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 gl react at the surface of the conponent to
forma dif £ ‘F&?‘rﬁ‘% cyelopment phgon-yyichsbiand colrlt-tssospersleysand theper abl e
and are W deJ of okRIBebn-ledisthut eVifohineMhilcohtfhgs capable of protecting superalloys from

oxidation, 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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control the final thickness and the alum num content as a function of
position within the 1 5 May 2005 coating in VPA procé3das200Gne approach
has been described in copending US Patent Application serial nunber

09/ 417,468, filed October 13, 1999. However, no apparatus for
acconplishing the coating in a cormmercial setting was provided. There is
accordingly a need for a vapor-coating systemincludi ng an apparatus that

provi des thass 1n0v9£9@91‘ol:és§ése@ne I;k}ﬁoaeﬁ &5E Blen JA¥SIBE] gpcé&k:khd‘mg Us falths need, and
further provides related advanta BRI EF  SUMVARY | NVENTI ON The

present m/dRiFRdAn ﬁ?l@x'mﬂa‘geré?%é%?gg dilesk Prigpes y 3¢ 1999 UAEVED 0 ABRFA D At a

wor kpi ece.forl BgcoPRHinC @@t boting Yint £Moirh NN bdinoaGlal VirboidQf THRg: $ource of
the coating vapor to be controlled so that the thickness of the coating

and t he céﬁ‘i?é‘%‘ﬂ%lyéﬁe‘iﬁlff‘”i HERPOLEAtnE RSt inclydingan;agpprelrs Bydrevidsn thepf ough t he

t hi ckness c@fabliigs. CORL hRGnBYeReonC AMNOiEGeed, A RHBSCHbLviIARPEPAGH May be
practiced by nodifying existing vapor-coating systems and procedures.

accor di ng 2%0E8e: aspect of the present invention, there is provided a
vapor-coating system operable to coat a workpi ece positioned therein

conpri ses BRINRBUMMARY OFITHENWENTION havi ng a container wall, preferably
made of graphite. The container wall has at |east one inlet port
inlet port

t her et hr ough, g(l | inlet. ‘%mrts t aken tg&eth er havtl nq.] ot al
area, and at | d48PSHE BIFETE PREAE ¢ HEPECRTBEGHRIIhI 1B 58¥ 5 t aken
t oget her havipige alteOtafbr-coatitgl @%tetlﬁ@llbw&ﬁl&aadtlhﬂﬁ of thel ®eaige oh e doagng ot al i nl et
port area. Th S a.s weeni ef er abl n or
Ry ogen. P b RAEUET B Ph Coraea o Beeeignind bF bl S 2 sour ce
of a coat Icﬁ@ngaf)ﬁ)fuxﬂﬂlcﬁlpﬁ'%dtlérahﬂmg’l/tlﬁﬂu&m@@ﬁﬂﬁ@o‘sﬁ&’@ﬁﬁa%dd’(bhllﬂolleﬁe
vapor-coa;[ihn cont ai ner. The so % t he coating vapor refe bly
el udes dURgrerd s e P e6 BemSoibicr ROt P RBRE RS Bl deposi t ed
i s prefer ghlcyduadsum num or chrom um nost preferably al unmurn, but ot her
metal s such as hafaium and zirconi um nay be deposited
according to one aspect of the present invention, there is provided a vapor-coating

system operable to coat a workpiece positioned therein comprises a vapor-coating

container having a container wall, preferably made of graphite. The container wall has at

least one inlet port therethrough, all inlet ports taken together having 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




as well by this approach. The source of the coating vapor nmay be external
to the vapor- coating container, or within the vapor-cHMay§P06ont ai ner.
Accordi ng to anot her aspect of the present invention, there is provided a
vapor- coating systemoperable to coat a workpi ece positioned therein, the
vapor-coating system conprising a vapor-coating container having a
container wall, the container wall having at |east one inlet port

