i1 2005 APPARATUS AND METHOD FOR | NTRODUCI NG SMALL AMOUNTS OF
élleéRgx& ORY ELEMENTS I NTO A VAPCR DEPCSI TI ON COATI NG BACKGROUND OF THE
| NVENTI ON The present invention relates to a vapor depositi o Appabed us and
nmet hod for applying a coating to .a base material, and nore particularly to
a vapor deposition apparatus and nethod wherein snmall anounts of

ractory el enent ' (NaTa] ' gsition coating. The
[ﬁfermal ezaporatiO%Pglm%@nﬁg‘r@gﬁ%ﬁﬁgprﬁﬁgmgﬁéVEﬁQ such as netals to
forma coating on SM#ddeAMOUNTS OF REFRAUTOR ¢EI/EMEBNIR as vapor q
deposition, is a rel at%g%&{&ged art. There are many sophisticate
prior art techniques D EEORHION GOAFINGsuch materials to be
evaporated froma source and condensed to forma coating or |ayer on a
substrate di sposed a distance fromthe source. Such processes all involve

heat i ng BAGKGROWUND:OF TeIERAIBNEIGN t0 a tenperature at which it has a
significant vapor pressure, thus creating a vapor stream Heating

. : . . . be
t echni ques i nclude.direct nethods, such as heati ng the nmaterial to
dggosi ?ed usi ng rggﬁeﬂ%?ﬁ@é{“’ffmﬂéﬁlﬁ@mo &vapor deposimmpparahgs@d beam neans to

: || | Bk t Lal, 4o be evaporated, or indirectly,
gﬁl:}] :s nﬁ)i/tm?]deﬁé)?iaﬁg??%tg c‘a‘rsiltlljr tgcagl‘?aggﬁ'fgﬁ{gflagﬁgé e P?‘%‘@gﬁﬂﬁ’é? RAPPANd f1 ashing
the mat depefitiangpparabisapd netted whdreinkmalihaiovatsdfasRactdiyRIGyaROsat ed mater i al

: ed.on the surface of the base material, thereby
:)Pg\r/ieg}‘ t#n’g‘"'r" g%tgm%g?’%e’g%ﬁqmﬁ&?%gﬁ%ry materials are often desired to be
I ncorporated into coatings applied to the surface of conponents exposed to

“hi gh t enper at ur esThé tlehnfleveidiatiort AHdUoR8erR NP IS n‘('%t@rgaz%) g%:i;lgasal iain

' ' known as
aircraft engines, to act as a protective coating in T OCt _
t her mal n}ggqls?qo PrR 8 503t qurBEse malrisb bonfioonlylegferséd forg vapeani ¢ barri er

coat) nbaerkiBnz S5 Biay oL ) ML Y 35, Do
Skel | y, teghniqunsiand appitgseacvitich périesuch BRIl tolRevaSGaRAEJfYENt | O, namely
Gener al S0 | c%catnﬁlcgn ensngfltrc])yform a coating or layer on a substrate disposed a distance
from the source. Such processes all involve heating a material to be evaporated to a
temperature at wh_iqh it has a significant vapor pressure, thus creating a vapor stream.
Heating techniques include direct methods, such as heating the material to be
deposited using resistance, induction, electron beam or laser beam means to melt all
- or some portion of the material to be evaporated, or indirectly, such as by heating the
surface of a higher melting material and flashing the material to be evaporated off the
hot surface. The evaporafed material thereafier becomes condensed on the surface of

the base material, thereby providing a coating thereon.

Refractory materials are often desired to be incorporated into coatings
applied to the surface of components exposed to high temperatures, such as gas
turbine components used infer aliq in aircraft engines, to act as a protective coating in
a process known as thermal barrier coating (TBC). Methods for depositing ceramic
barrier coatings like zirconia (i.e. zirconium oxide) which serve as thermal barrier
coatings are known in the art. For example, US 5,773,078 to Skelly, commonly‘
assigned to the assignee of the present invention, namely General Electric Company,

discloses an improved method for depositing zirconium oxide from a zirconium oxide
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di scl oses an inproved nethod for depositing zirconiumoxide froma
zirconiumoxide -1 11 April 2005 source onto a base nmaterial by neans of
physi cal vapor deposition, conprising the step of adding zitcémil@i®met al
to a zirconiumoxide ingot as the ingot is heated. Despite the

I nprovenents realized by the nmethod of US 5,773,078, use of a rare earth

netal  coure @iehbas ntiteria by Wi bl phydtcaPVapBy AR, SAHPpGEnE Meses probl ens
due to relfagiz’e of the oxygen present in the oxide and difficulties in

r egul atSteRCL FEINEAICERIHM Fetablo £HrRIBEIM pxide ingot #rcthe drgelt is egtedeposi t ed
condeng3¢Hite WEHRS ' Lal W ed.and applied as a
coati ng st%(i)ea_ bg@é %%%ﬁg%{i#gbg%nﬁﬁeﬁpgégs iest’uen al%%%ﬁ}f,‘a@f% r obl ens
are enanefat exiddsuchns ziseorinra wikide, astah evammpo sodrcocadts plobleanadedo mat eri al

when appj.ied t he vapor deposit.ion od. as descrjbed frequently and
undesi FE{S’F‘V ?ﬁﬁe st QEFFF‘HPP @‘%‘?’??‘f‘eﬁ“}éﬁh{]@ﬂ'&ﬁ I Frgukating dkq witmmgy t he
starti R coRipeEitidh in BB fsAltingRp6HRELBRENSaouUl d not have a uniform
conposition through its thickness which closely resenbled that of the

starting material. These problens were directly due to the fact that the
rates of evapor aVheis thy stattiagematsrialdatbgienengrated amdbapnlietlias e onatitg uent

starti pgaiBtefbakagl! . thei r.vapor pressures at the
t enper at 3( egﬁk?h%ﬂgvgég?ﬁa? ?%thﬁllé%hrg@oe"ﬁ gfhﬁpgrﬁieﬂel%aasr eg o ?e'r% SI,“ particularly
mul t i-- perticularythe tompositym ofithe corted mateeilwhsnt Hplibe bedlie vdpepi cal | y have

ignifi tlLy high han the others, such that the
conden88betidn Relades deibrbed fecaently Andundseierbluap subssdiellgKieents. |1 the
mat eri ganBe B&np&‘llﬁﬁ%ﬁﬁ@%aﬁﬁlg I%I?atgﬁ%‘i,e&d)’d?lt%nﬁeﬂsa'tegwfvﬁﬂfd' dof hiyeSyapor at ed,

the condensate will have a non-uniform conposition roughout” Tts
t hi cknusiormygempgsition thfdughbtits thickuessmbichotusplyaesenmirled that bethst ar t i ng

CoNpPoSi.i .he teribgl . If the startjin terial is cqontinually

r epl en{st%htgr& I%étl?%%' Esesﬁyf?ﬁ?lﬂ‘{’ A°Hi %@Y?B%étﬁﬁ?&?%ﬁtﬂtﬁwtﬁ%@? t he conposition
of t heevagorativnsaietenydntd cobriftidineke mhrtpwﬁw&nﬂs&a%tihgh%aﬁﬁub afehe el ements
whi ch have higher vapor pressures. US Patent 5,474,809 to elly et al,

assi gnEiated tehsl vapormressyies at thedempergturanf theevaperatiomsowrcas i theee wi t h
r espectadeQrlallGys patieMarty ME bR ituent alloys, one or two elements thercof '
typiéally have significantly higher vapor pressures than the others, such that the
condensate ._is richer than the starting material in these elements. If the material being
- evaporated has a fixed volume and is entirely evaporated, the condensate will have a
non-uniform compesition throughout its thickness, but will reflect, in a macroscopic
sense, the starting composition of the material. If the starting material is continually
replenished, such as by maintaining a constant pool volume, the composiﬁon of the

condensate will be higher throughout its thickness in the elements which have higher
vapor pressures.

US Patent 5,474,809 to Skelly et al, assigned to General Electric
- Company who is the common assignee with respect to the present invention,
expressly recognized the problems of the prior art in achieving uniform and desired
composition for the coating closely corresponding to that of the evaporated material.
Such patent disclosed a method for carrying out vapor deposition that achieved a
coating on a base material which closely resembled the composition of the starting

(i.e. evaporated) material, that is to say the coating purportedly to contain
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expressly recogni zed the problens of the prior art in achi evi'ng uni form and
desired conposition for the coating closely corresponding to that of the

evaporated material. Such patent disclosed a nmethod for cartiyApr 2008 vapor
deposition that achieved a coating on a base material which closely
resenbl ed the conposition of the starting (i.e. evaporated) material, that

1S 10 SapstaitfallyQRé san AthORS 'ir?éﬂb)ftahﬁzﬁgptﬂé ke F%Baﬂjtwﬁg bj he%pa?ﬁ egSUbSt antially

the sane elenents in substantially t same proportions starting
mat er i dnatedglepvenfif the stagting mpteralhwass inalti-omstimentditoy-tovingteldmmi  al | oy

havi ng nificantly different. v res. In
parti cul %EHFQEEIEC gh'&%telﬁéoﬂa 8rp'§ﬁséﬂr‘f% I parjicu &tt@?'n?i% %“85 a met hod of
maki ng S!«cllg‘eaﬂqmsa‘n%ﬁsdemw thethbd of Rk glaﬂbvaplﬁrateﬁl dbRRit\GFRatel@ROsi tion
process rein gne npterial (a second material) having a conposition

whi ch \Hééﬂ&}gg VAROG dERpSBEOnREPSRSY whierein eBameiglabls secondomaiereR hreing ai |
over | a'dénﬂﬁ()sﬁof'l i WRLREred oY Hm&PAS (%aﬁﬂ 8I1 a%ag e[fngli%fi S%/ errat erial wth

a higher 'melting point or a Vapor pressure & nper at ur e t hat
i s | esovetiaid byadirsohatetidlevition sonsisiahtfa mfracttbf_y maemﬂd.vium htghaf Accordingly,

upon he of the first mater under | eco mat er.i al becones
nel t ed H%Ah?ig??fgt %roan‘?ﬁ)f”t' ﬁrgfﬁurfé?tear?eq%?véu%fte‘ﬁ’ﬂ%‘amé ﬁ’éfi?ﬁé &ach 8 oxi mat e the
over | yltﬁ@céﬂsﬁﬁ:&nmfﬂfelsaéorﬂrxﬁatéﬁﬂnﬁ@&fr&ﬁglybup&%%ﬁﬁ £ bPihe ASdnid/AIMAI M Xxing
t hrough the first overlyln material an hereafter evaporated fromthe

sur f acdhppndeglying;seeand spatenia}ibsepmes melted, and the sopttitgmb clesmntsted thid r st mat eri al

beconmes. 1 t he der | second
mat er i a? Litlﬁ‘?[etrﬁégg #"(‘)ﬁ?ﬁsr@ 3"%@&@%&%“&%?@% nggﬁ%apﬁ%t erial in
such mehd drerma)hmxmglﬁr(mjgh tﬂlﬁﬁﬂﬂ&@erl?nngaﬂawhhlf‘zatnﬁhﬂer@iﬁér?ﬂaﬁ&ﬂ@t dor I ir E t

e second materia 0 be

mat er teI apove i ermtt
evapo Ir 3‘9@&%5#3 g‘é\‘f’lr{ﬂ% waterial. Ay l?&%t pigeess sheyfirssmatigh ocess

pur por beshnesh61E taﬁd%ﬁ! 96 having a
conposi ti oneswhl ch N 'S su odslt antaﬁg??ﬁwaﬁﬁﬂggﬁﬂ% %ﬁ%ﬁcg&?&ﬁﬁ{gﬁégcond
mat er i Herebyhfermingardoltratzone ﬂtcrt(m,rarﬂtsed:mﬂsnatemltmsmhxhohémzcmleerrent s therein)

whi ch re .desired t vap rat ed sessed vapor, . pressures which.
permt K518 DEFPIATS SR ‘f"%"“ﬁ&g fﬂ %‘P@r‘gﬁs téﬁt?"aé\}'&ﬂ'&ffi&’@}ia ¥edbnpari son to
the fi pefmitthigathe fdcond\iaftiidl RBeVevaPsrated from the surface thereof.

