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
coatings. Diffusion alumnides are generally single-Ilayer

oxi dation-resistant coatings forned by a diffusion process, such as a pack

cement at i oprediyy VAPPHH S&FENTION

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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phase deposition, both of which generally entail reacting the surface of a

conponent with an al um num contai ni ng gasp conposition. Exanples of pack
cenmentation processes are disclosed in U S. Patent Nosi1g Rodskhsdd DBoand

3,540,878, assigned to the assignee of the present invention and

I ncorporated herein by reference. In pack cementation processes, the

al um num contai ning gas conposition is produced by heating a powder

m xture of an alum num containing donor material, a carrier (activator)
such as an ammonium or alkali netal halide, and an inert filler such as
calcined alumna. The inert filler is required to prevent powder sintering
and pronote a uniformdistribution of the volatile halide conpound around
t he conponent, so that a diffusion alum nide coating of uniformthickness

i s producedroskieetcti vator is typically a fluoride or chloride powder,
such as NH4F, NaF, KF, NH4Cl or AIF3. Wile pack cenentation processes may
ni ckel - base and cobal t - base

2 - by
use the %Sg)%m&g{r}ﬁac%{) ég%bnéfh%\heﬁ i rurr]l'rqﬁ&deblése Fenyiropmental coafiggs.

superal | oys,

subst r at ePifessie® M\ﬁddés)af@@&hérahﬁ%ﬂlgﬂeb@éraéﬁaaﬁJm?eﬁ&%@%a?ﬁg% of the
Cc

powder m xture are mxed and then packed and pressed around onponent
to be trdammed byfe diffupicanprosesse stigloaern pankl cepentigionmox taper gg#s)t ypi cal |y

heat ed t C-1200c (1200F- 220Q F) . at which the activat
vapor i ze PR depdiafcn; OR o dAHh srenkially, PAre FiscBe iheimutrast he al um num

1T uS) on & UMt 08 coat s hg - The 1 enpat Br or e Poiael ERRRley @ 2R ol at 1 on
suf fi ci efemeptaipdpeecesses aessidisdosedi dnWsS Patent o2 BRLIBGVRNaed 2003
' 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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al um ni de coating. Al um num containing donor materials for vapor phase
deposition processes can be an alumnumalloy or an alum num halide. If
the donor is an alum num halide, a separate activatoriggonr@tbereqgosred. The
donor material is placed out of contact with the surface to be al um ni zed.
As with pack cenentation, vapor phase alumnizing (VPA) is perforned at a
tenperature at which the alum numhalide will react at the surface of the
conponent to form a diffusion alum nide coating. The rate at which a

di ffusion al umi nide coating devel ops on a substrate is dependent in part
on the sub®t $%eQ%H1%l , donor material and activator used. If the same
donor and activator are used, nickel-base substrates have been observed to

devel op a .“Hm | 0 0l [ t.a faster, rate than cabalt-base
substr at es{.g‘l 0 acrﬁirké)?)lé co%)g?g_éf g%tgg?l?snfg?rr‘ﬁp_eoipk&%a ‘?Roﬁg\éoéh pr%‘fe]_stcffs_ have
required hiagh®e ahWILBMALUAE MY br i dh tNEntAGH] HaLERaMIE he A6EESH tALT NY
that different donor material s"and/ or activators be used. For exanple,
donors wi tdutromem hhlide,ruseponteatttratoy 3 nal teguitedo nBhaldonion wnatesial Gy's

cont ai ni ng algo%gt 30% al um num by wei ght) have often been used to coat

ni ckel - baddasetherd) P%ygpt%iwﬁhd%ﬁgrfﬂm Honbg rdrminizerdnuie avitleripack (e. g.

45% by wei been ysed for.cobal t; e superall oys Consequently,
conponent s&%%néﬁgﬁfv?og J‘#}ﬁsﬁ ﬁ_ilfw*n%ﬁg}%g 151 P%r(% f‘ya lspRrS !

typi cal | y Jopi elalRefRud NdYE %ol rédbt @t Shd BlFal! O8RS0 n%}ﬁvtﬁ folgen
required to undergo separate alumnizing steps wth the result that

consi der ald @ifadibn alhmainige costhsi.ng time and costs are incurred. BRIEF
SUMMARY OF THE | NVENTI ON

