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application is related to Application Serial No.

09/ 439, 210, filed Novenber 12, 1999. Field of the

I nvention The invention relates to a sinple cheni cal

vapor deposition systemand, in particular, to a
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that can deleteriously affect the surface thereof. In
order to protect the surface, a sacrificial
intermetallic layer is applied to the surface and
forms a protective oxide |layer while the jet engine
conmponent is in use. After the sacrificia

intermetal liclayer has worn thin during use, it is
renoved and a new sacrificial internetallic layer is
provi ded. This process is repeated as nmany tinmes as
possible to prolong the useful |ife of the jet engine
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process in ich the c| eaned | et engi ne, conpon '
exposed to afs M&éﬂQIB’éﬂglg egdi’ erﬁ? Wﬁgﬁf‘ag&"a@}ag’d 210, filed
reaction chanber. Inside the reaction chanber is

typvanaier §2,a994ct i vator material and a donor nateri al
including at |east one nmetal to be integrated into the

internetallic layer. The reaction chanber is purged of
at nospheric

Field of the Invention

The invention relates to a simple chemical vapor deposition system and,
in particular, to a simple chemical vapor deposition system equipped to form a

protective layer on jet engine components.

Background of the Invention

Superalloy jet engine components are exposed to extreme operating
conditions that can deleteriously affect the surface thereof. In order to protect the
surface, a sacrificial intermetallic layer is applied to the surface and forms a protective

oxide layer while the jet engine component is in use. After the sacrificial intermetallic



gases and evacuated. The activator material and donor
materi al are heated to generate vapor phase reactants

Wo bas/oessse metal to be transported fromthe dpODUS2004/021341
material to the jet engine conponent. The
layeehaseyanlthin dusing vsd, drisreemenedtand ajnew sapigficiel intsapeiabietlayer is
may include intrinsic netal diffused outwardly from

Rvidddl obhid SroBsgs fePeatédis BAGH haesAHREBRIto prélvey theuseful life
he interne aII|c | ayer nust al so include at | east one

$ﬁﬁ& &%?%1 og&hglnatlng fromthe donor materia
extr|n3|c metal used in the

|nterrretall Ia s.alumnum To th nd,.t i cal .
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forms the bulk of the internetallic layer., It is
steirdeplositiowiyéP) propess in which the elsatrd jat enginsi aegngpent is exposed
concentration of a second, extrinsic nmetal in the
tmﬁleﬁifj%feﬁldeplétdd&yiefron@ﬂtroéatreztcﬁciil phaies. fieide the reaction chamber
integrating a second, extrinsic nmetal into the
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n resu esirable internetall
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alloy in V\,hl ch chromumis present in the allo for
gases iand evasaatedt dhe astivetaranaterin) apé demor maferiH gre gﬁ@tee\ﬁ@ generate
process, it is believed that little if any of the

&hparphase whbthnta tiat edusy niveal tte begpaspbeted fromnthe Henatonaterial to the
material to the jet engine conponent and, even if the

g&feﬁ b Qﬁ S ThO futdrRlerAM91aDE ﬁﬁﬁé@&?ﬂfeget‘ dngif@¥omponent may
ein rpor into the interhetallic layér in a
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donor material may not |ntegrate|nas| ni fi cant .
compeneniatiovievemils intsemetaliiedever giust alsq yhide ghlepst opggxtrinsic
alum num from the donor material is exhausted. The
Mmeestall drighaating dronntherdordabtiedall ayers characterized by
inferior properties and/or unduly long cycle tines. In
certain The most common extrinsic metal used in the intermetallic layer is
aluminum. To that end, typical donor materials include aluminum such that aluminum
forms the bulk of the intermetallic layer. It is desired, however, that there also be a
meaningful concentration of a second, extrinsic metal in the intermetallic layer. Current
techniques for integrating a second, extrinsic metal into the intermetallic layer are costly
and cumbersome, and often result in less than desirable intermetallic layers.

For example, typical donor material may comprise powder or chunklets
of a chromium aluminum alloy in which chromium is present in the alloy for raising the
material’s melting point. During the CVD process, it is believed that little if any of the

chromium will actually be transported from the donor material to the jet engine

component and, even if the chromium reaches the jet engine component, it may be



applications, the inability to rel ease chrom umfrom

the donor material may prevent the achi evenent of
whemwshossanl ef fects derived fromthe presence BET/US2004/021341

chromumin the coating formng on the jet engine

twopronand inteiranteappiabedines irf opon-pridepnamianacrt Wdeed, as the

extrinsic netals into the internetallic |ayer suffer

bheitheanp aloadtiendtawhraks thaByhaiugf clesmimgh gon theliaaor material

been proposed to first coat the jet engi ne conponent
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rop efore placing it into the reaction
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intermetal lic |ayers containing chrom umor platinum
ahatacteuzadriuninferies propetties arst/ pijindaly lege cydadimes. doerstain
material, the process involved is quite tine-consum ng
apslicadishd, yhe iaatsilial 18 @eluse Shioing ninf fraranihd gomon neateriyl antyprevent the
or platinumthan required. Coatings forned by

t?t Rl @ri)é}&ﬁaa? orraid de2tvell HOM M ?bréé@ﬁééﬁﬂ'@h}d&nﬁﬁﬁinttﬁe coating

e natural tendencies of electroplated coatings to be

t.hi cker at .and near sharp edges. Accordingly, there is
gorﬁgg%opgl}ejgﬂeq%erc&}g@n appar atus and net hod for
applying an alum nide | ayer having two extrinsic

netal s to Siperappresghesder wirgratinsdyrpsHEsiccangials igtorhe

types of superall oy conponents. Summary of |nvention
Titernpstalsie Myet sufésn tionncqmmvatde dravbadB. dvweyr oferhmpde, hidths been
for formng an alum nide |ayer containing two or nore
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present invention, a second exfri ns{lc netal js. )
syoended fenming thesaisameieilic laee pYauledheseselt faf bojptqmgtallic layers

containing chromium or platinum and aluminum, the latter originating from the donor
material, the process involved is quite time-consuming and costly, and also uses
significantly more chromium or platinum than required. Coatings formed by
electroplating also suffer from non-uniformity due to the natural tendencies of
electroplated coatings to be thicker at and near sharp edges.

Accordingly, there is a need for an improved CVD apparatus and method
for applying an aluminide layer having two extrinsic metals to superalloy jet engine

components and other types of superalloy components.

Summary of Invention

The present invention provides a CVD device and method for forming an

aluminide layer containing two or more extrinsic metals on the exposed surface of a



reacti on chanber. The external receptacle has
relatively-small volune and is adapted to hold solid
WORM0s/06@83 cont ai ni ng t he second extrinsic metaPCT/UR2004/021341
whi ch the external receptacle is heated and seal ed but
fsaperallay jos@ginsoremyponesit wigroup itetiravieackp ef piiorsprpessedsiaad systems
transport of a vapor phase reactant fromthe solid
¥edleiig fht £01d @ani Tg tHifends eedincacedidandesiith tRipinciplestdfehe present
main CVD reaction chanber. The first extrinsic netal

Qﬁﬂan Eﬁn pars%}fbng&thﬂmf %@%tﬂreﬂﬁéd frB! Z%}&ﬁgra?éﬁ%@ 1§ £28Mal of the

ets |naS|rrp reaction roma

donar - ¢ as, in i.n_.a dyn C eacti on
ExioR e L %}fselyy%?aéﬁ%o g and s adapted to
girate receptacle itself is passively coupled into
sedidmateralcontainipethsspcopy extimsigl m@r@’é wahwbﬁh@ erftprgal
pat h thereby elimnating any reliance upon a
pecpaileiiz hehtéd awl whled budfor aslosed cominnaichticapath elat gaxsmts passive
into or through the external receptacle. The
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tra sformn solid material containing the second

whi ch
SKlfpoih el Bttt OV DatRRBARRG: fmrn 1 oaction

charrber via the cl osed communi cati onﬁé)at h. The second
extrinsic ngedirst extinsiemetat eapheqaavidad B eanaenizangl fashion, such as
reacti on chanber already in the vapor phase, but

Semaclainklets for osindpleCUDhesctipxtchimberg onfroml a domobr-wartyiog gas inlet in
the assistance of a pressurized flow of a corrosive or

| A EAE VD ead b chifBer X HbivBedr CurlBe@yamit ¢VE) Jysl’éﬁh@ Offhe
phdses may then chem cally conbine at "the surface of
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t he cost, waste, and/ or. other deficiencies of prio
Slased pempwaicriempel thavely elisaiRating anyieliange élp%ﬁpreﬁﬁ‘@zed flow of
extrinsic nmetals into the internetallic |ayer.Wile
taherexiae br irecthanisga$ oo euthoegh fthd exsernel scaptacdd. Theoreoeptacle 1s
nor e
heated to a temperature effective for transformmg the solid material containing the
second extrinsic metal into a vapor phase reactant, which then migrates or diffuses into
the main reaction chamber via the closed communication path. The second extrinsic
metal is thus introduced into the main reaction chamber already in the vapor phase, but
separately from the other extrinsic metal and without the assistance of a pressurized
flow of a corrosive or inert carrier gas. The extrinsic metals in their vapor phases may
then chemically combine at the surface of the jet engine component to form the
intermetallic layer with the multiple extrinsic metals, but without the cost, waste, and/or

other deficiencies of prior systems and methods that seek to introduce multiple extrinsic

metals into the intermetallic layer.