Advantageously, such process purportedly permits coatings to be formed on a base

material having a composition which is substantially identical to that of the second
material. The second material (or at least certain of the elements therein) which were
desircd'to be evaporated possessed vapor pressures which permitted such clerﬁents to
‘be preferentially evaporated in comparison to the first material. Accordingly the
deposit contained quantities of the second material, but no or only minute trace

- amounts of the first material (less than 0.05 atomic percent).

In the case of refractory materials in the form of rare earth materials
such as zirconium or hafnium intended to be incorporated into a thermal coating for
deposit on a base material, it is actually desirable for such materials to be evaporated
and thereby incorporated in the deposited coating where a thermal barrier coating is
desired to be applied. However, when rare earth metals, such as zirconium or
hafnium are used in the process of Skelly et al described in US 5,474,809 as the first
material, and metal alloys such as a nickel-aluminum alloy is used as the second
material, it is found that the method taught by Skelly et al is physically unworkable.
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deposit contained quantities of the second material, but no or only mnute
trace anounts of the first material (less than 0.05 atom c percepf hpril 3h

. X ) prif 2005
the case of refractory nmaterials in the formof rare earth.materials such
as zirconiumor hafniumintended to be incorporated into a thermal coating
for defotiis regardy wirs empltying atare edrth metad tsueh by zicemium,Hsahd fwst such

terials . to.b t by, i ted.in the d ited
coat i ng sl SnEYE Refiof SaneLly SETLR s oR RS PR PR FRIAF oo However
when r ageads o hnlwg) BlvRen Ied6d 135 Hdat SAREAHA s ahl Rlddtraibadi®, bySafué Bf t he

process of Skelly et al described in US 5,474,809 as the first material,
and net Hie wrfees ensigaHorges existingdstwegnumeoltemzisdoniyn prd thesdlidsccond second

materi a [ 3.41S . ks physically
unwor kakﬂagé.[{a-l 3 Aiglé)%gﬁt pkg%.agﬂ@ensﬁ{@gp éefgg*rg‘g?"‘\% lelh%i?r?p%&% ﬁ% {oa ?ar e earth
met al , anddilydsg sicond miatetial @sfotin@ chéltentzonulicee waihiniso ago ipeenithioed t aught by
Skelly et at, sucfl] first mater‘hal Wn&rg lted tends to "bal]l-up" when

heat ed: SI5903 mateal & ferate spaardly thege g&im%_ engyapqrptedeonyfhe  he

sur f acegdrpies] Eﬁ%uEHER%nﬁéﬂc’é&,'d&ﬁh&%@‘ﬁﬁ&rm%t §hokd MG8RarH @ed the solid
second nmaterial. As a result there Is [I'ttie or no proper transfer of heat
downwar Zirgeniun mrhéch eamajwises thedirstanatomalbecemesevaporatat sn at torfdrien zone t here
Wi t hin P second terial . to,magrate u rdly there .
t hr oug h&eg’ﬁ%%'t %’gorr gogffeg]éb Sg@%%%?‘éenf‘?'@w ﬁpeﬁrsgmafcgggx_s 'g)ﬁ aLe ﬁg%i? rcunst ances,
nei t hermétak theSliesllyyet AbpAat dilindtale@lb br @isclob@anyZéifcidibitandesaivitick &npri ses

the first material beconmes evaporated so as to forma deposit. Moreover,
i n SkelW3s espable of phtginjpgquantities ¢f the refiactasy mataliin theodepgsitir e earth netal ,

t he Sk : [ | o | | nstances in
whi ch ?Ph&\?/a%tsan?gsp %@p%?ggﬁfgﬁ?‘ﬂb%ﬁﬁa | Eﬁrgﬁlﬁﬂf%@ﬁﬁépﬁfﬁ%ﬁ ry nmetal in
the deposit in concentrations greater than trace anmounts (i.e. greater

t han O .BEIERSUMMARYORIHE BRVERTBONMVARY OF THE | NVENTI ON A wor kabl e vapor
deposition apparatus and nethod for incorporating greater than trace

anmounts of refractor terials such as zirconium a hafnium netals into
coatings on-base M@E??WB#G%Q%WWBB%QL?‘S&‘WW%M the |ike

greater than trace amounts of refractory materials such as zirconium and bafhium

metals into coatings on base materials for use as thermal barrier coatings and the like
is disclosed and claimed.

According to a first aspect, the present invention provides a vapor deposition
source material for use in a vapor deposition apparatus adapted to deposit a coating
containing a refractory material in greater than trace amounts, said vapor deposition

source material comprising:

a) a first material, said first material comprising a refractory material,
said refractory material being alloyed with at least two clements

contained in an alloy, wherein said alloy is selected from the group
consisting of titanium- base alloys, nickel-base alloys, iron-base alloys,
and aluminium-based alloys; and

b) a second material comprising at least two eclements to be
evaporated to form a vapor-deposited material, wherein said two
elements in said second material that are to be evaporated are the

samne as said two elements contained in said first material,



I's disclosed and cl ai med. According to a first aspect, the present
I nvention provides a vapor deposition source material for use in a.vapor-:
deposition apparatus adapted to deposit a coating containing a rigfAmiR005

al H Y L
materi ol conirerine 3 bR SR RHE BrepSAUBYIRBR RS o lba SMESE, )
r ef r act atepositihgra edatingsan d brasé masteoaly sawt eratiay doeiprisinglat dgasd twiot metallic| east
t I t i ned i I ' ' | '

the or ooanRa fgroy, dllnfinPhpmi SaR Byalicfy Sondiy banPltbRa o

i r on- bagbaml0lad atomianeradntiof saidvadpas-depatited yatiag dhe )methed conmprisingetheal

conpri si E%Saéf. | east two elenents to be evaporated to forma
Site

S . . . . .
vapor - de d material, wherein said two elenments in said second

material that ar g)t o DRIO¥(IRE GrsouEse materialhsaid Sauise matesial dompisieg eriesit s
contai ned in sai d fir shatephicsdidFirst ﬁaiériaf\%ﬂ‘l{)?'ﬁlg&%id éﬂ@é’sﬁ%&ﬂlé{&{i@ second
od 0

aspect, the present invention provides a ne J vapor depositing a
coating on a base nat ¢FPHENSSRiGrefagionelemenbbeing alpyed thesewith, ewd anet al | i ¢

el ements and a refract@iynEmamRat sadRebshdms i éo?ﬁdj’rggg%fa)ﬁdzﬂ'tgé@“t

conprises greater than 0.Q05 atom c percent of sal or - deposited
coating, the nethod chﬁ_r"i“"é?ﬂf@e@WS“ts'st eps of: providing a source material,
sai d source mateb) al plnipgi ssidigowrce i meteriah imeat ericilile syeh dbat said fimteri al

conprising said at |east 1 metal | i el ement s aid refractory el enment
bei ng al | oyed t her ewi m?engﬂgs é’Osﬁgﬂﬁ‘ﬁoovﬁ’étS@’r‘fﬁF?‘maa teggL&?g ﬁfa%i%q’# al
conprising said at | epgtially dveffai decénPmaieils;, b) pl acing said source
material in a crucible such that said first nmaterial is positioned over
sai d second nat e®) al puediding 4 baggtupon which said vapor-deposited coating is to be
' deposited;
d) positioning said base vertically above an opening in the crucible;
and
) heating said first material, thereby creating a molten zone in said
. first material, wherein said molten zone contacts said second
material, thercby creating a second molten zone within second

material,

-wherein said two metallic elements in said material are fransported through said
molten zone, wherein said refractory element and said two metallic elements in said
second material are evaporated from said source material and are condensed upon said

base material, thereby forming said vapor-deposited coating.

According to a third aspect, the present invention provides a method of vapor-
depositing a coating on a base material, said_ coating comprising at least fwo metallic
elements and a refractory material, wherein said refractory material comprises greater
than 0.05 atomic percent of said vapour-deposited coating, the method comprising the
steps of:
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partially covers said second material; c) providing a base upon which said
vapor - deposited coating is to be deposited; d) positioning sa'd.g
-vertically above an opening in the crucible; and e) heating"1 4} &@fst
material, thereby creating a nolten zone in said first material, wherein
said nolten zone contacts said second material, thereby creating a second

mol ten zone withi)n segddasling@izpot-dbpositier siuncesmatdrinlwhentiaishidvapioemrent s i n

said material are transported through.said 1np ' L
refractory el ement an@@éit'ﬂnmmﬁé?%feﬁsﬂcwglpgﬁ%%%g%‘ﬁ%ﬁ%@%gﬁg nateri al
are evaporated from s@inthristriy < eefizetoey halterahdai refraciodemetaiialpeingdsai d  base
material, thereby formng.sajd vapor- 1t t] Sl HiRgat 0 a
third aspect, the preg@ﬁgdvﬁbémleiagﬁtwﬁﬁﬁgﬁ '8se?egn&n§€k#5@%o? va‘f;]or{r;j{a d%posi ting
a coating on a base naingprishig sakhaeastdb mptalicpicirentatodie eaporatedd feanal | i ¢

el enents and a refractor[%/?r_%tpgri@%a glr%gregféﬁdiv? %@Qﬁt{&gﬁﬁtﬂfg?ggm

conpri ses greater t HalP ercten sal d vapour - deposi t ec
coating, the nethod cspnd shatgridiitbat ate ps bef evaparatad ape ithe 200w a5 il B9 i ng

a vapor - deposi ti on SQuLfoTN REAR coniiRih Baliiet ivaBag; deposi tion source
material conprises a1rrst nmateriral, said first material conprising a

o motal |10 of Bhant @i 50 CARORASRTISR iftroc Hhlalin 2 Ebclbip b P27

two netallic el conprising sal | east two

metal lic el ements toghesHd IR mbesial i foditioned ovapsuid deqnsl matériabond i al |
wherein said two netallic elenents in said second material that are to be

evaporated are the satleastpartially covers saidisgeauddnaleddlont s cont ai ned in said
first naterial; ©) providing a base upon which said vapor—dcposited coating is to be
* deposited; ‘
d) positioning said base vertically above an opening in the crucible;
and
€)  heating said first material, thereby creaﬁng a molten zone in said
“first material, ‘wherein said molten .zone contacts said second

material, thereby creating a second molten zone within said second

material,

wherein said two metaliic elements in said second material are .transported
through said molten.zone, wherein said refractory element and said two metallic elements
in-said second material -are -evaporated from said source material and are condensed
upon said base material, thereby forming said vapor-deposited coating.
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b) placing said vapor-deposition source material in a crucible such that
said first material is positioned over said second materi al gﬁxhg@¥*east
partially covers said second naterial; c) providing a base Jg ' sai d
vapor - deposited coating is to be deposited; d) positioning said base
vertically above an opening in the crucible; and e) heating said first
material, thereby creating a nolten zone in said first material, wherein
said nolten zone contacts said second material, thereby creatinqva second
mol ten zone Wiskbial Kekbifl, SECONChresEHt fivieAlion ntumeadfits bedall emigodiBealsimay.

