5 May 2005 VAPOR- COATI NG SYSTEM | NCLUDI NG COATI NG CONTAI NER W TH CONTROL
OF COATI NG VAPOR ACTIVITY FIELD OF THE | NVENTI ON Thi s5iMase2i0iSon rel ates to
a system for vapor coating of workpieces and, nore particularly, to a
systemfor controlling the chem cal activity of a netallic coating vapor

in such a coat VAGORYSOATINGAZSEROUNR I DINGEC U)E:ﬂﬁ:ﬁ, ﬂﬁ fy@per ating
t her ma

environnent within a _gas turbl ne engi ne i s bot y and chemcally
hostile. SignificantVIABGRIER éﬁTW&ﬁ@T@dﬂ%l lities have been
achi eved through the developnent of iron-, nickel-, and cobalt-base

superal | oys and the use of oxidati on-resi stant environnental coatings
capabl e of RIEDD&t THE INWBBITRONOYSs from oxi dation, hot corrosion, etc.

Di ffusion al um nide coatings have particularly found w despread, use for
superal | oy conpaquents t urbi ne engi nes. These coatings are generally
formed by suchCi.rrl‘]?'§‘;§tlﬁ¥)‘3dl lo%lg %?Sftf’l?sﬁyﬁﬁmafn 8?’1?%&?!?‘"&8%8&”@@@“’695 ¥NeFOERl vapor
deposi t i on pafiilhly, t6 b sysiem RPddadbing e &Mn@al%@‘ﬁnﬁr%f‘&%d%ﬁﬁ@&%ﬁn%s%g& as pack
cenment ati on Bove ack, or vapor (gas)-phase deposition si on
processes d%ﬁ‘? APHIEHPR. r eacting the surface of a conponent with an

al umi num cont ai ni ng gas conposition. In a case of particular interest,

al um num GEACKRGRODINT OBITHE DRENTIIN f or vapor - phase deposition processes
may be al um num al | oy parti cles or an alum numhalide. If the source
material is an um n arate _activator is not reqwred The

source nateri al %o%qrél%g'gocnﬁﬁ?m‘éﬁ“?gbtﬁ‘?‘af‘cﬁas\ﬂ‘flbﬁletqq@ng &y bosle dhermalypend
al umi ni ded chedaipaity mi?.&&e agxumam edaices \?mghltanp&gt{,&rdggymﬁﬁesqmg@mr ature at

whi ch the al,um ﬁﬂu m h (;f react at the surface of the conponent to
forma dif £ ‘Fﬁ?‘ﬁ‘{“h edgo%ﬁ’ct Phigon-iekel apd colmit-irsoswsratieysand theper abl e
and are W g of okiRi@bn-ebisthrit eﬁt}nfoﬁdn%hlaltcoﬁtﬁlgs E4RbIE OF rEﬁ?tHIg't H@émlgo%ﬁk“ess and

the al um num content as a function of |on R/Igy 2005
ox1dat10n hot corrosion, etc.

Diffusion aluminide coatings have particularly found widespread .use for
superalloy components of gas turbine engines. These coatings are generally formed by
such methods as diffusing aluminum deposited by chemical vapor deposition (CVD),
slurry coating, or by a diffusion process such as pack cementation, above-pack, or vapor

(gas)-phase deposition.

Diffusion processes generally entail reacting the surface of a component with an

alummum—c.ontain'mg gas composition, In a case of particular interest, aluminum-

containing source materials for vapor-phase deposition processes may be aluminum alloy
particles or an aluminum halide. If the source material is an aluminum halide, a separate
activator is not required. The source material is placed out of contact with the surface
to be aluminided. Vapor phase aluminiding (VPA) is performed at a temperature at

which the atuminum halide will react at the surface of the component to form a diffusion

aluminide coating.

Although VPA processes are operable and are widely used, it is difficult to

control the final thickness and the aluminum content as a function of position within the
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coating in VPA processes. One approach has been described in copending US
Patent Application serial nunber 09/417,468, filed Cctdbaer2003, 1999.
However, no apparatus for acconplishing the coating in a comerci al
setting was provided. There is accordingly a need for a vapor-coating
system i ncl udi ng an apparatus that provides these capabilities. The
present invention fulfills this need, and further provides rel ated

advant age%oatﬁgl iERFAUMVBRYes Cond k{%réaw%&grb@hl d-EEBﬁbEH 8S&pkndie0t iIFaRnPr OVi des a

vapor - coat | system used to vapor pi ece. The vapor-coating

syst em al [RECARE sgtd pyphsy 08K 1 T-ARS, éiéﬁﬁir%d&r 1§Hé’930'é‘?‘Y‘TY§I ﬂeablaﬂrat% be

cont r ol | edors @cdollisHik}e e bsdtiResH 9fc réiélagdtﬂi}% g frbad&oMpRS td on of the
coating as a function of position through the thickness of the coating may