theret hr OHIQQ’an@Ltliedsmn@ButR@f)cgr?thE@ FE,%Q%H’&‘ OMﬂeﬂ%g%thEﬂ{a%ingh%tﬁt port 25
May 2005 area, and | east one ou t her et hrough, all outlet ports
taken t ogeutépomhasep ﬁtgt # lessitlan th@t?tqléftletwﬁtar@r aaowrpraet 4 §7qcRBg Lihiln t he tot al
inl et portyahefeation $AH kSt %st%nﬂiﬁ’&ﬁ%bﬂ?@an%%oﬁrﬁe ofCOLY E:Rbi Akho¥ddt h the at

| east one I nlet port; and a source a coating vapor disposed to provide
a metal - hid Rra‘éd%lattalrhjl%@etﬁngmamwme VaRpLPARERERNIFHICE ont ai ner . Accor di ng
to anot her aspect of the present invention, there is provided a vapor-
coating syst emacQiiihd & 43Ethér ééﬁ&@ﬁfﬁ@??éséiﬂuﬁr%foﬁ' B8E ihpéliass Avaewer housi ng;
and a lid that fits with the | ower housin forma closed container, the
li d havi n§P%ife Fiest COREsing pSpPOrSEIing catpinerfaxing 3dpver houing atlﬁl)@é’tdher havi ng

a total i fHafhits RAR theAb @ hodit 18 form@adsePMRtatef, hiRllid HAGNE at 18dsl oIkt poOrts
taken together having a total outlet port area that is |ess than t he total

i nl et por Porhraldnlebpats ke togethgr baying s 9h! §4L PPT 2EBndRsrAt depet 15 SHEth t he at

| east onepér)laBlboutldd Pérts tal@h fogBthS NI E a dtalditlét pbiafeh thaid 10604 tdikg@gosed to
provi de an_ al um num halide vapor wthin the vapor-coating container. A

rati o of {0 PPHRER DIAFEOL BSIEPHIZERS ihoqmpRIniGtion With therat fgptonginde j s | ess

than 1.0, orpraﬁd @Mtdexbfwathﬁﬁlﬁhﬂghagoﬁb@uted@o Providdish AMstuRmeli@~aply is |ess
t han about 0.35. The source , of the sweeping gas is desirably a

vari abl e- FItBR Ro@pPe<ogmec¥ei8deepi ng gas. 2a 5 May 2005 The vapor-coati ng
systemis preferably used to coat only an external surface of the

- wor kpi ece, andaimtid bathe G@gleoukiBEportdred topBs tadal alet fdncareiislieds thar 1.6, are not in

cont act
preferably is less than about 0.5, and most preferably is less than about 0.35. The source

of the sweeping gas is desirably a varigble-flow source of the sweeping gas.
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registry with an‘interior of the workpiece. In one enbodi nent, the
vapor - coating contai ner has a |l ower housing, and a |id5M#=2006its with the
| ower housing to forma closed container. The inlet and outlet ports are
inthe lid. In a particularly preferred version of this enbodi nent that has

been tested, thepe votBBatif s %slﬂ&n ﬁqy?éfalam%sed%oEw@h@%%&w&aﬁ)&gﬁe@bﬁ i nches

- to about 8000 cubic i nches, total Outlet port area Is abou
squar e i nclihe Wedpieps anfmfhat ease thepolet pagtseradithe eusistiports. e ngigimanoatarine hes The

vapor - coat i g% nﬁ”ﬁ Zr{ekigmthé‘ﬁo%gfebé” ty of the al um num containing source
t

vapor to be roll'abl'y varie controlling the flow of the sweeping gas
through the vapor-coating container. Qher features and advantages of the
_present i nvent i &horkidmbodisnent Siravapen-coatiageontainsr hasld lowkniepusing.candetlai | ed

descri pti O%a?i’tstxﬂﬁltﬁé B@v@mﬁo%gl ?%g‘{l g@l{&&ed cBﬁtQiKS“ T'h?m?cg)gh&jglﬁlte{ﬁ{{'ﬁe W h the

acconpanyi ng draw ng pr| nci pl es
of the i nvemthedid. Ianmrtsmtarlg pcdfeﬂebeensmne%w@mbmhnmmtthat hmwemetested themi ted to

this preferred enhodi nent.. BRI E T1. ON T NGS, Figure | is a
schenat i ¢ dRBIET O SBREReTF POy A gMHER 1575 PO O Bg® 1 ot em
Figure 2 i sotal artlbeyoat drea depbuttll iosquatk ischsadahsoe et potinireadt abdig 0.3