el enments in said second material are transported. throu i zone,
wher eicensistsgol @ Mmeshad.elformipgshdengs a3 ga§§ﬂ'qfr%?ao{1 P %ﬁg gﬁé‘?ﬁ'@‘% gtgi d
second 1 qk ¢fb Herféiits fofPe r<HoBAd TidteRial aind R4l emolftsedfi &refeatloryrelementdens ed
upon said base material, thereby formng said ,vapor-%ﬁggi‘laked Cgﬁil ng. 4b

11 Apr iseleztgisirandbe gseup perefiaglory rlements SompaRing|ziGe M & ™t s
oroad. gt 'Fﬁ@!ggmggigoorfﬂﬂ@nﬁ&a i AofEheRidr onttisig e dteperrs | on a base

mat eri al, suUc osI't 'having at east two elenents froma second
material and small anounts of a refractory elenent selected fromthe group

of refractory elseldetig® aCHR maldriy. cbiptiiHgsaId NAb4V WY eledentsum i tani um
rhenium_silicon, chrom um and alloys thereof, conprising _the steps of.

sel ecfurthpr allpyedvithepeid refractayelenesnt, sgidssecond materialt comprisingsaidt s f urt her

al | oy | ' ef I- ry el nt ald second._ e rising said
at |e§§t¢¥‘ﬁ°§ﬂé‘#@%‘% Eﬂ‘agﬁ%dx?W@%ﬁ%%fq mﬁ%@?@f’ %aé‘f%ﬁlﬁ&??ans port of
sai d &wo klearhts ih weid StV thatedil thugh 5418 Pt rieAal whed Si®Agtandi d first
materi al when said first and second naterial are in a nolten state and in

t-ouchTesgnd Batestal assiin b maeltenatase hud ins toushingoptachwithaongmoother 58 26f said two
el e TeR it vasdrikid bF 856 Ao SbEERE hnd S0H eSS T g€ t hereof

exposed surface thercof;
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11 April 2005 placing a quantity of said first material over a quantity of
said second material in a crucible neans so that the first rfdtAlrd 200%;t
| east partially covers the second nmaterial; supplying heat to the. first
materi al sufficient, t.o create a.mlten zone wthin and through the first

material such t hatPEHB8AgPHY 9657 firstpaterial aster pauantityof said seqondouchi ng
contact matetfalline @ABRIGRS 86 it b Ak HEREIM o IGH B ATRIGLER Fone W Lhi n
|

t he second nmateri,al, wherein said two elenents e seco%é faterial are
t r ansporSEeRNd mafedalgh the nolten zone rich in the first material .and said
refractory elenment and said two el enents are each evaporated therefrom

thereby formng a : I Ig0. condensate fromthe vapor

stream as a deposis;ﬁﬁgﬁ’ﬁ{%?{ee%ggtglethne gﬁglﬁgé‘*{ﬁ?’ﬁgﬁp FRMOHEN PRl nateri al

conpr i saithin prd thacugir the firdt exaterial baohi thet the Riolen zomd 4 tAE R NRE&RII W € such as
coni u or alloys thereof, can have the unexpected

titaniu Zi or, hafni u

and sur gé’ fo&chl&grcgggh W{thﬂ}e,segqjﬁlpgpgalttg thesehy weate @ malteasgone widhiri r om t he

t eachi ndse Rbtofkelaterial | ; p ' ' the "balling up"
of the rare earth errg{'gfh,e%c?ll??shéﬁgg%glegﬁg’?sagnatﬁrr%rkéeé%gﬂgélaw%?érceetpﬂﬁgﬁ?i, nanel y
smal | afSawebsths meplignsione schinsthe Girg Snaterinti andpmidefitctofy élbmentar act or y

el enent er.) r.aked i he de it. Ln particular, and
advant a%‘ggﬁ‘gpglf‘"‘?’ﬁ‘gaﬁg? %%ijgé/&%ér%g ea?tﬁ%rggﬁqrglwé? ¥APORsteanand | s
alloyed with at |east two of the same el enents that are intended to be
evapor ated and f ocoliguting cafdehiute fromaké vapaattedifab E%Mt&ﬂﬁ?%s%g t hat

sufficien{ﬁl amount of refractory elenent is present in the tirst material,
may ovel€ ’TE not .only the "balling up" difficulties of refractory rare
earth netals, but further, in contrast with the result obtained by the

et hod di sc ' 4. o.Skelly et all obtain a deposit having
gr eat er t_hatl%s ﬁ%}gﬁlayﬁ aegee%nfﬁ%(ra& satt%-'fa?‘go?@}/'?%?c? 6?HW°t%t@tP'ﬂﬂ'.haF§9 a high

pur pos®8ltipg temperatise ausinas titahiondg efr¢amivtrh oot teffnitmast ey thetenr, S. tHG rfa%@m? as
a

adopt efleiuRefdiRicd s isi , namely atonic percentages equal to or
| ess than 0.05 at cérr%lu(:r&?)sér?dc{ae%@ﬁﬁ'%i'

contrary to what would be expected from the teachings of Skelly (if such could be
practiced without the “balling up” of the rare earth metal, discussed supra) more than
trace amounts, namely small amounts and amouats over 0.05 atomic percent of the
o reﬁ'acthy:element may be incorporated into.the deposit. In particular, and
B advantajgeousiy, the method by providing a refractory |
- element that is allojed with at least two of the same elements that are intended to be
evaporated and form part of the deposit, and furthér by ensuring that _s_ufﬁcienf
amount of refractory element is present in the first material, may qvefftofﬁe not
only the “balling up” difficulties of refractory rare earth metals, but further, in
contrast with the result obtained by the method disclosed in US 5,474,809 to Skelly et
al, obtain a deposit having greater than simply trace amounts of a refractory
material. For the purposes of this document, the definition of trace amounts is the

same as adopted in the Skelly et al patent, namely atomic percentages equal to or less
than 0.05 atomic percent.

In practicing the method, it may be that sufficient quantities of the refractory material
be present in the first material in order ”

'sﬁ "5'



In practicing the nmethod, it may be that sufficient quantities of the
refractory material be present in the first material in ordeqqapildoos
April 2005 to produce a deposit containing nore than trace anmounts of

refractory material (i.e. nore than about 0.05 atomic percent.) It has ™

been f outslpaiduteadepdsit@bn@mnney mbRhaA! tradeitbints brefiat®ry Hﬁierihfg.ét oni ¢

percentages of refractory materi al dpresent In the first” materi may not
par t i cul &9y thag abppd 07 glomis pereent.) dt hacbeendound affleast froacexpesimentadr i al

present | ' | [gnge of .atom c. pefcentages .
‘tested, #\éa}’#te[%]g() ?‘ﬂgﬁﬁk glr? § g&ncl)lf; ?)gg%/gégé%ﬁ%} ?%?‘%?‘%o‘f‘gﬁ?gg‘ﬁ%‘éﬁ"&F 9)1 téf’ Z-‘rr'}ﬁnt - present
in such fmaterial Wedyaiot phrtictiBgyse di@ﬂ?e_élai@@ita%éémom%f Rifa8fbry MAgRRI Rat her, .
t he presence .af ial in_atomc percent in the deposited

re&rac&zoril m%te

coating 3’_568‘5?@% @O Rhicat 1t FEE ) Slamir PatrsAtages tested, nagralnthicor y

mat er i al rdngelof839%4 L A% g@&fdﬂr@ﬂmdt&yrelé?ﬂa{tbk&gnttiﬁ sﬁ&?ﬁ#&i‘ﬂﬁwrﬁal esaecond
material. I'n other words,. there I's sonme’indication fromthée experinental
resul t s, fangps being e prefeerpd rangesii Rajhery the, preseace ofvefigetont matetiakinphysi cal

gquantity p r.act.or t.eni al,.and thus the greater the quanti.ty first-
it ort o 20 BeRRR e acPBifEhicRuGHppkayS fuart Feidfed i B bSioal By o
cruci bl eof feftectoremaiial inaheifidinateyiaPin proforiibh @ EeQinderlfing ¥BEndP €s€Nt i n
this generalization does not appear to

t he deposit., ver, because, [ I

al ways h@pE {:‘Oug,eo%ﬁ‘é)fg%gﬁ? weamgindipation fromitheexpepimental tesublsr act or y
mat er i al whikk 85EHvad HLE S N 2 O aLover f the second
mat er i alwof a g vstg-,jr’;"‘rll éiﬁﬁn%%lslé’ojri]at@ ehet%#g%ﬁ{h?glggfl%&ér :Ye?terfégcg? Ive at a
physi calmafeahandghus dif geeaten the quantigrfirst maleiiahpeidilp eovsrigahé séodndhe fir st
material_.in r th he de cont ai greater. thap trace amounts of

. 1t i
stich r ef’ngPgl:‘gﬁ%‘?"é:ﬁ?sSﬁi ?“ﬁ‘fmﬁgg’ @é&ﬁc%" gapsnftx obtheeriiestaly (al t hough not
a requi repdRett)préseal intthedegobit. SHowB & B@au&%fs%}egeéagg%me% ‘g?tl % nts in

the sane relative atomc percentages as int I n order
to assi d¢ alwaysdiolduus, sgme expesimpasitioncs tothe dneound ef pefractody emadrialg and al so

t 1. . i i ti. t | | tch hat of th d
ot o aPresERR R SRR f5t 4166 oPerige SE Meseiotl Melerial elABYER ol oronts
present dimendion fR9®8dediiidedin aide W0trfle ath PRI ShELARH reRestyment are

material which need be present in the first material in order that the deposit contain

greater than trace amounts of such refractory material.

It has been found it is beneficial (although not a requirement) that the
first material contain the same two elements in the same reiative atomic percentages
as in the second material, in order to assist in uniformity of composition of the
deposited coating and also to permit the coating composition to more closely match
that of the second material. Accordingly, in a first preferred embodiment, the two

..-elements present in the second material (which in the preferred embodimqnt are
nickel and aluminium) may be p};éent in approximately equal ratios to each other.
Likewise in another preférfed embodiment, the two elements present in the first
material are also present therein in approximately equal ratios. Preferably, as.
mentioned above, the two elements present in both the first material and the second
material may be present in equal ratios in each of the first and sécond materials, with such
ratio being approximately 50-50 (a/o) in the preferred embodiment.
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ni ckel and al um nium nmay, be present in approxinmately equal ratios to each
other. Likew se in another preferred enbodi ment, the two el gnrgpiib2qo5esent
inthe first material are also present therein in approxi mately equal
ratios. Preferably, as nentioned above, the two elenments present in both . .