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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3 18 Novenber 2003 The present invention provides a process for

simul taneously form ng diffusion alum nide coatings on surfaces of

ni ckel -base and cobal t-base substrates, the process cERsiesibig 20b8 st eps
of placing a nickel-base substrate and a cobal t-base substrate in a
chanber; and then subjecting the nickel-base and cobalt-base substrates to
a vapor phase deposition process perfornmed at about 1038C to about 1066C
(about 1900F to about 1950F) for a duration of 4.5 to 5.5 hours in an
inert or reducing atnostphere. the vapor phase deposition process using an
al um num cont ai ni ng donor and an al um num hal i de activator, the al um num

donor coRtal ol p ARgonS olidoslaqrbodid faeoghtangmbRmRBSHITAR t he

al um num € actrvator being_ al 182sP SR AesMiHeni Nt he
chanber - alumdnidacoatingssm gt Elcésotg’f 'Icklgbfﬁ ﬁggﬁh?gras? chamber vol une, the

ni ckel - base go B,lggq‘l, thg S&ubst rates devel opi ng di ffusion al um nide
coati ngs E eon er ei fus al um.n coat | haty devel op
on the nP egﬁasec%ﬁﬁ b@f §utll?§1\7'g tl[Flf’lc[Eness '[%{gt do not
differ fgpm each ot her-by nore than 30% The present invention further
provi des pr.oce for phed [FAVEY ) Lde coatings
on a gaﬁlglﬂc‘éf‘& a1§’n ‘F@%’S‘?ﬁa Shent Aé.lyl ng %CE il%b%:e ang6 t#ba I't - base

super al |q%ﬁo o&n@&a%&ﬁeﬁﬂsmﬂﬁmmm@%mﬁ@p@F tobbquk aci ng the gas
t ur bi ne I ne co one @ Rind! HRAsHAERe, O V4 gni ng donor
and an dP@ (ﬁﬁ?f"lr‘T‘g gés fT,ﬁ,ﬁ{lg btedlted s o

um num cont al ni ﬂg donor consi sting
essent i ghhie dﬂ}oﬁ&np@o% twgg gﬁ giug;@plegﬂrftata:p% H‘?‘]‘?ﬁ?ﬂd an alumind

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 nickel-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 abaut 1066°C
{about 1900°F to about 195(_)"[—') for a duration of 4 % to 5.5 hours in an inert or reducing

atmastphere, the nicket-base and éobait—bais’e superalfoy substrates developing diffusion
aluminide coatings whose thicknesses do not differ from each other by more

than 30%.



and the bal ance cobalt. the alum num fluoride powder being present within
the chanber in an anmount of 1 to 2 grans .per liter of chanmber vol une; and
t hen subj ecting the nickel -base and cobal t - base super afg Nyvesnigtaoages 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 reducing atnostphere, the nickel-base and cobalt-base superall oy
substrat es devel opi ng diffusion alum nide coatings whose- thicknesses do
not differ fromeach other by nore titian 30 % 4 18 Novenber 2003 The
present invention generally provides a process for sinultaneously vapor
phase al um ni zi ng ni ckel -base and cobal t-base superalloys within a single
process chanber using the sanme al um num donor and activator, to-yield

di ffusion al um ni de coatings of approximtely equal thickness. According to
this invention, certain donor materials and activators in conbination with
a narrow range of process paraneters are necessary to achieve the benefits

of this TRYBRlEANinYAEN RRAE 'aﬂl?bﬁrokrYdestahﬁr&@%Eﬁ%iﬁiﬂtﬁﬁ&ﬁmbﬁ‘éﬁgéﬁ on
entails placing one or re ni CKel - base and cobal t-base substrates in a
chanber tplsase calnmehizéng avickel-basen and corbadi-brise gsugenaloyaneithin al sisigleum hal.i de
activator. The _al um num dopor nust contain about 50 to -about 60 weight

percent RICGH®n i Peinghthessarme mlnminergdones apd VARt 9 erigld i num
fluoride g; -1 4 ' : : ram per
dﬁ%ﬁ%um&i&erbokhﬁ§§89 Io-ﬁﬂa@?y %ggé:lcr}%%ﬁl? ﬁstésé&%zglsdtgr%t es are

liter of chanber volune. The nic base "a
t hen vapdhis iphesdoml eertaim dedof onatérislstandaditaarssinatorabinetipe vaithime of about