be cont r ol2fegdingt Tﬁé‘ﬁeﬁr Q%WO%WBV%Wﬁe%VIWg@éEPQf@%HhﬁWW f}S‘FFeng exi sting
vapor - Coatchf@ilsiys UEIEE paiieh iReMRIUNBIE A€ GeédliAg fRh@NgoRaneedadf the
present invention, there is provided a vapor-coating system operable to
coat . a vvorth‘i’if%‘g%g positioned therein conprises a vapor-coating container
having a container wall, preferably made of graphite. The contai ner wall
has at Imgpgmmmgb}zpmﬁmﬂom ough, all inlet ports taken together
having a total inlet port area, and at |east one outlet port therethrough,
all outlet port%ftaken to ether aV|n out| e ort area that is

t

| ess than the é’FeSF’HI"é‘E Gt Progiee °ér°8§1n§ SéfS“éIBd}s totP" §¥8ébi ng  gas,
pr ef er abl yvoﬂfpgs‘hél THe \Iwﬁit@m sylsthCtelﬁinl WieC dtilvioy oitielsotidae ofithel @atdg one i nl et

t, and t i de. i
Bt n e nammpsdope Egublag e Bahna BidRtR o dh S BaRRE i @i Tion of Bopor |
pr ef er abl yodting Iaudamct&aonha‘lpbdﬁoroduci@ethﬁemaheismflﬁe: cogfpasdyt eckoniféizdet al to be

deposited. is preferabl m num .MDSt refer bI ummur n,

but ot hor TEPRIG! Sk p i A O B sy st ae el | by
t hi s appr gackdureEhe source of the coating vapor may be external to the
vapor- coating cont ai ner, or within the vapor-coating container. According
t o anot her aspect t he prese inventio her.e is..provided a vap
Coating yst et 8% BhELStbepiishiohiBhi S pahiell Hahitahy o

vapor - CO&E}’SH’.@}} w&hlﬂento cofPs iveirkpisca pnapatedcma’ehngmqmimsah napori@utingg a

|
oo ot e Rte aife SN BAG Slan Betore bl o Boni G Rl BRGNP or

least one inlet port therethrough, ali inlet ports taken together havmg a total inlet port
area, and at least one outlet port therethrough, all outlet ports taken together having a total
outlet port area that is less than the total inlet port area. There is a source of a sweeping
gas, preferably argon or hydrogen, in communication with the at least one inlet port, and a
source of a coating vapor disposed to provide a coating vapor within the vapor-coating
container. The source of the coating vapor preferably includes a halide of the metal to be
deposited. The metal to be deposited is preferably aluminum or chromium, most
preferably aluminum, but other metals such as hafnium and zirconium may be deposited
as well by this approach. The source of the Coating vapor may be external to the vapor-

coating container, or within the vapor-coating container.

According to another aspect of the present invention, there is provided a vapor-
coating system operable to coat a workpiece positioned therein, the vapor-coating system
comprising a vapor-coating container having a container wall, the container wall having

at least one inlet port therethrough, all inlet ports taken together having a total inlet port




2 5 May 2005 area, and at |east one outlet port therethrough, all outlet
ports taken together having a total outlet port area fBbty 20951 ess than the
total inlet port area; a source of a sweeping gas in conmunication with
the at | east one inlet port; and a source of a coating vapor disposed to
provi de a netal -halide coating vapor within the vapor-coating container.
According to anot her aspect of the present invention, there is provided a
vapor - cogfeh ned sSkERe SRI porPinbdihfouyRRALLER Bbiktokeh WPebPBRinPaYHRY a | over
housing; and a Iid that fits wth the lower housing to forma closed

cont ai ner outlehgort prga Ha iseps Aan| theytotal Gt Nor| a8ea; a seyree ol FWeeRB AW t s t aken
toget her BaWhicaiot QitRlne Rl oBO et Bb8Bmd @NGurdd of £RAhinPRBoOMigosla pPOrt, all
outl et ports taken together having a total outlet port area that is |ess
than the torayide 3 metalchalidy qoatinearporgvidigl the waper-coalingaoalgingy gas in

communi cation with the at least one inlet port; and a source of an

al um ni di ng vapeordth® ROMBMert /pdt OFihe Preddht HvertlonURbRad prd@id¥@PVdpor-Wi t hi n the
vapor-coating container. Aratio of the total outlet port area to the total

i nl et por £OAR gystey suypeising gyaporgoating captaipgaying @ lpwerdhopsing aahaddid 0.5, and

nost  pr ef afapfdk With $hel 1666 hbiaiy 18 Rt dhs@beonthiiRr, #RUIAGRVIn bt LRGP N gas i
desirably a variabl e-fl ow source of the sweepin as. 2a 5 May 2005 The

vapor-coaP?ﬁ@H§9§¥@ﬁ@ﬂ@wﬁﬁéﬁﬁ?%ﬁﬁygdk@ﬁﬂF@ﬂ@gﬁﬁgﬁgﬁw‘56“@&?€ﬁﬁﬁﬂ surface of

t he wor Kpp&e @l ot pbrés thiRatoge@echating aitdthiutl@ bk Sre@ Bt & N@s Mk HRtotAOr ts are
not in contact registry with an interior of the workpiece. In one

enmbodi mentilet PR aFARHIOVES LF T 855 b Forpawicationiih theq d5aptpre dmet a 1 d

that fitspi;tahd 4 Bfirde@OBK alhRIASHIROvab& iPbiBd o FrbPiaesh A@htammekde vhp& i nl et and
outlet ports are inthelid. In a particularly preferred version of this
enbodi nentithifdle RE-BEE CPREPLEd, the volune of the container is from about
7000 cubic inches to about 8000 cubic inches, the total outlet port area