‘the first materi afrh@ngratiosy &@madma?bmferablym)cobﬂmpeéefaelther B, ratios
in each of the first and second matersi als,-with such ratio being

appr oxi rafrihm, HEEEN, thedion, silicomehporaiver, mmmntmdllmﬂwreoti althouglri | 2005 The

refractor eri al r ef conpri se f

et ot P e SRR Bikeot o bR By i B dtosifed GRBRET oo
-al t houghyned th@%é?&ﬁl@ﬂhﬁd E@in%ddea&wa&lehauﬁbahhamﬁ c@i&ﬂn @nused Wher e
t he depogPted coati ng pplied by the-above nethod is esfﬂéuﬁ to be a

t her nal pbefmrrccbernlboﬁlme@b&l@ufhfﬁ material mayr ke lermediokhiRy Pﬁ@rhf" PRt material
Ty be 1o d Oc];r h%{ eTS‘?OréIFIngRTE PurdlGtaBR foné&{e&cﬁﬂrgﬁ e Em@?tf ni um Two

el ementsZ & <l €Se purposes an %l ng g L et o in the
first mmeymglth@@d) |hemmspmateenatandbetnhgap@ée@tr\'@lth@a‘?teé‘PT'%F‘ AR B2 PRi ckel and

alumnum, _and jn a.further preferre errbod nt, the kel, and Al um nium
may exi $ickehand 3lpminum, ead e Syther BER (} mﬁ?%&'el‘ﬂafﬂén@l rst material in

an  apprAMinirdre niay exist iredlioy wfhelsel;ond\ﬂié@é}raﬁsﬁc%!% )h thlﬁ ég%att&‘i"al #f a5 gsaid

preferred method refractory naterial may be unif eposited on a base
mat er i alapproximate ewlarastioofSl:éxceedi ng nom nal per cent ages ‘(i.e. exceeding
0.05 atom c percent). As a further consideration, it has been found that

when pure rare - ear net aI d(i[iq AR !Imfnl um are used as the
refractory el enen (ﬂ'ﬁ‘bts ¥ hgsmé@g?ﬁia&s%@:% vé a tendency to “Form oxi de
SKins. These Qxéfifet Inmacrmtm deheited ok bageompeetinkin t han the pure
tdre earth metals bﬁy al so further tend)hto redyce the rate of evaporatlon

of suchcengentratignsiexeeeding nominalyescauiages ke exgeedine O Iemis BRCRY-any
condensate. These oxide skins, due to the higher nelting points, can

greatly reduce th I faffedr@sul t t hat ’
any deposits forrrg\g are \%?’%ltsg o%%\%ﬁ%@éﬁpﬁ??ﬁggﬁcﬁ‘pﬁemms t her ei n.

metals, such as zirconium and hafmum are used as the refractory element, upon being
heated., may have a tendency to form oxide skins. These oxide skins not only have higher

melting points than the pure rare earth metals but also further tend to reduce the rate

~ of evaporation of such rare earth metal thus slowing the rate of deposition of any
condensate. These oxide skins, due to the higher melting points, can greatly reduce the

. . - ,\‘ - .
evaporation of rare earth metals, with the result that any deposits formed are virtually

devoid of rare earth elements therein.

Accordlngly. in a further embodiment,
where the rcﬁ-actory element is a rare earth metal, a parucular manner of heatmg is

disclosed in order to obtain a deposit with more than simply trace concentration of
rare earth metals. In particular, when carrying out the step of supplying heat to said

first material, such step may comprises supplying heat to an inner heated area and a
surrounding outer heated area, wherein at least a portion of said inner heated area may be
heated fo a greater temperature than the surrounding outer heated area. In a preferred
embodiment, where an electron beam is used as a means of heating, such heating step may
comprise directing an electron beam across the first material and may further comprise:

. | i e e

RV
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Accordingly, in a further enbodi ment, where the refractory elenment is a
rare earth netal, a particular manner of heating is disclosed Agilgogser to
obtain a deposit with nore than sinply trace concentration of rare earth
metals. In particular, when carrying out the step of supplying heat to said
first material, sditecingppchabecomprosdle innaegiedqréeandt o an i nner heated =
area and a surrounding outer heated area, wherein at |east a portion of

said i nner heated e...heated to eater tenperature than the
surroundi ng out er dﬂ%g?nﬁuépgaﬁezﬁiﬁaéoﬁ%? 8&?8&33%%8% nt, where an
el ectron beamis used as a neans of heating, such heating step may

-conprise directi ngreavidiap ecicanninp patteraeffectivd toqrankichtly iRk&@sk al and may

furt herte&ﬁéf@a[tgse:f “1& il,l (il ?20,()5 directing such a %eam across- the inner
heated area: and i P Pipﬁﬁ‘ 521l ipperhicated atea abpee that of shidamtat ar ea; and
provi di heated se@bhad @D _ i h AL | lv.Jncrease . tenperature
of a least_ a portion t?ﬁseg?gli nﬁgw?gﬁégoiﬁgg&gg%%ewﬁshgﬁo onsoé'i d outer

heat ed $idimepheated areer ansi ent | y increase vaporization fromsaid at |east a
portion of 'said inner heated area. The mechani cs of how a heating pattern

such as that disc ek Q1 el ble to.increase the rate of evaporation
is not entirely kxgﬁnﬁgcﬁ?ﬁ&idgqoﬁ!e%ﬁﬁgﬂp?%% SB& ag that ‘ﬁﬁ‘bbiqqehqﬂﬁé? heat ed
ar ea_t cibde todinprenset the eatgofetaporaiionris kétenstely RUGWLT0isAHbSHZeB A by {hat
convect'iegg cgl(rgr.enta’,ﬁ?iﬁ articular Maragoni flow patterns, are’created in
the -mdCEERE B itoer fepte 8 AdeIBRraIrG grpates thap itedsureopntlingruser ardee  upper
exposedhawohdstion i . en_zone .surface, thereby

O oS, R e lou M fnd 3G, S 0 ViS4

‘I eavi ng unoxi di zed nolten” materi Fal, proxi mate
“he i nheolteRenewhich divetrdxidedaydrs sthichaagy foraratitee e expedeararadeed f+om the.

o g U ke bt i ke o e

provi dmhtaidl,aiaeluﬂﬁg&&ie?darlﬁ&neggﬁa ?f&xﬁn&}émﬁgﬂ% l}eﬁ%ti[oﬂg F%?g%i‘*’ﬁ‘ t her eon by

t he net hod. Advant ageously, I ngs applie o ar e net hod may
posses§2} Biepdetbetier svapasatad fram éheshottestpacbafdhs molten aniteridl ap@r cent ages .

thercafter condensed on the base material to thereby form the coating.

in one embodiment, there may be provided a base material or article having a
coating deposited thereon by the method. Advantageously, coatings abplied to articles by
the method may possess refractive material therein in excess of nominal percentages,

CTLMEGIA T
CTTLEGTA R

BRIEF DESCRIPTION OF THE DRAWINGS

The method and apparatus by which the method of the present
invention may be practiced will now be described with reference to the accompanying

o drawings showing preferred (non-limiting) embodiments, in which;

Figure 1 is a schematic diagram of a preferred apparatus used for
performing the method of this invention; and '



BRI EF DESCRI PTI ON OF THE DRAW NGS The net hod and apparatus by which the
met hod of the present invention nay be practiced will now be descri bed
with reference to the acconpanying draw ngs show ng pref er r EdApril 2005
(non-limting) enbodinments, in which: Figure 1 is a schematic diagramof a
preferred apparatus used for performng the nethod of this invention; and
-8 11 April 2005 MHigue 3 iga l'aut-away'Uillustrstion dfla taicibid éamainigaher uci bl e

cont ai ni second material. and an qverlying first material "hot top"
conpr i sfé;l%n?ﬁat?%qﬁlagg?[? %erﬁ’r%ﬁ Lrst gpateppal chotitep cecinprising e peitassde ed on a base

mat er i akmatdriay whichdis idesiRd tb bt bediéBdi PhaseimaAedifief erred el ectron beam scanni ng
pattern for use where the refractory material is a rare earth nmetal; and

Figure 4 is a schematic view of a cross section through the nolten zones
in the crucibl e ndade disamifusieation efa prefemed eleteon beamt srermngpattirng a

parti cuk@fse WaRfd t'ﬁgré}ﬁtcﬁo‘?%grﬁtegg{ir@a .Qﬁgﬁ%ﬁﬂan OF THE | NVENTI ON The

met hod of this I nvention practice tonventional apparatuses of
the type that are commonly used for thermal or electron beam evaporation
processes. Figs | Fguee 4éaschematppdeatofis cidsfsestiohahriugl tte ieltdensed deposi t

40 on terd.al 50 wsing vapor.deposition nmethod of the present
i nvent i %"n‘%@\?&?‘ehr%m&}& H‘eagsp‘g%rtgqi?ﬁg&)?ﬁtg? E‘?t%%ﬂﬂﬁﬂﬁ’i‘i‘8§ paticylaref r act ory
el ement heafing pap@ar at us 10 is wused for applying a coating 71 to a base

material, for such uses as thermal barrier coatings and/or anti-corrosive
wherein the coating contains small anobunts of a

ti Ik
(r:g?r gg?@ﬁgﬁﬂgb@ﬁ#égﬁﬁﬂo%oEﬂmT@Nm um rhenium silicon, vyttrium

or other rare earth metals, or titanium or chromum An airtight housing

enclosure 12 1S PIRYmEMEC W0IHiin0BHioR BV BEHALEL iBboflechiiond 25 1O Permt
t he vapor deposition process to proceed In absence o po?entlal
apparatuses of the type that are commonly used for thermal or electron beam

evaporation processes,

| Figs 1 & 2 show an apparatus 10 for forming a condensed deposit 40
on a base material 50 using vapor deposition method of the present invention, where
such deposit 40 contains small amounts of a refractory element. The apparatus 10 is
used for applying a coating 71 to a base material, for such uses as thermal barrier

- coatings and/or anti-coms_ive coatings, and the like, wherein the coating contains
small amounts of a rcfraétory clement, such as zirconium, hafnium, rhenium, silicon,

yttrium or other rare earth metals, or titanium, or chromium.

