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system equi pped to forma protective |ayer on jet
engi ne conponents. Background of the Invention
Superal | oy jet engine conmponents are exposed to
extrene operating conditions that can dele{eriously
affect the surface thereof. In order to protect the
surface, a sacrificial internetallic layer is applied
to the surface and forns a protective oxide |ayer
‘while the jet engine conponent is in use. After the
sacrificial internetallic 1111211 Y101 TEELED THLTI
12212 ek rerr iii!t *166166* ~l 1 ~~~~ 1101110 VI |
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as possible to prolong the useful life of the jet
-Noyemberd@np®¥ent . The internetal lic layer is commnly
provi ded by a sinple chem ca

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 éngine 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 protéct 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
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) vapor deposition (CVD) process in which the cleaned
j et. engi ne conponent is exposed to an oxygen-depl eted

wO ®p3/iepzsmment of a reaction chanber. |nside rdEUS2eE@0Li30N

chanber is typically an activator material and a
layhs ey wemtthini during A i@ Temoued andasievosserifgieldntermeptalic layer is
integrated into the internetallic layer. The reaction
protided €This propess iparepaafedas nmaplimes s papaibieso ardorgbe uwtia dife
The activator material and donor material are heated
oftthe oot ®mpYAdOr phase reactants that cause netal to
be transported fromthe donor material to the jet

engi ne CoffeeneRtetalilO Ry &niBbaY bidvideaW§ra sirRplBBEENDBal
the jet engine conponent may include intrinsic metal

ag)oi ﬁéﬁb%?qor? \yﬁf é?toe{es%_% OPhtR ﬂle%LJaﬂé’d nfe Q:OHiSSn nfs exposed

wever ayer
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extr|n3|c et al use in ntermetallic |ayer is
is JYRiGALN FrrRctNgLor Faferia epd at‘i%‘%’& plefighipplusiag atlea 809 meeLigde
al um num such that alum num forns the bul k of the
integrasedmintosthe ingermgipllic layer. The igactiop ehambgyieniaeed effggpospheric
there also be a nmeaningful concentration of a second,
gt ardreyhanatedt dhe activatoe materiel andtdahor matengl @re he@igd megﬂnerate
techni ques for integrating a second, extrinsic nmetal |
vapdt phdsb eeattaiite thie talst inetal @ytertradsprizd $olnythe doubr material to the
cunbersone, and often result in |less than desirable

jot Bighd Bhlohért. TAY Blitmefalic 18)6AMRINEd oh YHY J@t@ﬂgﬁﬁ@ B&iponent may
material nmay conprise powder or chunklets of
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nsported. frgmthe dgnor materi al to the j et engine
E’é‘ q@\fié’ﬁorrf’atfrhaé chromi um reaches the jet

engl ne corrponent it 2 WD 2005/060383
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| ayer in a non-uniform nanner. .Indeed, as the
alummum To that end, typical donor materials include alummum such that aluminum

forms the bulk of the intermetallic layer. It is desired, however, that there also be a |
meaningful concentration of a second, exhinsic metal in the intenhetallic layer. Current
techniques for integrating a second, extrinsic metel into the intermetallic layer are costly
and cumbersome, and often result in less than desirable intennetallic layers.

For example, typical donor material may comprise powder or chunklets

of a chromlum aluminum a.lloy n whwh chromlum is present 1n the alloy for ralsm0 the .

. materlal’s meltmg point. Dunng the CVD process it s 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



»alumnumis nore chemically active than chrom um
chrom um fromthe donor material nay not integrate in

WOR065/@odss i cant concentration into the inter rmwgzb(ﬁmnu
| ayer until the alumnumfromthe donor material is
ippdrperated dnto THedntemsataltic nger ib e nonueifonat @birier. Indyeel; ss the
characterized by inferior properties and/or unduly
dAlmnihueiie bforé tHERScalll Actie fiaRi dhrongiRRl, bl& 8 Sromith€donor material
inability to rel ease chromumfromthe donor material

By ndt rlﬁugr% ih B8 gnific it BYRERRt o fintD SNEhierhah1ie Idy/8clsil the

derived m the presence of chromumin the cCoating
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j et engine conponent MAth chrom um or platinum by
%H?ﬂwat@%aﬁ%q igabilifyde fslesst dromim Fem dhedononpaiegal may mfwfnt the
the reaction chanber of the sinple CVD system and '
fchiavpmentof beneficial effects|derived| fxgpe the prgsence af isbrommden fin the geating

~be internetallic |ayers containing chromumor
fimatngronthajetengingvompogent.he | atter originating fromthe
donor material, the process involved is quite

t i me- cons uheppfvdctee $rlistegratith @loSxtritsRSmetals into the
significantly nore chrom um or platinumthan required.

freahknage hR EE@?&I B¥m &h@ﬁﬁaemrmaeﬂs By Raypdidy ?11‘ el s been

non- unlforn1ty due to the natural teridencies o
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CVD ap od I an al nLd

P R FoRlRiho eRE P B lﬁéttﬁ%) Gadighdnaiapdif B yrile cvo
engi ne conponents and .ot her pes of superall oy
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provi des a CVD device and nethod for forming an -
soniaiRE ghromayre or plaiwg #dajumpipyme thedgics OE&Ifliltmsfr%n the donor
netal s on the exposed surface of a 3

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 neea for an improved CVD apparatus and method
for api)lyjng an aluminide layer having two ex'trinsic metals to s_upéfalloy jet engine -

l f-'(:ompc_)nénts 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



‘WD 2005/ 060383 PCT/ US2004/ 021341 superal l oy jet
engi ne conponent w thout the drawbacks of prior

wo@gsz(’%%ﬁes and systens seeking that sane gﬁ@ll]gustzgtglotiﬁhls

and in accordance with the principles o
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rovided from a separate receptacle external of the
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solid material containing the second extrinsic netal
hold spliemeatsrial ©UBinegde sesand FEARYs metphdn phickithesstsmals ¢
nmetal can be provided in conventional fashion, such as
réceptacle sihelded tisd sealed bi foph elo@dDommauri¢apion path dlié permys passive
froma donor-carrying gas inlet in a dynamc CVD
tiaRpeit o B vatr pheve reddamefran thesolii ketaishemitaniGyhesysidns,
the separate receptacle itself is passively coupled

ekitinGic bl (B TndiPEVD RAktohandusserby the closed
communi cation path thereby elimnating any reliance -

upon a pregsHls Z&findid %Wapédn bR pRRidesh ¥6nvahtiddAfakhion, such as
carrier gas 1nto or through the external receptacle.
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reaction chanber via the closed comunication path.:
sTprzate easoptacle itself in ppssivelysoupleq itq the SnahTeAciAgcagmbesby the
the main reaction chanber already in the vapor phase,
dhestd coremaniasteinpafly therchshelininsting aax relianed upopamagssizgd flow of
wi t hout the assistance of a pressurized flow of a
LOoBSE YEINSH chrfier fasdo bt through the ekbenad x¢ceptasle.c Thateadptacle 1s
in their vapor phases nmay then chem cally conbine at

- hARd 834 ferfRrabtire kiTective for@ngiftening ecokd aterial @ntairidsthe
intermetallic layer with the nmultiple extrinsic

