluminizing nickel-base and cobalt-
base superalloys within a single process chamber using the same aluminum
donor and activator, to yield diffusion aluminide coatings of approximately

equal thickness.
BACKGROUND OF THE INVENTION

Higher operating temperatures for gas turbine engines are continuously
sought in order to increase their efficiency. However, as operating
temperatures increase, the high temperature durability of the components of
the engine must correspondingly increase. Significant advances in high
temperature capabilities have been achieved through the development of
nickel and cobalt-base superalloys, and through the use of oxidation-resistant

environmental coatings capable of protecting superalloys from oxidation, hot
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Di ffusion alum nides are generally single-layer oxidation-resistant
coatings formed by a diffusion process, such as a pack cenentation or
vapor (gas) phase deposition, both of which generall yigeRbarhbdreaosi ng t he
surface of a conponent with an al um num contai ni ng gasp conposition
Exanpl es of pack cenentation processes are disclosed in U S. Patent Nos.
3,415,672 and 3,540,878, assigned to the assignee of the present invention
and incorporated herein by reference. In pack cenentation processes, the
al um num cont ai ning gas conposition is produced by heating a powder

m xture of an alum num containing donor material, a carrier (activator) -
such as an ammoniumor alkali metal halide, and an inert filler such as
calcined alumna. The inert filler is required to prevent powder sintering
and pr onogosTegiamietcor m di stribution of the volatile halide conpound around
t he conponent, so that a diffusion alum nide coating of uniformthickness

I's produ The L vat or .1 lgally .a fluoride or chloride powder,
such as Eﬁgﬁlm%ﬁﬁ&%ﬁlﬁ%ﬂ@% offlg‘% @%Fd\mcﬁ’emeﬁc%vé@mﬂ GAUPEHcesses may
use the sPiftusionaluiBiided ale fonahllyisiig16 laytrch@Hafsfediith sbase

s, a |l ower anount of donor nust ‘be used for nickel-base

superallo an
subst rat ééna%d bnpatitiusion. prosess: sl @ssupatk aepentafin bnymedt gisy of t he
powder m .m xed.,.and the ack and .. pressed_around the conponent
to be tr atag%?ieggyﬁanmﬁ? %hno? ﬁ‘émggn%&‘i’éﬁfy ﬁﬁg’ﬂ £ thexswfacepleat ypi cal Iy
heated t @o ﬁbn@ﬁﬂﬁ-al?ﬂ%iﬁ%%aﬁﬁ%‘ 2P addompdditidhi £ gt or
vapori zes girg)g reacts with the donor nma %ri z;)lmpté form?lhgfe\?gi??talx e al um num
hal i de, ffPentatinanprecsestes ate tdisclosedf ameUd. Palent Nos. 3,415,672 and

3,540,878, assigned to the assignee of the present invention and incorporated
herein by reference. In pack cementation processes, the aluminum-containing
gas composition is produced by heating a powder mixture of an aluminum-
containing donor material, a carrier (activator) such as an ammonium or alkali
metal halide, and an inert filler such as calcined alumina. The inert filler is
required to prevent powder sintering and promote a uniform distribution of
the volatile halide compound around the compoﬁent, s6 that a diffusion
aluminide coating of uniform thickness is produced. The activator is typically
a fluoride or chloride powder, such as NH4F, NaF, KE, NHCl or AlF;, While
Iﬁack cementation processes may use the same donor material to aluminize
nickel-base and cobalt-base superalloys, a- lower amount of donor must be

used for nickel-base substrates as compared to cobalt-base substrates.

The ingredients of the powder mixture are mixed and then packed and
pressed around the component to be treated, after which the component and
powder mixture are typically heated to about 650°C-1200°C (1200°F-

2200°r) ., at which the activator vaporizes and reacts with the donor material
to form the volatile aluminum halide, which then reacts at the surface of the
component to form the diffusion aluminide coating. The temperature is

maintained for a duration sufficient to produce the desired thickness for the
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conmponent to formthe diffusion alum nide coating. The tenperature is

mai ntai ned for a duration sufficient to produce the desired thickness for
the 2 18 Novenber 2003 al um ni de coating. Al um num comsisantbed 2008
materials for vapor phase deposition processes can be an alum numalloy or
an alum num halide. If the donor is an alum num halide, a separate
activator is not required. The donor material is placed out of contact
with the surface to be alumnized. As with pack cenentation, vapor phase
al um ni zin §\[PAK is perforned at a tenperature at which the al um num
hal i de wi [t eefatige surface of the component to form a diffusion