1038° C t Sharrow 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
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about 1066 C (about 1900F to about 1950 F) in an inert or reducing

at nosphere. According to the invention, these materials and process
paraneters are able to simnultaneously devel op diffusithNalemsbani2063 coat i ngs
on ni ckel -base and cobalt base substrates, such that the coating

t hi cknesses on the substrates do not differ significantly fromeach other,
preferably by not nore.than about 30% As a result, gas turbine engine
conponents, such as high pressure turbine nozzles having nickel -base
superalloyugbﬁ&gﬁggn@pd cobalt base superalloy inner and outer bands, can

be alum nized In

single treatnent cycle to have a uniformdiffusion

al um ni de

O her obj
from the

coati ng whose thickness is sufficient-to protect the conponent
from t he hOtdrl abjerty andradenrntagesaf¢ghis ideeritBorioxil iHecset@0 @P precibiedefremgi ne.
ects and advantages of this invention will be better appreciated

thel frlaming defailadedesgeipéionpt i on. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The present invention is generally directed to diffusion
envi ronnmental coatings for conponents that nust operate within

al um ni de
envi ronne
t herefore
for gas

nozzl es
superall o
general ly

nts characterized by relatively high tenperatures, and are

subj ected to severe oxidation and hot corrosion. Wile devel oped

I DEPATEEENDIESE RIPTROREOFSTHB I VIR TIOM arly high pressure turbine

wi t h ni ckel -base superalloy airfoils welded to cobalt-base

y inner and outer bands, the teachings of this invention are

Hppl peesené tinvention is generally 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.

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



any situation in which it is desired to sinultaneously alumnize
ni ckel -base and cobal t-base alloys. The present invention is a vapor phase
al um ni zi ng process whose process materials and par angswenitevy@00&en f ound
to sinmultaneously develop diffusion alumnide coatings of approxi mately
equal thickness on nickel-base and cobalt-base alloys. Accordingly, this

I nvention overcones the principal obstacle to vapor phase al um ni zing

ni ckel - base and cobal t-base superalloys wth a single treatnent cycle. The
specific process requirenents that have been identified as being necessary
for the success of this invention include the use of an

al um num cont ai ni ng donor contai ni ng about 50 to about 60 wei ght percent

| umi | | uni f ide | f at | east ft3 (about
T o) ot it Rl e 3 Ak SBh ShRE B Bovenber
2003 t empesiat wse° endafddoued.Pto a@ugm%p%%&avappuhcé&aﬁ% telpait 1900 F

to about x950 F) and about 4.5 to 5.5 hours, respectively.” According to
t he i nvénvension, deviativi ohany oneyf theaboie parametevecarareankt irediffusion resul t i n

di ffusion, aluminide coatjngs of sjignificantly different thicknesses being
devel opedluudipie Coatfnes 8 slemiieentivlififient fffptart e Baretaphav: ng t he
al um num content required by this invention could foreseeably be used,

pref err edvhild waBUMl@RGIUROAGIRKE ddriorC@Bedriad hdfingufecab@isunand
particularly C02AI 5 (alum num content of about 53% by weight). The use of

a cobal t confentriragwired | byy thisr invieatipni enld foresesrbly- basesesh refesras i s

cont rary {0 L 0ey RASY aBlkaSib Cfie ot MnBALAISR 4B Al RSy O i ckel
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



Nonet hel ess, cobalt alum num alloys are preferred for sinultaneously
coating nickel-base and cobalt-base substrates in accordance with this

i nvention. Al umi num fluoride has been used in the pastig@Notdebaoogat or for
al um ni zing nickel-base and cobalt base substrates by pack cenentation and
vapor phase deposition. According to this invention, alumnumfluoride
must be present in anmounts of at |east 30 grans per ft3 (about 1 g/l) of
chanber volune in order to achi eve approxi mately equal coating rates on

bot hni ckel aba3e Bha:GBRAlS cHBAP-LAOSubR:ARs, ATRORER' fiRde AEAYEhiB]s
acti vator or

al um num Tl Uori de use in this InventiPon 1s between 30 and 60

granms perwiduld (alpgiest thandifferghd kyp&f o hafbanty of uldhorThaitedal whtyoof an

alum ni zing process is known to be directly proportional to the activator
concent r aactivatandvohle dep vequivgd atbup'rmrinmqomgca' sion; alurhinidenevatings| of .