extrinsic netals at the jet engine conmponent to form

the internetallic layer is not known with certainty,
waresneissslesi rous of being bound by any parti CRCEUS2004/021341

mechani smor theory, it is nonetheless believed that

di f f usi on dVhilhhewapdmeshamemfensicesssiul pravisioreof two or more

receptacle to the nmain reaction chanber will arise

fek@AsichBethls @5 §1d1] h]& dizfnk@bapbhélt té Remabeimeetetallic layer is not known
SpeC|f|caIIy, e confinenment of the vapor phase
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| arger volune inside the main reaction chanber. Ever
o khe modintenstide Abrmbaraliasise from thepresuee diffessatial hsrebetween.
netal converts 22.4 |liters of gas at standard

tSpRpiEicaly te endnghesftie vapbephap exacphbemtsigmgtiantecond extrinsic
the receptacle flows fromthe region of high pressure

(CQNGRAEE ?1% raaewél sthbf- v%ﬁﬁﬁ&%ﬁ%t@clé Rictdiges 1RO 1&@1 ﬁfssshﬂé"énd

pressure oncent ati on mai n reactor chanb

Ther ef ore essuri f a r corros ve
saes et i’y Bhegibohabteac it Braflub Elotef g ot
phase reactant containing the second extrinsic netal

tthe targer yalumerigside thrmain aeasten chambas. Everydaele of thgmlonor material
system which sinplifies the deposition process and

bt e Bedond ektrimsicanetal @nhens2 24 fitssofdag ahstzamdald tesnperature and
gases The receptacle al so does not have to be
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e ‘'system desi gn an operatlon and reduces

eratln cost I _accord .one ect of -
SPes i Chrbitionhin (RS-0 REs Ta lerthR) BERIPBbr S sl entation
directly over top of the main reaction charrber and
rayhe meinpasior shemhera Jehstafosg, a piessurized 8w ofpRdnert or corrosive
receptacle may be directly coupled into the reaction
chaaidngas ishiooneided fahmmkporting/thd vapgephase wactdnl dontanio the second
that the receptacle is carried by and

extrinsic metal to the main reaction chamber, as in a dynamic CVD system, which

simplifies the deposition process and eliminates the need to handle possibly-hazardous
gases. The receptacle also does not have to be configured with an inlet for a carrier gas,
which simplifies the system design and operation and reduces operating cost.

In accordance with one aspect of the present invention, the receptacle
may be positioned directly over top of the main reaction chamber, and may, further
advantageously, sit thereon. The receptacle may be directly coupled into the reaction
chamber through a short, rigid pipe or conduit, such that the receptacle is carried by and
movable with the lid of the reaction chamber. In accordance with a further aspect of the

present invention, the conduit(s) is also heated to maintain the second, extrinsic metal in



novable with the Iid of the reaction chanber. In
accordance with a further aspect of the present

WO pvs61385, the conduit(s) is also heated to NRCTYUS2004/021341
the second, extrinsic netal inthe vapor phase, so that
ithe vhpes phest, sodhaiehdaess ast eondpupgiag adiqupsh erairpdipisate ovlas asplid as it
asolidas it mgrates fromthe receptacle to the main

meifedsrors Rieedptachrbeand aghondadtion chagbert conduit is
provi ded that has only two normal |y open apertures,

the ot hor. ot aleBTRgrY it (kU8 1 BOTRATE pRObily i Romally
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no flow path for a carrier gas, such as the corrosive
daineituid compninicatier with theipainreactiopphagbere pich asdhioysly a straight
into or through the receptacle. An additiona
pasaRtaadtbwiayclbsdomd pte Conseduently, tharizing Gatvi path fuir learrier
the short conduit to provide for a yet further source
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rtue of the foregol ng, e I's provided an’i nprove

CVvD) system and thod jn.whjch alunmnide |avers .
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on superalloyjet engine conponents that, upon heating . .
icamainisatian Aithghe shast s to provifledasa vef fighen sgpree of an extrinsic
external layer or shell constituted by a conpl ex
axétalesuchhe aghiad stichtrhetal. obj ect s and advant ages of the
present invention shall be nade apparent fromthe

acconpanyi ' iHle SihEreRs pRRidch 8k eRibrovBRICHD syst
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i nvention and, together with a general descripti 0_3, of
tfhemecheespierHoy o) EASTAP 6UBPOTERES eV hgafiagin in oxidizing
description of the

atmosphere, oxidizes to form an external layer or shell constituted by a complex oxide.

These and other objects and advantages of the present invention shall be

made apparent from the accompanying drawings and description thereof.

Brief Description of the Drawings

The accompanying drawings, which are incorporated in and constitute a
part of this specification, illustrate an embodiment of the invention and, together with a
general description of the invention given above, and the detailed description of the
embodiment given below, serve to explain the principles of the invention.

Fig. 1 is a diagrammatic view of a CVD apparatus in accordance with the

principles of the invention;



enbodi nent gi ven bel ow, serve to explain the
principles of the invention. Fig. 1 is a diagrammtic

wo e@#oaf3sa CVD apparatus in accordance w th thBCT/US2004/021341
principles of the invention;Fig. 2 is a diagranmtic
vi ew of an g tkmmahagvmmabodlemﬁancaitemaswrpﬂnbowt of a simple
apparatus of the invention; and Fig. 3 is a

VAT, BPARILG Bf eV AfioRMng! t er nati ve embodi ment of a
simpl e CVD apparatus of the invention. Detailed

Descrlptlo r_ef. t

Fig. 1, 3a15 rﬁlalr1 %rg%fggp%wa%r gkr%hoe eﬁ%g{hﬁ{%ﬁ%f aOSlmple
r|nC|pIes of the invention includes a reaction

Qw\élﬁﬁéparatzseﬁﬁ@ﬂ%‘fqnﬁ@nof alid 14 and a vessel 16. The

lid 14 has a sealing engagenent with the vessel 16

that, when sealingly engaged, generally prohibits
oxygen fromentering the reaction chanber 12. An

iﬁ&ﬁié@beécr%@%fﬁeféafédmbadﬁm§ i tion environnent
en el s seallng y engaged with the vesse
16, purged (of, ?éf"l%ﬁ@ﬁ%&i‘ g B D a g ﬁ]l\é Q%gfi‘%&g&r %Iag with the

lid 14 naybe i Sengage

access to the interior_ space 15. The react h

PpnppIgs el ey ersiananGiades rﬁ?fé&%n jchampey Q%ﬂﬁ%ig{g%g SPIRE 14 and o
corrosion fromthe CVD reactants, such as Inconel 601
arsfeAl R5BhdMAd 1Ahas msmating eisgagement vaish thegessel i 6 thatyphienesdalingly
froman inert gas supply 18 to the reaction chanber 12

tehE A Ng @RI pRShiPiy dxyéeh b @xdiaissthe RRAEtiorPehadibel 2. An interior

rea i on chanber 12 is coupled with a yvacuum punp 24

%ﬁ%ﬁl 554¢ ne? y acgf@% oﬂ%n‘zﬂgmﬁgxﬂ %ﬂeﬁ%& h? Tg Zsr sieéﬁnél§) eflgaged with the

essur et engli ne conp

|ntroduced into the
vessel 16, purged of atmosphenc gases, and evacuated. The lid 14 may be disengaged

from the vessel 16 to afford access to the interior space 15. The reaction chamber 12 is
formed from a metal that is resistant to corrosion from the CVD reactants, such as
Inconel 601 or RA 353 MA.

An inert gas, such as argon, is supplied from an inert gas supply 18 to the
reaction chamber 12 through an inlet port 20. An exhaust port 22 of the reaction
chamber 12 is coupled with a vacuum pump 24 capable of evacuating the reaction
chamber 12 to a vacuum pressure. A jet engine component 26 is introduced into the
reaction chamber 12, and is situated away from a source of extrinsic metal, as explained
below. The reaction chamber 12 is purged of reactive atmospheric gases, such as
oxygen, by evacuating the interior 15 of reaction chambef 12 to a vacuum pressure
using vacuum pump 24 and supplying the interior 15 of reaction chamber 12 with an

inert gas from inert gas supply 18. The reaction chamber 12 is repeatedly evacuated and



reaction chanmber 12, and is situated away from a
source of extrinsic netal, as explained bel ow The

WO e@s6m83 chanber 12 is purged of reactive at nPEPOSINN€021341
ggses such as oxygen, by evacuating the interior 15

clffelha@ltw&]ﬂmaﬁﬁ correniationg of tersiiye emosplherigsiangy are sufficiently
vacuum punp 24 and supplying the interior 15 of
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supply 18. The reaction chanber 12 is repeatedly

evacuat ed agndhag Fc‘j bfithBthe Rabfiod 8imites 1 8984 container or receptacle 27

concentrations of reactive at rmspherl C gases are
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wthin the react| on chanber 12 i s a container or
heldipg agass orchargecniing aativaligrgnyeriel 39y ard He jef cggine gomponent 26.