al um ni de coating. The rate at which a diffusion alum nide coating devel ops

on a subst | ' : he subst,rate.matecrial . donor

mat eri al a@@é%&%ﬁ%gp hﬁ? %?%téngfal‘ Ot GRS %kh%ea%%%gi‘%} pg?(‘eesﬁ%sed,

ni ckel - bas@rs Besha atl@gniRane allkgeBr os ellMAdntif JaYRleoP I8 tHbf §agh0Rs i ni de
coating at a faster rate than “cobalt-base substrates. To achieve

conpar abl elugutimnghabidess semirate aditsddr isshdogesuiimede The dionet nititghial is

alum numactivity in_ the coating chanber, necessitating that different
donor mat & F“é?é agehcontact aitsr thepsuifaer) torbe alamdnised. dhavishvpadk | ower

| um typi call - al um | taini bout 30%
21 um num eyRireed ViR Rbe AGBEE R PR s Bt e 8% Bt R e 1 oy
whi | e donGrAicH thR JKiSRENChAITAWAN 4K 8R¥Re surface of the component to form

a diffusion aluminide coating,.

The rate at which a diffusion aluminide coating develops on a substrate is
dependent in part on the substrate material, donor material and activator
used. If the same donor and activator are used, nickel-base subsfrateé have
been observed to develop a diffusion aluminide coating at a faster rate than
cobalt-base substrates. To achieve comparable coating rates, cobalt-based
alloys have required higher aluminum activity in the coating chamber,
necessitating that different donor materials and/or activators be used. For
example, donors with lower aluminum contents (typically chrome-aluminum
alloys containing about 30% aluminum by weight) have often been used to
coat nickel-base superalloys, while donors with higher aluminum contents
(e.g., 45% by weight) have been used for cobalt-base superalloys.

Consequently, components formed of a combination of nickel and cobalt
superalloys typically have not been aluminized in a single process, but have
been required to undergo separate aluminizing steps with the result that

considerable additional processing time and costs are incurred.

BRIEF SUMMARY OF THE INVENTION
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(e.g., 45% by wei ght) have been used for cobalt-base superall oys.
Consequent |y, conponents forned of a conbination of nickel and cobalt
superal l oys typically have not been alum nized in a sifTENevaiee@e93 but
have been required to undergo separate alumnizing steps with the result
that considerable additional processing tinme and costs are incurred. BRI EF
SUWARY OF THE | NVENTI ON 3 18 Novenber 2003 The present invention provides
a process for sinmultaneously form ng diffusion alumnide coatings on
surfaces of nickel-base and cobalt-base substrates, the process conprising
t he steps of placi ng a ni ckel -base substrate and a cobal t-pase substrate in
a chanbegpea A ent Qntﬁiﬁbgb@%éélﬁ ﬁrbeegslfokamtﬂiae@@lvdfoﬂﬁlﬁ‘al‘{‘ B substrates

to a vap ase ep03| |on rf 1280 umstrbis38thd 0 about
1066C (a}amm:md©©0ﬂlﬂ9§ §g§ g'b%se 3%83@9??03 of 4.5 to0 5.5 hours in
an inert or r'ikﬁh gq,g hetr e. the vapor phase deposition process using
an al um n a num e..act e al um num
donor rilsgagb?ﬂf? Légglbﬁﬁ? k%@??%r‘ﬁ aram nu m{. he

al um nu I|de actlvator bei ng aI um num f | uori de present within the

chamber in an amunt | e gg%r_p hat@l ume, the
ni ckel - &‘%ﬁ@%e st rat e\%ﬁb%)%‘%% di ffugapﬁg al um ni de
coat | ngsde},(tgﬁfog%m%ﬁ&ﬁ.b& at mum(ﬁﬁmbaaomlmwo (ateutctsadiFrig sbauh at

1950°F) for a duration of 4.5 to 6.5 hours in an inett or reducing atmosiphere, the vapor®

phase deposition process using an aluminum-containing donor and an aluminum

halide activator, the aluminum donor containing about 50 to about 60 weight
percent alummum, the aluminum halide activator being aluminum fluoride
present within the chamber in an amount of at least 1 gram per liter of
chamber volume, the nickel-base and cobalt-base substrates developing
diffusion aluminide coatings thereon . wherein the diffusion aluminide coatings that

develop on the nicket-base and cobalt pase substrates have thickness that do not differ

from each cther by imore than 30%.