%gérﬁ‘ll &m&gi&tme‘%lt iU vab&%hﬁ%actd&ﬁs\ﬁlﬁeh @86l rPgrate®bMB fuses into

deficiencies of prior systems and methods that seek to
fnl %nragndrlégc?io%h&hgér it Lib& Bmmunication path. The second extrinsic

metal is thus introduced into the main reaction chamber already in the vapor phase, but
separately from the othe-r extrinsic metal and without the assistance of a pressuﬁzed
| flow of a corrosive or inert carrier gas. The extrinsic metals in their vapor phases may
then chemically éombine at the surface of the jet enging component to form the
‘intermetallic layer with the multiple extrinsic metals, but without the cost, waste, and/ §r
- other deficiencies of prior systems and methods that seek to introduce multiple extrinsic

metals into the intermetallic layer.
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at the jet engine conponent to formthe intermetallic
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of bei ng bound by any particul ar mechani smor theory,

titrinsic motaktah the gt engiat cammohentt th dormuihé infyinetallflaydnés not known

vapor phase reactant fromthe receptacle to the main

AR Gttty Cdhd ibEdesitbulsl of BEihE BolildBY dnk} @afic@s:Sidéchanism or theory,
differential therebetween. Specifically, the
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R RTER e T S R e &l Bl pinsic
the donor material for the second extrinsic netal
astl wstds thexelatiysly gpall-yelugg secsptagle AcErRars theclopapEsee and
and pressure. The vapor phase reactant in the
rawsepdifiosien of thewsapior piase Fractasighisngibtheigloged coprrauieation path to
(concentration) in the receptacle to the region of |ow
fed sigen wlfmomsida theandin repctidnrchinberndivarymeele pHihe dhporineaterial
Therefore, a pressurized flow of an inert or corrosive

© ¢@thd ScodP&tiimicfétalneadert 220 litkds @ gt btnfird fefpeanoE and
phase reactant containing the second extrinsic netal
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ysten1 whi ch S|np ifies t e ep05|t|on process an
gressure &?ﬁéenﬁrgtgcglg }é%eﬂ ethQ 9 b({%({/\g %@Jﬂ%@&%ncentratmn)
CO figured with for a carr
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operatlng cost, In accorda e wth one aspect of t
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directly over top of the main reactjon chanber, and
restpinsioumatHlde the epimfeeetippotiamper, a51n adyrame vV Drfygtom, which

receptacle nmay be directly coupled into the reaction
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 recg:ptacle
may be positioned directly over top of the main reaction chamber, and may, further
adVanfageously;sit th'ere.on.' The receptac_le-rriay ;bé dire_é’gly éoupie’d info the reaction -
chamber through a shért, rigid pipe or condﬁit, such that the receptécle is carried by and
movable with the lid of the reactidn chamber. In accordance with a further aépect of the

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



chanmber through a short, rigid pipe or conduit, such
that the receptacle is carried by and novable with
wo Joboch3sd of the reaction chanber. In accor dargesibddrinai
further aspect of the present invention, the .
the@RpbHphhse) sd thatdl dues Retadoaderise analiqtidbnpredigitaeodrad a solid as it .
extrinsic nmetal in WO 2005/ 060383 PCTI US2004/ 021341
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an el bow or cl osed-end tee. Consequently, there is no
pipeowap gibawfos elosedcame tees (Congeauentdy, diereis np HewRsl 108 pparrier
gases comonly used in dynam c CVD systens, to pass
gag)bach a5 thet dorrosighgasbecanzuendy asdddn dygamie fVID Hyisteims, to pass mto
receptacle nmay be coupled in fluid conmunication with
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of an extrinsic nmetal, such as a third such netal. By
MinbludRafén WRthE QREOEdHAdit té PRVRIeifer Pfedfintietsoarteiofpt exteitkic
CVD system and nethod in which alum nide | ayers

n?%%}%g%ﬂiapgt@h S{igﬁ?&aﬂ\o extrinsic netals can be

on super oy jet engine conponents that, upon
heating i _an oxi.di zin ' : . e I
anext or nd g o 5o Rofil a8 AP At e B Rt

oxi de. _ Thes nd ot her objects and advant ages of. th
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acconmpanyi ng drawi ngs and descri ption thereof. Brief
fg@@fe,drcpw@fﬁg@ﬂe& FREOCIRPPRFIISTHY: %&Bgﬁﬁw AR OB gs,
whi ch are incorporated in and constitute a_part of |
athbsphereeexiflizesdo iferm an gxternalilayeronshelb panstturdrity aorommier oxide.
i nvention and, together with a general description of

t he i nventThese apil wérr aljeste andariyanthges déthaiprasent invention shall be
description of the

made apparent from the accompanying drawings and description thereof.

Brief Description of the Drawings

The abcorﬁpanying drawings, which are incorporated in and constitute a
part of this speqiﬁcatiqn; illustrate an embodiment of the invention and, together with a
general description of the invention :given above, and the detailed description of '_ché
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 diagrammatic
wovoesvesesss a CVD apparatus in accordance w t h HOTAIS2004/021341
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al ternative enmbodi nent of a sinple CVD apparatus of

- t0® dppiatik oPihe idRtidD; @nd 3 i S a diagrammatic view of an
alternatlve enbodi nrent of a sinple CVD apparatus of
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Enbodi nents"Wth reference to Fig. 1, a CVD apparat us

n_accordance th the principles of the invention
¢§E1ﬂ@@% ? vml “chamber 12 consisting of a |id 14
and a vessel 16 The lid 14 has a seal i ng engagenent
with the vessel 16 t'hat, when sealingly engaged,

general Iy prohibits ox %Fn fromentering the reaction
EmEm&@LLﬂZlﬁﬂﬂﬂiﬁﬂéﬂL@i—ﬂgﬂﬂééJis defines a deposition

envi ronnment when the lid 14 is sealingly engaged with

t he vesseWithgsfenourege Higofl, aCVBsmperatus 1§as sesordanes with the
evacuated. The lid 14 may be di sengaged fromthe
yancGsks ddhé Bvadtoatttlales & saction dhambent2sangistirpuf@did]iF. and a
The reaction chanber 12 is fornmed froma netal that

besst18%! Thanh 1k BaCHhRs ida %/A i WhE tieMldsder BE thaf) When Sdaifcly
as I nconel 601 or RA 35 An inert gas, such as

%g d ger?er Zé;ﬂlﬁiffszg s Fong 'egﬁﬁﬁ%?g?eagg@?é%n%gr&? AdBiterior
exhayst, port t '
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reactlon chanmber 12 to a vacuu ure.. Ajet ..
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chanber 12, and is situated away fron1a source of

&som tha gps{gelrﬂéttg p,fforgglcc@ﬁquoéh%@&pnor space 15. The reaction chamber 121s

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
reéction chamber 12, and is situated away from a source of extr_insic 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



woioﬂ /&éb&sgr 15 of reaction chamber 12 to a vagip

bel ow. The reaction chanber 12 is purged of reactive
at mospheric gases, such as oxygen, by evacuating the

2004/021341
essure using vacuum punp 24 and supplyi ng
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frominert gas supply 18. The reaction cha 12 is
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hgjdfng amesior Fhargs Pigro off &ﬂ%maf%l%l% 2 CBRST Aigkecgfacle 29
receptacle 27 holding a mass or charge of a solid
hglsingra masser chargo® anéCEY?ﬁQr&PﬁélﬂaléP and degyicenginezgmponent 26.
hol ding a mass or charge of an activator material 30,
Reneptache2g stpositignadencpegentad 3t sapporteRby thetvassebl @ dlteget engine
positioned on a pedestal 31 supported by the vessel
cdfporkne2d sitfaitgied droncaysoperalioyXhatesalf Appropeittedctivatim

any superalloy material. Appropriate activator

HRErAd B shitdle $oH usa Bl tBe frREntitifintladd, Bt dréN&HnhiA to, aluminum
i nclude, but are not limted to, alum num fl uoride,
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and i ndependent of jet en%l ne conponent 26 to provide
dongy mgtpn@ﬂ%rm%be@rwem asashynkletgr gerp peMeer eparate from and
internmetallic coating 34 to be forned on conponent 26.
indepandenhof jauendinesbmpentob2§ tp Epyde 4 firsh extungi¢ mytabtogarent
32 is coupled in thermal contact with the reaction
ahimaimiizror Iieine:tgiliosiadeg 84 fol el fermhedmadontpoasis 28r to t he
activator material 30. The heating elenment 32 is

oper at i ve Wik cédinGed@fdréiRe t€Fipe 1 af heatingndlemél 82 $0dduflled in

~donor material 28 and the activator material 30 to

BP0 ¥R §lith 1RLEion chamber 12 to provide efficient heat transfer to the
activat.or.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‘vapo_r 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.
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material 28 to formthe alum nide coating 34,
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Fig. 1, on the jet engine conponent 26. The
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from:the conposition of the solid donor naterial
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" 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 p;eéeurized 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



evacuation and filling purge process represents part
of the deposition environnent. The vapor phase