- is about 0. 1 gqu@d 6f ihBGdtal et poicarkDloathe tdtdl BhletOsit aréd Bdeds Shaabooit 0. 3

square inches. The vapor-coating syste | l.ows the actjyi of the
al'uni num BSTRRAIHP s Cah o8t 35&1&8@%@%@@% 13 thanahut - e BR™Cont r ol I i ng
the flow efthé KRcSME BRIINEEsBRSy 4 YhrablglllowRBurce of the sweeping gas. '
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vapor -coating corntainer. O her features and advantages of the present

invention will be apparent front the followi ng nore détMay2@5descri ption
of the preferred enbodi nent, taken in conjunction with the acconpanying
drawi ngs, which illustrate, by way of exanple, the principles of the

i nvention. The Lo t yﬂ& this
- preferred enbod?lrarfa)gﬁm%oa&fﬂg %%%?:%I PTI O\P&ZM‘I!OHEM %%teﬁaf@u%g?Bl s a-

schemat i ¢ degpvetkpisee, gnd in that ease &ietinigt paststand fthe osley pertsrare @aft inrpgntagly st em
Figure 2 ig a second enbodi nent of the

vapor - coat i n%s syst enﬂh&ggg%ﬁéh&e&%ﬁl s a block flow diagramof a preferred
approach for coating a workpiece. DETAILED DESCRI PTI ON OF THE | NVENTI ON
“Figure | depi ct & encfambetliment, diesvapericaatitmenintpinet hasfa lawenlmusing.cadiardyl syst em
20. The v { LRlLner 22
havi ng a I%?wﬁ@%ﬁ%ﬂwﬁ%ﬁ%ﬁa ﬁﬂ“ghﬁ?hﬂ%@%{) ﬁg%{ fﬁ?ls&?&%ﬁ&%hﬁ owem?3 housi ng
24 to for miathe Illdsbth;!amuuhrimqareferﬁbeeﬂsbwef this lembsdimgnt24at hmbethested, the2 6

t oget her def ne a.wal | The, v at.ing co 5 May 2005
of the const O?gﬁ °8?‘§*8‘c?’s‘§ gamlaho%g8®a(f“§ﬁtm%‘gﬂ§@Qﬁég&gﬂﬁﬁ%“%"% %sure is

i ncor por at estal dayler witedrenic aboXclequara $notl] Aadubs ekl hetétaiort. ardahie ab@lt 0.328, and
‘specifically the | ower housing 24-and the |id 26 are preferably nade of
graphite, g“a(’i‘?’élﬁlﬂaésed in the '8 10 patent. The vapor-coating contai ner 22
is heated, typically by placing it into a furnace that is represented
schematical ly by‘hei@at-d:daaﬂg sy‘s&ﬁi dloanthe abibity ofithe alilitundOontAning kdiipteece 32 to
be coat ed, her | | ustrate a tur lne S aced into the | ower
noust ng. 24 vastep b ontplbhEvared bR gpliaTing i oidbs St e BIVBHIE wal | 28
has at | eaghpdpRBatinglcitainey. tOB naELin h@kaRgesHEiR PrésetShveatiffwasoeone inl et
port 34. Al of the inlet ports 34 taken together have a total inlet port

area Al neBRaIs dropethe dolnving more detailed dgecsipfionod tha peafepred; elebadiment, port 34.
The wal | 28§,ba%, esnjhle%ﬁ w19pﬁlc(%9$dn%nﬂﬁé Hra%@n%sh%ﬁhhﬂ\%ﬁg bpea; of lustrated

‘as two outlet ports 36. outl et "ports aken toget ave a total
out | et por exznme the pwaéeﬁrcefdh@w%wm db¢ saope of thi emgatsonf 1|s<_mw however

limited to this preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic depiction of a first embodiment of the vapor-coating

system,

Figure 2 is a schematic depiction of a second embodiment of the vapor-coating

system; and

Figure 3 is a block flow diagram of a preferred approach for coating a workpiece.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 depicts a first, preferred embodiment of a vapor-coating system 20. The
vapor-coating system 20 includes a vapor-coating container 22 having a lower housing
24, and a lid 26 that fits with the lower housing 24 to form a closed container. The lower
housing 24 and the lid 26 together define a wall 28. The vapor-coating container 22 is
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through the outlet ports 36. The total outlet port area A is less than the
total inlet port area Aj. (That is, the ratio AJA of 5iNday 2085al out | et
port area AL to the total inlet port area A mnust be less than 1.0.) The
ratio AAA) is preferably |ess than about 0.5. Even nore preferably, t he

rati o AJA oSthe@ssstruftn ddeaisbd B HPatdM 6 0BAB IV, Mhosd BEsdldieds inchpbriaivd!  al | ows
the fl ow of :the sweeping gas to be controlled so that the residence of time