The present invention further provides a process for simultaneously forming
diffusion aluminide coatings on a gas turbine engine component having nickel-
base and cobalt-base superalioy substrates, the process comprising the steps -
of placing the gas tarbine engine component in a chamber with an aluminum-
containing donor and an aluminum fluoride powder, the alumindm-
containing donor consisting essentially of 50 to 60 weight percent aluminam
and the balance cobalt, the aluminum fluoride powder being preseat within

the chamber in an amount of 1 to 2 grams per liter of chamber volume; and
then subjecting; the nickel-base and cobalt-base superalloy substrates to
a vapor phase deposition process performed at about 1038°C to about 1066°C

(about 1900°F to about 1950°F) for a duration of 4 5 ta 5.5 hours In an inert or reducing
atmastphere, the nicket-base and éobait—bais’e superalfoy substrates developing diffusion

alumiinide coatings whose thicknesses do not diffei from each other by more

than 30%.



devel op on the nickel -base and cobalt base substrates have thickness that
do not differ fromeach other-by nore than 30% The present invention
further provides a process for sinultaneously forn ng 18iNbarsber20aBuni ni de
coatings on a gas turbine engi ne conponent having nickel - base and
cobal t - base superall oy substrates, the process conprising the steps of

pl aci ng the gas turbine engi ne conponent in a chanber with an al um num
cont ai ni ng donor and an al um num fl uori de powder, the al um num contai ning
donor consisting essentially of 50 to 60 wei ght percent alum num and the
bal ance cobalt. the alum numfluoride powder being present wthin the
chanber in an anount of 1 to 2 grans .per liter of chanber volune; and

t hen subj ecting the nickel -base and cobal t-base superaffoy substrates to a
vapor phase deposition process perforned at about 1038C to about 1066C
(about 1900F to about 1950F) for a duration of 4 5to 5.5 hours in an inert
or reduci ng atnostphere, ‘the nickel -base and cobal t-base superall oy

subst r at eﬁh@gy&hﬁpﬁmnabﬁf AbRMy Poviddd HBrdcasy t&%\mﬁ@m@lgﬁb& sses do
not differ fromeach other by re titiah 30 % 4 18 Noventier 2003 The

present ipivertalomigieieg aidkel-basey add scabapirbrse ssipfecallayisnwiitham eosisigle vapor,
phase aluninizigg i ckel - base and cqbal t - bage superall oys within a single

process dN&RAEGEr s stivesame AT EEH 8Pah 4nd caqtyatdsy o vdeld el d
di ff usi ongiidnifdgifRR AR bE APPFAKTRIPL biu AU Rnb Y. CABRRdingNocOr di ng to
' this invention, certain donor materials and activators in combination with a
narrow range of process parameters are necessary to achieve the benefits of
this invention. More particularly, the process of this invention entails placing
one or more nickel-base and cobalt-base substrates in a chamber that contains
an alumin‘urﬁ-containix_lg donor and an aluminum halide activator. The
 aluminum donor must contain about 50 to -about 60 weight percent
aluminum, v;rhi[e the aluminum halide activator must be aluminum fluoride
present within the chamber in an amount of at least 1 gram per liter of
chamber volume. The nickel-base and cobalt-base substrates are then vapor
phase aluminized for 4.5 to 5.5 hours at a temperature of about 1038°C to
about 1066°C (about 1900°F to about 1950°F) in an inert or reducing

atmosphere.

According to the invention, these materials and process parameters are able to
simultaneously develop diffusion aluminide coatings on nickel-base and
cobalt-base substrates, such that the coating thicknesses on the substrates do
not differ significantly from each other, preferably by not more than about
30%. As a result, gas turbine engine components, such as high pressure
turbine nozzles having nickel-base superalloy airfoils and cobalt-base
superalloy inner and outer bands, can be aluminized in a single treatment
cycle to have a uniform diffusion aluminide coating whose thickness is