“wo JoBfkbset contai ning the second extrinsic neptBUsAG021341
transferred fromthe receptacle 36 to the reaction

vohiasiof boki 50icinP\ahké rebdtidnahanisdra A hes @folamp o€ sisumt 276D cm?,
carrier gas. It is appreciated by a person of

afli e R8AAitSA0 Hak aivBlubidorabduttibatn®t he residual inert gas
does not represent a carrier gas in that there is no

pressuri zeghyl Lonaly éFerén@EEH Fig! 20hSntei@ 99 FihISptacie 36 is

capabl e of transporting the vapor phase reactant
- contai ning the second . trinsi I _from.th
op R A beommpgeing iy iRy s Sp R reesioiats 120y e
the. volune of the reaction chamer .12 is at | east:
B0, Bt TR forE | A it Aefinap vanah asssgeway 2. To

receptacle 36 and conduit 40. In an exenplary

thationd ithregonduit A hascicraiiod £ve namaly §pen apsrivgos 2005/ dgesaw 41
PCT/ US2004/ 021341 vol unme of about 50 anB, the

is geatingly couphealrtb @ pott 45 e secepteadé Bprendodpertis 8 1270w fomfbuid
and the conduit 40 has a volune of about 10 cnB. Wth
oftunivdieh inef e edacdor chamber 12suckthat the eedcbon 3mber 12hand
receptacle 36 is coupled in fluid comuni cation with

" bOBtabBBEShAE 2 Lom@ontah@ clo@iCénvRBnrRdiR BD@nodphelytha permits
conduit 40, that may have the formof a tee fitting,

@ﬁ@féﬁéﬂ%ﬁ%ﬁ%ﬂ%ﬁoﬁﬂ&&@ﬂ?%&m@ Zeactléh ?ﬂaﬂﬁkr £ 0rheBfor

- con as a palr of two nornal y open apertures
41 43  Aperture 41 . 1S _sealingl Igﬁ : 45
Fepei a8 pY SRedohan e b Qi s¥ nEPHS Bk e iR
conmuni_cat i on_i nt %P reaction. chanmber 12 such,t hat
R ADPBHPL DR A0S0 o i ptmpRRE eiqe b g thamber 12.
common and cl osed environnent or atnosphere that '
Resepingle 36 {srognstiusteddony a pteriakapehle ot SURLRHIERS s 2ongn pegssure of
the reaction chanber 12. The vapor passageway 42 is
sdvans 2QeDors| Yhe eapduid #0 way i pepstmitadiutpipeieavingriowphesl @ipe
inside the .receptacle 36 cannot be isolated fromthe
dibgRespéie. Rinches aid nidyde edlartscledule 48 mb echedidle 80,Riependingaipen
36 is constructed froma material capabl e of
fd h@preksiee. arHeAB¢HptaclR363&dy 2 stfpended 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 that end,
receptacle 36 includes an annular flange 48 that is éapable 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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as low as 100 Torr. The conduit 40 may be constituted

by pi pe having a nom nal pipe dianeter of 0.5 inches
wod/op§be eit her schedul e 40 or schedul e 8@CTG§H@mQth

upon the line pressure The rece tacl ¢§

RIBePETRE SEFUEISRRFL  CRBOT PRINIRteg P thiehend dpgor mﬁ‘% 5. Tne

supported fromlid 14 by a support structure (not

rebapiadle, 36dnamrwedghwmﬂre gapabduy)af ¢TI byuwng flow of an inert

i ndependent support structure (not shown). The

gas sttt axcdrgon Ghroegh, foe exqapie;dinfidet Sdephehisivrmglly vipped. The

necessary, the charge of the second solid donor

pEREiag faw wikld beisefill 3/hge REPding ehel rd@ptacle\3cofitisohiash denate of
material 38 to provide a different netal to the

&1@ A&bh®Borfob AARSE! ﬂﬂzandodisofﬁéfor&&eﬁ’l& A8 -codtii pré&Qﬁﬁ&ﬁﬁrhﬁc in
36 I's seal ed rennvab y to the conduit 40 in

%?a‘?eaa#ﬁ‘g’f“ T oAb B ey SERRERG ARy %S“%@’%ré"des
s fdhgi? 3%&45@ Siost G R e BRECH R g naron

36 nmay be lined with a ceram c crucible (not shown),

toferosien Bnchierifd A% cruci bl e, to 10 WO 2005/ 060383

PCT/ US2004/ 021341 prevent the occurrence of corrosion

initiated With pmingegmﬁ@re@e teoFignhites tea¢ptapde 36Tnd the conduit 40

receptacle 36 maybe provided with the capability of

leadiag to thegreactpurchiamberf 12cane indated rwithresectigdsatessuth 4@ sHeater 46

argon t hrough, for exanple, an inlet 54, which is
?%ﬁé Of He@iHpaHe cotlagit 4D ¢ YichPerfatuddo i ldash ddOutFBOW. Operation

e loading the receptacle 36 with a mass or charge

§the Lo %%gmén@ AAhedIRE %ﬁo?gh:?‘sg réRtn@lei: teﬂrsfehed ®bm

ter t oatl ng process nspiri ng In "~ the reaction

C I8 & .
rec%q(r{?ﬁ?e %él'a é) et regcar%)z'rrchII{ng%,l - %ﬁ%%mp %grggd E{g@gp <Blid on the
120, .1 nco 60 hat si st
et SRaSER A By O Hﬂr oF Kt 2 Sh i Sopefe it the
reference to Fig the receptacle 36 and the ¢ n&#'t
AGePidng My hb SRt fenge PSSR R R B L JOUE

t heat 44, 46. Heat 46
rwelt?uelea%ohtv 2e() ml%itegr ]%ﬂher of the heater{;l 4Aef r46 may be constituted, for example,

by multiple heating elements embedded in a ceramic element. Suitable heating
elements are commercially available from Kantﬁal Globar (Niagara Falls, NY).

The outward facing surface of heaters 44, 46 is thermally insulated such
that rnachine operators eannet 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 therrnocoupie, 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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is capable of heating the conduit 40 to a tenperature
of at |east about 1000F. Qperation of the heater 46

wo Jo6f¢eRE s the nmetallic vapor phase react antpdiggg2gn4/021341
transferred fromreceptacle 36 to the reaction chanber
sdlectivelyrenetgizod by thegparstoa of ingyibelopemaitdin aeiriothatad manger under
internal surfaces of the conduit 40. Heater 44 should
tiReconfelaiTiiR redctide @hdniter 1 D eontfobe@pinacl e 36 and the
second donor material 38 to a tenperature of at |east

2000F W {AioaRidh _rgigreﬁée'wtﬁfz 1, fHelsBBA d@or HRRHREM MbSided
44, 46 may be constituted, for exanple, by nultiple

SRR BT T S STy,
Kant hal . Q& ' Fal | ., .1h d
SRS S PR IR P o

i nsul ated such _ that pachi ne operators cannot. be :
Pl REAT LAt BSTECAf o sl gmprmalgial 2B formn A i cating on
36 may be equi pped with a tenperature-neasurin% devi ce
tiinexpossidowrfyce of thetietangiae comnponeptupl ke metalhstegen Lewis acid is
specifically a type K thernmocouple, and a visible
tyeallg sapplicd as ol seljpl materfal i a Bypated opdnhytmbcalitsilivofophedch as
W th the tenperature-neasuring device. The _
henm&s 8t ApSvdet, ditheudhdhepiattiof iShotiss Lt adt edproferabiit
exceed the vaporization tenperature of the second