of -al um nubY ESRIFS: SX§ PS‘WF"P?W‘?] e B&maéh%ﬁe%ndzeemﬂb@e hopsiwgy

control | ed. Thgq e %ALE Ake ﬂréfe&sfytrﬁgde'of Jaﬂﬁter %tdleu&éé\m he émiﬁmﬁhan about
~ 0.5, and even better if the ratio %q | ess than about 0.35. The

constriction that defines the area A. of the outlet port may _be |n the lid
26 of the vapor - EbaYaPRGoRsAE seniiner23 is hegted Hupinal oty Ripdeaii értea

vapor - coat i pghe %SiEhed séhﬂﬁﬁf&ﬁy 'og Gllc(':{ﬂ%? redisBaLY lfegtlﬁng cdils 55"‘9&9&&1&)1&@5 38 in

gaseous flow co nication wt e at |l east one | ort 34. The
sweepi ng gaslitesbe gnatetlchegdilipstoated aserturbgvaéﬂ@gohplasedan@dhe ephqusiggding gas

- such as hydrﬁ‘gﬁi@#dgﬁ?@%ﬁ%ﬁh‘g owem&sﬁg‘ﬁp' ng gas 38 includes a gas source

40 that nma as a conpressor, a gas bottle,
or the I|ke The source of the sweeping gas 38 further includes a variable
control | er, hereThe waid 28 hawat lepst enevinle§ pont 3 thenstiraughykerd flustjedsdsi alg t he

flowrate o e r @aﬁ e In a
typi cal pr eEerre %ﬁs@l%?ﬂ%ﬁ@e{eh%d%%ﬁq@gé@ }%reeeﬂclzo lE'legmlr@%éhelgvol ume 4
5 May 2005 ofeasuisd pempendicutaydd ihngascfbwnhﬂon@rtheﬁletporf34)rfi‘1&lmﬂt28ﬁwmleas}bl c

1 "Squar e ot oo e Wabir it e hotfe A g QoL B PR PRI  ches.
Tgre Lljo;vsrgnetakén tlogﬁthéirI ter mﬁlgﬁipﬁmmé?nt h coet nﬁﬁmhraﬂw[e gah??lwnbgthel >
vari i Vi [ [

. vapor - coat f a“@&h?%tﬁbmf?éﬁ %h gl ot %Poréaréi‘) fsﬂﬁss\}g"g’cﬁg I‘Pif @ posed to
provide a carh Ml@[’[‘ﬁﬁlfwrthe%ﬁ A}di%e t&ﬁﬂﬂflet%ﬁ%f&%@@&%@dtﬂ%ﬂct%@n ark@€ source
of the coating vapor preferab includes a" metallic halide, such as a

metal lic fl defuside I%SFPépAIQ)IEhf‘cqatI@Méels peefasghiylops thamabayt &8 Ewsn morenet al | i ¢
| odide, T halefaRAy ! eRa A/ sk Ain366R 815 s RARAE Malio ATACRGPR ©1 I e

source he coatl ng va IS a source o [ um nun¥ COI’]'[ al ni ng
hal i de vapoerllews e dlowr efche pfecpinglpes b henmooteliedi saithay thatdsidence af ime diut

sources of Qﬁgﬁﬁunq@&ﬁl:é bﬁ)op %t'hgl th¥ %Qﬁglﬁer%cllﬂay be accurately controlled. The

‘control is better if the ratio A /A, is less than about 0.5, and even better if the ratio A /A,

is less than about 0.35. The constriction that defines the area A of the outlet port may

be in the iid 26 of the vapor-coating container 22, as shown, or elsewhere.

The vapor-coating system 20 further includes a source of a sweeping gas 38 in
gaseous flow communication with the at least one inlet port 34. The sweeping gas is
preferably an inert gas such as argon or a reducing gas such as hydrogen. The source of
the sweeping gas 38 includes a gas source 40 that may be of any operable type, such as
a compressor, a gas bottle, or the like. The source of the sweeping gas 38 further
includes a variable controller, here illustrated as a variable flow valve 42, by which the

flow rate of the sweeping gas from the gas source 40 may be varied.

In a typical preferred case of the embodiment of Figure 1, wherein the volume




as a hafnium halide or a zirconium halide may be used. M xtures of the
vapor sources may be used to deposit, for exanple, subMas2085

al um num contai ning halide and a chrom um containing halide. Such sources
are known in the art in other applications. Exanples incl ude al um num

chrom um hafni um and/ or zirconjum.chl qri haf.fili m flu etc. The
coating of ﬁﬁgl"'vaﬂ?réi”%té"‘(gqogta’é'ﬁr i§ {50 g@PPﬁ ic ihesitp a0 gg¢®d WBE t he
coating vapGhched thetofahutlsQiditGealt abdie 0a!syidre ihah, caamtwtaanglevpmaresuch as the
al uni num hal i de vapor. The renmmi nder of the di scuss e directed