‘vapor - coat i tem and Figure 3 is a block flow diagram of a preferred
appr oach féﬂ'gdé%ﬁ%ﬁg a wor kpi ece. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Figure | depicts a first, preferred enbodi nent of a vapor-coating system

20. The vapor - ffbeatraipngcfmﬁﬁg gysteRhllows thedervitp of thp alundinmi-torgaisiop k@irer 22
00, O s By o e S o g e 0 0
t oget her dehpdiRoding@bhtaidé. OHéIFedn@POind G@RNIaP& oF ¥ BB inveAtibSwilBed May 2005
apparent from the following more detailed description of the preferred embodiment,
taken in conjunction with the accompanying drawings, which illustrate, by way of
- example, the principles of the invention. The scope of the invention is not, 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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of the construction discussed in US Patent 6,039,810, whose disclosure is
incorporated by reference, except as di scussed herei nd M&e208al | 28, and
specifically the | ower housing 24 and the Iid 26 are preferably nade of
graphite, as discussed in the '8 10 patent. The vapor-coating container 22

i s heated, byiheeahstrictin didcassbdih US Pitéit @ oa9§w RAGE: ditdiature iSint@psraeant ed |
schenmat i cal ly by electrical resistance heat i ng coils 30. A workpiece 32 to

be coated, BBFCPRepIesPhpediscassedhereinplhsevall 28grnd SP%lemaQE@G lgwet BousiE | ower
housi ng 24 sangy tB%dkdrRefeibBaRR YL % pﬁlﬁeaslcﬁé%&eﬂﬁpﬂ"xb g} 024tensThe wal | 28
“has at least one inlet port 34 therethrough, here iilustrated as one inlet
port 34. Al of the inlet ports 34 taken together have a total inlet port
area Ai- neasur edhpEpgEReftiag Fentaing 22 hehegied, Hpissli i Riagine it Bdo # fjreaceport 34,
The wall 284hag r@ﬂreéeﬁ@égc efﬁgf?ca %'B%' BlkctRQH hesé@n&h%ﬁ %k‘d?ﬂégb , ARRIGidde! ust rat ed

as two outlet ports 3 out ports 36t et her have a total
outl et port 3atebe Watqde@ps@ﬂhtma]@@rtmbmIblawde,tla)pl@m igtedt ¢10®W hqusingggh t he

-~ outl et port%]mf&?‘l@a}? 1%%%@Pﬁogﬂ§g%%%eag%kg§4ea A is less than the total inlet

port area of the total outlet port area A to
the total inlet port area A, nust be less than 1.0.éeThe ratio AJA is
preferably | ess ThawalBdbes € 1&st @ecnictmnrie34 eretheughl Bere tlhetrated sonaJ A, i s

| ess than a e, fl ow of
the sweepi ng{ﬁ %{ g%%sb%{y?grﬁ% P E%St ?[ﬁ%eogﬁeer?glsﬂg etér)ltgleﬁu% B%Ni%r#segoi
al um num someesalmdapmendmtldmmthe gfs fb@rlinaugiahe ﬁ&tptayM)eTl&wﬂrZah@ayleasjnt rol | ed.