SRR EmFBE 'Sud mefl-RMo R wid\RisHpOe arabRiizedbita MERALIRS S
44, 46 may be 11 WO 2005/ 060383 PCT/ US2004/ 021341

el ect| vwe I Z [ .
L I SRR, 2Rl VIS APRIANG, ol IR belr. o
he reagction. chanber,.12 control tem.Wth cqgnt.jnued

hifuneRabin gD, Hovipn A rge Sl ol Gt
provided in receptacle 36, nmay he _any solid .
Tplaesp.-sheh @g%wﬂ’e&fﬁ%&ma&i HOREG; ‘%d‘%ﬁ’ﬁo E?“l‘ff‘%lﬁs of appropriate
containing a nmetal el ement selected to cooperate with
Edves pridsainclage hatare nof linpited oL, RGLeCiG@a EtanteCl, HICL,
generated fromsolid donor material 28 to forman
BClyRtG1,0RhClo RuGlg Tedl,, ¥lp ZeRhomd ErEurThegretalthatogen Lewis acid
engi ne .conponent 26. The netal - hal ogen Lewis acid is

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 tempcraﬁre is increased,
convert from the liquid form to a vapor to providé a vapor phase reactant containing the
extrinsic metal. By carefully controlling the temperature of the receptacle 36, regulatioh
of the conversion to a vapor phase reactant can be used to regulate the introduction of
the vapor phase rea_cta.ﬁt 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



typically supplied as a solid material in a hydrated

or anhydrous crystalline formsuch as chunkléts or a
wo2005zb6e383 al t hough the invention is not so | ipeirEsdeosarnds

is preferably alumnumfree. Such netal - hal ogen Lew s

AV gEP L A ORI ORSAV BYIBETHET aifosRherediesaisaone Beratlly open

as chromum zirconium yttrium hafnium platinum

Eatthed 48 of thechnditdthis ¢ouphéddon fitid cemmumpationotithutine interior 15 of

silicon and cobalt chemically bound with a hal ogen,

seazhionshdnhben 12 ael the btharriom@allpomei aperuretslisi sedlindy ¢odpled to the

Exanpl es of appropriate Lewis acids include, but are

Hkt df |réBe€>1@§’le 6. This@pproadioéehtrstévith Ayndali& SV s that rely
Hf C13 rc 31 Ptd 41 Rhd 31 RuC13, TI Cl4, YC1

%ﬁ&éaﬁ 0 gieagsggg féom;fbég&e;@h abg &s@[ﬁ?@@% omgnﬁe%ﬁ tﬁ}sugh a

CS gra reagent ~gr ade em ca at are
asgufg%ﬁa R
i ds n ert .f adry solid formto uid form
eyt fyaimic (P Enietbentlor st iabish ond Rlgwiietio fapappet the

the liquid forn1to a vapor to provide a vapor phase’
[CEHIST QheoTEASHYE §rTirery thergas sawee tomeqeptaplg 86| Thespagsarsharee of
controlling the tenperature of the receptacle 36,

rsebid dendr araterizl 3% #rided torreeapticterd G regulatestho compesitéon of the
reactant can be used to regulate the introduction of
tdheninije@batilpedidomeng biathe jétrehgint bemp@ent 160 Foe brdmise, tHmass
When heated to a sufficient tenperature in the

rTG6Id dilof makerial 3V8nSWe vhried 08 @it tKBEShAB4 36hthiRS Bs Man about
vapor phase reactant conveyed or transported through

iRt G QR Iﬁetﬁgléri%n{ #65m SERE LSRR g{étyﬁ 12. The

reacti on chamber and recepta 12 WO

2005/ 06038%hP%VeH%% 9 ia%éjthatzﬁgvrgyctt lgel(l)amsbe¥ 15 I'r]nar Sncnde a
PRI

commn envi ronrren ecause one nor

perture, 4 of the cond [ upl e
Y PaaRan WE‘EBG‘%SP&W %%ﬂrt%snﬁ% sstripclerE B rercatl g e
chanber 12 and the other nornally open aperture 45 is
ositiong sndanpliiEanadg foppmetighthat ey heslisengaged drogpthe bpgeglate
ipproach contrasts with dynam c CVD systens that rely
or access. In this alternative embodiment, conduit 40 from receptacle 36 would

 communicate with the interior space 15 through the bell jar. The invention ifurther

contemplates that, in an alternative embodiment, the dondr fnaterial 38 in réceptacle 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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I nstead on passing a corrosive gas, such as _
hydrochloric acid, or a carrier gas through a source

wo SRk 6dsa!l held by an external precursor ChaFP'F/'iJszomﬁmu
CVD

approach of the invention elimnates the dynamc

At 6sphEROEREs HyoepaitedBladatting @n amvgt gak ok iAer b4 supplp 3P irbugh
the <carrier or corrosive gas fromthe gas source to

FnSRRPIRFD and@vaclBénd MivheR bxRanal 18t zzfmﬂ%%du%n%mm. After

mat eri al 39 added to receptacle 36 regulates th
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onen r exa
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net al elenent fromsoljd donor naterlal The

| TPlassA diognthe ingt domar satenal 8 ps 3 At Yapee P‘i“’éﬁ“@ﬁ%ﬁ‘ﬂ’é"rﬂlﬁt%’ by

may include a base plate upon which jet engine
vapes of thetheaigd agtivetopmaterial 307 waind arepropecsd luporpeatipg as indicated

. positioned and a bell jar nade fromnetal that may be

diagrangageaily by osferche noasenl BB aDaffusiar ofabe fstvapbnpliase sactant to
alternative enbodi nent, conduit 40 fromreceptacle 36
tHe§ét BngifOdtiMponaARE idintibated diagRed-tioallsPaefrdhoe hitherd3s.
the bell jar. The invention further contenplates

that, in gRcgitichs 5k wﬁe@ﬂaﬁ&&mm@ a leReHARO LRl E Ed Rtm a
38 in receptacle 36 may be solid activator materi al

stegcﬂ{dbvagwhfaghe@%tﬁg fiofh Bl i %B&%sfié}ial 58 DGR La&ctﬁndédsto the

provi |ng addi tiona vapori zed vat or

r?%%ﬁ%hﬁﬂéaé%?@?gﬁ@ BpfiRRy H}dﬁ%afeedr#d?%?%n%%%ﬁfxbm

is introduced |nto t he reactlon chamber
re%a? pugerehy/ {Thespeond quiringigmasal dy thygmiguced Httﬁ Qﬂreg"é%f

the_act|vator material 30 are introduced into the o
Teagtionichambsi dAislspady i ths yaper phasea by scprately droskibe atherieximpsic
‘material is introduced into the receptacle 36. The
mptakr Estringi© metdis pragent mdbpindolidiaBépanphaséeeadtante corobing & the
of the reaction chanber 12 are purged of 13 WO
SPAEdRGERED (RS2 e 460 Bdiehi 26 aidorp hr hlumigids esitiby 34
repeatedly admtting an inert gas frominert gas
Sofpihivg & différet @Rtrinsic 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 dxide that protects the underlying
superalloy material from darhage.