toward t hi s 2bawd.3 squam indhes. Thedlomsiaterfitheswaraing ges lﬁé ame‘aﬁ? LRt h
appropri at e papg ;| '1%&@5&%6&1%(1% hedr tﬁ@é’étl'vﬁﬁof‘/lﬁé)@datmé %Ho@ Qthinth@ dpdr-
illustrates an enbodi ment wherein the source of the alumniding vapor 44
is wthin teeatingrontagerdd ng cont ai ner 22. The source of the al um niding
vapor 44 preferably includes an alum num halide such as al um num
trichloride and, s&hk@ﬁ?ﬁ ¢obring @p@f@msﬂlsp@ée&'fﬂ ﬁ}H\FIBe Eafin@¥apbh@fing@Ur ce
materials are soll roomte erature he enbodi nent of Figure 1,
the source raperqoating eontainst 38ed tersonge omee cﬁ&p@g vepoapreferablydagledessdr 22 in
baskets 46 1064} 1@ c}}ﬁ'e tsﬁéﬂstaqﬁetilﬁcy\ﬁﬁom%t@@h%%hlm-{gl?aMﬂﬂ! B6Rideadtd
typically in a uctt on operation, workpieces 32 occupy the fioor of the
vapor - coat i ngetalhomkiuie,rthart vzpzmzﬁm of bélew apoﬂm@sgmmdemm@m@mwes) 36 are

therefore p in the lid n| as
o ng. 1rorft Eirsoe porgi iy { Spresdt ol SAEUERABiniPhURBRAIok o At
-------- - 5 ofayhidffbn-aqrpding belidd 8apos, Umhsca&eaomlszr setaliziiatide wkaponsea@x ng the
flow rate of -the,swe as red t he acti,v decr easin

flow rate oﬁSPﬁeﬁ’%@B 8 %Q?OP’HB} & May fie used M)% sog*he t'RR! é;f”lfﬁg% ni d| ng
vapor by  cQkdyesdoeseditd dépisitl ¥ Sasiph) sQéh A9 Aasinith-iontinifg haecadtd ne in
the vapor-coating container 22, The thickness of the coating. that is

deposited i whepniam-cgalaingig hekida. j Sash seureesge Knoamda dediryy ofier PREICPHRESt he

activity andEia‘?ﬁilQﬁH&@de a'[d?i‘ﬁnﬂ‘fl dhbSiniAD BEfmiul SUBR ziRcHREH 8ASEle, hafnfulie f1ow
rate of the sweeping The armount of al um num deposit ed into the coating

as a functi dhwodfle,efc mpytum efandsbintesest is@n alyminurpeoating apd We sousea fdhe of
al um num t hr, 8%& JaB@r 44 is the source of the aluminum-containing vapor such as the aluminum

halide vapor. The remainder of the discussion will be directed toward this case, with the

_ﬂ

understanding that it is applicable with appropriate modifications to other coating vapor

SQUrCes,

Figure 1 illustrates an embodiment wherein the source of the aluminiding vapor
44 is within the vapor-coating container 22. The source of the aluminiding vapor 44
preferably includes an aluminum halide such as alumninum trichloride and, optionally,
elemental aluminum. Both of these source materials are solid at room temperature. In
the embodiment of Figure 1, the source materials are placed inside the vapor-coating
container 22 in baskets 46 located within the lower housing 24. The workpiece, and
typically in a production operation, workpieces 32 occupy the floor of the vapor-coating
container 22. The inlet port(s) 34 and outlet pori(s) 36 are therefore placed in the lid 26

for convenience.

Optionally, the gas flowing from the outlet port(s) 36 is passed to a gas cleanup
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t hi ckness of the coating may be van~e'd as a function of tinme and the
position in the thickness of the coating., Figure 2 ibMmtib8bes a second
enbodi ment of the vapor-coating system 20, which 1is operable but |ess
preferred than the enbodi nent of Figure 1. The vapor-coating system 20 of
Figure 2 i sspphrdiuk @8, sibh dNAas ofrubicgure 1, except as will be discussed next,
and the above-assigned reference nunerals and the above di scussion are
ot herw se mcorgorat ed for the enbodinent of Fiqure 2. The enbodi nent of
Figure 2 differ SFFsHetheovtmrient fissgeopinggas Fraposs ag%sw@éncbiecnemng
al umi ni di nghy aBRTradbrise SIEbFhPBhs ﬁleresdagth\éaaef?vmﬁ efa{hb ﬂﬁﬁﬂfa@ VABSr 12 The
source of the alum niding vapor is used Int se' I's heat ed to
vaporize t HOTssneRiingln drareagiag Oantlcrﬁéh‘élgg% repisigned twe kivpthe heperewatief ore it
reached th I s .in the
anor coa oLARRE 2% oAl RO AR Ry Pus WELNc oM MBI BB (0
_sweepi ng gabﬁ nﬁqreamdbyenmmgélea{:mt:ﬂyemsmé@lcmgmgaﬁthe@appamﬁmghhbeomagh t he

source prior ent er e vapor-coating
cont ai ner 2‘5 L”(l:{gare%g‘ S ff'elli’ g\ﬁgﬁjdﬁw %“Wﬁ%“‘&%ﬁee%a?%@@%%%&%er 22.
The enbodi rmnatﬁnmﬁorﬁiafgiuﬁean@ mwebmechameemIﬁuuubm@ﬂmnﬁ;ﬁdumghmh@cI ng both
t he source pf, t he i di ng vapor. 44 t he .vapor-coating .container 22
into a si nd‘ﬁl kajess hFGP% %]Peh aé‘%é‘f)&%‘?"lufwvogﬁiﬁ’&?ﬁl ﬂlee&‘tsgi?ﬂl“h&‘%et ween
them Fi gurtkicknesd bithé atikg a preferred approach for practicing the
invention. A vapor- coat i ng system pref er abI y i ke that shown in Figures |
or 2, is provid rOV|ded nuneral 62. The
wor kpi ece, pref g%n#qﬁst@%ﬁéﬁ@ﬁ? e'\é\g ‘ﬁg apr-coating system 20, which. 5 May