The <control _is tt ti0.,Al i s Ies and even
botter 1t o Ra FuFaditll ferolfich Her yrieitedisd S GRis P B A allofoor@00 Thre
defines the3é6utaken gethdr hhi?Bal total ket oy drea¥gyneafiged pibqidﬁdlchlaﬁtoﬂﬁ: @f flothe

or el sewher.e. oat i ng

vapor -coat i cont ai ner a The, vapor-c

- system 20 fﬂ%?‘!ﬂg‘rtﬁ‘f WH‘%B‘E? 38 Zfaﬁwéﬂﬁ%tﬂefa%%%ﬁp ﬁgleﬁélgangge fOF)?? #8Gus f1 ow
conmmuni cat i graW. t(Thihe u&tradl@ﬁ,,% oTRR tbtﬁlloﬁﬂet@,eﬁrareaﬁotéf e t&malpaﬁ aftds s
preferably an inert gas such as ar%b/n or ared umtrlllg@a?s such as hydrogen.

The source &% mustihe lesGapildy ThesraBBA/AcH nreéasably lpsss @0.50Eyeigiotkay be of
any operabl 8,dryPfy, (BUGHRo &S é,/A EI%S% %ﬁﬁf?bﬂsal\%"i’rﬁalﬁ Ertlluzepagfe b /mhgidd ke. The

source of the smeeplng ga includes a Varia controller, here
i |1 ustrat edabewsathe dlowad] the sweppinglay & becontyglladrsoghatttheeresidence of time of

aluminum source vapor within the container 22 may 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




flowrate of the sweeping gas fromthe gas source 40 may be varied. In a
typi cal preferred case of the enbodi nent of Figure 1, &Mayeld®5the volune 4
5 May 2005 of the vapor-coating container 22 is from about 7000 cubic

i nches to about 8000 cubic inches, the total outlet port area is about O.

1 square inc and the total.inlet port ar I 5. about 0.3 are. i nches.
The 1 Tow 1 a08 IS apHEFCRIREHT A eLAAS BOT ot 7038 ciin Pesce o POUKaie ot ° s
varied as dgsdhes @hd totabdiitiel poktieeads hbotit D) sgfiaré fieh,ced tengtaMiaRoporthiehisn the
vapor- coating container 22. A source of a co_atigsglé\éﬁ{)or 44 i s disposed to

provi de a c@hPytl spEncRes HihG forerate of s seSRIDE 885 i3ﬂ§l‘bi§ et ¥e source
of the coat ig: MAROfaribd fsfcf?:%i?éﬂltbf allté‘r%él&%%itﬁoftﬁ@&&!ﬁhg GageR kil th&ugr-as a

metallic fluoride, a nmetallic chloride, a nmetallic bromde, or a netallic
i odi de, t hatcogtingmontaimer 2% or bel ow a coating tenperature. The preferred
source of the coating vapor 44 is a source of an al um num contai ni ng

hal i de vapor or a SQKE6Ea chfindvdpbf 21T Uth&RE ihrtN ikt lihERapyPRihin tieut
sources of other netallic halide vapors such as a hafnium halide or a

zi r coni um hatapefeconting ¢ratainsed2. Nihwtsoriss obfthe %tl%ﬁfﬂori’(ﬁf?fé@é' in¢lgdesife used to
deposit, for,examphg , sﬁ&hﬁﬁ aq%tﬁﬁc ﬁb&ﬂe@ﬁbﬁﬁi@%ﬁbﬂ&é}ﬁn@lﬁgﬁom, &a

chr oni um contar ni ng RalT de.” Sic saurces are known'in the art in other

appl i cat i ongnetalkix Bxdjdegbativagirizckeat at betpw arepatingtearperatyreh hepraferiad syvaee

zirconium chl.gride. haffijum _fl| uaori . The . ' f [t er est
s an al um r?lgﬁ?eccc?ﬁtmgnv ?Oréﬁds ???8’°§8£F§§‘“8’%“f%%°“%§‘8§‘??‘{ﬁ%‘@33p5P Fggéulrésent he
source of t haahiemiumtoartanih@hatide gapohbat scavehoixsher metallicthalidermpotsahéhde vapor .
The remai nder of _the qj scussion wil |l be directed toward.this case, with the
under st andi S BRI halidg St Aropiug) halide may b ired MRS 9E e BFPSE (o ot her
coating vapQkay SOueE & degokif UbLedanipld, $aéH & fSalaRirRibamttaiing haifieraidn t he
source of the alum niding vapor 4 is within the vapor-coati ngt cont ai ner