donor material 28, a container or receptacle 29
Redceptacle 29 nvpasitivned bangedestal 3d sappdrtedtbyrthemesseli 1. T3@,jet engine
and the jet engine conponent 26. Receptacle 29 is
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he jet engi ne corrponen 26 'is fabricated from any
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not limted to, alum numfl uori de, alum.num,chl ori de
dhepideahumingst shleride amsianinm Buetide epwmeonivm Pitlsrriss pd
chloride. Suitable solid donor materials 28 incl ude
aroysuafobborale Wwmitabld selidonon matadalo3&inofude eBayst ofashtbmium and
al um num and all oys of vanadi um and al um num The
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conmponent 26. W.th continued reference to Fig
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the reaction chanber 12 to provide efficient heat
tahemisiderortintetrhetallic tcostirtgd4 todiedpinadd GOcordmmenie2ft.i ng
el enent 32 is operative for raising the tenperature of
With continued reference to Fig. 1, a heating element 32 is coupled in
thermal contact with the reaction chamber 12 to provide efficient heat transfer to the
activator material 30. The heating element 32 is operative for raising the temperature of
the solid donor material 28 and the activator material 30 to approximately 2200°F,
below which temperature the activator material 30 vaporizes. The vapor originating
from the activator material 30 promotes the release of a vapor phase reactant from the
solid donor material 28 confined within the interior space of the reaction chamber 12
and that contains an extrinsic metal, typically aluminum, that operates as an extrinsic
metal source. The invention contemplates that a DC potential may be applied across the

receptacle 29 in direct DC coupling with the jet engine component 26 for enhancing the

deposition rate of the coating.



the solid donor material 28 and the activator materi al
30 to approxi mately 22000F, bel ow which tenperature

wo b@sacissyat or material 30 vaporizes. The vapoPCT/US2004/021341
originating fromthe activator material 30 pronotes
t he r el easePaesitianed aptsidephercacticneehagber 12 5 reldivelyrsmpll
donor material 28 confined within the interior space
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extrinsic netal, typically alum num that operates as
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that a DC potential nay be applied across the
receptacle 29 in direct, DC coupnling wth .the jet . .
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of the coating. Positioned outside the reaction chanber
1epmpongnt 28t ihoseeqndgrinnsic peiahsoxpbinesigith the fistextansic metal
solid donor naterial 38 is provided. The solid donor
reappli¢dafirord Rlonpr matedel Siotfven tlesalanthide @atingl 34, uniaggesatad in
hydrated crystalline formor as a liquid, furnishes a
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distinct fromthe jet "engine conponent 26. The second
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al um ni de coating 34, exaggerated in thickness for
pigpaiaterigt 2& presentyn the rﬁcgpn ¢hamberilde j et engi ne
conmponent 26. The conposition of the solid donor

mat eri al 38Thk fetepntaclé 86 im dilmensiamadds ihblddhe oflid denos olatetial 38.
donor material 28 present in the reaction chanber 12.
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donor nmaterial 38. The reaction chanber 127 s
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are significantly larger than the di nensions_of the
réimeptiany f therecepiasladh. Breause thegecsptas ot apidhe matpehamber 12

chanber 12 share a deposition environnment, the
r sharecuddposition sphiesrasent ke misidual @mospherss. thekpip are common. Any

residual inert gas remaining within reaction chamber 12 and receptacle 36 from the
evacuation and filling purge process represents part of the deposition environment. The
vapor phase reactant containing the second extrinsic metal is transferred from the
receptacle 36 to the reaction chamber 12 without the assistance of a pressurized carrier
gas. It is appreciated by a person of ordinary skill in the art that the residual inert gas
does not represent a carrier gas in that there is no pressurized flow of an identifiable
carrier gas capable .of transporting the vapor phase reactant containing the second
extrinsic metal from the receptacle 36 to the reaction chamber 12. Generally, the
volume of the reaction chamber 12 is at least a factor of ten larger than the volume of

the receptacle 36 and conduit 40. In an exemplary embodiment, the receptacle 36 has a
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envi ronment. The vapor phase reactant containing the
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e condult” 40 has a out

10 cnB.. Wth copntinued reference Fig. 1,..an
piRyireisy TP e Gue bR Sach e o e B ey 12 and
conmuni cation with the interior 15 of the reaction .
chesptaste Ipshiaye acepmaniand glgsed eraironmynt g\ pEmpsRhcreghah peFmits
atee fitting, defining a vapor passageway 42. To that
afghsfel bevaporided dortd niasriah 39 & the@éaction chanberl 12y Tipemapor
apertures 41, 43. Aperture 41 is sealingly coupled to

fapoare&{gfewéﬁ?fs ard@&;%%e%aklg 28 o205y ARG I ShéRnl o3p kb IR the

uid conmuni cation into the reaction chanber 12

such ., t t he reactd hapber 12.and r.eceptacl.e 3

Shegpurell i fAtBa SRR IR A B nfife B3R thamber 12
that pernmits transfer of vaporized donor nmaterial 38
tRecepiacle 3ads sanstrapiadifiom a materigbcapahle of pestdBgE fekpcagm peessure of
advant ageously free of valving so that the atnosphere

i sdoweas 10@ Toac dikachéuiBe) manbhetosatitabbapipd hiiviamatdoeninal pipe
at nosphere inside the reaction chanber 12.

diameter of 0.5 inches and may be either schedule 40 or schedule 80, depending upon

the line pressuré. The receptacle 36 may be suspended above the lid 14 by conduit 40,
may be supported from lid 14 by a support structure (not shown), or may be supported
separately by an independent support structure (not shown).

The receptacle 36 may be opened for replenishing, when necessary, the
charge of the second solid donor material 38, for changing the identity of solid donor
material 38 to provide a different metal to the reaction chamber 12, or for cleaning. The
receptacle 36 is sealed removably to the conduit 40 in a gas-tight manner. , To ’;hat end,
receptacle 36 includes an annular flange 48 that is capable of being sealed in a gas-tight
manner to an annular flange 50 surrounding aperture 52 of conduit 40. The receptacle

36 may be lined with a ceramic crucible (not shown), such as an alumina crucible, to
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Receptacle 36 is constructed froma material capable
of sustaining a vacuum pressure of as |low as 100 Torr.
wab@soensstii t 40 may be constituted by pipe havP@mus2004/021341
nom nal pipe dianeter of 0.5 inches and maybe either
peévedithe od@irsnes efeardsong oitiated hayril segonpdonar meaterigl @8. The
pressure. The receptacle 36 may be suspended above the
lrkdbplelelB6 BB IProvHdd Withythe Saribiapbf edeil in@ purging4loeyof an inert
a support structure (not shown), or may be supported

SER ) L 90, OGP o5 00K B e, T
P B SET e HErPhdg Ssc o

solid donor material 38 to provide a different netal
tilee selend denor imsiterish 3&eed also belore ¢roytes thepoptiag prpgess transpiring in
receptacle 36 is sealed renovably to the conduit 40 in
ah@@actidnghbmbven e r The rEcepidvdd 3@ndy be daramdadede adfickel-based
i ncludes an annul ar flange 48 that is capable of being

§ rgl@or?j, Buch R38cd 661) Hagﬁé&nl@b, 1o ;601,?8 RisRIl0l (878 8thals resistant

roundi ng aperture 52 of conduit . The Tteceptacle

6 maybe lined.with a cerami c crucible (not shown),

QEPIEC ?Vgﬁﬁ%¥%gn%rucible, t opr event ghe occurrénce

of corrosion initiated by the second donor nateri al _
38. The red¥ihsentinusd refanenerstodfigsd. dleairepsntecle A and the conduit 40
capability of receiving a purging flow of an inert
géflingstdahe Ractiongehambeh Dagtheated wikvraspebitve laoatdrs H4t465 4] eater 46
which is normally capped. The purging flow woul d be

gigglﬂgé{élegfih%ﬁiﬂgqﬁg bér}giug% tb %qgrﬁgﬁfﬁf'u?e Hoat WakDaldublBSG0°P! Operation

e seco onor material 38 and al so before
or..after the coatin cess transpiring i.n the
BG5Sl 46 Brents 12 R B et DR Bt rrad from
from a ni ckel -based superal | oy, such as Inco 600, )
regentssle3fgo thewsactauchagmberbs frem| dpposipygas 3 Hayidjagd/or solid on the
resistant to corrosion by chloride ions. Wth
dowetrahsigthceedfihe oaeluitol OFiHeatel 44tsheuld be eppabid ef 1RGtiag the
the conduit 40
receptacle 36 and the second donor material 38 to a temperature of at least 2000°F
within about 20 minutes. Either of the heaters 44, 46 may be constituted, for example,
by multiple heating elements embedded in a ceramic element. Suitable heating
elements are commercially available from Kanthal Globar (Niagara Falls, NY).