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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an inlet port 20 and evacuati ng through exhaust port
22 with vacuum punp 24. After the last purge cycle,

wa tes/e6esBpt acl e 36 is evacuated to about a vacuws2004/02134]
pressure of about 100 Torr. A first netallic
SeMISe Hrie-applicaion of dby Alwminide coating 3fnh Altemaiinely, he jet engine
coating 34 is released fromthe first donor materi al
26mpeneat 26 mey bempovediion seracwat acgularadéradle tr bsapplyingdhs
of the heated activator material 30, which are
phadhide doatipg34h adet Rfioad fraisemricefany @k Sdomaile:cadide/layer
by reference nuneral 33. Diffusion of the first vapor

,Qﬁ@?&ldﬁ@l@iﬁxﬁﬁldetcgahn?@ﬁ onShe Ghélﬁe SRARBERNE 1@1@Iﬂo‘v7ed such as by
i ndi cat ed di agrammma |caIIy ref erence nuneral

£g e
s G%P%*é%%f g IEAhg %c%ﬁva%%%h S‘*ﬁfaéee"f?%%ct & 5 ?E e
donor rov o.th
38 shbnE OeholtB liﬁg%%daaa%d i g Bl by 54, acconding
I cat ed. di agranmmati cal reference nuneral 37.
'F‘P18’6§§‘E‘6‘H!fsé? |“W§Pt6°q’r§‘f‘iaﬁy t?%‘eq IUSETiS%t r oduced i nto the
main reaction chanber 12 already in the vapor phase,
but separ atMithyreferanae toHfdigoR iewhishike rré¢rence mamgrals refer to like
Extrinsic nmetals present in the individual vapor phase
rferares ihesreceptdslert® mdy Helpesiteopd se thpsudr dnd drecapfiact vith)j the lid 14
engi ne conponent 26 and form an al um ni de coating 34
qondtaichirdl Gupgea. dihfsipaEitohingXxtdicBsihe trawi phth férthé Veof liase

engi ne conponent 26. Persons of ordinary skill in the
qbdctatt biigih RFERIIN? e 5B a@lﬂbrt m&eﬁm 38 li@ﬁseptfcwis t@sthe reaction
soaks and cleanlng cycl es, be involved in th

et afi? %g
ﬁZ*%%b%% G ?'fﬁéa%% G D og ninR mgy e
xi di nV|ron n suc the jet engine
ﬁﬁ@ﬂ?ﬁ%i ngngﬁg ?mgngﬁ)ﬁﬁ%ﬁ%qgraft oxidation
of the exposed surface of the alum nide c atln%
forms a corprextegatiyeempodimsnteidas wvention apdiwith getFrgnee to Fig.
superal l oy material from damage. Wth regard to this
shackdong regsplale 364 waY ba enipied prssyedeincdesed Auid3gmapnidgbon Wlth
jet engine conponent 26 has a |linmted service life and
i the graatiliradhamnber 1ad Retcepiae 3 6a-e sittgsthintiallyl igentichlgo raeptacle 36,.
engi ne conponent 26 nust be inspected and possibly
I §R&\RG Holdifg 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 tranéportcd 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.



14 WD 2005/ 060383 PCT/ US2004/ 021341 service for
re-application of the alum nide coating 34.
wo Abdsosat i vel y, the jet engine conponent 2&¥Byroed21341
renmoved fromservice at regular intervals for
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fromservice, any existing conplex oxide |ayer and
sysieintifahe iakentibmivith tieomded gecdptaddin3daitay) fdo NGedidor example, to
conmponent 26 is renoved such as by acid stripping -
APY Dfectild &aﬂ%ﬂ&@&cﬂo@e@éﬁ@ﬁ%f% Pré@SibREE08ER Dlmblie
conponent 26. The |eét engine conponent” 26 i s again
: . 5. i dles . 24 , _
U Pl ki G XoEls  inf 38 ] o R g Y i
vi.ce.. Wth referen Fig. .2 1n.which |like .
Lo op B By e et el b Brnpaf of e
receptacl e 36, may. be positigped on top.of, and i :
LS W hamethe Jel e campament 3 Sp fefeictr Bhe Bappior o gepne
ositioning reduces the travel path for the vapor
tgﬁ gecend peating wianld spiagiredicingghe epperaives afugesmirclicifo after the first
material 38 in receptacle 36 to the reaction chanber
doatihy isshmmedéryithegextrinsic raetgls Hronf dapeemetsridisi2€, 3on thhget engine
positioning may be acconplished by changing the
ahinppnsnt@6Ssocthat dondtundterfd) 38 ismelongdr vegoiabd wel iedatingltedenticle
of the invention and with reference to Fig. 2, a

TGO MHat IBRR RGPS5 BRY apBtyzel Forad el tRA%aE0R! HathBer 12.
closed fluid communication with the reaction chanber

12. Receptwg%,@@%ﬁgﬂéfe?&ﬁé%@ﬁfg} %‘hﬁ&’mk@ﬁ%ﬁk&%ltérﬂaﬁve

receptacl e er tha I ng or nateri al
5 t ai nj; t.Ni trinsi et al. di ; ;
TR D e E STy RO Plinfeh Sl PEsdoBna

i 8, 38 le 363 is joined i
TR B RAEAS B R Erh FeEmaFIBerc. 26 s

that a vapor phase_ reactant originating from donor

than Beiding astynpryaterial 68 dissing i epraRosttion foahbieiesEnsis apabdy
12 without invoking a flow of a carrier gas. The
enginatingi formydangr matepnats 28 cHpradfe I8@articylar, trengptacle 36b is joined
i ntroduced into the main reaction chanber 12 al ready

inm dlbeed campannijphtamepathwith 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 adcied
receptacle 36b may be used to provide a fourth extrinsic ﬁetal to the reaction chamber
12 for applying compléx coatings con-taining 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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separately fromthe other extrinsic netals. The three
extrinsic netals in their respective vapor phases

wo adsndosssl | y conbi ne at the surface of the jeCTERgLAER1341
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BAROG FNEEH I EA5TBHHS ARG S SRSt s ‘é(ﬁ\?B g via
reactant originating fromdonor material- 56 and
trowspeit finp §2 tg@ tRaetipneshempersliZe Fhs REFCURSEY seyce 60 replaces and
transported to the reaction chanber 12 without a fl ow
eifibstitutIfor the regeagaciARToRU(Rigs 1) @s thigdirst 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 cxtrinsic metal transported from receptacle 36. The

extrinsic metals in their vapor phases mey 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 F.ig. 3 and in yet another alternative
embodiment of the invention, an interior 71 of receptacle 36c is joined by a straight

length of a heated conduit 70 in a closed communication path with reaction chamber 12.

17
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principles of the invention, the sinple CVD system of
the invention with the added receptacle 36b may be

49 provide a fourth extrinsic netal tQ-gtf804/021341
reacglon chanber 12 for applying conplex coatlngs
Sionlanfonteceptagbest36, 336 receptacie 36x ganeratds@ vapergihgsetreactdne
exposed surface of the jet engi ne conponent 34. For
feora aRLRablé deRoL Matetintigre fobyasbive ragpbit @dongh RAMHET@Lol rédbtion
with the additional extrinsic nmetals originating from

SRABEL BCk fifout # .assifidhce 3PP flow el cAviefgds’ a6 bAthdBe to the conduit
coating graded in conposition fron1a%un1n|de to 16 WO

79 %cg@ﬁ %??he lplgﬂ %&gﬁg@?ﬁ% ébogé. th gﬂz{r%: @ﬁlﬂnmi Iﬂateri?li 762 SO

particular, yttrra Zlrconi u €.spec

t.ri [ t al i.d t nbi ni t he. | et
S P e L T PPt
RN R e RN

for yttria-stabilized zirconia deposited in a
Handdg beatnd byabepienaf6. vapor deposition (PVD) process.
Wth continued reference to Fig. 3 and in yet another

al t er nat i Wéhileetirb préseng mtventiiort e beenilingtrated, byahgdescuiptenrof an
source 60 coupled with the reaction chanber 12 by a
dniludsrpat therdofl @ndshecifib exansies) O WhEOthe@e1b68iniest kiR deged
with an amount of a suitable precursor containing an

&%triled $h SoriRieAbleatRthill § i 1RAREhdES tPreb SRR A EM Rayhimit the
whi ch the precursor devel ops an appreci abl € vapor

#Ege?‘ otthé a}; i g%gl c%g E@{}%ﬂ tﬂﬁﬁ)ﬂb)‘xdgltlgﬂl %h%fa%?%adldgtﬁ% (%,ivﬁ%ftions

eactl1 on er 1 at end, a regu

carri as froma.carrier source 64 is provided

W ooy P 1 (RS ' iy Er SRS oty Upiey be shaped as
carrier gas flo t hrough the precursor source 60 and
"F‘r%%‘é%?ﬂg‘iﬁfl}a&iaﬁ%e- TR SREED i Hspreader pPeditsdurretoreos pimited
to create a %as m xture containing the extrinsic

b aspecifiidenils senrpsapiaiies apparatss and medndpandiilipstipivecxamples
the reaction chanber 12. The precursor source 60

shepingod desgribled. Adsordingly. depértwrestohay hegunaslotizom ssh Agtail9@ithout
(Fig. 1) as the first extrinsic netal is provided from
departing from the scope or spirit of applicant's general inventive concept.