! D .
22. The sou P@@f@f‘mtﬂ%ta‘dlmgrﬁahﬁi%i Sﬁ’_(jh verHess a&ﬁkn"fﬁ“éf‘ e 1 ofher PRRISRULS: al uni num
hal i de such A ghitdThd® addrhifrith Wbl HamRARE dn@fR kirdbnium chloride, hafnium

 fluoride, etc. The coating of most interest is an aluminum coating, and the source of the
‘coating vapor 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
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

5




el emental alunminum Both of these source materials are solid at room
tenperature. In the enbodi nent of Figure 1, the sourceMmt2®bbal s are

pl aced inside the vapor-coating container 22 in baskets 46 |ocated within
t he | ower housing 24. The workpiece, and typically in a production
operation, MEkRk g ackHA O0e Ybdehe floor of the vapor-coating container
22. The inlet port(s) 34 and outlet port(s) 36 are therefore placed in the
lid 26 for convyeni-ence. Optionally, the gas flow ng fromthe outl et

port (s) 36 is pdR<easingdheflayamteat dhesiygeping gas reduces the activity, pad depesingappar at us
48, such ash@f1e@Sas Or w8 ceni ' AR . g&ggi ng gas
reduces the acti vi_?&,rf and ea%ll(;?gg_f?ﬁﬂsg% F}Hg%ﬁlgijgté%%gj%?ﬁgﬁs@ epi'ng gas
~increases twEeEendipglyydecespsing @r dnereasingi ¥ regidengsotimpyin tho rvapspatigngl v

decr easi ng [ ' ' | I i ] . - 1in cont ai ner
22 The 1 ni SRaLBEPE PRclliotd sy S126) ARRARu Ferlel 1 YRBSG Rl My, O 11 e
‘may be i ndrausededby increasing dierngtiityenduetidarict fimanfthe epochhrongh b deveeasd t he

vapor thro e e in.the flow rate.qf the sweepin as. .The amount
of al um nur s e ST R SCPine 2% e Ao i 8 i Rt it (HESOHRE al o be
vari ed, so ashditnctibreofdingt mayhuldoi be vaddd, |l thatitreidistrituionahlidhigum bgkaigss of the
coating may, be van-e'd as a function of tinme apnd the position in the

t hi ckness oﬂfucgrhe S8%§‘Ficﬂ%fn,g B ‘éa“fgiaf" P fuehign QEtIH‘esaégéli‘FdP%H’(?BdP f¥nt of the
vapor - coat ithigkimeyséfane &Rtinghi ch i s operabl e but less preferred than the
enbodi nent of Figure 1. The vapor-coating system 20 of Figure 2 is simlar
to that of Fi guize 1, ﬁxce t as wil | cgf dis ‘glgsed next, and _the,

above- assi gned fE8% frspeond emphofiimens oL g yapopreating sysim A% &vhighher wi se

i ncor por at aglopepiblé ber 1esENReleFEd thaf fthd érBbYdaneht of PRURTPOAHERAorQbatfHeouUr € 2
differs fromth%_?f. Figure | in that the source of the alum niding vapor
44 is ext er¥iem £ ot Fgurg 2 povimiyde thatotdigwrel. sesertas witfhe disenssedmeys andhe

~ the above-assigned reference numerals and the above discussion are otherwise

incorporated for the embodiment of Figure 2,

The embodiment of Figure 2 differs from that of Figure I 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 thrbugh 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
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al um ni di ng vapor 44.that is used in this case is heated to vaporize the
al um num halide and the gas woul d be kept heated bef oféMist2Gisached t he

vapor-coating container 22 as well as when it was in the vapor-coating

contai ner 22, as for exanple by using heating coils 31. The sweepi ng gas
fromthe source of the sweep thr f the
al um ni di ng % rengﬁleﬁwﬁloaiﬁ at%lrl!}?nnt e?‘}en% "&ﬁlﬁé% eb% &%gd??‘%]&s%%%%?@elrtgzz and
carries thq)ru;ﬁmronlumcmapkteof/th@pnesmanvenmncwm wbnkgrecaﬂ préfhablgrmddbfrent of