The outward facing surface of heaters 44, 46 is thermally insulated such
that machine operators cannot be burned while the receptacle 36 is hot. The receptacle
36 may be equipped with a temperature-measuring device (not shown), such as a
thermocouple or more specifically a type K thermocouple, and a visible temperature °
display (not shown) electrically coupled with the temperature-measuring device. The

temperature of the receptacle 36 is regulated to not exceed the vaporization temperature

of the second donor material 38 by more than about 15°F. The heaters 44, 46 may be
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| eading to the reaction chanber 12 are heated with
respective heaters 44, 46. Heater 46 is capable of
wheabiongss he conduit 40 to a tenperature of atPCEHES1004/021341
about. 10000F, eration of the heater 46 prevents the
rastegtively en%rg@pc?gh thecopersdertaa Aayts apgratedhingnautepated gygnmer under
receptacle 36 to the reaction chanber 12 from
dhp osittdl g tiesreaction ghardband/ contrsbdys@non t he i nt er nal
surfaces of the conduit 40. Heater 44 should be

capabl e of tdo ﬁrtuieﬁefefe?é’ﬁ%m@ﬁgfe é,gtg? %altﬁi ?J}ﬁr HREAN 38 provided

donor materital 38 to a tenperat east 20000F

within a 20. m nut eg. FEi.ther of the heaters 44, 46.
HhyessBgtmE ey B et gAY B Ehe dPimngsition

el ements enbedded in a ceram c elenent. Suitable

Hroatainipe 8 maie planent scledethiorcrnepte wiflntheanttel dlorent in the vapor
Kant hal G obar (Niagara Falls, NY). The outward facing
ghafareactafit deaahddrodd soldbdimer hiaeriuhD8 yo fonsudnadlwdinddecdvating on
that machi ne operators cannot be burned while the

MRS BRI AEH SurBRe b8 119kt enER CORHBREADLE TRE niBN-HRfogen Lewis acid is
equi pped wth a tenperature-mneasuring device (not

sho such. as a,t.hernocouple.or nore specifi ly.a
e b RRL e fi AR G Bled BaRpRPR arb Y i such as
di spl aé (not shovvn?1 el ectrically coupled with the

t 1oy agomsss @hhonghdbe inventiorhis nobspplimied; aad g prefraably
receptacle 36 is regulated to not exceed the

Ve runeficenStdhmpetabhalo gendiewtib ecid eare mhard coanzednizst 2mictelllic

38 by nore than about 15F. The heaters 44, 46

nayhasediRe b ¥Rothi @ SFifloAREh, B¥triiie heRRAtMtiRi, Faladlfm,
operated in an automated nanner under the control of

the..reacti.on anber .12 cont.rol_sys Wt nt i;nued

B GPER ELbEE. BRBIRE mi R B i EbaRbheLib i i s
provided in receptacle 36 may be any. sqlid .
r#egennwich g Aupiayg, shigeng heminegand 19dims dat- t Exgnples of appropriate
containing a netal elenment selected to cooperate with
tlevisetids inelvelepntt aremdt himitedpgor AitHa Sl g &c€ChnCrF,;, FeCl,, HICl,,
generated fromsolid donor material 28 to form an

at-on moYeRaCAE ROGLONNCL,, YCL,, ZrCl,, and Z1F,. The metal-halogen Lewis acid

XO

may be ACS grade or reagent grade chemicals that are high in purity and substantially
free of contaminants, such as sulfur. Upon heating, such metal-halogen Lewis acids
convert from a dry solid form to a liquid form and, when the tempera‘;ure is increased,
convert from the liquid form to a vapor to provide a vapor phase reactant containi'ng the
extrinsic metal. By carefully controlling the temperature of the receptacle 36, regulation
of the conversion to a vapor phase reactant can be used to regulate the introduction of
the vapor phase reactant into the reaction chamber 12.

When heated to a sufficient temperature in the receptacle 36, the solid
donor material 38 forms‘ a vapor phase reactant conveyed or transported through the

conduit 40 to the reaction chamber 12. The reaction chamber 12 and receptacle 36
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the exposed surface of the jet engi ne conponent 26.

The netal -hal ogen Lewis acid is typically supplied as
wa@2®6losidssat erial in a hydrated or anhydrous PCT/US2004/021341

crystalline formsuch as chunklets or a powder,

aﬁ%\w@tp@ﬁw%snar%mmmﬁn CBVIFIEmes of atmosplagre hegdupesone normally open

preferably alum numfree. Such netal-hal ogen Lew s

aepattirad? ot thercandigr 4B dolyyled foretuid toramahrzasom withukdingsior 15 of

chromum zirconium yttrium hafnium platinum

PAdabAcH eHimYeh 99 nbdMhe i ofthedl nbfhallyl dRAiap BB 148 éé'ilinél%l coupled to the

silicon and cobalt chem cally “bound wth a hal og

S ri,pe, rine, om n and . odi-ne i.on.

58 P Eesbeghl 387 BT ABL R o BERT Wl sV Sy et ety
not limted to, AICI3, Cod4, Cd3, COF3, Fed 3,

HiTEfead op pessins pearyosivergasisych pyleydzochinre apid, wopgarmer gpythrough a
and ZrF4. The netal - hal ogen Lewis acid may be ACS

gsaudes wrterieblypddby gu edemehmwtwrsdrchtumbtr. drte dppglach of the invention
purity and substantially free of contam nants, such as

S#lirhitates RODyARAS CVD reghigdm R & 1 HalL6RE ah@)ﬁdlﬁ'n@ﬁ% B5transport the

I

convert froma dry solid formto a liquid form and,

per i S_1 convert -fromt he
(P ok SRS L AR (00l WhERRGeosSaLaE: ThE B! OFonarge of
reactant contajning the extrinsic netal., By carefull
cﬁsﬁkdr uof H)@wm@ diarssriage Spresulalesibe sempoggon of the
regul ation of the conversion to a vapor phase reactant
celnmieide seating@4rfeguing e thdjet éenginoctmdnent 26. Rdrexmapley the mass
phase reactant into the reaction chanber 12. Wen

he@dotid doBoPmstefihll 39 @AY bd CARABUHALIhd Ebating 34 @6ABIRTES than about
6, the solid donor material 38 forns a vapor phase

3

rg@g& r t he conduit

40 t o.@?ﬁ%&?g&’;?%ii%gerr{%% ﬁgtr?r@(rek?) B?S?)ﬁ%wﬁégt:egglc I'on chanber 12
and receptac| e. 36advant agequsly share a co n .
envi ron ng nt ﬂ%‘? mé(?‘?fﬁ%’p"ﬁéfeg‘qg@&%é’%thﬁ REACHBR ﬁlml}/er dgénay include a
aperture 43 of the conduit 40 is coupled for fluid

cleasaphite updrowhigh jét engise compenent 24,5eeeptackadt ammirecdpdarbe?9 are
12 and the other nornmally open aperture 45 is

spRitioiel ¥ind @ bpll @ nidletfofh metal that may be disengaged from the base plate

for access. In this alternative embodiment, conduit 40 from receptacle 36 would
communicate with the interior space 15 through the bell jar. The invention further
contemplates that, in an alternative embodiment, the donor material |38 in receptacle 36
may be solid activator material that, upon heating to a sufficient temperature, is capable
of providing additional vaporized activator material to the reaction chamber 12.

In use and with continued reference to Fig. 1, a jet engine component 26
is introduced into the reaction chamber 12, a charge of the first donor material 28 and a
charge of the activator material 30 are introduced into the reaction chamber 12, and a
charge of the second donor material is introduced into the receptacle 36. The interior 39

of the receptacle 36 and the interior 15 of the reaction chamber 12 are purged of
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port of receptacle 36. This approach contrasts with
dynam c CVD systens that rely instead on passing a

W@ 005060382 gas, such as hydrochloric acid, or BCT/HSINN€021341
gas through a source material held by an externa
prieesphsue gesrabyaepcatrlly adppitngen ingrt gasefromymant gasrsupply 18 through
elimnates the dynam c CVDrequirenent for a gas source

adicintet pod 20@nd evicuathepbrdugh REhARE pore L2 KithGRACHAE iputipPAS After
fromthe gas source to receptacle 36. The mass or

gtgé‘ ;%S%llg%? ggéllt:,ﬁ}ég%g tadlB8&1d éi‘flac@h%eh@tgdﬁ%gutt @V%gtﬁlgl ek {rl]lge of about

osition of the alumni
form ng. on the. jet engine component. 26. For . . . .

Lb9rRirE, R mitaiclsPinoSet s SO RRTAR SFS ths Hpyipide coating 34 i

varied so that the coating 34 contains |ess than about

meloptedofasn then@rsheangr m@t@wg% a§ ¢ §ret yapqrhaesrepctantmeadiaied by

38. The invention contenplates that the reaction

chapolsarf tiheuped dctivhtocmateriblb®e witict e ppaiucediyodn lefating as indicated

engi ne conponent 26, receptacle 27 and receptacle 29

afiferRRRaticARESY RRGerteRBlderd1 38, MafRsibh BMLEEE&!vah8aihafB¥actant to
be di sengaged Tromthe base plate for access mthis

rnat.i ve enbodi pent., ..conduit 40 fro eceptacle 36
ot R P EORL OF ingirdes e ap T bF SEBIRS fyer 35
the bell jar. The invention further contenpl ates_ that,
in an al t erlReaepineledotis Beatechy haates 4ddn rtermpgrairestieshve fp form a
receptacle 36 may be solid activator material that,
Lgecondrenpbt plopst ocaatastfidincobd lot@maedil B8ewhich i€ ppaided to the
of providing additional vaporized activator materi al

tadtfdf che@béd PNhFdi3Aested donduitURasandictd BiagRhataly by
reference to Fig. I, a jet engine conponent 26 is

inkr I ' : e . h f .
AAGRYSEGH0S. TIE AT L0 RN b2 DL B Bl
activator material 30 are introduced into the reaction . .
dRastion chamberlyplready,ay the varor phases Belsisparaishotomdhepthgy extrinsic
is introduced into the receptacle 36. The interior 39

metal. Extrinsic metals present in the individual vapor phase reactants combine at the

exposed surface of the jet engine component 26 and form an aluminide coating 34
containing the different extrinsic metals on the jet engine component 26. Persons of
ordinary skill in the art will recognize that additional steps, such as soaks and cleaning
cycles, may be involved in the coating process. The jet engine component 26 is
removed from the reaction chamber 12. In a heated oxidizing environment, such as
when the jet engine component 26 is in service on an aircraft, oxidation of the exposed
surface of the aluminide coating 34 forms a complex oxide that protects the underlying
superalloy material from damage.

With regard to this specific application, the aluminide coating 34 on the
jet engine component 26 has a limited service life and is gradually eroded away.