An airtight housing enclosure 12 is provided which may be evacuated
of air, S0 as to permit the vapor deposition process to proceed in absence of potential
contaminants and/or potential undesirable reactants. In this regard, a combination of
‘staged mechanical, cryogenic, turbomolecular, and/or diffusion pumps may be used
for the purposes of evacuating the housing enclosure 12. A crucible means 45 is
situated within housing enclosure 12. For the evaporation of metal alloys through a

‘molten pool 56, a water-cooled copper crucible of a type well known in the art is

preferred. The crucible means 45 is used to contain the materials to be evaporated

during the evaporation process. Such crucible means 45 may have a bore 46 which

permits second material 30 in the form of a solid bar or ingot to be fed continuously
9.



contam nants and/or potential undesirable reactants. In this regard, a
conbi nation of staged nechanical, cryogenic, turbonol ecular, and/or

di f fusi on punps may be used for the purposes of evacuating thépii@iesng
encl osure 12. A crucible neans 45 is situated within housing enclosure 12.
For the evaporation of netal alloys through a nolten pool 56, a

vat er - ¢ st sehi-compriously derdth@ugh imbmmlm&nmvme!iﬁgm@ed%ge daS pePr ef erred.
The cruci bl eugans 45 is_used to contain the materials to be evaporated

during t9e8traliemtn aite renthe smodien poplswrfape,eT af aconstanidevd, whigh hwydea bore 46

whi ch  peRLkMd ShSBSO ' ' . of.a salid bar, or .jngot to be
fed contlnuousl y - QE%‘E%?* t@éo&ggugtﬁl%@%ngag%n Roﬁﬁlgﬂggf’/ulfsﬁaé&eﬂ?%tgh into
cruci bl ef0natdixed 2&iticdlbstamvgoabdvedahle matten aafacbé7. control l ed so as to keep the
nol ten pool surface 57 at a constant |level, which may be desired where it

IS necessary to cqnti.nuousl i.nt g n deposition. of substrate deposit 40
at fixed ve?/t i cal Clg‘?a@%m%’ge’lﬁ‘ﬁ%“ﬁ\%p rfezr?né}:@a\"%ﬁf‘éo (l-;x_e l%fl%gprreans,
whi ch i reolrpeisPoed 6 e’ e@dm@ﬁlwaﬁ?gﬂﬁ 60,*&%;516\;'@@& tdg%%ﬂ%%?ﬁ@rﬂeéﬁ one or nore

el ectron beam guns 60, are provided for supplyin necessary to
| i quef y ngpesparyde liguafy ptleastgifisstirastend 24mad a poolian afianoindentying sexohgi ng second

mat eri al : Wh| < 14S; gl . ucibl ns_45. Such el ectron

beam gur%ﬁg%%hbgfhéé%ﬁ&gﬁ%%%%ﬁ% %g&grﬁt[,ﬁéa@ 56?@%&%‘6&%“&%“‘&““& | east

cert ai n 68} axeveliknowntih éhe arplchiese enmorhtidiuffad tastcéridintelénientd sicibe! € means 45
The el ectron _beam guns 60 may be

to thereby form.a vapor, siream 70.

provi de('JT‘(%il‘c’f1 ﬂlf{;ﬁﬁp{faa% éu rycible meaps 43t thesehy formp vaponstreann@l.ener gy

suppl i edht @lecen H8HS FHiRl 60 Itolg;gj +f L i | heat i ng

pattern, and innthe %?Igfégrlgae%séejﬁbo |e§ew]nt%c";arr§u|§og‘§§+l %%C%ﬁ%zﬁé%c aut onmat ed

cont r ol theditstthesensrgyosupploed tddhampterial, outcathe kffadtiarsgegifitt ern as herei nafter

describ .st _1.n _maintaining a desired rate of . ymyterial deposition on

base ng%gbﬁlgﬁ]% § .gqﬁ%%@@hSPr%ﬁ%eqdmfé?fﬁﬁnﬁwaFﬁPrW Yith S¥cleposit 40 on

a base awaimatdddondl médhbnis@WidErod R paaearhehfideSiatieB] & Hefdin Tri s sel ected,
re

conpri si,ng . refractory el enent sel ected fromthe group of ractory
el enent gestggﬁﬁq fosAsFigt in maintaining a desired rate of material deposition on base _

material 50.

The method of the invention for forming a deposit 40 on a base

material 50 will now be described. A first material 20 is selected, comprising a
refractory element selected from the group of refractory elements comprising
zirconium, hafnium, yttrium, tifanium, rhenium, silicon, and chromium, which is
alloyed with at least two additional elements. In the preferred cmbddiment such at
least two elements are nickel and aluminum which form the major components of a
nickel-based alloy, whick is desired to be deposited along with a refractory element
on a base material 40. However, other two (or more) predominant element
combinations found in other,alloys, sﬁch as Ti-base, Fe-base, and Al-base alloys,
may also be used where the predominant elements of such alloys, along with a
refractory element, are desired to be deposited as a coating 71 where such
predominant elements are deposited in substantiaily the same ratios as exist in the
alloy so as to result in a coating 71 having substantiaily the same elemental
composition in approximately the same molar ratios as the material being evaporated,

save and except for the further addition of small amounts of a refractory element.
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zirconium hafnium yttrium titanium rhenium silicon, and chrom um
which is alloyed with at | east two additional elenents. In the preferred
enbodi nent such at least two elenents are nickel and al um nUhApRH2005 f or m
the maj or conponents of a nickel-based alloy, which is desired to be
deposited along with a refractory elenent on a base material 40. However,

other two (or nore) séoRdRAteaIB0gd BrRALe s_egeg{gajg} %‘3@ J"ﬁ%‘ggﬁi tElsot her

al l oys, such as Ti-base, Fe-base, and Al se be used
wher e t HEPSTEQGHmA, Sethetwornlements intandeditol teyesaparhed gnadiultimatelyfofs act or y

el enent, el . Ited as coating 71 ere such -

pr edoni ntgﬁtb &Iel em@{}f&?oé@é@ﬁ@?@gﬁ et 97 ‘Eﬁggf’ﬁﬁﬁed?‘f“ﬁ“?%- Bntelecingos as

exi st i ra fitsmaakinl30 wherain the sareStWd elémerdts G@bhrePPesédt iR MogdbSt antial Iy

the sane_el e tal . conposition in approximately the sanme nolar ratios .as
2 Dl

the mat dPFSH QBRsSe iR the firgtapaiena 20 alangpritls the refiastérymudienialaddi ti on of

smal | anhel icahts fav rif. 20 second materi al
30 is |i ke%rglg sel aeceteﬁgg,ﬁ&\gf%ﬁm@giiso %t()a%%ﬂasée;s aﬁxgai%eém%‘rhfs@& ‘gﬁeé'ﬁents, such
two el efbnreltacionceldments és drarevathoueh esizieodium, thesl@ing s0fmoniuie bul k of the
deposi t | r0B coating 42 an base majerial 50. By selecting ‘a
first mvﬁg}%ﬁgbaglﬁgﬁﬁ‘g?gﬁa FHLYE GE@B g’?‘@‘ﬁgH?IsP{q]i’&méfr%mB Ese in the
second refitotory @len@t, Named) & EurPERHARbtal fuch Q§zi§dohﬁ&n,§?érﬁ ﬁ%@c{as%ﬁe fileng with
the refra toré rrgt rlg)ldL t he applicants have found that two | nportant
advant a&@geréﬁl 0 eugh alloringrthessby permisdhefirst tiateriaf 20, aipon peiag destad g0i s a rare
earth sughe i TR ' f .zirconi,um wth.such at |east two
el enent s ‘ovfgr%g%?r‘%%ggﬁe& E)%%ﬁ?%dgdv%h{%%?%%fjmtwaqébnﬁ %&fﬂ;}{#&g Lrefractory

el ement ratherrtdnbegomings ‘batied hp’hdhahctsmaﬂmea&e&hdil%hrﬂﬂé?m&ﬁ{réis‘&ﬁ@:@bﬁs the
thereby permts the first material 20,

first rjial 20. ch alloyin

upon beig@é ?%Q%SBH&WS)HOWHM%S%% do sra Atnglen zens 56 tor appdanineecande second
mat er i ainafial 3G af [ i 1 h ) "bal l ed up". In such
Tanner §ho o ¢ o o Ui Felod of e Breeh o e BT ATl s i
downwar & 3/depgsihbaving suwhgefractonyl maserial drezein 6 Stawndlyp bR indladifE BRREmeL €T | al

30, andm?c] d qf .t resent.inventjon to be perforned and
result nélglwg%tgglm ﬂ%ﬂﬁ?@%@ﬁg fhose &’%{%@F (patngipatly) ¢onaiegdin tiecondl y, by
i ncl udi segondwnateain30, more uniform deposits and deposits having compositions more :
closely resembling the original starting material (i.e.. second material 30)A which is
desired to be deposited are able to be obtained.

A Once the first material 20 and second material 30 are selected, a
quality of second material 30 is placed in cfucible means 45. Thereafter, a quantity of
" the first material 30 is placed over the quantity of the second material 30 in the
crucible means 45 so that the first material at least pattially covers the second
material 30. Thereafter, a base material 50 is situated in a vertically disposed position
immediately above the crucible means 45, and the housing enclosure 12 evacuated of
air. Heat is then supplied to the first material 20 sufficient to create a molten zone 55
within and through the first material 20 such that the molten zone 55 of the first
material 20 is in touching contact with the second material 30 to thereby likewise
create a molten zone 56 within the second material 30, wherein the at least the two
elements in the second material are transported through the molten zone 55 rich in the
first material 20, and the refractory element and the two elements are each efaporatcd
therefrom forming a vapor stream 70. Such vapor stream 70 is condensed on base
-11-



two elenents in the first material 20 as those which are (principally)
contained in the second material 30, nore uniformdeposits and deposits
havi ng conpositions nore closely resenbling the original st&tApni@Ofateri al
(i.e.. second material 30) which is desired to be deposited are able to be
obt ai ned. Once the first material 20 and second material 30 are selected, a
quality i .S, pl i rHGlL bl . Thereafter, a-
Guant i {yepRAE0R TRl fiodh 46 the ol /1 d pelofob i el BARS Ao oy T e
second raetcafinglV 1 Béhtaininghtke atdease v demeds SroabtheGetdnatmatbgalfahd tie materi al  at

| east parfially. covers tﬁe econd. terial 30. Thereafter, a base material
50 is sifEHaHY slement fom the frstymaierialdled position irmmediately above the
cruci bl e means 45, and the housing enclosure 12 evacuated of air. Heat is
t hen supplied to the Hehdisdo ' e | ten zone
55 w thin _and through trﬁgte fi rgfﬁﬁﬁadt%rg?ﬁ%ggﬁlsaﬁ%3?ﬁg e§%®n§tggn zone 55
of the frycible megnedd mipy bo apoomplisheslizyhuitgbledweating muanshinchdirgdawoma nat eri al

30to t ' - . | t . 56 ,wi t hi th d t i al
30, " wner S Yych! ARl Alhee B RETino i 1R A0 g MecloB R B Y e
t r ansporthechse bf high terbeeatord firenmaerisls 30, aniddh paiticulie whktd @te ¢iher i al 20, ‘and

the refractory. el epent, and the t el enments are ,each_evaporated therefrom
f ormi ng "éEt”\‘}éﬁ‘zlﬁh S EHEYHR e ﬁ?éws\@gsﬁa%%d?mm ip gheclirstroaisdal, 8h base - 11 11

April 2 ; : L. fil: iod of tine
such deE%Eitr?@g%{n? rrrc';‘[0 glg@gggtfﬁlg@%ag%m%g}éﬁ?ﬁ%ﬁ%ﬁ%&ggglﬁ%%[g‘ftpcﬁ{v\o el erent s
f r om t hécara gunsitthencarimdre gledtrom beamsefd cantberrysteled weat the sarfadelsd dfi r st

mat eri a ... The heating.qof, the. first and second..material 20, 30

r espect h/eggrﬁt qnﬁ. h %Iﬂ%g‘aﬁ@loe&ﬁg‘a%wg’ %ﬂ@/ﬂ%ﬁ@séglﬁ‘pﬁﬁ?‘} HiIsHmIRng of ¢ able
heat i ng tlivaasiten mietalel 4Ad H4S MR IdARAN RIS A ARLEES(sBLIRACH the@ds8 s, | nduction
heating cojls and el ectron beamguns. In the case of high tenperature

first nhedtinggf garogartymetalswhere pxidgllayersinay tend e foranrin breating al s such as

zi rconi : I, | nt in-dhe first, mterial, an
el ect roﬁrgaml gﬁﬁ%éﬁé‘é‘%ﬁ%" E@f gf @%%Pg%ng’ﬁg“ %gnet #earhdeéﬁ Wﬁ'ﬁh "qéﬁér.l Usi ng
el ect r omaifisiainggmd prévOntingea décredde tn the e bOrefRCHIF eRthefitévaperatiapt er ed over

th f 5
€ sur fr%ﬁ'les acg g7.

| With respect to preferential rastering patterns, the applicants have
t_'ound that a specific rastering pattern advantageously, particularly where the
refractory element is a rare earth metal such as zirconium prone to oxide layer
formation, maintains continuous deposition rates and thus assists in obtaining
commercially viable rates of deposition of a coating 71 on a base; material 50. In this
- regard, the applicants have found that a heating method useful in combination with
the method of the present invention, wherein heat is supplied to-an inner area 91 and a
surrounding outer heated area 92 wherein at least a portion of the inner heated area 91
is heated to a greater temperature than the outer heated area 93, is advantageous in

maintaining commercially viable deposition rates.