2005 tur biiiepeeit)é Bex ISstGhteired thakl Itk &ﬂod@irﬁéﬁ@ OPFlg‘h}H Di M @fk.cohtingP' epar ed
separately, and_i tflg“_;l preparation is not a part of the present | nvent| on.

The wor kpi §¥em 20 piKigwe 21 mbgrde thet of Eigurs 1, @ﬁcegfgﬁémll e diseyseadngdsand or a
- cobal t-bas Qh§ ldQWCaASéI?ly F@?&ex‘(«‘,‘ar Jﬁﬂh&"ﬂ@ dnd R YHLE cﬁé&ussgﬁ are 2Bt at ing

cont ai ner nuneral 64. The workpiece is then coate nuner al The
coating sté@owr@%@rmewbpﬁmn igaw2.concurrent |y conduct ed steps One
step is a heating of the container, the workpiece, and the source of the

al um ni di ng vapqfe 4ftoddnent of Figure 2 differs from that of Figure 1 in that the source of the

aluminiding vapor 44 is external to the vapor-coating container 22. ‘The source of the

aluminiding vapor 44 that is used in this case is heated to vaporize the aluminum halide
and the gas would be kept heated before it reached the vapor-coating container 22 as well
as when it was in the vapor-coating container 22, as for example by using heating coils
©31. The sweeping gas from the source of the sweeping gas 38 passes th:eugh the source
of the aluminiding vapor 44 prior to entering the vapor-coating container 22 and carries
the vapor into the vapor-coating container 22. The embodiment of Figure 2 may be
conveniently implemented by placing both the source of the aluminiding vapor 44 and
the vapor-coating container 22 into a single large furnace with a vapor-flow conduit

extending between them.

Figure 3 illustrates a preferred approach for practicing the invention. A vapor-
coating system, preferably like that shown in Figures 1 or 2, is provided, numeral 60. A

workpiece is provided, numeral 62. The workpiece, preferably a component of a gas



a coating tenperature, nuneral 68. The coating tenperature is at | east
about 18000F, preferably from about 1800'F to about 2060day}00and nost
preferably from about 1875 F to about 1975 F. \Wile the containes,
wor kpi ece, and source of the alumrriding vapor 44 are at the coating

tenmperatur e R‘f? r@\éﬁlﬁe pg%lgas%hatérblﬁ lIi!ld%V@qurkxg %ﬁ%h %P&Barﬁfggé biWits

cont ai ner activit he al m ni IS thereby
controlled |p}epatdmnlimmnepa1dbsmelpmm1ht maedtlo&r Thd wordtpisbe B@referhlly imadevof at e of

t he sweepi ng ust ed ring,t.he coating.to vary
t he coating ar"g lﬁ’ﬁ% %‘8161? °\?5F‘§7°[?aﬁt as%%lﬁﬁrgﬁ?*dﬁo Bpice 1 %Hﬂt 9as a
function of Hepidar-tediny b&lﬁuﬁdﬂ&ﬁaﬁlﬁleﬁﬂﬂhmmmé‘@ is thieg cqutedls Rurheralréent i on

has been reduced to practice ysing the %ﬁarat IIus%rate in Figure |
and the procéBeseating step 6 gemerslly yyalves iy ?‘E‘&PW/&WP‘“& SFPsh nc?éﬁ’Pé? ner 22,

- made of gr ap/yidagng YAke &%taliﬂ%@  RIeSworRpiedd, SdRd sotlicB BEthe alvaiifidRgSapdiahes in
internal height. -~ The inlet port was 5/8 inches in diageter in the center

of the |id. aepsting teEeratwip ngmerebo8. Bhg goatinglgpmerpute |t lpastpbawtad$8YEy | and
posi ti oned i%ragléﬁftp(gnﬁ 9501;?'{ SJOk}eto abgthUO(?F ta'ﬂ@ odt fereRbly ft41R a&ﬁl’ﬂﬁ?f?land 9

i nches from e flowrate of the sweepi ng 'gas was about 30
cubi c feet gerabmllB?S"FnleaMnuaem,svoﬂ@mcalaadmwmmef tb@dtlmwgdl%mmro 001 to

about 0. 004 nc about

107517 i n dot S Rl bRERR, K3 CrRA%E: fiold Db IRAL b Raflhe

i nvent i on hasnhken22)asmenz@d Tha ad:ezhialot‘ the ﬁlumnrpdmgmslsdherew qostmlbtiiimn

vari ous nodi |cat| ons and, en nt Q e ng from

the spirit éf%flssﬁgar,}?ﬂlcﬁrdri% f?ﬁ’ {X{H}cﬁg Eaﬁg@the SW%Qplﬁ&‘lﬁlg%tr?%Lgél s not
to be lim tqal@&qemm@a Ry didig tﬁ@wadgd) eirgihigRoatingdraldband 206050 vailyAhd/S 1. A