sufficient to protect the component from the hostile environment of a gas

4a



e ee s e - = Ry

this invention, certain donor materials and activators in conbination with
a narrow range of process paraneters are necessary to achieve the benefits
of this invention. Mrre particularly, the process of thiNsvanhee2008n
entails placing one or nore nickel -base and cobal t-base substrates in a
chanber that contains an al um num contai ning donor and an al um num hal i de
activator. The alum num donor nust contain about 50 to -about 60 wei ght
percent: alum num while the alum num halide activator nust be al un num
fluoride RﬁBﬁﬁﬂ&u%h&hi” the chanber in an anount of at |east | gram per
liter of chanber "volume. The nickel -base and cobal t-base substrates are
then vapor phase alumnized for 4.5 to 5.5 hours at a tenperature of about
1038' C t o Odimruibjdfts and adbiantiges i Ghistinverton wilH@ better mpprediated from
reduci ng atnosphere. According to the invention, these materials and
process patefelleprdngdetailadedessTip§ionul t aneousl y devel op di ffusion al uni ni de
coatings on nickel -base and cobalt base substrates, such that the coating
t hi cknesses on the substrates do not differ significantly from each other,
preferably by not nore than about 30% As a result, gas turbine engine
conponents, such as high pressure turbine nozZl es having nickel - base

super al | oyDRTATPEFDRESEAPTROIN OFSGIE INVENTION | nner and outer bands, can
be alumnized in a single treatnent cycle to have a uniformdiffusion

al um ni de coating whose thickness is sufficient-to protect the conponent
fromthe Hbws¢i peesenti inverdinn ofs aggeesallp directed to diffusion aluminide

environmental coatings for components that must operate within
environments characterized by relatix.rely high temperatures, and are therefore
subjected to severe oxidation and hot corrosion. While developed for gas
turbine engine components, and particularly high pressure turbine nozzles
with nickel-base superalioy airfoils welded to cobalt-base superalloy inner
and outer bands, the teachings of this invention are generally applicable to
any situation in which it is desired to simultaneously aluminize nickel-base

and cobalt-base alloys.

g The present invention is a vapor phase aluminizing process whose process
materials and parameters have been found to simultaneously develop
diffusion aluminide coatings of approximately equal thickness on nickel-base
and cobalt-base alloys. Accordingly, this invention overcomes the principal
obstacle to vapor phase aluminizing nickel-base and cobalt-base superalloys
with a single treatment cycle. The specific process requirements that have
been identified as being necessary for the success of this invention include the
use of an aluminum-containing donor containing about 50 to about 60 weight
percent aluminum, aluminum fluoride in amounts of at least 30 grams per ft3

(@about 1 g/l)y of chamber volume as the activator, and a treatment



18 Novenber 2003 turbine engine. Qther objects and advantages of this
i nvention will be better appreciated from the follow ng detailed
description. DETAI LED DESCRI PTI ON OF THE | NVENTI ON ThetgNeserier 200&nti on i s
generally directed to diffusion alumnide environnental coatings for
conponents that nust operate within environnents characterized by
relatively high tenperatures, and are therefore subjected to severe

oxi dation and hot corrosion. Wile devel oped for gas turbine engine
conponents, and particularly high pressure turbine nozzles wth

ni ckel - base superalloy airfoils welded to cobalt-base superalloy inner and
outer bands,; the teachings of this invention are generally applicable to

bands, the teachings of thi on ap
o Lol - bt Borgi et Ty dig ot Bl 50 S R PEPRE Lok ISR or phase

al um ni ZbRGitPIBoESS WAQSHORE AT ES 5.5TRbENS, dedpedtivelpdl ATBI Ay bei\ke Deen found
to sinultaneously develop diffusion alum nide coatings of approxi mately

equal t hiickendion, daviatiok of ahyone obthe above pardraeteraddroyesult ipdiffudionyl y, this
i nvention.overcones.the principal ..gbstacl.e to vapar phase al um ni zi ng
ni ckel - bALEMIRS Coings of Sy fiRera trkmesseotag Bevelontdent cycle. The

specific process requirenents that have been identified as being necessary
for the swWkilewariehs taiMindiNebhta@ing ddntemhiials$@viHey &ie aluminum

al um num cont ai ni ng donor contai ni ng about 50 to about 60 wei ght
content required by this invention could foreseeably be used, preferred
aluminum donor materials are cobalt-aluminum alloys, and particularly
Coz4ls (aluminum content of about 53% by weight). The use of a cobalt-
aluminum alloy for aluminiding a nickel-base substrate is contrary to the
prior practice of using chrome-aluminum alloys for nickel-base substrates.
Nonetheless, cobalt-aluminum alloys are preferred for simultaneously coating

nickel-base and cobalt-base substrates in accordance with this invention.