Therefore, alum num activity detern nes the coating thickness forned on.a

gi ven sungmﬁ’Péahq? r&‘ﬁ@“ﬁﬁf%ﬂ%ﬁ)wtﬁ%ﬁ? %%‘gtmﬁiﬁ%?aégéé‘g’sﬁét%e‘%a B ant. In
t he past, | ower aluninu Vit V. ired. (T -

subst at SR Bt ThE B S6h Pty By SR dibhe SRk AR on

subst r at eghat TRREORehNESANEORNRI | RRSterMP UL S UEiRatort Naln dbd f asadt td ypes or
anounts of donor nmat'erial and/or activator would be required to produce

di f f usi onsiahultdreodislyc oadti cajmlivbasecame avickdlebashi atthstasassifdhecalbatinubase and

ni ckel - base substrates in_a single coating cycle, the present invention is

based on €ertenhek e deaoris suficienthohigh, HAE ackiyvaltrly alumindghSuokidcer i al
and activator, can be used t si nmul t aneousl oaf; .cobal t-base and
i ckel - ba®kd L EpReratiieof the Phpthsp i mamtained Withifl A Harrow Tafige

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.



content of the donor is sufficiently high, the activator is alum num
fluoride, and the tenperature of the process is maintained within a narrow
range. During an investigation |eading to this inventisNoWner@oessure
turbi ne nozzles having nickel -base superalloy airfoils joined between
cobalt base inner and outer bands were vapor phase al um ni zed (VPA) using
paraneters wthin conventional VPA processing ranges for cobalt-base and
ni ckel -base substrates (Prior Art "A" and "B", respectively), and using
the processing paranmeters of thigagjyeption ("lInvention”). The airfoils
were formed of Rene 142 N -base aﬁloy;'mhile the inner and outer bands
were formed of X-40 Co- base alloy, though other nickel -base and

cobal t-base refractory alloys 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 _(IRHORARIration: 6.0 his. 6.0 hrs.5.0 hrs. Donor: Co2Al 5Cr Al Co2Al 5
Acti vat or: Al F3AI F3ALF3 Concentration*:0.8-2.0 g/ 10.3-0.6 g/ 11.2 g/ | *

Concent ratljj‘gﬁAﬂE%?{rrs of activator per | iher B

INVENTION
Temp.: 1080-1100 C  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

8



of coating container volune. As noted previously, the above paraneters are
those critical to the invention. Each process was perforned in the sane
comerci al apparatus with a hydrogen and argon at nosptteNeyvenbes2gh3
essentially any inert or reducing 8 18 Novenber 2003 at nosphere woul d be
accept abl e. The above paraneters of this invention yielded a diffusion

al um nide coating on the nickel-base superalloy surfaces of about 70 min
t hi ckness, and di ffusion al unj nide coating on the cobalt-base superall oy
surfaces ctmasphereswoulgbeicesntaigess. I n conparison, the diffusion

al um ni de coatings produced wusing the prior art paranmeter ranges "A"

(conventional lv. . used for, cobalt-bh . | 4 J . I n

Ui ckness T TR/ Biianméistogrtls BRRRAg) el £ ultudBh SpSRMMs bR ' "
thi ckness @ b gl Habe %?%r caltfhess 8FbBGEY0 nANth thRKRES, 5 a
produced using the prior art paranmeter ranges "B" (conventionally used for
ni ckel - baskffaiver sluhtiyide vetingabo tire &sbalt-brsensupenalidyn sefaces aftedbonit Skel - base
superal | oy surfaces and _about 25 min thickness on_the cobalt-base

super al | owBURf thickness.n I gepeparisany dhe dédusion Alrenaide coatiigs; praglucgdent i on

devel obet AL 5L SRR OB AR5 R LD o LI O

par amet er I e j i on
B i de e e e Bt T e et on bot
ni ckel - baserfkds aalalboud@9qumitithickabeson shagobdle b¥RAsppaatieg saffachs,s

nvent! On.m?iu%geacga?t?ﬁgbsi l;ir%%lu\ggg trlgleg the prior art parameter ranges “B”
(conventionélly 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.



possi ble with VPA processes using conventional process materials and
paraneters. The above al so evidences that the effect of changing any single
paraneter is dependent on the other paraneters, wth th&Nvesubér 2003t t he
deposition rate achievable with a given set of parameters is generally
unpredi ctable. As a result, the discovery by this invention of optinm

val ues for sinultaneously coating nickel-base and cobalt-base substrates
could not have been expected fromprior art practices. 9 18 Novenber 2003
VWi | e our y [ : Cdld HNnt f &%ﬁﬁb phodi nent,
it is appéygﬁgpé%g?“%?ﬁg?qggﬁﬁg%g%ﬁﬁﬁgggqﬁé%%?% 5§ﬁ%ﬁé§é§i e&ﬁln the art.
Accor di ngliy is ippasarapghaiother foriveadildnbe adoptdd byi omé ellilled $h Hye he
following clains. 10 18 Novenber 2003 Wat is claimed is: 1. A process for
si mul t aneofietordinglyi the stopewficsw invemtion ietccbalinnited only by the édlowing