. vapor-coating systemoperable to coat Rﬁ[;\?ﬁp % 'ﬁ?SI tt&‘ ned therein, the
vapor - coat i fgnes&rEsh @H"E‘P‘P‘é‘?‘ﬁﬁa dE & Stagr Refe o8y a

container wall, the container wall haV| ng at I east one inlet port

ther et hr ough, al |'THe pledént RGN hakieen feﬂ@!éﬂ hﬁiradmawusmg the hyfpiadtus illatreed por t
area, and at_ | east_ one outl et port t her all out]et ports .taken

t oget-her havittFeguse | andibe progedugs ofFamyre 4y ‘iY agnqaéva}i)@g -S03Hng GOHRBCE 25 al i nl et

port area, made of graphite, was 32 inches in internal diameter and 9.8 inches in internal height.
The inlet port was 5/8 inches in diameter in the center of the lid. There were two outlet
ports, each 1/4 inch in diameter, and positioned on a diameter of the lid on either side of
the center and 9 inches from the center. The flow rate of the sweeping gas was about 30
cubic feet per hour. In various tests, an aluminide coating about 0.001 to about 0.004

inches in thickness was deposited at a temperature of about 1975°F in about 4-7 hours.

Although a particular embodiment of the invention has been described in detail
for purposes of illustration, various modifications and enhancements may be made
 without departing from the spirit and scope of the invention. Accordingly, the invention

is not to be limited except as by the appended claims.




source of a sweeping gas in comrunication with the at |east one inlet port;
and source of a coating vapor disposed to provide a Sd@dyi2095vapor within
t he vapor- coating container. 2. The vapor-coating systemof claiml,
wherein the container wall is made of graphite. 3. The vapor-coating
systemof claim1l1l or 2, wherein the source of the sweeping gas conprises a
source of a gas selected fromthe group consisting of argon and hydrogen
4. The vapor-coating system of cl &IIMS 2 or 3, wherein the source of the
coating vapor is external to the vapor-coating container. 5. The
vapor - coating syst e ah, Ghai s ten%ogerra e 10 MG S iQ&\P%QHBr%ﬁ ideif e coating
vapor is within the vapor-codting contalner. 6. e vapor-coating system of
any one ofhetvhgorgeatiogdiste eolmiisiBg wherein a ratio of the total outlet port
area to the to ' : i : hating 1HE
vapor - coati ng é%& totgnéagpg%%?%%%\ﬁ@?%?%&a&@gﬁegagéﬂﬁ?%gﬁthggl% outlet port
area to the tottalkast pheeinleppert therethgough, dbindet pprmtakdnoiggetigr davinga tofe
vapor-coahﬁﬂgoﬁgﬁgﬂaof any one of the preceding clairn, wherein the
source of t sweépling gas is a variable-fl ow source of the sweeping gas.

9. - The vapor caidedshepeppdet ot dheretirgushnal eptlet prets takere igethey haviag adotalwher ei n t he

source of | G i MBRMan S 1B SRl S5t 242 @an al um ni di ng vapor. 8 5 May
2005 10. %ﬁie}?%&pgéét At | Oyt en f IS<';10ny one of the preceding clains,

apor-coating systemof any . )
wherein the saeauese obh swerping ganin nepuvapention with thegtieese orsrinlgt Ros 14 di ng vapor .
11. A vapor - COaLing o#Y Shamk ORRF Allded @ pfRide AeolRNRb&SGRMROSE LiRned therein,
t he vapor-coating system conprising a vapor-coating container having a
cont ai ner cegéhg contaer.cont ai ner wal | having at |east one inlet port
therethrough, all inlet ports taken together having a total inlet port
area, and at |gast QRe.BHLdBlingQEtm LPALR! Nkt thebdntdtk kil ifides taken
t oget her hfaw r;]% a total

Of graphiie,

3. The vapor-coating system of claim 1 or 2, wherein the source. of the
sweeping gas comprises a source of a gas selected from the group consisting of argon and

hydrogen.

4, The vapor-coating system of claim 1, 2 or 3, wherein the source of the

coating vapor is external to the vapor-coating container.

5. The vapor-coating system of claim 1, 2 or 3, wherein the source of the

coating vapor is within the vapor-coating container.

6. The vapor-coating system of any one of the preceding claims, wherein a

ratio of the total outlet port area to the total infet port area is less than about 0.5.

7. The vapor-coating system of claim 6, wherein a ratio of the total outlet

port area to the total inlet port area is less than about 0.35.

8. The vapor-coating system of any one of the preceding claim, wherein the

source of the sweeping gas is a variable-flow source of the sweeping gas.

9. The vapor coating system of any one of the preceding claims, wherein the

source of the coating vapor is a source of an aluminiding vapor.