Aluminum fluoride has been used in the past as the activator for aluminizing
nickel-base and cobalt-base substrates by pack cementation and vapor phase
deposition. According to this invention, aluminum fluoride must be present
in amounts of at least 30 grams per ft* (about 1 g/I) of chamber volume in
order to achieve approximately equal coating rates on both nickel-base and
cobalt-base substrates. A preferred amount of aluminum fluoride activator
for use in this invention is between 30 and 60 grams per £t (about 1 and 2 g/1)

of chamber volume.

The activity of an aluminizing process is known to be directly proportional to
the activator concentration and the amount of aluminum present in the donor
alloy. Therefore, aluminum activity determines the coating thickness formed
on a given substrate if the duration of the coating process is held constant. In

the past, lower aluminum activity was required to coat nickel-base substrates



percent alum num alum numfluoride in amobunts of at |east 30 grans per ft3
(about 1 g/1) of chanber volune as the activator, and a treatnent s 18
Novenmber 2003 tenperature and duration of about 1038C 1®Nabouter2066C (about
1900 F to about x950 F) and about 4.5 to 5.5 hours, respectively.
According to the invention, deviation of any one of the above paraneters
can result in diffusion alumnide coatings of significantly different

t hi cknesses bei ng devel oped. While various al um num contai ni ng donor

mat eri al s,Ngving cbg@pagﬂ;@er A SRILER sub Rt TRYWER! theb\(@RbEAROASU!

foreseeabf1 be use pre al um num donor nate s are

cobal t - al W@Lﬂ&!@l%]gewfﬁhataddfétéﬁil ?ésakaamSQﬂ@ of (c&bnaﬁ fatedghaady opf about
53% by wei ght) e use of a coba al umi numall oy for alumniding a

ni ckel - basdiwatbstwaukd ibe l:er{mread ytot prmdhlece etiffusiopr abuningdef CQBé‘h‘I@ of
chrome-al um numbjl | oys for nic cnga 6 g%(gst ra tNgnet hel ess, baI t .

al uni num g9Mpprable £5ep O ¢Qhalis 333868? ﬁﬁat%lE‘k%P %e and
cobal t - base ,subst rat S i e. t | uori de
has been UUH% Wcll?fetﬁpgg e%% éejrﬁiabc }S%%sgg or a &ﬁﬁcgélangéﬂegmlﬁéﬁ%ase and
cobal t baggsyhst R/@ffsszﬁﬁep%@ﬁo@eﬁﬁﬂ%ﬂﬂaiOﬁn_én%cﬁ@ﬁﬁfr Ria@s ebe dapasi td on.
According to this invention, alum numfluoride nust be present in anpunts
of at | easihdéargroasty peat dat@lichizeuand mgekel- bn‘se(mﬂzstmtea/tfl tinealumingnder to
achi eve approxi mately equal coati ng/ rates on both njc - base and

cobal t - bagentenbef the é@nowqaﬁléﬁf@i@lﬁ highurthe grctiypios i HP{}Hm §uogide; vat or

and the temperature of the process is maintained within a narrow range.

During an investigation leading to this invention, high pressure turbine
nozzles having nickel-base superalloy airfoils joined between cobalt-base
inner and outer bands were vapor phase aluminized (VPA) using parameters
within conventionﬂ VPA processing ranges for cobalt-base and nickel-base
substrates (Prior Art “A” and “B”, respectively), and using the processing
parameters of this invention (“Invention”). The airfoils were formed of Rene
142 Ni-base alloy, while the inner and outer bands were formed of X-40 Co-
base alloy, though other nickel-base and cobalt-base refractory alloys could
have been used with similar results. The vapor phase deposition parameters

used are outlined below.



for use in this invention is between 30 and 60 grans per ft3 (about 1 and 2
g/1) of chanber volune. The activity of an alum nizing process is known to
be directly proportional to the activator concentratitBNevahitdreoagount of
al umi num present in the donor alloy. Therefore, alum numactivity

determ nes the coating thickness forned on a given substrate if the
duration of the coating process is held constant. In the past, |ower

al um num activity was required to coat nickel-base substrates 6 18 Novenber
2003 at a rate conparable to coba@%gﬁgsp substrates. Though these
conventions would suggest that different types or anounts of donor

mat erial and/or activator would be required to produce diffusion alum nide
coatings of conparable thicknesses on cobalt-base and ni ckel - base
substrates in a single coating cycle, the present invention is based on

t he unexpected determ nation that the very sanme donor material and
activator caRKeRUSIRH to sinultaneously coat cobalt-base and ni ckel - base
substrates if the alum num content of the donor is sufficiently high, the
activatordigazh& iLaum fluoride, and the tgnperature OB the process is

mai nt ai ne arrow range. During thvestigattomr [ eading to this

i nvention, high pr espENTIH jne nozzles having nickel -base superall oy
airfoils joined betweenm cobalt base inner and outer bands were vapor phase
al um ni zed (VPA) using paraneters wthin conventional VPA processing
ranges forTaapal t-base and niogRdl1obase 1080-1100 C 1040 C