With respect to this particular heating pattern, reference is to be had to
Eigures 2-4 inclusive. In particular, in a preferred embodiment of this invention, an
electron beam gun 60 and electron beam 68 are used to accomplish such heating

pattern, wherein the electron beam or beams 68 from the electron beam gun(s) 60 are
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the first and second material 20, 30 in a variety of patterns which can
assist mxing of the nolten materials, and has the additional added
advant ages (such as in the case of heating of rare earth nethAprihidddbe
oxide layers may tend to form in creating Maragani flow patterns (see
Fig. 4) within the nolten zone 55 and 56 whi ch assist in maintaining and

preventi g of nment ev ration from

surf ace gge&ﬁ&%s%:o}ghe%@ n%'?)retbé;ae%l @'ﬁ@yqeﬁ{_‘}gﬁgﬁatgér he applicants
have f oscadninggatternsyfaact ¢1ectm93tem d”tg)eﬁimt; 68 hisRE \f@ﬂﬁmw%&ead%%é icularly
wher e th refractohéﬁel enent is g rare earth nmetal such as zirconi um prone

to oxide nae;éq,turefo&a FiSrPortion ¢fiag; inaerdwated arrs i @Qmﬁlﬁt pithe ontees and t hus
assi sts hent@pirah 03 Qaas@qmﬁ%ﬁﬂ;ﬁinlcyeagé@gjoﬂza it app thEERASH bf AReOf @ coating

71 on a base materi al W& found that a

heat i ng h@{tmemgéf(ﬁheﬁg-%&ﬂ))l nation W|th t he method of the present
I nvention, wherein heat is supplled to an inner area 91 and a surrounding

out er heat ed area ast a. rtion of the jnner heated area 91
is heated to a gr egﬁ Jefgrljﬁéehreg?ti?r SRy ﬁlr‘?“ﬁ eé??f‘é’? briais @%a"ér"éﬁd’% is

advant agebigh may begrovided t’mmga singleelecirah byany igaR k@ ol RROS! &b&f*gdi@s@s Wth
respect ltfﬁ*t’f‘hlirﬁﬁ'g“g%f heatln pattern, reference is to be had to

Fi gures -t prelsrirg gpabo rﬁerﬁérsff}gé% 168 from beagt gy GQiprewisiesl 2 wisoulant t hi s

i nvent i BeanPéBa & b re used to
acconpl i sh sucah ﬁﬁé&é{’f‘g‘ga gggi%ir{ﬁ"ép Za:}grcﬁia?%&%ﬁggg ?@nhegggrfﬁnw beans 68

fromt h@l@ubcm@mwaim@m( 2y’. qSeaFiz. 31Blkbﬂvzs&pa bécoRdefctbn B&inggumcr 0SS bot h

an |nner 92.and_an uter area 93, and _the scanning
pattern (g“i ﬂd%f%é’f Bic pinghlag e 8 ‘F@e@ﬂgh Wblcﬁrl%h%q"éﬁ@ ly increase

the temevedtiiaeihladinotieR e hat £ irtd1fNaed 9R-NTHORK el gzm §2 above
that of the outer heated area 93 so as to transient |ncre

vapor i z % &ncydlehsa that bram 68 temporariie due lmaﬂedhghelab@ﬁl pavaEer Emcge 2 & 3).
may. Do peaveaedC s REARES TEbien nEia s e Bt Bline 88 bertongr ol Sor & guns. 60.

inner heated area 92 over outer heated area 93. Itis accordingly believed that such '

heating pattern transienﬂy increases the vaporization from the inner heated area 92

over the outer heated area 93, 50 as to create Marangoni flow patterns 97 within the

molten zones 55 and 56 of the first and second materials 20, 30, thereby increasing

mixing between the two zones, 55 and 56 and further causing any oxide layers which

may tend to form or surface 57 to migrate from the inner heated area 92 radially

outwardly from the center of the molten pool 55 to the outer heated area 93, thereby

leaving the inner heated area 92 free of oxide layer at the surface 57 and thereby

permitting evaporation of both elements from the second material 30 and the

refractory element from the first material 20 (see Fig. 4).

Other heating patterns to accomplish the transient heating of an inner
heated area 92 over an outer heated area 93 will immediately occur to persons skilled
in the art. The invention is not limited to the particular circular heating patterns

disclosed herein and in particular the circular heating pattern shown in Figs. 2 & 3.

Apparatus 10 may also comprise a replenishment means for

replenishing any minor amounts of material that are lost during the process of

-13-



In the preferred enbodi mrent a single beam 68 from beam gun 60 provides a
circular beam 68a of dianeter "a', and is noved in a circular pattern so
as to heat an inner circular area 92 of dianmeter'2x'. (See H fpril2P05

Li kewi se, a second el ectron beamgun 60 is provided to provide a circular
beam 68b, of dianeter “y', which is likewise noved in a circular notion to
heat a evamothtéon. aD®er fitiohAEeit LA | ed so that
beam 684 tliemnporari ly, due to 'efiﬁt@%tgr iag%gbrqugﬁﬁ?lg%ag?to% pﬁn%ﬁlé(ib%lyequent

cycl i ngthasges ordinagy skill e fagilitatetheprastitend themptind bfittds fveatignyuchas or al | of

I nner h r t eated area 93. It is accordingly believed

t hat sugﬁﬁﬁﬂ‘éég{ﬁg%%af?{@fa rq%ﬁroglégn%lﬁfweq%ﬂ&ag%{%eﬁ Wafs52h zat i on from the

i nner héepasitiarmt @Esorofe indohwraidiehtdadiRgk 86 RAIRR, nRandfHrL 0 create

Mar angoni ttlﬁgnwtﬁatterns 97_within the nolten zones 55 and 56 of the first

and secBIf EPe XRRoT sSticam @0 syqhersdiyyadditionad yprigps edtotiiced phiettislennd he t wo

zones, &fhepBl a | ' I rs _which, tend to
e Rl B AU, OO AR, ity P PedphG3 piR

formon surface 57 to mgrate 1y
out war dingo hpwsing enslasure: Ky inekder te rewt with ope ot mbf dfahé Elements presB@Ghed ar ea

93, the | the inn eated area 92 free of oxide |layer at the
surf ac e{’ﬁg% gﬁéﬁﬁﬁg ?g BV“EB%‘F?ﬁ ﬁt‘]‘ﬁ@ e@(ﬁ&ﬁ@r"él"f”@ﬁo'&ds 1s6vld is¢ladent s from t he
second omtgen) @itrogéh, atthanb er othef fed&iiv WeQLEMBRL o4k ' terial 20
(see Fie‘?‘- )., O her heating patterns s?o acconp?%ss%ﬂl{?%%{’%[%@%nen heati ng of
an i nnéBetahalle¥sq area 92 over an outer heated area 93 will inmediatel y
occur to persons skilled in the art. The invention is not limted to the
particul ar circul ¢fe fieadnk | sed herejn and in particular
the circul ar heati n%ﬁgatt[e}gﬁ@r{)‘&gp?end%@%dqﬁ _rdg%ﬂgpg s 10 may al so

conpr i gefegencesp drei folowing noedinsitdtive examplesnisdaich of atimplbNPL 1258WRE S Of
-13 11 ril 2005 evaporation.

teri f . | ost, duri th f
Gher P ciRfansaRb e Sorild riles 207 focpen af e disinsterdarkh e 10 by
those allogiodicomppisitibsi bd hektind @6idedcr8ba w088 I MEGik ldifolikRA of thi s
|

i nvention such as autonmated controls for rep Thent neans
and sedSAUNGBASR, A5 shereptisiigi brvasatsed todreabthe nfaterial phoednr tki on i nt o

F eedbagkyGOIR! foRkfihifles A1, % all other examples a single circle electron beam

pattern of 1" diameter heated area was used, using the same power as the two-circle

heating pattern. In all cases single electron beam 68 providéd a single beam of 1/4"

- diameter, of approximately 30 kV at 0.67-1.0 amps, (i.e., 20-30 kW) which was
directed at the rare earth metal “hot top”. fI"he hot top was heated to incandescence
and caused to melt. For the two-circle heating mieihod, the beam 68 was directed
within the inner circle %" diameter inner heated area 92 for 400 milliseconds, and

‘rotated about and within the inner heated area 92 (See Fig. 3) of area B (1/4") during

*a 12.5 millisecond period, thereby repeating 400/12.5 = 32 times. Thereafter the
beam was directed to the outer heated circular area 93, as shown in Fig, 3, of scanned
area B x [(%4"F - (1/4")}] (see Fig. 3) for 200 milliseconds. The beam 68 was then

~directed around the outer heated area over a period of 12.5 milliseconds, and
accordingly repeated 200/12.5 = 16 times. The beam was then directed back to the

inner circle area 92, and the process continually repeated.

Composition of the resulting substrate for each of examples 1 - 17 was

determined by clectron microprobe analysis, and is shown in Tables I & II below. In
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nodi fyi ng the vapor stream 70 such as by addition of various electrical
potentials and other elenents. Further, other elenents or conpounds nmay
al so be introduced back into housing enclosure 12 in order toAp@@005w t h
one or nore of the elenments present in vapor stream 70 or condensate 50.
Such el enments or conpounds could include oxygen, nitrogen, nethane or

ot her r I | I e he evapaqrati qn netal alloys. The
prese ntfﬁﬁﬁg\?%@f’ %ﬁ&&ﬂbﬁﬁmﬁ)@f %’g ?Eﬁol%ﬁé)&qf’%f;’?sﬁ ﬂ%?ﬁ)ﬁa’@? é?q?egq{}ﬁ"? B reference to

t he f ol pasitiomgvenibrally iabdtesthé Yengeudinmll £ss oflthe €AGTIHRA] iﬂ%@tfﬁlédéa witlin 17 set out
bel ow, a circul ar sanple of second material 20 in the formof a 1" dianeter
N - Alcm%fHed'f}ea&F‘lgorrpositi on as hereinafter described was used. A
two-circle electron beam heating pattern, as shown in Fig. 3, was used to
heat thexasieErg #l placed in the crucible, for exanples 15 and 16. In all
ot her exanples a single circle electron beam pattern of 1" dianeter heated
area was used, using the sane power as the two-circle heating pattern. In

al | cases singl e Hreetd)dr Hemdigs of suhstansidliy puiergieccapthanetalf 1/ 4"  di anet er,

of apprmxi ¥ Y/ . DSy, - (1. €. 0- 30 k! [ was

directe ﬁgémérﬁie hrog?o é%a%ﬁgg@z( g%atglﬁgltrm ?%l 'd.lanf'ﬁfgr ﬁ}Sf‘pR"%‘\%Gé‘\g? Hg‘gt ed to