Periodically, the jet engine component 26 must be inspected and possibly removed from
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of the receptacle 36 and the interior 15 of the
reacti on chanber 12 are purged of atnospheric gases by

wo epsastedt y admitting an inert gas frominert P@EBUS2004/021341
supply 18 through an inlet port 20 and evacuati ng
shersdhr exapplisetignoriithostuminifie ceating Atp urisradivels Eh@dettqagme
| ast purge cycle, the receptacle 36 is evacuated to
aboipbnent 2acuaybareensed fomfseatiaudt rdgillar TntervalsXof raapplying the
nmetallic conponent to be incorporated into the

%hﬁfﬂnﬁe%aﬁﬁ’%ﬁ# NG fidfrehdvhEhGA38idel &1 éxtﬂ&m% cﬁﬁmgﬂé;m&’de layer

mat er 1 al I'rst vapor phase react an i at ed

(,g%g ﬁ?cﬁ@i 81@{311t gﬁg lg}g g Je t lgélgg?ctérg{aonent %) is r‘é"r%o%‘d such as by

di agrammatically b eference numeral 33. Diffusion of

R SupRIne gaier Srtblasting tnetpant 2 figsh HEfioe of hisgrpwonent 26. The
conmponent 26 is indicated diagrammtically by
jetffeagmecemponert 26 i8sgaiRenepddarite aiBBhérsaluremideccobting 34, according
heater 44 to a tenperature effective to forma second

VS BRY prRfean&s $ARE hRBAtidY, A APlrhed foReFcdmat eri al 38,
whi ch is provi ded to the reacti on chanber 12 through

heat ed con i cat ed. di agr atic

r ef er ence g\&’lﬁég re§c7e M;lﬁg % hzﬂ ?elqreuce ﬁ\hpgrﬁﬂkfefer to like
thus introduced into the nmajn reactl on chanber

deataregthe recepfacly 36 araydieaositioned o Epaiagnd ¥ coptaat Wﬁe the lid 14
other extrinsic netal. Extrinsic nmetals present in the

i fodstuictiral suppqrar This pesitiosiag tadess tho ttavelepatit for ke vapor phase
exposed surface of the jet engine conponent 26 and

freddmmA Bnginldﬁhg fof 16 §’6ch<§1 dSforGRRERAIBISNA rédaptablicloab ey reaction
extrinsic metals on the jet engine conponent 26.

Per s rdi_nar t

CRaEaaT by et B tSrhath o el cAg R tonrhe phaBAHRR Aty be
cycles na% be invol ved in the coating process. The
jaeeoraplighed by 6 e digngnsiong b GRMHLAm t he reacti on
chanber 12. In a heated oxidizing environnent, such as
when t he j dh aanfiemetivoemplontmeni2d theinvantger andowritlorefemnce to Fig.
aircraft, oxidation of the exposed surface of the

a 'd%é’ﬂn@%éé%?&fclé’%a@ﬂa}f Kgd&pﬁd%m&% 0o fidid@bommunication with
protects the underlyi'n

(

the reaction chamber 12. Receptacle 36a is substantially identical to receptacle 36,.
other than holding a donor material 56 containing a third extrinsic metal differing in
composition from the extrinsic metals in donor materials 28, 38. Receptacle 36a is
joined in a closed communication path with reaction chamber 12 so that a vapor phase
reactant originating from donor material 56 may be transported to the reaction chamber
12 without invoking a flow of a carrier gas. The extrinsic metal from receptacle 36a is
thus introduced into the main reaction chamber 12 already in the vapor phase, but
separately from the other extrinsic metals. The three extrinsic metals in their respective
vapor phases chemically combine at the surface of the jet engine component 26 to form

an intermetallic layer containing the multiple extrinsic metals.
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superal l oy material fromdamage. Wth regard to this
specific application, the alum nide coating 34 on the

WQ etoseagshe conponent 26 has a limted servi cePCT/Us20a4021341
is gradual | eroded ama% Periodically, the jet engine
conponent 2@1 peerdagee WH H@d&rwméwfﬁb@mvemwm geiimgle CVD
fronservice for re-application of the alum nide
coatanmgf B¢ .inveintien méthi theddded trévepiaele 3oagnayeal aoguseénfor 26ample, to
may be renoved fromservice at regular intervals for

I S5P b ¥bddad B dMhB efSosc® §1§14fa[3>9 0?4 pré%dt%[ -H«?’b@l‘f&i aluminide

from service, any existing corrp ex OXI de

r géa{tﬂ toiaé%ﬁ%ﬂgé ?d:cr?o &%&%4 grtnélfla? ﬁ%a[%llilé would bind with
aﬁ@ga@%@' R TR A S

covered wi th anot her al um nide coating 34, according
t aiutrmedp wihag iths! jesenginetdomponed 2biinm, seavick. rﬁhwmeeﬂm@for applying
service. Wth reference to Fig. 2 in which |ike

r glegbideontiEwahld ehilgbdicdng thi erhRRhtufest reééib@acle 36, after the first
receptacle 36 may be p03|t|oned on top of, and

Copigls Wit Ba a bl he Ath,h FAntRls ff&rﬁ u;;%&frﬁhe@ﬁgegfis ontheSet engine

OSIt oni ng uces rave for e-vdpor

phase rea ant. originatin fron1 he second donor
et b 5P b ée*g%t%%aqéé it 60 {aRger GaeD Foshiesiing receptacle
12 by shortening the |ength of the conduit 40. The

pdfeA soi thali deglonmpteniel Heisomporizsddar tiynstdmgierrgadtion chamber 12.
di mensi ons of conduit 40. In an alternative enbodi nent

of the i nvemittodbntiRgedVetdiedceht® Fa Qant on YétGmother Mternative
second receptacl e 36a may be coupled passively in

el ad 19@%@%’292%% PrbibipdGichGERECe %'*"%‘fl‘bgecond

rece 3 oth han hol di hg. a donor materi 56
cr&ﬁ?lﬁ?ﬁ? héb ﬁ? A} spbstanpaiisideical @rlieﬁ@otﬁq%es 36 36a, other

conposi tion fromthe extrinsic netals in donor
nigee hplling 2é&onog gatdRiat 69 tiffirimg 36 eornposition from the extrinsic metals

originating form donor materials 28, 38, and 56. In particular, receptacle 36b is joined
in a closed communication path with receptacle 36a and reaction chamber 12 so that a
vapor phase reactant originating from donor material 58 and a vapor phase reactant
originating from donor material 56 and containing a fourth extrinsic metal may be
transported to the reaction chamber 12 without a flow of a carrier gas. According to the
principles of the invention, the simple CVD system of the invention with the added
receptacle 36b may be used to provide a fourth extrinsic metal to the reaction chamber
12 for applying complex coatings containing up to four distinct extrinsic metals to the
exposed surface of the jet engine component 34. For example, two coatings may be
applied in cooperation with the additional extrinsic metals originating from receptacles

36, 36a, 36b, such as a transition coating graded in composition from aluminide to
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joined in a closed communication path with reaction
chanber 12 so that a vapor phase reactant originating

wo c@sioasedr materi al 56 naybe transported to tPET/US2004/021341
reaction chanber 12 without invoking a flow of a
eiconia pndyds particlappitrinmtabilized ziromivem The sperifie pEringg metals
is thus introduced into the main reaction chanber 12
arddaetytol and ichmbitapoat thdjes epgiltitorsgprnel@wyuldrselected dy regulating
ot her extrinsic netals The three extrinsic nmetals in

ttlliheiefngeleﬁlﬁﬁé: bi 1h8 rdRPQLIePBESBE, TAE MR lal ofadc@Bhide: Whuld become

the sarface of the jet endine corrponent 26 to forman

AR bih BEShc P BA D95 Pl AR s

|nvent| on, the sinple CVD system of the invention with
vRpOrdepesiiion (VP LRPIOEES6a my al so be used, for
exanple, to apply a second coating on the exposed
surface of Withcentimied rsfexdapotei Kigd3 ahdim yet eevthaadtemgtive
For exanple, a coating ofyttria covering an al um ni de

CRAUREeR lﬁwﬁoﬁﬂ 4 ]%l‘e&%érlébultca B0 BhpIea Wihahs %&Eﬁ’on chamber

have del eterious effects upon the performance of the

m ni de et e on
ST LS T e ahs brePURoagu R R a i éﬁcéﬁahcoa%mt ofa
woul d entail reducing the terrperature of receptacl
JBitable precuispeCaaining @p gKirmgicimetlAnddy ! nwec{ e (GWPPIEHER at which
metals fromdonor materials 28, 38 on the jet engine

chepeoantr @Felopoat hgtredalrio vapuatpesssak t@8ilovs tnanspoviiger carrier gas
vapori zed and heating receptacle 36a so that donor

'T@E}ferﬂe%tlo%@hbﬁb&a@ rTZ@skt &l a boanséelow Of bheief EATARA carrier
chamber 12. Wth continued reference to Fig. 2 and in

43455091 BETPLUSETL YRR D BOC TR 6

recept acl e 36b. Recept acl e 36h i s substanti al .

thekaih £ reciEpir SoVES 0860 S0y GRHANS Eh R HOI i e recursor
donor material 58 differing in conposition fromthe
axapo1 toreatere gad reixture gomtainingthe extmindio megtalywhihiiatransperted via
38, and 56. In particular, receptacle 36b is joined
transport line 62 to the reaction chamber 12. The precursor source 60 replaces and