Duration: 6.0 hrs. 6.0 hrs. 5.0 hrs.
Donor: Coz2Als CrAl CozAls
Activator: Al AlFs AlFs

Concentration™: 0.8-20g/1 0.3-0.6 g/l 1.2g/1

* Concentration in grams of activator per liter

of coating container volume.

As noted previously, the above parameters are those critical to the invention.
Each process was performed in the same commercial apparatus with a

hydrogen and argon atmosphere, though essentially any inert or reducing
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Ssubstrates (Prior Art "A'" and "B", respectively), and using the processing
paraneters of this invention ("Invention"). The airfoils were fornmed of
Rene 142 N -base alloy, while the inner and outer bantBNwenddr@dngd of
X-40 Co- base alloy, though other nickel-base and cobalt-base refractory
all oys could have been used with simlar results. The vapor phase
deposition paraneters used are outlined below 7 18 Novenber 2003 TABLE |
PRI OR ART PARAMETERAB | NVENTI ON Tenp.: 1080- 1100 C1080- 1100 C1040 C

Dur at i on: Gitoasphere womld bs ageentableponor : Co2Al 5Cr Al Co2AI 5

Acti vat or: Al F3AI F3A1F3 Concentration*:0.8-2.0 g/ 10.3-0.6 g/ 11.2 g/ | *

Concent 800, FE A S5t INELErRBh, LLAE §tiah ORI Aot U
e O SAAASS sy SR o Uhgus S0 ST o v
reduci ng diffusion aluminide coating on the cobalt-base superalloy surfaces of about 55
pm in thickness. In comparison, the diffusion aluminide coatings produced
using the prior art parameter ranges “A” (conventionally used for cobalt-base
superalloys) were about 115 pm in thickness on the nickel-base superalloy
surfaces and about 60 pm in thickness on the cobalt-base superalloy surfaces,
and the coatings produced using the prior art parameter ranges “B”
(conventionally used for nickel-base superalloys) were about 60 pm in
thickness on the nickel-base superalloy surfaces and about 25 pm in thickness
on the cobalt-base superalloy surfaces. In summary, the process parameters
of this invention developed diffusion aluminide coatings whose thicknesses

differed by only about 30%, in comparison to a difference of about 100% for

the process parameters of the prior art.

The above results evidenced that diffusion aluminide coatings of nearly
identical thickness could be produced on both nickel-base and cobalt-base
substrates using the VPA process of this invention. Such a capability was not
possible with VPA processes using conventional process materials and
parameters. The above also evidences that the effect of changing any single
parameter is dependent on the other parameters, with the result that the
deposition rate achievable with a given set of parameters is generally
unpredictable. As a result, the discovery by this invention of optimum values
for simultaneously coating nickel-base and cobalt-base substrates could not

have been expected from prior art practices.



8 18 Novenber 2003 at nosphere woul d be acceptable. The above paraneters of
this invention yielded a diffusion alum nide coating on the nickel-base
superal | oy surfaces of about 70 min thickness, and a 1gNbiersbarro@lBum ni de
coating on the cobalt-base superalloy surfaces of about 55 pmin

t hi ckness. I n conparison, the diffusion alum nide coatings produced using
the prior art paraneter ranges "A" (conventionally used for cobalt-base
superal | oys) were about 115 gmin thickness on the nickel -base superall oy
surfaces apghiRDO irfRnGithi Hhsl Bicrk8ssibed ihNente Rl pRASEed W H bt
surfaces, and the coatings produced using the prlo? art paraneter ranges
"B" (conviers iappaként theedthar fornukeduldabe aslopeecdibyoysd skilled RbEW a0 p min
t hi ckness on the nickel -base superall oy surfaces and about 25 min )