Figure 2 may he conveni ef b i n at h rce of the
al umi ni di ng ardpBFP aﬁ%aa?ﬁéfe% %%368[? rﬁ%ﬁ??“ﬁ&‘@%ﬂ?@f n‘g?r 5 ‘ﬁf%’“gte i'hgl e
| ar ge fUrnaQﬁeWﬁohc@tMQQ@ftmﬁerwmlﬁﬁMM Tixiazhslededs theh vemsd, iliseral 66i gure 3

illustrates a preferred approach f racticing the in ent|251. A vapor -
coating syst &B cqsing gepbt generally ipvg t"’S E’f?o‘i%c‘ir‘f?n fRnducteq staps. Sne; SEEPFB‘? ovi ded,

-nuneral  60. fheakiy Jffﬂh@&%taﬁr&r REOVdrifice, aﬂws@hrc@%fthmmnﬁ@ialﬁ@ ve%eam ef erabl y
a conponent of agas 6 - - - --------- ----- 2005 turbjne englne

such as a t ur¢siatieg @Il@@@fl@? uers! 62 V%@at“il&teﬁ‘lpéfﬂ&‘l“é& ag dasstabpd W00 ng it s
preparation r_#agfe&ﬂb ForR B dut ?éoo‘rht% aBEnﬁ%ﬁﬁ"F 'a'ﬂél’ RI05{ [REBFerablio MR bR BEB°F S

preferably an 1 ron-base, a ni ckel-base,” or a cobalt-base
-~ superal | oy. thbowkdPKPF.eBile sherontained Workpiechand sgyaee. of dbe ﬁlln@lf@djﬁﬁ wWpeer 22,

nuneral 64. The step 66
general ly i nvoa\ %‘é@ﬁ‘{<&a§§£n ?r%tgﬁf Fx%%@%ﬁ%géﬂ yﬁff@a}gd gﬁ o%ﬁﬂ@v&@g@(}dg HH% heati ng
of the cont aiontiner zzbaum'akm dthe actanmyl of thealsmumaheg @det ghabhyrdonralledgn vapor 44

to a coati ture co te t | east

about 18000RT MEPBFAEIS! PO, dB eBn e B epott IBO0E el st
~preferably fddameabﬂuﬁeral&%dﬁmgtme ad¥didlf tol @irpthe. comitig ratet dnel alsortd abryehe

. wor kpi ece, and source of the alumrridi 44 are.at the coating
tenperature , ConprATaiRIefiafpnigwa as a fune We‘?f%gﬂ’ﬂ‘ g‘[‘)}@hthf’ ﬁ‘gf%?aBB&w E%an

container 22, nuneral 70. The activity of the alum niding vapor is thereby

controlled in tmewmmv&@ﬁumdmaﬁdeuwpmdﬁbedmgmedppatdns illdsouved at e of

t he sweepi ng gas nay
. P g %1gure I and the procedure of Figure 3. The cylindrical vapor-coating container 22,

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.