Having described the invention, what is claimed is:
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precursor source 60 rather than the solid donor

material 28. The extrinsic netal originating fromthe
precursor source 60 is thus introduced into the nain
reacti on chanber separately fromthe other eXtrinEﬁéNDVWSE
nmetal transported fromreceptacle 36. The extrinsrc
metals in their vapor phases may then chemcally

csamhigre at the surface of the jet engine conponent 26
toforman internmetallic |ayer containing nmultiple
extrinsic metals. Wth continued reference to Fig. 3

and in yet another alternative enbodinent of the

i nvention, an interior 71 of receptacle 36¢c_is joined
Ipy aAstheapighl vapoe dgpesitism wswgaf@df%eemm £oatmgi (F4h comprising a
cl osed comuni cation path with reaction chanber 12.

mbh WECtRH0Sa06e8 812) RdapteiEr0d @3dt3hgine Sompoaéntt(D6) and to create a
receptacl es 36, 36a, 36b, receptacle 36c generates a

d¥RRATonRMFEBNMEAS Wheh hedtt® P FacillatedBhRingNQatiliR 08 th@tomponent
for passive transport through conduit 70 to

2
| | | st;ance qf a flo
(G WhRR 2 SRPTRE ol Hede 00 AP0 BRCHUTAR hasCrgar@i 7). a
| ocat ed iﬂ.ghe head space ln,inteLior 71 above the .
leapa9eo o high fontaing  first | extrinsicometah gooperate g form ghaseating (34)
reactant can enter the conduit 70 for transport to the
cordaipingothe fublagrizinsid Metathen thetconiponem1(26j, anden first receptacle (36)
receptacle 36¢c is accessible through a renovable lid

extérmandf the Msiatredttioy chafibat(@n) Z(ﬁgteWtb Ihe1d HEowrtEEIW)of the second
i nvention has been illustrated by the description of

i RO e O BB ) SRR i i

consi derapl,e detail ,.it is, not.intended to restrict or
e'i“ﬂmwnmag{hei R ff?félon§&‘elasefo¢1 2} kg aagﬁé SORURICaTiAR Pe (42) so
such detail. Additional advantages and nodifications

ayfo gharesthg ideposiipibevitogmenbelche riain egction ehaabgr (12)Rod to permit
exanpl e, conduit 40 may be shaped as an el bow rather

trafsportaoft the . vaphe phaseerebétant (37) iffom Hteofirde rec@praelet @6) %o the main
therefore not limted

reaction chamber (12), the first receptacle (36) being sealed but for the first

communication path (42), characterized in that a first heater (44) is positioned to heat

the first receptacle (36), and in that the second vapor phase reactant (37) is transferred

from the first receptacle (36) to the main reaction chamber (12) without assistance from

a flow of a carrier gas.

2. The chemical vapor deposition system as claimed in claim 1 further comprising

means for supplying the first vapor phase reactant (35) to the main reaction chamber

(12).
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to the specific details, representative apparatus and
nmet hods and illustrative exanples shown and

descri bed. Accordingly, departures maybe made from
such details without departing fromthe scope or LLOYDWISE
spirit of applicant's general inventive concept.
Havi ng descri bed the invention, what is clained is:

318 LEGYDNnREl (dpdt Mepdsitiéh GhaEhCA caRed iHeAKs! U Wherein the

systemfor formng a coating (34), conprising a nmaln

sé@ﬁ%&%ﬁ?ﬁgggﬁ 5?{%%)%% l%%:@%zggga%ég logrbzlilét fﬁ%ﬁ%%%%inrl]l?nication path

%gvironnent, when heated, to facilitate formng a
ating on the conponent (26) in which a first vapor
phase reactant (35) and a second vapor phase reactant
(37), at |least one of which contains a first
extrinsic netal, cooperate to formthe coating (34)

4cont ghei digntib® $dpostdepdifibm SyfeBiPcladfed N QK PN QHerein the
(26), and a first receptacle (36) external of the

' [ (A2 a hol d;: :
SO lfing A rB0r E8Rprilck e AL RE CHollfe ' o1 S fferial o)
.first receptacle.(36). co nicating wth the )
insbisBtg TGS IR eROTORHS LGrOHIP 30 o5 BT A (30) that
12) via a first comunication path (42) so as to
A vaparized diepess chemigalbnwith slrementid donot ietenial (28) traprowida the first
chanber (12) and to permt transport of the vapor
vppuaphaseaasdtanti(3§)37) fromthe first receptacle (36) to
the main reaction chanber (12), the first receptacle
(36) being sealed but for the first 15 communi cati on
path (42), characterized in that a first heater (44)

IS pgesitioned.to heat the first receptacl 36), .and

S LB RBTCL BT dapet i S SE R f atevin) said Means for
transferred fromthe first receptacle (36) to the

heding theolid slonehmetraial (28))is 4 qomtsimer {32), andwherqin spid means for
flow of a carrier gas. 20 2. The chem cal vapor

hdielprgsthe activasyrgngenizl<28) isn wentainar @ORi m 1 f urt her

conpri si ng

6. 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).

7. The chemical vapor deposition system as claimed in claim 6 wherein the first
receptacle (36) has a single receptacle port (45) coupled in closed fluid communication

with the first aperture (41) of the conduit (40).
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means for supplying the first vapor phase reactant
(35) to the nain reaction chanber (12). -19 LLOYD
WSE 3. The chem cal vapor deposition system as
claimed in claim2 wherein the supplying neans is a
transport line (62) separate fromthe first

comuni cation path (42). 5 4. The chenical vapor

gde pospﬂg CREMRABY 4Bt §§pdéitﬂinr§§'§’teinnas@la?ﬂn@ﬂ 4n WR%hH QS' & d4if 7 wherein
suppl yi ng neans further conprlses means for holding a

R0 R b4 H i el G HERBAR fiBhopgpt pf he main

I wh d, t h Il
rGiFon SRS 12 WOHYE SRFSEPRHe(38) to provide the
first vapor phase reactant (35). 10 5. The chem ca

vapor deposition systemof claim4 wherein said neans
for holding the solid donor material (28) is a

9cont ahaeherhitd) vapon depbbicdl ysteai g dRmne nCiny JTIAMRS through 8
the activator material (28) is a container (29). 15 6.

whiRirf (e Bot@hit YAHAE a46P fifide! ANISYLFR b4TRGh i ent of
he ? t cﬁrﬁrlu @a{lﬁon pa?ﬁ11¥n

preceding clalm wherein rrs

ol iEdip fghiSh bR 1 D g ot sty e B ?oﬂi Wth the

first receptacle (36) and a second aperture (43)
coupled in fluid comrunication with the nmain reaction
chanmber (12). 20 7. The chem cal vapor deposition

18y st @he abemical vapdr depositdnyGemiae ckiimied earfyl frééeding claim further
receptacle (36) has a single receptacle port (45)

cSRpiREa lsél:oﬁh @i@ﬁgr {?‘25‘ békiEHEAYS h&?&ﬁeorﬂam%éclﬁoh Rfahbdri2).

aperture ( e’ condui t

11.  The chemical vapor deposition system as claimed in claim 10 wherein at least
one of the first heater (44) and the second heater (32) is further positioned to heat the

first communication path (42).