t hi ckness Actordinglyotied scopesd osurgaventioy iste bebimited ankyubyntig follaweingr ocess
paranmeters . of this invention devel oped diffusion alum nide coatings whose
t hi cknesse3aimg-f f er ed by only about 30% in conparison to a difference of
about 100% for the process paraneters of the prior art. The above results
evi denced that diffusion alumnide coatings of nearly identical thickness
coul d be produced on both nickel -base and cobalt base substrates using the
VPA process of -this invention. Such a capability was not possible with VPA
processes using conventional process materials and paraneters. The above
al so evidences that the effect of changing any single
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paranmeter is dependent on the other paraneters, with the result that the
deposition rate achievable with a given set of paraneters is generally
unpredi ctable. As a result, the discovery by this invens Noveraber®@oEmum
values for simultaneously coating nickel -base and cobalt-base substrates
could not have been expected fromprior art practices. 9 18 Novenber 2003
Wil e our invention has been described in terns of a preferred enbodi nent,
it is apparent that other forns could be adopted by one skilled in the art.

Accordin .of our inventionis to be limted only by the
follomﬁngkng$g?8aﬁﬁ %?8 Novenber 2003 What is clained is: 1. A process for
si mul t aneously form ng di ffusion alum nide coatings on surfaces of

ni ckel - base and cobal t - base substrates, the process conprising the steps
of : placing a nickel-base substrate and a cobalt-base substrate in a
chanber; and then subjecting the nickel base and cobalt-base substrates to
a vapor phash proepessfer simyltencayusly dermmg igpoatumptde aatings AN 1066C

(about 1.900F to_,abqu 1950F) fof. ,a duration of, 4.5 to 5.5 hours . n an
i nert or %"égl??? 7% "é‘ﬁ??&??ﬁ%é{‘g,coi’ﬁg'l??gﬁg}‘%s Bes?tne’prodeSs BompHBig ihd |

steps of:

placing a nickel-base substrate and a cobalt-base substrate in a chamber; and

then

subjecting the nickel-base and cobalt-base substrates to a vapor phase

deposition process peifonned at about 1038°C to about 1066°C (about 1900°F to about
1950°F) for a duration of 4.5 to 5.5 hours in an inert or reducing atmostphere, the vapor-

‘phase deposition process using an aluminum-containing donor and an aluminum

halide activator, the aluminum donor containing about 50 to about 60 weight
percent aluminum, the aluminum halide activator being aluminum fluoride
present within the chamber in an amount of at least 1 gram per liter of
chamber volume, the nickel-base and cobalt-base substrates developing
diffusion aluminide coatings thereon . wherein the diffusion aluminide coatings that
develop on the nickel-base and cobalt base substrates have thickness that do not differ
-from each other by more than 30%.

2. A process as recited in claim 1, wherein the aluminum-containing donor

comprises CozAls.

3. A process as recited in claim 1, wherein the aluminum-containing donor

consists of C_02Als.

It



phase deposition process using an al um num contai ni ng donor and an al um num
hal i de activator, the alum num donor containing about 50 to about 60 wei ght
percent alum num the alum num halide activator bei ng g NodambBrPboori de
present within the chanber in an ampbunt of at |least 1 gramper liter of
chanmber vol unme, the nickel -base and cobal t-base substrates devel opi ng

di ffusion alunitride coatings thereon.. wherein the diffusion alumnide
coatings that develop on the nickel-base and cobalt base substrates have

t hi ckness that do not differ fromeach other by nore than 30% 2. A
process as recited in claiml, wherein the alum num contai ni ng donor

conpri ses CoRAl, f&ﬁ@a%@mﬁw Wedrdil Ehhitkdl-baseeiel cobialibase

al um num con alnPng ono consists of Co2Al5. tt 18 Novenber 2003 4. A
process as rm&eﬁﬁafemedemgwmrhmer@m@um and cobal t - base
substrates are nenbers of a gas turbine engine component. 5. A process as
recited in claiml1, wherein the gas turbine engi ne conponent 1is a high
pressure turbine nozzle having a nickel -base superalloy airfoil and

cobal t - base ‘superall oy i nner and outer bands. 6 . A process for

si mul t aneousy, ya fp2bedss gs dicditedShelinl Lrihédin thagingabine enginpeothporknte
engi ne conponent havi ng ni ckel -base and cobalt ?%fe supe Ion lfubatrates
the process iserhighgressure sudiegnoggle having a nickel-base S“Pef

«cobalt-base superalloy inner and outer bands.