)
substitutes for the receptacles 27, 29 (Fig. 1) as the first extrinsic metal is provided from
precursor source 60 rather than the solid donor material 28. The extrinsic metal
originating from the precursor source 60 is thus introduced into the main reaction
chamber separately from the other extrinsic metal transported from receptacle 36. The
extrinsic metals in their vapor phases may then chemically combine at the surface of the
jet engine component 26 to form an intermetallic layer containing multiple extrinsic
metals.
With continued reference to Fig. 3 and in yet another alternative

embodiment of the invention, an interior 71 of receptacle 36¢ is joined by a straight

length of a heated conduit 70 in a closed communication path with reaction chamber 12.
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in a closed communication path with receptacle 36a and
reacti on chanber 12 so that a vapor phase reactant
w@eoogioasss ng from donor naterial 58 and a vapopPCphame4/021341
reactant originatjng fr donor erial 56 and
o SHELFP Fgeeptacich 0n 36 AR EE RIS FrETatRS 2 eRPIRIBEE Bgotant
to the reaction chanber 12 without a flow of a carrier
g&om asuitsbl dagor materiel 1 fon ppgsivssirapsperh througheronidain 70 theeaction
sinmple CVD system of the invention wth the added

r ehapberdRevittfoint thewsdistanteed atflowp 60 tditfledgds OUhE Bntrance to the conduit
extrinsic netal to the reaction chanber 12 for

apphyi .
o S toRe AR, Bt R BIRRERY PaRRnd Bk D hor mpterial 72 5
t Qe j.et. _engi,ne conponent 34. For .ex | e, two coatings
it BT FATBEGRE enie the RN e diasearbigedie reacion
extrinsic netals originating fromreceptacles 36, 36a,
3eppmbsidR. e intenionyd;afitegresentagle gogisagessgsibte through a removable lid
conposition fromalum nide tozirconia and, in

pa4 and islheated pytarhieates 7@bi | i zed zi rconi um The specific
extrinsic netals provided to and conmbining at the jet

engi ne conPeNARthefre¥@ithel RRbe ﬁﬁse&ei:ﬁﬂggsﬁggélg%tyi t@% gisggption of an

tenperatures of the receptacles 36, 3

g coating.woul d .necone an effective substrate for

S PR EREe s MRt e B RARREE B vl ¢ s boduishl Eamoeen
physi.cal  vapor deposition (PVD) process. Wth o
cercriberbiy qoasiderable detad, tignotanignded ta restiict o aesy way limit the

al ternative enbodi nent of the invention, a precursor

sswpe of 6@ apperpled dlaims to duck deilc tAdditionhbadantagés 4 rAodifications
transport line 62. The precursor source 60 is charged
WyilNreadil R appeat tloctflos'é skiicHab bR . %%reﬁ%n%fé%ﬁlﬂhﬂﬁgt%Me shaped as

extrinsic netal and is heated to a tenperature

' ur sor ~devel ops_an. reci abl e .vapor -
"0 DS ST AR PRSI B BB ot i
reaction, chanmbher 12. To that end, a regulated flow of
clerthe évecgg etailsniearesentati ey apgaretussad arctisgsiand pilusitativgiexamples
by a supply line 66 to precursor source 60. The
cshommeandgigscribed. Accordingly, departures may be made from such details without
departing from the scope or spirit of applicant's general inventive concept.

Having described the invention, what is claimed is:
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flows through the precursor source 60 and thereby
entrains and m xes with the precursor vapor to create

W@ 2@a86038Xt ur e cont ai ning the extrinsic netal, pehiusivos/e21341
transported via transport line 62 to the reaction
Havangudescribizd tHiavetnyuwharis shithe®isb0 repl aces and
substitutes for the receptacles 27, 29 (Fig. 1) as the
first extrinsic nmetal is provided from precursor
sour ce 460 .rat her than.th ol kd donor nmaterial, 28 The
Lot r e greio AP I B HST Sb® bS P PREE s Bh G SompEite
60 is thus introduced into the main reaction chanber
separdpanyeachenrharbes (e dasted fahgld a spmppnent £20) 98¢ @ ereate a
fromreceptacle 36. The extrinsic nmetals in their
depgsittonpdnasesmasty whieheatdip to fallitate fombing e cadtirighom the component (26)
surface of the jet engi ne conponent 26 to form an
it Whithnefidt vdper hRase feaeit @7 hiWa Batohll RhiforPhhéd r@fdtent (35), at least
netals. Wth continued reference to Fig. 3 and in yet

I td ] ' t knventio .
o B PRLeH AR AR R coBecki8 o IS Bt containing
| engt h of .a heated conduit 70 in cl osed ’
ReRRLATEREF BIFAL4E RS FOPOPEa2Fl A hanber 12, Similar to
receptacles 36, 36a, 36b, receptacle 36c generates a
vapor {piasesptastcBahextémalnithe mainaisheicnohembamildy addpted2o hold a
for passive transport through conduit 70 to reaction

seUras (38 of thevirbthpbr Siiee Astaft BMY; ehdfirsBrecbe10{36 communicating
carrier gas. The entrance to the conduit 70 is [ ocated

3 o : . ‘ f
e R L R Tl 1 S
enter.the conduit 70 fqr transport to the reactjon . :
oG PR 19 re e G EHoT SeuPPRERco e reaction
accessible through a renovable |id 74 and is heated by
charplecst(2) 4ng to yimibpashige prarsponitofithe Brst vaper phaseyestant (37) from the

illustrated by the description of an enbodi nment
fitdvesceplacR(@6 stpekd fiath rexdivnlchsmband2)Mehrgctbigd in that the main

enbodi nent has been
reaction chamber (12) is adapted to hold a jet engine component (26) on which the coating

(34) is to be formed, and in that the first receptacle (36) is sealed but for the first

communication path (42) that is otherwise closed.
2. The chemical vapor deposition system as claimed in claim 1 further comprising:
means for supplying the second vapor phase reactant (35) to the main reaction

chamber (12).

3. The chemical vapor deposition system as claimed in claim 2 wherein the supplying

means is a transport line (62) separate from the first communication path (60).
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described in considerable detail, it is not intended

to restrict or in any way limt the scope of the
wapmsnasds cl ai s to such detail. Additional aderenuUspes021341

and nodifications will readily appear to those skilled

in the art. For exanple, conduit 40 may be shaped as

an el bow rather than a tee. The invention in its

fr oadplie GRRAEH Sapdt dePeyiRdrOySteRPs d1hifiekiefl clafinZhgherein the supplying
specific details, representative apparatus and net hods

tral exanpl es shown and descri bed.
Iﬁg%lgr %‘%I y%‘p(%l1 %artur es may be nmade from such details

\glp:) |h ?%gﬁgefgr éﬁllﬁ]gl% A soﬂi]n g'élpfg‘l r(s}%glgﬁ l{?{%)dpgllualjg‘é tﬁegﬁrst extrinsic metal; and
descri bed the invention, what is clained is:Having

descrinbas fohkolilmgantaridvatorhaieriald3¢) thatywdien saporized reacts chemically
chem cal vapor deposition systemfor formng a coating

Witk ihe soliohsd Mgterial (28 16 piedds ineseadndapsor fHk2) readant ©4).

to hold a conponent (26) and to create a deposition

envi ronnent, when heated, to facilitate formng a

coating on the conmponent (26) in which a first vapor

hase_re ctan and.a secon apor phase r.eactan
D8 i e aR Vi PR O DA G & PRt s iepfibios holding
nmetal , cooperate to formthe coating (34) containin )
thheolid destor enateriah 28 ineecrtaiver @Rk 20d mbereénsaid mepns @ﬁgolélmg the
first receptacle (36) external of the main reaction

akienbemaletid) (280 apd eshtdigerl{®@9)d a source (38) of the
first vapor phase reactant (37), the first receptacle

(36) conmunicating with the deposition environnment of
the main reaction chanber (12) via a first

Grvi 1 D st San drp oL SR 15'31?&%?8"‘5' ! BRougn

permt passive transport of t he f i rst vapor phase
wlegemeth@ fig3 Ppparmbaserrhectdnt () is p@ﬂémebfctra@sg yl frogn thedirst receptacle
mai n reaction chanber (12), characterised in that the
(38) t the aciin foactidiachagibef (12) wiithoadtapistadced folnal fibva of etarrier gas.
engi ne conponent (26) on which the coating
7. The chemical vapor deposition system as claimed in any of claims 1 through 5
wherein the first vapor phase reactant (37) is passively transferred from the first receptacle
(36) to the main reaction chamber (12) without assistance from a flow of a corrosive gas.
8. The chemical vapor deposition system as claimed in any preceding claim wherein
the first communication path (42) is defined by a conduit (40) having a first aperture (41)

coupled in fluid communication with the first receptacle (36) and a second aperture (43)

coupled in fluid communication with the main reaction chamber (12).
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(34) is to be fornmed, and in that the first receptacle
(36) is sealed but for the first comunication path

W@ 4®)p/060382 i s ot herwi se cl osed. 2. The chem caPCT/apmN4/021341
deposition systemas clained in claim1 further
conprising: neans for supplying the second vapor phase
reactant (35) to the nmain reaction chanber (12). 3.