i ncandesclethiek whiohl farmed elit first-rmtdrial Frwdrb plac¥®ort tdpcdfeolaeds i ng met hod, the
ner gircle %" dianeter inner heated

beam 68 was directed w.thin the i

ar ea 9?“*9% Dt CAY e 4 ]s\éqd%%fxgr\‘éf’hq%ﬁtgt“&?t whénky fogned theseeandt he i nner
heat ed ndt83a12d. (SRER i 1 P ' : 1 tJisecond
period, thereby. rep:aag't0 ?WS‘?’ %%r%;risg?gﬁgﬁgélﬁof/mg{uﬂipé%@gg% érﬁ a’??]dgnksbeam was
di r ect é@atopnie Hgight perceitp ad ddseinatetihbi0 wasdisfed divectlymbove theFihgt 3, of

scanned__.,al.e X %' '")' - (1/4")2]. (see Fig. 3) for 200 m|liseconds.
The beg?ﬁg{?a\%égpfﬁ%a%’ir?ﬁ@%ﬁgg‘"&?&m tqwﬁW%“' heated area over a period
of 12.5 mlliseconds, and accordingly repeated 200/12.5 = 16 tines. The

beam was then di racéledrdndsdsm of 20167 at 0TR1 0GnkSs, @.c2r0BPRW)¥ad the process
continyal ly repeated. Conposition of the resulting substrate for each of

exanp| G¥epted anthe fpre cargfumistal htdomy 2ed detheblepnheateshiodnesndesseyesiss, and i s
shown L laRkeR td nidlt! 'Up%ﬁln?é/l’tiné, Phe rhfe ehttn/REeht “h%??o%” changed its shape ’

from a disk to a sphere. The underlying second material ingot did not melt or form a

melt pool. No zirconium was observed after such process on the surface of the base

material 50 as determined by electron microprobe analysis.

- EXAMPLE 2

Four 3.5 gram disks of substantially pure rare earth metal (zirconium)
“hot top”, each-approximately 1 inch in diameter by approximately 1/16 inch thick,
were placed on top of so as to substantially cover 1 inch diameter by approximately 6
inch in length ingot which formed the second material. Such irigot was comprised a
nickel 50% - aluminum 50% (all amounts in atom percent). A base material was
disposed directly above the “hot top” so as to provide a surface for vapors o

condense on.

An electron beam of 25 kV at 0.67-1.0 amps, (i.e., 10-20 kW) was
directed at the rare earth metal “hot top”, and the hot top heated to incandescence so
as to cause it to melt. Upon melting, the rare earth metal “hot top” changed its shape
from a disk to a sphere. The underlying second material ingot did not melt or form a
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all cases the conposition of the deposit on the base material was taken
froma position vertically above the |ongitudinal axis of the cylindrical
ingot placed within crucible nmeans 45. EXAMPLE 1 Three (3) Bl.Apgi280%di sks
of substantially pure rare earth nmetal (zirconiun) "hot top", each
approximately 1 inch in dianeter by approximately 1/16 inch thick which
formed t efllr -mat eri al Wer? Qlacg n top of so as to  substantially
cover AMtPQR MR FFcopIyg Wﬁﬁ efintivaln detacied atlen A0 prCRSPheswicend materi al
30. SuGQRctnes mmawsrwwrﬁﬁﬁm ae&ésﬁlmfé gmbeainums@um 50% (al | amounts in
atomc wei ght percent). A base materl al 50 was di'sposed directly above the
"hot to So as to provide a surface for any vapors to condense on. An

el ectr(ﬁmm}ﬁo kv at 0.67-1.0 anps, (i.e., 20-30 kW was directed at
the rare earth netal "hot top", and the hot top heated to i ncandescence so
as to cause it t { I t t op”
changed its shapg g?&rhoont"lﬁwﬁplelgrg tﬁﬂoﬂ&Shagf;frgfﬁ)?ﬁnﬁﬁ“H li]t({ﬁ;/il naf%%%ghd mat eri al
i ngot abuohpristd miiahm:kdr33f/madummmBI%pmbomhmZﬂ % Chamoonteia achiser ved af ter
such proceti B’E face of  the base cgll aL EO as et erm ned by

el ect r SRR ’r%‘gli‘ (fpsgrams E’Erechf’&ﬂw ndl 9 %‘ﬁ%l(érﬁts of

subst apfdtgdlyshBWnan a5 1SBELY, m@%&&&m&&&%%@ot co ?ﬁsetdcb? ‘nickBACH
approximately 1 inch in dianeter by approxi mately. I nch thick, were
pl aced58% -t&lwnumnséo%iali @mgurﬂs uwtomalempnﬁom each dfitlgse gkamples theby

appr oxi n h|n chfo med the s nd terial.
Shen” HEE el IERAEY M P Osndbah IRty ST el 1 1 acom
per centjea. A base nateri al vvas di sposed directly above the "hot top" so as

to provide a surface for vapors to condense on. An el ectron beam of 25 kV
at 0.67-1.0 anps directed at the rare earth netal

I.e., 10-20 k S
"hot top", and tﬁgghﬁﬁt‘)?ééobh@é% VYW‘%%W@&I‘R?@QB e, ad fogmed &y cause it to
mel t. Hﬂﬁﬂmﬁ@é dd?gfzitr uﬁﬁ‘ fhid cdiR %%nﬁﬁ@l its shape from

a disk to a_sphere. eun I I ng sec rraterl I ngot did not nelt or
f or m aunderlying mckel—alumxnum mgot which lay beneath such not-top to then melt. A

raft of zirconium-rich liquid initially appeared on the top surface, and was
distinguished by its bright white color compared to the characteristic orahge color of
the molten nickel-aluminum. This is believed to be due to zirconium having a higher
emissivity than nickel-aluminum. During the course of several minutes
(approximately 10-15 minutes), the white raft slowly disappeared, as the zirconium
‘becomes completely mixed with the nickel-aluminum liquid from the feedstock ingot
(second material). The concentration of zirconium found deposited on the base

material were as set out in Table I below.
EXAMPLES 9-13

In each of these examples, save example 12 & 13 where the
composition comprised Ni 18- Al 18 Zr 64, and Ni 12 - Al - 12 Zr 76, respectively,
the first material comprised a nickel 33% - aluminum 33% - zirconium 33% (all
amounts in atom percent) hot top. In Example 9, the second material was comprised
of nickel 45% - aluminum 55% (all amounts in atom percent) ingot, whereas in
Examples 10-13, the second material was comprised of nickel 50% - aluminum 50% -

(all amounts in atom percent).
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-15 11 April 2005 nelt pool. No zirconiumwas definitively detected after
such .process on the surface of the base material as determ ned by el ectron
m croprobe anal ysis. EXAMPLES 3-8 In each of exanples 3 throlighApd 2085first
material "hot top” was formed, conprised of nickel 33%- al um num 33% -
zirconium 33% (all amounts in atom percent), with the weight (in grans)

whi ch were contain d in the g%fé (first material) showm in Table 1,

bel ow. The second PE’PF‘HP“P Fﬁ&@%ﬁ‘%‘i" %@R%‘%““S@f’fﬁ"i eagh i num 50%
(all amounggqHhflesd bR ee\més)detérﬂlmr}, %@ctwﬁ‘?ﬁﬁr ist A nol ten pool
was heated by 'a single circle electro eam r ast sca ning a |" dianeter
area. The hotoncopratiohof zinemsiure it the copdenkae & shoWnan 'I]ablarhbehmi forned a
continuous pool of zirconiumrich |iquid, causing a substantial portion of
the wunderlying nickel-alum numingot, which |ay beneath such not-top to
then nmelt. A raft of zirconiumrich liquid initially appeared on the top
surface, and was distinguished by its bright white color conpared to the
characteristic orange color of the nolten nickel-alumnum This is
believed to be due to zirconiumhaving a higher emssivity than

ni ckel -al um num During the course of several mnutes (approximtely 10-15
m nutes), the white raft slowy di sappeared, as the zirconium becones
conpletely m xed with the nickel-alumnumliquid fromthe feedstock ingot
(second material). The concentration of zirconiumfound deposited on the
base material were as set out in Table | bel ow. EXAMPLES 9 - 13 |n.each of
t hese exanpl es, save exanple 12 & 13 where the conposition conprisedN 18
- Al 18 Zr 64, and NI 12 - Al - 12 Zr 76, respectively, the first nmaterial
conprised a nickel 33%- alumnum 33% - zirconium33% (all anmounts in atom
percent) hot top. In Exanple 9, the second material was conprised of

ni ckel 45% - al um num 55% (all anmounts in atom percent) ingot, whereas in
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Exanpl es 10-13, the second material was conprised of nickel 50% - al um num
50% - (all anounts in atompercent). -16 11 April 2005 Conposition of the
resul ting condensate on the substrate for each of Exanples ol Apnil@09H 13
was determ ned by el ectron m croprobe analysis. The concentration of
zirconiumin the condensate is shown in Table | below 11 April 2005 Table
| Starting xp. No.Material Hot Top Conposition Conposition (a/o)

(Exanmpl e(i.e., second(a/o) (i.e., first No.)material)nmaterial) E 161
(1) Ni 50-Al 503 Zr disks E 173 (2)Ni 50 - A1504 Zr disks E189-2(3)Ni50 - A
150 Ni33 - A 133 - Zr33 E189-4(4)Ni50 - Al 50 NN33 - Al 33 - Zr33 E 196
(5)N 50 - A150 Ni33 - Al 33 - Zr 33 E290-1(6) Ni 50-A150 Ni 33-A133- Zr 33
E291-1(7) N 50-Al150 Ni 33- A133-

Table |
Starting
Material
Composition Hot Top Grams of
Exp. No. (2/0) Composition  refractory
(Example (i.e, second (2/0) (i.e., first material (Zr) Melt Pool Substrate Composition
No.) material) material) in Hot Top Composition (a/0) (afo)
Ni Al Zr Ni Al Zr

E161 (I) Ni50-Al150 3 Zrdisks 10.5 70.1+05 268+£02 0034004

E173(2) NiS0-AIS50 4 Zrdisks 140 593+34 406+23 (03002

£ 189-2(3) NiSO-AlS50 Ni33-A133- 13.0 - - - 617406 38.24-0.6 0.10+-0.04
Zr33

E 189-4(4) NiS0-Al S50 Ni33-Al33- 13.0 - - - 634406 36409 0.16+-0.12
Zr33 .

E196(5) Ni50-AlS50 Ni33-Al133- 14.0 - - - 629408 39.0+4-1.8 0024002
Zr33 .