8




outlet port area that is less than the total inlet port area; source of a
sweeping gas in comunication with the at | east one infdayd®6; and

source of a coating vapor disposed to provide a netal-halide coating vapor
wi thin the vapor-coating container. 12. The vapor-coating systemof claim
11, wherein the source of the coating vapor is selected fromthe group
consisting of an alum num halide vapor source, a chrom um halide vapor
source, a haf nium h#hs dponvcagiog syteoy dfeny enschf the praceiing daimsh aWlegkin thegapor
source. 1 - ' HF’H{}.. ' a vapor-coating contai ner
havi ng Igom%@oﬁg%gégaﬁ%g%fﬁgga??‘%getecprgt% |tdsl§%\n&?ﬂr't he | ower housing to forma
cl osed container, the lid having at | east one inlet port, all inlet ports
t aken toget her Lhavi Agapertcettig sysigne prerghdg to cataavorkpiereosifiengd thegsid out | et

port, all thg%ﬂo?,tcogﬁg%gﬁtehpggg;tgﬂgigget her having a total outlet port area that
is less than the total i1nlet port area; source of a sweeping gas in

communi cati on ewaper-edaEngeonfaingshavinge copfpiaer wadly the ceptner wa pdrg of an

al um ni di ng VapQEasflbfPARE Port &eﬁ{}f?&igg,ealﬁﬁle@%b’r@g AN Ba BaAPR fotaW thi n the
vapor-coating container. 14. The vapor coating systemof claim 13, wherein

the | ower inkbpet#rg. 8%t the |id are nade of graphite. 9 5 May 2005 15. The

vapor coating gViskeshe & pdit Medethr@lohlh otfeFRls Rk RS04 1aGn0h Wddle  sweepi ng
gas conprises a source of a gas selected fromthe group consisting of argon

and hydr egiehportiasea ti és 1635 o thedetal ingt oYt of claim 13, 14 or 15, wherein

the source of a&dﬁ?ce%kh’ﬁ%egﬁq@gas\’iﬁgﬁﬁm&ﬁcaﬁﬁﬁ SRl af Eas&@rﬁ:ﬁﬂ@ﬂﬂf't’ sating
container. 17. The vapor-coating systemof claim13, 14 or 15, wherein the
source of a source of a coating vapor disposed to provide a metal-halide coating vapor

within the vapor-coating container.

12. The vapor-coating system of claim 11, wherein the source of the coating
vapor is selected from the group consisting of an aluminum halide vapor source, a
* chromium halide vapor source, a hafnium halide vapor source, and a zirconium halide

vapor source.

13. A vapor-coating system comprising
a vapor-coating container having
a lower housing, and
a lid that fits with the lower housing to form a closed container, the lid
having
at least one inlet port, all inlet ports taken together having a total inlet
port area, and
at least one outlet port, all outlet ports taken together having a total outlet
port area that is less than the total inlet port area;
a source of a sweeping gas in communication with the at least one inlet port; and
a source of an aluminiding vapor disposed to provide an aluminum halide vapor

within the vapor-coating container.

14, The vapor coating system of claim 13, wherein the lower housing and the

lid are made of graphite.




t he al umm di ng vapor is within the vapor-coating container. 18. The
vapor -coating systemof any one of clains 13 to 17, whehEyR20@5ratio of the
total outlet port area to the total inlet port area is |less than about O0.5.
19. The vapor-coating systemof claim 18, wherein a ratio of the total
outlet port area to the total inlet port area is | ess than about 0.35. 20.
The vapor-coating system of any one of clains 13 to 19, wherein the source
of the sweepi n&’ gasThasvagosepatingyatem diglaim s e 185 Whaiein Sheesopicagl g8s. 10
VAPOR- COAJ ; . SN QQMI
COATI NG VAJIID%I]%%‘%F\E}%}\I(%%E@%&#% Cﬁgm‘lgﬁE Di éﬂCL G\II%EI&A vap%ﬁg-mc%ti ng system
(20) is opwiegste to coat a workpi ece positioned therein. The vapor-coating
system (20) includes a vapor-coating container (22) with a container wall
(28). The cont g.ner TN@YdpokdRind@Stetof AR 301 o 1V, §hheRRY the bRMde of
therethrough, with all "inlet ports (34) having a total inlet port area,
and at | edSplugipidipgyapet is gypmnaltaty vaRoreoinAcQNAMET with al | outlet ports (36)
having a total outlet port area that is less than the total inlet port
area. The system (20)e Vapbidtatind H6lemdF2labn IQUICE I wheeeBPbdigcedsFS (38) in
.comuni cati o Wi'éih the at |east one inlet port (34), and a source of a
coating vg’ﬁﬁg‘mﬂlﬂ §& Vappiis Fithig theyvaporerppidg <8tk i ng vapor within the
vapor-coating container (22). Figure 3

i8. The vapor-coating system of any one of claims 13 to 17, wherein a ratio

of the total outlet port area to the total inlet port area is less than about 0.5.

19. The vapor-coating system of claim 18, wherein a ratio of the total outlet

port area to the total inlet port area is less than about 0.35.

20. The vapor-coating system of any one of claims 13 to 19, wherein the

source of the sweeping gas is a variable-flow source of the sweeping gas.
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