ni ckel - base and cobal t-base substrates, the process conprising the steps
of : pl aci fg®& i ckel - base substrate and a cobal t-base substrate in a
chanber; and then subjecting the nickel base and cobalt-base substrates to
a vapor phase deposition process performed at about 1038C to about 1066C
(about 1.900F to about 1950F) for a duration of 4.5 to 5.5 hours in an

i nert or reducing atnostphere, the vapor

10



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 al um num the alum num halide activator being # Movernberfdooari 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
diffusion alunitride coatings thereon.. wherein the diffusion alum nide
coatings that develop on the nickel-base and cobalt base substrates have
t hi cknesmﬁsagjéﬁgaigiffer fromeach other by nore than 30% 2. A
process as recited in claim1, wherein the alum num containing donor
conprises Co2Al . 3. A process as recited in claim1, wherein the

al um num cont ai ni ng donor consists of Co2Al5. tt 18 Novenber 2003 4. A
process as recited in claim1, wherein the nickel-base and cobalt-base
substrates are nmenbers of a gas turbine engjne conponent. 5. A process as
recited it chapiocess fpresienwltangoushs forming, Reakuniide foatings Py gh

pressure turbine nozz havi iickel - base, superal |l oy airfolil and
Cobal t - bt of Ay b apd heflelifase subAEete R Rrosls Boltepisind e
sinultangﬁgE?é%fcwrﬁ ng diffusion aluninide coatings on a gas turbine
engi ne conponent havi ng ni ckel -base and cobalt base superall oy substrates,
t he process conprising the steps of. placing the gas turbine engine
conponentplacing xhinkicbbasd sibstratelandi avobalt-basasubstyatednor chamhbery aalduni num
fluoride powder, the alum num

en

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



cont ai ni ng donor consisting essentially of 50 to 60 wei ght percent al um num
and t he bal ance cobalt, the alum num fluoride powder being present within
the chanber in an anount of Z to 2 granms per liter of ghRsRekbereboge; and

t hen subj ecting the nickel -base and cobal t-base superall oy substrates to a
vapor 12 18 Novenber 2003 phase deposition process perfornmed at about 1038C
to about 1066C (about. 1900F to about 1950F) for a duration of 4.5 to 5.5
hours in an inert or reducing atnostphere, the nickel-base and cobalt-base
superal | oy substrates devel opi ng diffusion al um nide coatings whose

t hi cknesses do not differ fromeach other by nore than 30% 7. A process as
recited in cf aim 6, .uher gl M DWReEGA! Bl hidlieldgaerandCestRli e

Co2Al 5. 8,. JA f)\r Cess asf\érde}gﬁ?gd in CI% 6, wherein the

al uni ni um caRribairaies gramembersofia gas Birbine@e@inacomponentpr ocess as recited in
claim6, wherein the gas turbine engine conmponent s a high pressure
tur bi ne nozzl e having a nickel base superalloy airfoil and :

cobal t - base. superal l oy i nner and outer bands. B PROCESS FOR SI MULTANEQUSLY
ALUM NI .ZI NG NI CKEL- BASE AND COBALT- BASE SUPERALLOYS ABSTRACT OF THE

DI SCLOSURE A5, pA 926&Ss h9Fecstetlih chiig0l)shereirp ahe phrasebiieimighie cagponaite| - base
and- cobal t -
is a high pressure turbine nozzle having a nickel-base superalloy airfoil and

«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



base superalloys wthin a single process chanber using the sane al um num
donor and activator, to yield diffusion alum nide coatings of approxi mately
equal thickness. The process entails the use of an al upg RUGREBSAI003
containing about 50 to about 60 wei ght percent alum num and an al um num
fluoride activator present in an amount of at least | gramper liter of
coating chanber volune. N ckel-base and cobalt-base superalloys are

si mul t aneously vapor phase alumnized for 4.5 to 5.5 hours at a

t enper at ur ehase deposifon]fS&ise péfdibe abdut 1066 teatduC106680 Gablout FRFELS 1 F tO

about 1950 ol n.jnert or_re i ng .at nosphere, Wth these naterials
and procesé%lgbggr’r% ng ga dﬁriaﬁ?rh%fiqdﬁ t%g%rchc'f'l%d%aﬁ i% frduging aliatithsre dheon bot h
super al | oy 8ickgtheee 21 ekalbbaesudeaknytsubistidtes dehelophgditisiat teminke nore t han
about  30% coatings whose thicknesses do not differ from each other by more than 30%.

7. A process as recited in claim 6, wherein the aluminum-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.

13