6 . A process for simultaneously fon'ning diffusion aluminide coatings on a
gas turbine engine component havﬁ\g nickel-base and cobalt-base superalloy
substrates, the process comprising the steps of:

placing the gas turbine engine component in a chamber with an aluminum- .
containing donor and an aluminum fluoride powder, the aluminum-
containing donor consisting essentially of 50 to 60 weight percent aluminum
and the balance cobalt, the aluminum fluoride powder being present within

the chamber in an amount of 1 to 2 grams per liter of chamber volume; and

then

subjecting the nickel-base and cobalt-base superalloy substrates to a vapor

2



pl aci ng the gas turbine engine conponent in a chanber with an al um num
cont ai ni ng donor and an al um num fl uori de powder, the alum num containing
donor consisting essentially of 50 to 60 wei ght percen{g gbigbaernoognd t he
bal ance cobalt, the alum numfluoride powder being present within the
chanber in an anmount of Z to 2 grans per liter of chanber volune; and then
subj ecting the nickel -base and cobal t-base superall oy substrates to a vapor
12 18 Novenber 2003 phase deposition process perforned at about 1038C to

about 1066 @hésehiepbsitichgR#oiest perfanned bt ARUOT38FOko RoolbidHeP@ Tatihut foddeE B 5- 5

hours in an,| o reduci.n S ere,. the nickel-base and cobalt-base
super al | oygg(h'Eg%]éroa Lfgr g‘V'é’P%’g?‘%gg? %gt}g’f’g’d“ AP (MR freluciga pimgstehar the

t hi cknessesiciki-bass anti dopalt-bésecpgalidy sobsteatesievetoping diffasiorBiliminée A process as
recited in ¢lagim RN th |_umi num.cont aini onor oNpY.,Ses

cozn 5. .. o undihidleledf o80T (AR Gl Bk Pyiigore a0l

al um ni um cont ai ni ng donor consists of Co2Als. 9 . A process as recited in
claim6, wherein the gas turbine engine conponent is a high pressure
turbi ne nozzl e having a nickel base superalloy airfoil and

cobal t-base, .S%%E'géelsso Ys redted f datn ?rwle::%giglsﬂte%lunun' um-containing donor

comprises CogAls.

8. A process as recited in claim 6, wherein the alumirium-containing donor
consists of CozAls.

9 . A process as recited in claimé, wherein the gas turbine engine component
is a high pressure turbine nozzle having a nickel-base superalloy airfoil and

cobalt-base superalloy inner and outer bands.
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PROCESS FOR SI MULTANEQUSLY ALUM NI ZI NG NI CKEL- BASE AND COBALT- BASE
SUPERALLOYS ABSTRACT OF THE DI SCLOSURE A process for sinultaneously vapor
phase al umi ni zi ng ni ckel -base and cobal t- base super al 1dMeovenkeria®08 si ngl e
process chanber using the sanme al um num donor and activator, to yield

di ffusion alum nide coatings of approximtely equal thickness. The process
entails the use of an al umi num donor containing about 50 to about 60

wei ght percent al UpROMESSPORSIMURTANBOUSIOY IACUMISIIZYRICPr present in an
anount of at least | gramper liter of coating chanber volune. N ckel-base
and cobal t - base superal |l oys are .sinultaneously vapor phase alum nized for
4.5 to 5.5 hours aNIGKEERPAGEIAND QORADTBASESIAERALLOY®out 1066[err] C
(about 1900[err]F to about 1950[err]F) in an inert or reducing atnosphere.
Wth these materials and process paraneters, diffusion alum nide coatings
are devel oped on both superall oys whose thicknesses do not differ from

each ot hef gy IREF O PR 38Uk

A process for simultaneously vapor phase aluminizing nickel-base and cobalt-
base superalloys within a single process chamber using the same aluminum
donor and activator, to yield diffusion aluminide coatings of approximately
equal thickness. The process entails the use of an aluminum donor containing
about 50 to about 60 weight percent aluminum, and an aluminum fluoride
activator present in an amount of at least 1 gram per liter of coating chamber
volume. Nickel-base and cobalt-base superalloys are simultaneously vapor

phase aluminized for 4.5 to 5.5 hours at a temperature of about 1038°C to about 1066°C
(about 1900°F to about 1950°F) in an inert or reducing atmosphere. With these
materials and process parameters, diffusion aluminide coatings are developed on both

superalloys whose thicknesses do not differ from each other by more than about 30%.
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