adj usted, nuneral 72, during the coating to vary the coating rate and al so
to vary the concentration of alum numas a function of Mig@0b5from t he
surface of the coating. The present invention has been reduced to practice
using the apparatus illustrated in Figure | and the procedure of Figure 3.
The cylindrical vapor-coating container 22, made of graphite, was 32
inches in internal dianeter and 9.8 inches in internal height. The inlet
port was 5/8 inches in dianeter irCitAdlkenter of the |lid. There were two
outlet ports, each 1/4 inch in dianeter, and positioned on a di aneter of
the lid on either si f i r-Oms: eater. The
flowrate of tE’e sV\écel%])(%gcogg‘%%&g%ggﬁ%r%b?@%ocgatca{}g‘%}gﬁ?égep? ET%{)arir%ﬁrtmurl.’ I n various
tests, anthglveporicedtide systsatdomprisipout 0. 001 to about 0.004 inches in

thi ckness was %@%g%gc%’atﬁ?%u ta’ ra%t)ﬁﬂiﬁerQIrd a&@%nté]h?&_@;lﬁma{riﬂg about 4-7

hours. Al thoug ar ePe odi ment of the invention has been descri bed
in detail forapleasposseivlepport Hierethreughi dhinley peitogkenntogitiiar datipHm$otaind
enhancenmep}s g@%fepgn&mde wi t hout departing fromthe spirit and scope of
the inventioh. Accordin ly, the invention is not to be |limted except as
by t he appendedf ledsténemutlet part Kiepetzoed, alopulenmrts takap {ogpber-haviag pigjalsy st em

oper abl e {1 C0af ard NAGHPIOGE aRASHT il Jdyerein, the vapor-coating system
conprising a Vvapor-coating contal ner having a container wall, the container
wal | havi ng at a pasestof @ Aecepiak ges ip epramutigatien With thylat leat pog ipletortpdidt s t aken

toget her havi ng kAo Blor BYdsodh Gy ikoRing BASwiBIRROWoR! POTt

therethrough, all outlet ports taken together having a total outlet port
ar ea t hat cqegng eepginehan the total inlet port area; source of a sweeping gas
in conmmunication with the at | east one inlet port; and source of a

Coa: ing vapor gi spoggivaher-da@id e of Qi NIERRhe Wirkdhdd wall @ MAROr - coating
contal ner.
of graphite.

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




2. The vapor-coating systemof claim1l, wherein the container wall is nmade
of graphite. 3. The vapor-coating systemof claim1 or5Rantd@bei n t he
source of the sweeping gas conprises a source of a gas selected fromthe
group consi sting of argon and hydrogen 4. The vapor-coating system of
claiml1, 2 or 3, wherein the source of the coating vapor is external to

t he vapor-coating container. 5. The vapor-coating systemof claim1, 2 or
3, wherein thel&our te @porichaing sxstem dfgnyensof the proppding olpimh evhesgiothecoat i ng
cont ai ner o, e of A8 HAROVAHOR bl BTCHS i BindPgoone Of the preceding clairms,
wherein a ratio of tAe total outlet port area to the total inlet port area
is less than about 0.5. 7. The vapor-coating systemof claim6, wherein a
rati o of the tbtal Auepwtcoatpgsysign eperable tofveattagverkpipas| nositipnsetheagivg i s | ess
t han abou;heq,algﬁ,ma@mgg’;ggémvcggﬁﬁgiﬁ%)ati ng system of any one of the preceding
clairn, wherein the ‘source of the sweeping gas is a variable-flow source
of the sweepi ngvapascoagng quntaingakpyingesattping vellsthe aensfineiwgll spdnof t he

precedi ng cl ai WEeasBRY fRieD pded BrereBPMIph CalPfnleh BErLCARM DGR RNind § tqtaiSOUT CE OF
an alum niding vapor. 8 5 May 2005 710. The vapor-coating system of any one
of the prodctapthgesiped ns, wherein the source of the coating vapor is a

source of a chrquAidQuiaRBH thetethrodphy APAlCRAL kdkeh &YSh&MGREL &R tO coat a
wor kpi ece positioned therein, the vapor-coating sySstem conprising a

vapor - coafitishparioneadhal ésrless han iy tefaldplst pert#esa wal |, the contai ner wal |l having

at | east one iplRtceRPh Ewéepﬁggﬁshﬁg&%uni@ekibn ivith Bl aPREst SndiikERdt A@et her havi ng
a total inlet port area, and at | east one outl et f)ort t her et hrough, all

outl et ports taRkerca efgeepipg yapar fifpesed ¢ grovide 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.