12.  The chemical vapor deposition system as claimed in any preceding claim further
comprising a second receptacle (36b) external of the main reaction chamber (12)
adapted to hold a source (58) of a third vapor phase reactant, the second receptacle (36b)
communicating with the deposition environment of the main reaction chamber (12) via
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 second receptacle (36b) to the main reaction chamber (12).

21-
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LLOYD WSE 8. The chem cal vapor deposition system as
claimed in claim6 or claim7 wherein the conduit

(40) is a pipe fluidly coupling the deposition LLOYD WISE
environment of the main reaction chanber (12) with

the first receptacle (36). 5 9. The chem cal vapor
deposition systemas clained in any of clains 6

l%h ro t!?@ c&m%@ﬁaﬁbpgéﬂ%gitﬁﬁ ROYLH a6 égﬁm!‘:@inaclﬁiﬁ{sl% hﬁ%}{ﬁggomprising

luidly coupling the deposition environment o

i N reactio hanber wi.th the first r pt.ac
o (Bl EeERfabie 3o RN STRGH S0k aPhindphsdiopichibe (OF AdFied o hold a
clained in any preceding claimfurther 10 conpri si ngi
sQires cfAd ??éaf’gra(@’?{thpaéli’qri Ohess fenctaht thendhisgdj receptacle (36a)
reacti on chanber (12). 11. The chem cal vapor
colepagicaiinnwith shedepasitioh anviexhment of thie mal reab@srechangter (12) via a
| east one of the first heater (44) and the second

560l Rbmidlicaltidn fpaf Bardd® Fiohd HREGkst SorR@@hichtiéh phth’@D) so as to
communi cation path (42). 15 12. The chem cal vapor

sl?agv? ?ﬁée . %S&itf’éﬁs ES\H}&?&&'{ %'f l’[ﬁg rﬁzﬁn qg%:ggfl 2&?%@? (gi)?aaimrcrl] tq permit

conprising a second rece terna

of the in reaction chanber (12 adapted to hold a .
uBEpPET (B foust Ganoh PRGre JaAnt o e, AR Fehspiacierlgb) (0 the main
second receptacle (36b communi cating with the

reaeihers ichimhere (M2)r drediritd adceptaclentdion) beiagt seatedc batnfier the second
(12) via 20 the first conmunication path (42) so as to
cohmuaichtién p&phosi tion environnent of the main reaction
chanber (12) and to permt passive transport of the

third vapor phase reactant fromthe second receptacle
(36b) to the main reaction chanber (12). -21 LLOYD

SE.. 13, The, chem,cal . vapor, deposi.ti Qn syst as
121 ai FBGCPSEFRLYAHOR SR RGYSEB A TG A1 ff rgims 1| through 11
receptacl e (36a) external of the main reaction chanber
fl{r@g} COIRpYIRG a secang|rgcegtacle (36¢) external of the main reaction chamber (12)
adapted to hold a source (56, 72) of a third vapor phase reactant, the second receptacle
(36c) communicating with the deposition environment of the main reaction chamber
(12) via a second 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 transport of the third vapor phase reactant from the second receptacle (36¢) to the

main reaction chamber (12), the second receptacle (36¢) being sealed but for the second

communication path.

15.  The chemical vapor deposition system as claimed in any preceding claim

wherein the first receptacle (36) is mechanically supported by the reaction chamber (12).
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ath. . 10
t |V§§§féfi1®r@n§ﬁ9e st agesp

sighidieprtty legothan thedirsievalve o

volunie of the

source (56; 72) of a fourth vapor phase reactant, the

third receptacle (36a) communicating with the

deposition environnent of the main reaction chanber

(12) via a 5 second conmuni cation path separate fronhtOYDWISE
the first communication path (42) so as to share the
deposition environnent of the main reaction chanber

1612) TR :Hemif " Vipor &E@ﬂﬁ&? rsysteh hheidided tif Xxﬂpiﬂ'ﬁeceding claim
phase reactant fromthe third receptacle (36a) to the

BBy SRR i O BEPEL Bt om

14.. The chem cal or deposition system as

Qq,gle i¥$ﬁ§ Bﬁglpp%%flllyfswg d by the lid (14).
conprising a second receptacle (36c) external of the
mai n reaction chanber (12) adapted to hold a source
(56, 72) of a third vapor phase reactant, the second
17 ecefThacdhemiad 6egpot aigpusiiicatsysiemwad Ridied dapasi pkRBding claim
envi ronnent of the main reaction chanber 15 (12) via a

whefet! %ecﬂm%h&g{nh%rg?f blgg%%lraaﬁr@t 51%%%121(3%&51‘?&1 Eolr (r)enceiving

conmuni cation p as to share t eposli

| f th ' t] hanb d t
S8 hd EER eo PP et CBheardr e (S stheP R Es6) s fnsheond volume

fromthe second receptacle ég6c) to the main reaction
prae reactigsehanthst Al@)seal ed
but for the second comunication path. 20 15. The
chem cal vapor deposition systemas clained in any
preceding claim wherein the first receptacle (36) is

18EChank ehbhicaB iR defiskitdh $iRnl SACL i
B2 LD N g degos che}Jrgﬁ cal vagg{a %@%@f”gﬁ’%}e‘n the first

U8 o B PSEE B8 PS5 e Ppcon

(14) rennyable from
irst receptacle (36).

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

wherein the main reaction chamber (12) includes an inlet port (20) configured to receive

an inert gas via an inert gas communication path separate from the first communication

path (42) and a discharge port (22) configured for evacuating the reaction chamber (12),

whereby to cooperatively purge reactive gases from the reaction chamber (12).

20. The chemical vapor deposition system as claimed in any preceding claim
wherein the second vapor phase reactant (37) contains the first extrinsic metal, the first

vapor phase reactant (35) contains a second extrinsic metal differing in composition
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the vessel (16), and the first receptacle (36) is
nmechani cally supported by the Iid (14). 5 17. The
chem cal vapor deposition systemas clained in any
preceding claim wherein the main reaction chanber
(12) has a first volune di nensioned for receiving
said jet engine conponent (26), and the first

HoRCEP R& R tr{mRR) mB@s afld ﬁfe%@ﬁl ¢/ @45‘ R1ydRh i f‘iﬂsfsﬂf(‘lt de¥ond extrinsic
I'ess than the first vol unme o? he main reactio
p nmber (12). 10 18. The chem cal vapor dep03|t|on
f@'en1as clainmed in claim17 wherein the first

vol une of the main reaction chanmber (12) is at |east

ten tines larger than the second volune of the first
receptacle (36). 19. The chem cal vapor deposition