9.The phes, Vewgﬂhamap&rdesss@@&i );)s&:ﬁh sYahigfBdas cfahﬁisrwﬁer&ﬂ the first

claim?2 erein the supplying neans is a transport

re{:%ﬁclélg@ﬁég g te%g{e{)@n%t ne B csqulp é:gassfczh]u@ co?mnumcatlon with

claimed in cIa|n12 wherei n the supplying nmeans further
the ingreperdare (FDpAdhe eondwis(4Dng a sol i d donor materi al
(28) including the first extrinsic netal; and neans
for holding an activator material (30) that, when
vapori zed, reacts chemcally with the solid donor

10Tet erh@thdnd &l vtagorﬂf TEUdlﬁ’@n §RBPACARhMAR 1ot R85t ®1aim 9 wherein the
react ant (3 e cheri cal vapor dep03|t|on system

o PRS0 B R GLSh 0 B b s

sai d nmeans for holding the activator materi al (28) |s
chgmbght iz math ﬂ(‘?ﬁfﬁrf@ept?ﬂé (¥eni cal vapor deposition

systemas clained in any of clains 1 through 5 wherein
the first vapor phase reactant (37) is passively
transferred fromthe first receptacle (36) to the main

1T eacrh@aleﬁhmaﬁor(dﬂegasmﬁ SRt &S hinicans an d§ bPEhiRs 8 Bough 10
of a carrier gas. 7. The chem cal vapor deposition

NS By g4a$9ﬁg%eﬁ¢%§%§mﬁg( @Jihggbngtﬁéﬂaeg,%%oé B SR of the

transfterr m.t he f|r recep a le (36) to the mai n

mAEAELGgR cgﬁa{wéw(w@} ﬂw trﬁfor@9e dnce froma flow
of a corrosive gas. 8. The chem cal vapor deposition
systemas clained in any precedi ng clai mwherein

12. The chemical vapor deposition system as claimed in any preceding claim further
comprising:

a first heater (44) positioned to heat the first receptacle (36).

13.  The chemical vapor deposition system as claimed in any preceding claim further
comprising:

a second heater (32) positioned to heat the main reaction chamber (12).
14.  The chemical vapor deposition system as claimed in claim 12 or claim 13 wherein

at least one of the first heater (44) and the second heater (32) is further positioned to heat

the first communication path (42).
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the first comunication path (42) is defined by a
conduit (40) having a first aperture (41) coupled in
wo bassaemsssmuni cation with the first receptacl ep¢BEp20a8021341
a second aperture (43) coupled in fluid comuni cation
with the main reaction chanber (12).9. The chem cal
vapor deposition systemas clainmed in claim@8 wherein
1Hie f Thethensicaptped depOsition basenaastlnighe inaay pteaediag phih further
(45) coupled in closed fluid comunication with the
§$$§$erture (41) of the conduit (40). 10. The
che cal vapor deposition systemas claimed in claim8

coupl PGBl CFD SIRER drhimbingtedich Riphet 1) daaprea o

reacti on chanmber (12) with the first receptacle (36).
l1qld aTRBICE k&b a1 %}ﬁmr abpsaractans thy secend reseptpalef@eb)i n

any of clainms 8 through 10 wherein the conduit (40) is
corhmenicating wigh fHeudegositianeaplitongnehhef the padi teiaction chamber (12) via the
envi ronnent of the main reaction chanber (12) with the

fitsk 88 mmRERREGEHEN (B9 ko ag-% shhRethe kepasafn éﬁ@ﬁ@ﬁment of the main
deposition system as c aimed in any pr ecedl ng claim

e%ctﬁont (h &%??Q?? %%cgté) é)%%sé N8 ae%r%eféoxft ?.ﬁ %pgo'? %91% 6 6Factant from.

eposi tion system as cI aimed in any recedl ng claim
%GrSP‘PPé‘F“ edPoly- to thesmamigagtionchampad) 2hosi t i oned to
heat the main reaction chanber (12). 14. The cheni ca
vapor deposition systemas clainmed in claim112 or
claim 13 wherein at |east one of the first heater (44)

26d t1Re seeaed vapsH RpodiBad systent B §1RiKedARS1aih aB8Mthé comprising:
heat the first communication path (42).15. The

gP:Lne éﬁhlé&/ gq% aIISt%Sig %h%éﬁc%gﬁ%%h ?ﬂ%‘cmgih %ﬁﬁgn RSOk (12) adapted to
hold a source (56; 72) of a third vapor phase reactant, the third receptacle (36a; 36¢)
communicating with the deposition environment of the main reaction chamber (12) via a
third communication path separate from the first communication path (42) so as to share the
deposition environment of the main reaction chamber (12) and to permit passive transport
of the third vapor phase reactant from the third receptacle (36a; 36¢) to the main reaction

chamber (12), the third receptacle (36a; 36¢) being sealed but for the second

communication path that is otherwise closed.
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a second receptacle (36b) external of the main

reacti on chanber (12) adapted to hold a source (58) of
w@240siosdsy apor phase reactant, the second receptBUE®04/021341

(36b) comunicating with the deposition environnment of

the main reaction chanber (12) via the first

communi cation path (42) so as to share the deposition

ENVi redyeeiniei vigee daﬁc'bsﬁtidlﬁ?@ﬁehm otdimed e arfyl@)claing It through 14

permt passive transport of the third vapor phase

m the second receptacle (36b) to the main

élgtg%@g‘ﬁ)r%{?ghber (12). 16. The chemi cal vapor

deposition _system cl,aiyved in claim.15 further

conpr Fefiage FERbRFle 450 Bt Sigrh o 48 Mads o ffpgperg2) adapted

the main reaction chanber (12) adapted to hold a

to hotdesquB®; (56272) off adhirdvaner phpssregstansdhe swend rroepiapls (36a; 36¢)

third receptacle (36a; 36c) conmunicating with the

bepaciitdtiag vervihe depasitiordnvidoement of themain eactvhaibmber (12) via a

(12) via a third conmuni cation path separate fromthe

%b&rﬁf oI BAL AL 'aﬁf‘se%%tactlsf f0B)thS BrsPEorhRuAidahiéh %:ﬂﬁ (42) so as to share

eposi tion environment the main reacti on chanber

1 and to permt Ssive Lrans f third . '
Y& BhaclionsavRanEr OB PR BBl 1 M G bplg passive
36c) to the main reaction chanber (12), the t irg% .
trasport afthe thigbraponpghgsepeaciryt &em the Serond resepianis (38336e) to the main
communi cation path that is otherw se closed.17. The
@hafinchbmbapd?), depesond eoemyde B6an3oo} baingsdalehbuainipr te second
clainms 1 through 14 further conprising: a second
L ESaRNBRIR fadbMat 36MerRicbeldal. Of the main reaction
chanber (12) adapted to hold a source (56; 72) of a
third vapor phase reactant, the second receptacle
(36a; 36c) comunicating with the deposition

envi ronnent of the mmin _ reaction changer 1%% vi.a ﬂ_' )
EeconBhadhemical vaporeisppation ssisir at daimegin eRep P?‘b’f‘g claim wherein
comuni cation path (42) so as to share the deposition

o firstoeseptacleqB6Y ik enavhamcalbauppateddiythd evaciarpyhaarher (12).

permt passive

/
19.  The chemical vapor deposition system as claimed in any preceding claim wherein

the reaction chamber (12) includes a vessel (16) and a lid (14) removable from the vessel

(16), and the first receptacle (36) is mechanically supported by the lid (14).

20.  The chemical vapor deposition system as claimed in any preceding claim wherein
the main reaction chamber (12) has a first volume dimensioned for receiving said jet engine
component (26), and the first receptacle (36) has a second volume significantly less than the

first volume of the main reaction chamber (12).

23



transport of the third vapor phase reactant fromthe
second receptacle (36a; 36¢c) to the main reaction

W@ basierssf 12), the second receptacl e (36a; 36cpChesng4/021341
seal ed but for the second comunication path that is

ot herw se cl osed. 18. The chem cal vapor deposition
systemas clained in any preceding clai mwherein the

i rst-fe tacl e .S _mechani cal.ly .supported by .the
Hhot T OERIAT oFo Tfosifor G i Frimbt S PG g § oteforh A st
deposi%ion system as clained . in any precedi ng clai m
Ve phibeppaip seaction phagpher b iy atdgast teatimersdatgerdhen dhe second
(16) and a lid (14) renovable fromthe vessel (16),
ardaime hétheifirsttrecoptaejt 36).e (36) is nechanically
supported by the lid (14). 20. The chem cal vapor
deposition systemas clained in any preceding claim
wherein the main reaction chanber (12) has a first

lu diinensioned for .receivin aid. et engin . .
ot eRaR) YRS oLt B Sl B e hE el faim whrein
gecond vol u significantly less than the first volunme
t8¢ ML AR £1 3R) B ANsRan e port(20)goaiigpredite sceive an inert gas
vapor deposition systemas clainmed in claim18 wherein
Wik e s¢dond complunimatioh patheeprata fioeatheifvst cohmmbacativhdpthi @2) and a
at least ten tinmes larger than the second vol une of
diftPafgepsit (RECRRZER fdr3henatidg tHRaGtABhaRbeV @Q?’, fwhereby to
deposition systemas clained rn any precedi ng claim
) i [N, ' - i_pelydes an
WoPa ity PR RIL AR RO BERAGor dBhUPFIAITES 20 via
a second communi cation path separate fromthe first
conmuni cation path (42) and a di scharge port (22)
configured for evacuating the reaction chanber (12),
2dher edig cheminabpanoadepasitionnystge aselmed & gusmscddingelainewherein
reacti on chanmber (12). 23. The chem cal vapor
tﬂvﬁﬁm iripo? PhaseTtRMAE3 ) cohtabl th idnyxtHh§E bt 0the lsédodd vapor phase
erein

reactant (35) contains a second extrinsic metal differing in composition from the first

extrinsic metal, and the coating (34) includes the first and second extrinsic metals.
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the first vapor phase reactant (37) contains the first
extrinsic netal, the second vapor phase reactant (35)