outlet port area that is less than the total inlet port area; source of a
sweeping gas in conmunication with the at |east one i nb&Mayd¥06; 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 hal i de vapor source, a chrom um halide vapor
source, a haf ntim hahg vpoyengtng seigmed clamd 3 or Aty whmgin thenwbicg ef thgapor
source. L gvecfiny BRAULMEARS b Bhrsth G LRIRA [rSinfilt oxp BRALiIE BPkkhcRONt Al ner
having |ower housing, and |id that fits with the lower housing to forma
cl osed cobtd®sser, the |lid having at |east one inlet port, all inlet ports
taken together having a total inlet port area, and at |east one outlet
port, all outlef PoTksSvipakeniiLgekhes Daxi1ng1Aot B HhcRii h8lour@it area that
is less than the total inlet port area; _source of a sweeping gas in

communi cate dlmipidipe vaper is exteraglde ths yepar-gpatips pytiainerand  source of an

al um ni di ng vapor di sposed to provide an al um num halide vapor wthin the
vapor - coati ng cont aTkevaporddbatind & sARTTClGAAB] NMDorSHSS WdBleRf the kaird® k3, wherein
.the | ower housln% and the |id are made of graphite. 9 5 May 2005 15. The
vapor coathfAYTEdpe 1aPetis Bithinhevapgsreogtng cRaingh n t he source of the sweeping
gas conprises a source of a gas selected fromthe group consisting of argon
and hydrogen. 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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16. The vapor-coating systemof claim 13, 14 or 15, wherein the source of
the alummi di ng vapor is external to the vapor-coating édYiew2¥¥r. 17. The
~vapor-coating systemof claim13, 14 or 15, wherein the source of the

al unmi di ng vapor is within the vapor-coating container. 18. The

vapor - coat i ng sYAPERrGPATING SUSTIEN NCLUDINGBCOATING OUNTANERa ratio of the

total outlet port ar & debgled rt..a ' ess than about O0.5.
19. The vapor-coati ngﬁ‘g%;&tdem OQLE)F(S% G—%gb&%éﬁr\#@ﬂ o of the total

outlet port area to the total inlet port area is |ess than about 0.35. 20.
The vapor-coating systemof any one of clains 13 to 19, wherein the source

of the sweepiB] Rysl PF THERISCARISYRE ow source of the sweeping gas. 10
VAPCOR- COATI NG SYSTEM | NCLUDI NG COATI NG CONTAI NER W TH CONTROL OF

COATI NG- VAPOR ACA Nb&%oaﬁr@%%gﬁ‘gbg gzop-gﬁlﬁie b o5t %ﬁgiecéﬁgﬁ@%_g gh\(?;gt. Lng system

(20) is operable to coat a wor ce positione rel e|6‘Zir- coating
syst em (20) ThEdPRRI<atingsysieon (29D weludes apomdoatng doR@inen{22hwith & omttaingrer  wal |

et et hr ougfi D T Poraitr 841 65 1 ac 651 he g0l B ity bl o e,

and at | easirléneorisuf3tbhayiog & 1086 )inlet pert etrda; audhat leuist bnaloutqusdre(3gorts (36)
having a to el e i.s | than the total inlet port
area. The sghﬁegﬁqb%o‘%“?g‘; {”H%{p °?"ﬁima‘§“%a g’%‘ﬁ?'ﬂ:@t Byrt %Fe%méte‘ﬁfeﬁb%g’e( 38) in
communi cat i ttal wilétipottlareaaThd systsin (20) durkiier RcluB&alsol34df a FREpif %ﬁ&{ﬁ&ﬁno‘c a
coating vapgrmlg44%a. di spase to provide (;1 coat i ng vapor vm% in the

vapor - coat i nog Aunication v ?12?? leastg\ﬁ)w £ pogt (34), and a source of a coating vapor (44)

disposed to provide a coating vapor within the vapor-coating container (22).

Figure 3
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