2%y st dndepssitibainmelaod for dorymipg e ceatingy34) an mjet Ehgink @omiponent (26),
the main reaction chanber (12) includes an inlet port

céBPhisif® Pro@din@da tiaihef@ttich cBimbdre(1R) Wapikd aoaRolt NLljét engine
gas communi cation path separate fromthe first

t
AR P2 OwnRA B ching Ot % RRERIATRE Bkt b componen
ereby to .cooperativel reacti ve gases_from.t he
d@a‘ﬁt"l %‘H’%‘Hﬁﬂt?é‘?’“?’ﬁ‘}m l\édﬁ%‘amrFFé‘c%%ﬁlilaé% er\k Pl rPfOVldmg a first
deposition systemas clained in any precedi ng claim
vepoer phaset teactgnic dBY) egbeding destr eatrinaiot meBd) indopdnaients of said
the first extrinsic netal, the first vapor phase

c618psiedn (26) 3 )the depcitivh @v&@ﬁﬁeﬂ iBXiHE iths mainRhédion chamber (12),
differing in composition -23 LLOYD WSE fromthe

| hgﬂ{nﬁtsaﬁ)go'fﬂe{% b (E@)t ?ansf@l?ﬂ ta@@c&‘&%?ﬁﬁpl‘a%%)eakﬂﬁ (%%aﬁom a first

rst second extri SI c

regﬁgilaﬁ ( @n m:"teﬂ?d f%;lall;(g?r)argen oat %3% Qeﬁasﬁow\ﬂronment

reaction chanber (12% adapt ed to hoId a jet engine )
insiseponamin reasiion shapbar{12hwhile thei hrgted3omposentd ks, in the main
pl acing a jet engine conponent (26) in a deposition
reantion olmnebr (i 2), ahé fomiing tleaatatiog (34)antlading 1tRg first extrinsic metal
providing a first
on said component (26) by cooperation between the first vapor phase reactant (35) and
the second vapor phase reactant (37), wherein a single port of the first receptacle (36) is
passively coupled in fluid communication with the main reaction chamber (12) to define
a first communication path (42) with the main reaction chamber (12), characterized in

that the second vapor phase reactant (37) is transported to the main reaction chamber

(12) free of a flow of a carrier gas.

22.  The deposition method of claim 21 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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vapor phase reactant (35) including a first extrinsic

nmet al i ndependent of said conponent (26) in the

deposition environnent inside the main reaction

chanber (12), 10 heating said conponent (26), LLOYD WISE
transferring a second vapor phase reactant (37) froma

first receptacle (36) external to the main reaction

chanber (12) to the deposition environnent inside the

mai n reaction chanber (12) while the heated conponent

26) S jn the main ,reaction chanber (12), an
2 or W deRerimreited 3 amorh R meovifing Beiss atos phase
metal on said conmponent (26) by cooperation between ]
reapi@ant {353 furthes sempriseseplpeing ea metiyatey) matseal1 G 0) Aed 8 slopprimaterial
vapor phase reactant (37), wherein a single port of
(28 endludiag theefisptritingic (3&l into thpassitioecyiamberp(18Y and reacting the
fluid conmuni cation with the main reaction chanber '

adtiv@lortRaté8all (30) vAtH tHeSdorfoP THAHEHAALRPR ?f'ﬁv’fde( ) firdd %/Ebacir phase

the main reaction chanber (12), characterized in

nd vapor phase reactant (37) is transported to
r%ﬁ@ﬂﬂé?ﬁ reacti on chanmber (12) free of a flow of a

carrier gas. 20 22. The deposition nmethod of claim 21
wherein providing the first vapor phase reactant (35)
conprises transporting a vapor containing the first
2¢xt r The depositical mehod of claim 23hehereinaeacsingcha rttévatdrifiterial (30)
ina flowof carrier gas. -24 LLOYD WSE 23. The
fideRoSbinpAsestRating t1ef adtivaiornzlerid €309 suffdietiytion@Gubd igration of
first vapor phase reactant (35) further conprises
| Aci iY@t Qr j - -
R R R G YRl RRS Bueekids] R b SRR caupe a chemical
into the reactlLon chanper (12 d reacting the 5
IREHOR, L BN EShY AR5 B as\%réaﬁt*{"h@%&onor material (28)
to provide the first vapor phase reactant (35). 24.
The deposition nethod of claim 23 wherein reacting the
activator material (30)
25.  The deposition method of claim 23 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).
26.  The deposition method of any one of claims 21 through 25 wherein the second
vapor phase reactant (37) includes a second extrinsic metal differing in composition

from the first extrinsic metal.

27. The deposition method of claim 26 wherein forming the coating (34) further

comprises contacting the first and second vapor phase reactants (35, 37) with the heated
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further conprises heating the activator material (30)

sufficiently to cause mgration of |o the activator QYD WISE

material (30) to the donor material (28) and to

t hereby cause a chem cal reaction releasing the first
vapor phase reactant (35). 25. The deposition nethod
of claim23 wherein providing the second vapor phase

jdt @B HondpdAdnt! @6 BEra BRIERIF e RS R)\Hndih@ g.:o?ﬁlfgés péﬁ NAluding the

vapori zed ‘activator material from 15 the

g SRS ek ricale HEERS %r%%t@ntﬁl‘?lgaﬂ@'ﬁ%éenﬁ%%a'zl‘ o

t hrough 25 wherein the second vapor phase reactant

(37) includes a second extrinsic netal differing in
conposition fromthe first extrinsic netal. 20 27.

28he dbpakposioon methneldobElaih &7nwhéeinhthe aioatifig (34)nig anhauminide
coating (34) further conprises contacting the first

lyBecapablend foreiing a PhaBRx oRaitvitntebR8 in & dx Wik dd¥Eronment.
heated -25 LLOYD WSE jet engine conponent (26) for

atinme effective to formthe coating (34) including
the first and second extrinsic netals on said jet

C apent 6). .28. Th depgsition t hod
289 s HeRahen et o640 o) G 58 tamosh (051 Wheten the second
| ayer capable of formng a conplex oxi de when heat ed
emwnaﬁn@%ﬂdpzwﬁgwéhv$ﬂ@ndﬁnw9629ﬂw?mmnmmhm@ymwon met hod
of any of clains 26 through 28 wherein the second
extrinsic netal constitutes less than 10 wt. % of the
al um ni de | ayer. 10 30. The deposition nethod of any

30f CIrhk @BpARidnhoues oggnml%hﬁ JeNBrouibh 85 wikhdih gﬁi t\fﬁt extrinsic

netal orlglnates from a ‘net al ogen“Lewi s ac
nﬁ@? ﬁ‘f I on ne %q% Ia|n1 wherein the

SPEWAS g £ & !ﬂgaﬂ EVISHBVi ded as a hydrated or
anhydrous solid conpound.

31.  The deposition method of claim 30 wherein the metal-halogen Lewis acid is

provided as a hydrated or anhydrous solid compound.

32.  The deposition method of claim 30 wherein the metal-halogen Lewis acid is
selected from the group consisting of AICl;, CoCly, CrCls, CrFs, FeCls, HfCls, IrCls,

PtCl4, RhCl}, RUCI}, T1C14, YC13, ZI‘C14, and ZI‘F4.

33.  The deposition method of any of claims 26 through 29 wherein the second
extrinsic metal is aluminum and the first extrinsic metal is selected from the group
consisting of chromium, cobalt, hafnium, iridium, niobium, palladium, platinum,

rhodium, silicon, titanium, yttrium, and zirconium.

26-



15 32. The deposition nethod of claim 30 wherein the
net al - hal ogen Lewis acid is selected fromthe group
consi sting of A1C13, CoCl4, CrCl3, CrF3, FeCl3, HfC13, LLOYDWISE
IrC13, Ptd4, RhCl13, Rud 3, TiCl4, YC13, ZrCl4, and
ZrF4. 20 33. The deposition nmethod of any of clains 26
t hrough 29 wherein the second extrinsic netal is
al um num and the first extrinsic nmetal is selected
fromthe group consisting of chrom um cobalt,
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Is sealed but for the first communication path (42). s

35. The deposition nethod of any of clains 21 through

34 further conprising nechanically supporting the
36i r sThe edeppticich emétBO ofi 4dy bhelaiRa i GRowdha B efirthdrtomprising
36. The deposition nethod of any of clainms 21 through
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a superall oy.

36.  The deposition method of any of claims 21 through 35 wherein said jet engine

component (26) is fabricated from a superalloy.
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