W@ oosAa50383 a second extrinsic netal differing iPCT/US2004/021341
conposition fromthe first extrinsic netal, and the
coating (34) includes the first and second extrinsic

2{(‘* al\Siepdsitidh HERRR! bt %H@Mtiﬁ% gsm) Oh ] BtGn@irkQ@hipdgent (26),

34) on a jet engine conponent (26), conprising:
| aci.ng a conponent (26) in a deposition environnent

COTPE ™I n reaction chanber (12); providing a first
vapor phase reactant (35) including a first extrinsic
et aplafing esermpenent 626)da 2 dlepRiRINETropBIgH! inyp mpjg reaction chamber
deposition environnent inside the main reaction

(hanber (12); heating said conponent (26); providing a
second vapor phase reactant (37) froma first

I eceptRfdife 4 86 va¥drphasd reh@art185)hEINding adirkiosx it diidrinetal
(12) to the deposition environnent inside the main

GRS g Y AP GOpETER 2 rction

coating (34) including the first extrinsic nmetal on
C@ﬁﬂ%ﬂégﬁbonent (26) by cooperation between the first
vapor phase reactant (35) and the second vapor phase
r eacheating(s3id)conploae®d2e)i zed in that in that the main
reacti on chanber (12) is adapted to hold a jet engine

CONPERRMing & 6dcodd vaporgihatdeaeai(BTr¢B4)firbisretaptdade (36) external to
fornmed, and that a single port of the first receptacle

tﬁr@%rr%g?aﬁﬂéﬁ %ﬁ | oér{{ (E%UCB 'tﬁ@dé@?%ibﬂtr' gﬁéﬁ?ﬂgﬁﬁ iﬂ%ﬁ%e' tRE 1&1‘9&1{ Raction

reac anmber efine a close
first cqommuni cation path (4 i t.h the .main.reactipn .
cbm]pﬁgé}ﬁ(vi}g}e_ t%ggt_satq%gora%%yz &pﬁnﬁ. 1pnt:lteﬁrgaln6]eacéllogicﬁ%r§ er (12); and
wherein providing the first vapor phase reactant
forming the coating (34) including the first extrinsic metal on said component (26)
by cooperation between the first vapor phase reactant (35) and the second vapor phase
reactant (37), characterized in that in that the main reaction chamber (12) is adapted to hold
a jet engine component (26) on which the coating (34) is to be formed, and that a single
port of the first receptacle (36) is passively coupled in fluid communication with the main

reaction chamber (12) to define a closed first communication path (42) with the main

reaction chamber (12).
25.  The deposition method of claim 24 wherein providing the first vapor phase reactant

(35) comprises transporting a vapor containing the first extrinsic metal source to the

reaction chamber (12) in a flow of carrier gas.
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(35) conprises transporting a vapor containing the
first extrinsic metal source to the reaction chanber

w@ 2@p/060388 fl ow of carrier gas.26. The deposi t POTUS2004/021341
met hod of claim 24 or claim25 wherein providing the
second vapor phase reactant (37) conprises providing
t he second vapor phase reactant (37) free of a flow of

2@ calld dspogision nfdtitod dfeldiir Bt orfcbdedsavh&@eindfpviddg thd Betond vapor
deposi tion nethod of claim24 wherein providing the

pHaké Rlact 7). %eg ?f’d%rficﬁﬂ }h%l%é%osr,lfg;’lfagn h:SOPRELREB7) free of a flow

pl acing a mat e a donor
terial 8). i nc) udi ng,t first extrinsic nmetal into
Oﬂgky?%é%T%ﬁﬂhgﬁgﬁggfq%%%i&%énd reacting the activator
material (30) with the donor material (28) to provide
the first vapor phase reactant (35). 28. The
deposition nmethod of claim27 wherein reacting the
27act | Theet dapositibe mahod @) aifald4t wissrein pogvidimgihdfat vawrphese reactant
activator material (30) sufficiently to cause

(38) Sk @mptisel B%cﬂ%@n‘é@ﬁ%toﬁﬁﬁt@ﬁﬁﬁb oY éﬁ) a &cﬁ‘lo?‘ hedners)

material (28) and to thereby cause a chem cal reaction

. €l i N he fi.r apor, phase reactan 35). 29. The ..

bR ek M R o B30 R R g I sotvator
second vapor phase reactant (37). further conprises

meferd (dPhyith des dangrmateriah@S) lRrokideithetinst varer @hasgiTedotant(35).
the first receptacle (36) to react with the donor
material (28). 30. The deposition nethod of any one of
clains 25 through 29 wherein the second vapor phase

29, eactiddeposifibn h[é@ﬂd@ﬁ%la%m%@@lﬁ@eiﬁ&éicﬁﬁ? itife 4¥BikAor material (30)

differing in conposition fromthe first extrinsic -

. T . si t.i.an i [ein. .-
5ot BRI 5 PERE 9L Eh U Sl or e
the first. and second vapor phase reactants (35, 37). .
aclivfiAr Pﬁ@ﬂﬁg(égé&’ i%etd%wg}nﬁé%lg%@o%ﬁ? thepgpy qapse achenpigal reaction

effective to formthe coating (34) including the first
relgaging the first vapor phase reactant (35).

29.  The deposition method of claim 27 wherein providing the second vapor phase
reactant (37) further comprises providing additional vaporized activator material from the

first receptacle (36) to react with the donor material (28).
30.  The deposition method of any one of claims 25 through 29 wherein the second

vapor phase reactant (37) includes a second extrinsic metal differing in composition from

the first extrinsic metal.
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second extrinsic netals on said jet engi ne conponent
(26). 32. The deposition nethod of claim31l wherein
wo b@soesss ng (34) is an alum nide | ayer capabl BCDS2004/021341
form ng a conpl ex oxi de when heated in an oxidi zi ng
envi ronnent. 33. The deposition nethod of any of
Al ai rMehe3lzpositiongletlind ofiokirailn vieeeis damridg et doatisg (34) further
metal constitutes less than 10 wt. % of the al um nide
dodiefses: 34. The deposition method of any of clainms 30
through 33 wherein the first extrinsic netal
ori gi es _fro tal - hal oge ew [ . .
de posci%ﬁ%agﬁn%@-{ea%gt aglﬁ s%%og?%aﬁ% ﬂ\?\'ﬁébr fglaétm?t% é%, 3%§W1ty?ﬁe heated jet
net al - hal ogen_Lewis .acid is provided as. a hydrated or
RERGSPBIRENEH|(29) Tebrfimgsifectig. oo Heroaiing ) motuimeg e first and
claim 34 wherein the netal -hal ogen Lewis acid is
ssedrelatxérinsic metalshen gideperzmesiosipomgnt@A).Cl 3, Cod 4,
Cd 3, OF3, Fed3, HO 3, Lrd3, Ptd4, RhA 3,
Rud 33 Tid 4, YA3, zZrd 4, and ZrF4.37. The
deposition nethod of any of clains 30 through 33

er . r [ - g
T o AP S o BHEL o JRLGh e RHTIINR A fubifide ayer
consi sti.ng.of al um num. chrom um . cobal.t., . haf ni um
apaklF Ah{oTRRA CRHID FaPFaMieR ﬂ]mtga }WX@W& Syfronment.
silicon, titanium yttrium and zirconium 38. The
deposition nmethod of any of clainms 24 through 37
further conprising: coupling a single port of the

F3i. I StTHLHPPEiA6h treltid)ofiafly bf ¢1hiehsCIUMELCH LI vAlibrdvh the deénd extrinsic
mai n reaction chanber (12), the first receptacle (36)

LG SERIS oo @ wi ASehd FbniRGIIAGECAL T ON path (42)

I'S"otherw se cl ose deposi ti on net hod of
any of clains 24 through 38 further conprising:
mechani cal Iy supporting the first receptacle (36) with

the reaction chanber (12). . o
34.  The deposition method of any of claims 30 through 33 wherein the first extrinsic

metal originates from a metal-halogen Lewis acid.

35.  The deposition method of claim 34 wherein the metal-halogen Lewis acid is

provided as a hydrated or anhydrous solid compound.
36.  The deposition method of claim 34 wherein the metal-halogen Lewis acid is

selected from the group consisting of AlCl,, CoCl,, CrCl,, CrF,, FeCl;, HfCl,, IrCl,, PtCl,,

RhCl,, RuCl,, TiCl,, YCl,, ZrCl,, and Z1F,.
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40. The deposition method of any of clains 24 through

39 wherein said jet engine conponent (26) is
wo adwsioessed from a superall oy. PCT/US2004/021341
37.  The deposition method of any of claims 30 through 33 wherein the second extrinsic
metal is aluminum and the first extrinsic metal is selected from the group consisting of

aluminum, chromium, cobalt, hafnium, iridium, niobium, palladium, platinum, rhodium,

silicon, titanium, yttrium, and zirconium.

38.  The deposition method of any of claims 24 through 37 further comprising:
coupling a single port of the first receptacle (36) in fluid communication with the
main reaction chamber (12), the first receptacle (36) being sealed but for the first

communication path (42) that is otherwise closed.

39.  The deposition method of any of claims 24 through 38 further comprising:

mechanically supporting the first receptacle (36) with the reaction chamber (12).

40.  The deposition method of any of claims 24 through 39 wherein said jet engine

component (26) is fabricated from a superalloy.
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