E290-1(6) Ni50-A150 Ni33-Al133- 152 - - - 524+4/-24 400430 0.02+-0.04
Zri3

E291-1(7) Ni50-AIS50 Ni33-A133 ; 15.2 - - - 4834432 39.7+-19 0.01+-0.01
Zri3
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Zr 33 Ganms of refractory material (Zr) Melt Pool Substrate Conposition
in Hot Top Conposition (a/o) (a/lo) NN Al Zr NN Al Zr

10. 570. 10. 526. 80. 20. 030. 04 14. 059. 33. 440. 62. 30. 030. 02 13. 0 -11+April 2005

61. 7+1- 0. 638. 2+/-0. 60. 10+/-0. 04 13.0- 63.4+/-0.636.4+1-0.90.16+/-0.12 14.0-
62. 9+/-0.839. 0+/-1.80. 02+/-0. 02 15.2- 52.4+/-2.440.0+/-3.00. 02+/-0. 04 15. 2-
48. 3+/-3.239. 7+1-1.90. 01+/-0.01 11 April . 2005 Starting Nhterlal

Conposi tionHot Top Exp. No. (a/o)Conposition (Exanple(i.e., second(al/o)
(i.e., first No.)material)material) E289.2(8)N 50 - Al 50Ni 33 - Al 33 -
Zr33 E 286 (9)Ni45 - Al 55 Ni33 - Al 33 - Zr 33 E 181-Ni 50- Al 50 14i 33- Al 33-
10(10) Zr 33 E255-5(11) N 50 - Al 50 Ni33 - Al 33 - Zr 33 E 180-8(12) Ni 50 -
Al 50 14118 - Al 18 -

Starting
Material
Composition Hot Top Grams of
Exp. No. (a/o) Composition  refractory
(Example (i.c,sccond (af0) (i.e., first material (Zr) Melt Pool Substrate Composition
No.) material) material) in Hot Top Composition (a/o) {alo)
Ni Al Zr Ni Al Zr
E 289-2(8) Ni50-AI50 Ni33-A133- 152 - - - 520+-1.1 39.8+-15 0.02+-0.09
. Zr33 :
E286(9) WNi45-AlS5 Ni33-A133- 15.5 - - - 6LOH-0.6 38.8+-68 0.06+-0.09
Zr33
E 181- Nis0- A150 Ni33-Al133- 257 223 33 733 6074-28 333#-20 5.01+-1.03
10(10) Zr33 ‘ .
E 255-5(11) NiS0-A150 Ni33-Al33- 325 . 167 3.7 787 574409 39.5H-21 246+-147
Zr33 '
E 180-8(12) Ni50- Al 50 Nil8-Al18- 413 160 2.6 812 598+-39 353+H-46 4.36H-1.77
Zir64 '
EL79- Ni50- A1 50 Nil2-All2- 46.6 30.6 47 64.6 572+/49 385+-63 3.81+-4.71
10(13) Zr76
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Zr64 E179- 14150 - Al 50 14112 - A 12 - 10(13) Zr76 Gans of refractory

material (Zr) Melt Pool Substrate Conposition in Hot Top Conposition (a/o)

(a/o) N Al Zr Ni Al Zr 15.2---52.0+/-1.139. 8+/-1.50. 02+/ - 0. DRAPpril 2005

15.5---61. 0+/ -6.638.8+/-0.80. 06+/-0.09

25.722.33.373. 360. 7+1- 2. 833. 3+/-2. 05. 01+/-1. 03

32.516. 73. 778. 757. 4+/ - 0. 939. 5+/ - ZTéﬁ. ﬁlg+/.-1.47

41. 316. 02. 681. 259. 8+/ - 3. 935. 3+1-4 +-1.77

46. 630. 64. 764. 657. 2+/ - 4. 938. 5+1-6.33. 81+/-4.71 Table Il Starting Mteri al

Hot Top Grans of xp. No.Co S|t|oﬁ’ PB) Corrp05|t|on refractory

IectronubstratéwﬁmaﬁEGFﬂlo i0 (a/o) (i.e., flrstnaterlal ( Zr)

in Hot (Exanpl Eomussiyerdsdr i i %TE)T Beam Pat tern(al o E 379
LaRiL i

p-N ond Su strate omposmon
(14) Neampi e%‘c‘») dfﬁg 3o al L CrgpC P2 (o)

Zr

£ 379 (14) NiSO- A1 50  Ni33- Al 33- 15.32 1 circle 0.01-0.02
Zr33

E 380(15) NiSO- Al 50  Ni33- Al 33- 15.52 I circle 0.01-0.02
Zr33

E 381(16) Nis0 - AI 50 Ni33 - Al 33- 1537 2 circle 0.20-0.25
233 7

E387(17) Ni49-A149-Cr2 Ni3l-Al33- 15.57 2 circle .30-0.72
Z33
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Zr33 E 380(15)Ni 50 - At 50N 33 - Al 33-15.521 circle0.01- 0.02 Zr33 E
381(16) N150 - Al 50Ni 33 - A 133-15.372 circle0.20-0.25 Zr33 E 387(17)N 49 -
Al 49 -Cr2 N33 - Al 33- 15.572 circle0.30-0.72 Zr33 11 Aprit12p@208%anpl es
14-15 Exanples 14 & 15 utilized a 1 circle electron beamraster, |ike
exanples 1 - 13, with a first material having a Ni 33 - A133 - Zr33
conposition (a/o), and the second material a N 50-Al150 conposition.

ot ai nedE:emiiés BE-85 conposition is shown in Table I1. EXAMPLES 16-17 In
exanpl es 16-17, t hExanpléseld LdGlutiiasd b éeireld ebogtran bewm castert Bkel ectron  beam

raster, as described previously the.elegtron st which .dro t hese two
el ect r oreXsEWIsdat b i asﬁ/EiSFEﬁt@éaU@Hﬂ $3r %tré‘g? ﬁﬂ‘éﬁp"%ﬁ?‘&@’% o the

out er C'Jnglstﬁe sccBE@&afe?faP% RidIAL S0 EhRposii. GithintEsutRidte/RRPALItIOYiL his
pattern. may be seen from exanples 10 - 13, where sufficient zirconium
was pr esshiotvniin Table IE.i rst material 20, zirconium concentrations were
obtained in the coating 71 in concentrations in excess of 0.05 atomc

per cent Wﬁ%&th respect to Exanples 16 & 17, where a two - circle
rasteri utilized, such produced greater concentrations of
zirconiumin the coating 71 than for exanples where equival ent anmounts of
zi rconi um wer e uselh, exbriplesnbyi 7atheimagllen pool wheheatesittora twacirde pleoiien used

(e.g. conpare with exapples 5 - 8). It wll be underst course, that

nodi fi c RIEBHESIERFS H%SCH"QECLP‘PW"PFIIX tﬂ%ﬂﬁ%"rﬁé’ﬁ?@% lcﬁﬁ’éovie(r)}g r?ttﬁon descri bed

herein -V\%léa%be%%&%}negwhém doRfinSEaRAn #Hednndp¢irvlcaw/ td olithecitclyyent i on.  For
ete de

a conpl Inftion.as to the scope of the invention, reference is to be
nmade t o thbe rapméerede thecinaémmirele, and repeating this pattern.

As may be seen from examples 10 - 13, where sufficient zirconium
was present in the first material 20, zirconium concentrations were obtained in the
- coating 7! in concentrations in excess of 0.05 atomic percent. Likewise, with respect
to Examples 16 & 17, where a two - circle rastering pattern was utilized, such
produced greater concentrations of zirconium in the coating 71 than for examples
where equivalent amounts of zirconium were used, but only a single circle raster

pattern was used (e.g. compare with examples 5 - 8).

It will be understood, of course, that modifications can be made in the
'embodiments of the invention described herein without departing from the scope and
purview of the invention. For a complete definition as to the scope of the invention,

reference is to be made to the appended claims.
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11 April 2005 CLAIM5S .1. A vapor deposition source material for_use in a_
vapor deposition apparatus adapted to deposit a coating containin . :
refractory naterial in greater than trace anounts, said vapor degbépfll%%os
source material conprising: a) a first material, said first materi al

conpri siA§I¥Srefractory material, said refractory material being alloyed .
with at [ gast two = RO Rdteki ishichadpfaabdsoy i S
sel ected ﬁr’om t-heAg)%%ggﬁgﬁgél ng g%ehﬁit%gﬁigéuﬂ#}%t;‘éagg?gﬁ?oys, air}ti’?}ckel - base

al | oys, adaptsd tradeposit| 0 yoatingdntaining ni wefabiene anatelidy i geaster othap)ages o cong
material conprising at |east two el err%nts t.0. be evaporated to forma

vapor - cpewnts, &8d YaPQ GeRpSILQn SuIse ALyl CPPBISEL vent s in said second .
material that are.to be.evaporated. are the. sane as said t el enent s
contained in sai #fi rﬁmﬁqﬁwﬁwm%ﬁw&é ial of

Claiml , wherein sai Guid\RALRIT Haferial b8k AlbYEE willPtokht twdl QemERSENt in a

“first atomc ratio, and wherein said two elehents in said second materi al

that are to be evapor aosthiraddn gnafiey; whereimsaid atioyds atlevied froratheqrédpat i s
approximately the sa ot L b d ST G .rati 3. .The vapor deposition
source material of ;Cr‘;tzlofnn§|§, %\ﬂé‘?éer{l' "?14] sb%%ggpoﬁlﬁ S@E'é‘%?'gﬁ?%aﬂogﬁ 'BO'thase aibys, ' °
approxi mately 1:1. '4- andelunipitm-bessdsilioyspandour ce material of claim 3,
wherein said two elements in said first material are nickel and al um nium
5. The vapor dep@;itign‘smac%aa{@ré@ﬁpﬁn%l@i fRadt tWatlefinleridi @ afractory
material is selected fromthe group consisting of zirconium -hafnium
titanium yttrium chevagomted te aviaperrdaposited material,| whereinhsaidowo 22 11

April 2005 6. A met hogleplentPR%id SRER] hafifiaP P 3ld B%e Drapolitsf aflths 2!

said coating
: same as said two elements contained in said first material.

2. - The vapor deposition source material of Claim | , wherein said two

elements in said first material are present in a first atomic ratio, and wherein said two

elements in said second material thatare to be evaporated are presentin a second atomic

ratio that is approximately the same as said first atomic ratio.

3. The vapor deposition source material of claim 2, wherein said first atomic ratio is
approximately 1:1.

4.  The vapor deposition' source material of claim 3, wherein said two elements in
said first material are nickel and aluminium.

5. The vapor deposition source material of claim 1, wherein said refractory material

is selected from the group consisting of zirconium, hafnium, titanium, yttrium, chromium,

rhenium, silicon, and alloys thereof.
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conprising at least two netallic elenents and a refractory el enent, wherein
said refractory elenent conprises greater than 0.05 atom c present of said
vapor - deposited coating the method conprising the steps of: a) pArid\prdlR6gp a
source material, said source material conprising a first nmaterial, said
first material conprising said at least two netallic elenents, said
refractory el enment heing all oyed therew th, and second terial, said -
second omat er i MEHRAr Pls VARPrAPgsiting | 3 £L0BUNG R FeFPF i B2 '@ﬁgﬁﬂ .c0glingy | aci ng
sai d soudonspridiigChl Mast Nwd Mietilicd bRnfeneh dnliah Sfrabtoly leldmerRiwhicredh dafd

positioned over said second material and af | east arti.ally cover aid
Do ond HBATRP] SR HTIER oAt e dh0m SRIC Rrasnb oL S8, el ioe e
coating dcﬁtiﬁ%thb&netﬁl@@@@rhpﬁihgtﬁ)asmb‘sidf:i oni ng sai d base vertically above an
opening in the crucible; and e) heating said first material, thereby
creating a nolten zone_ | R,.sal Lr teri 'ﬂm?@d' : zone
contacts said se@nd %ﬁda%éﬁilgg?u{chg?%%ﬁﬁcs%@a%uﬁ%e\,@g%géon nr%fr{a‘gnﬁrggne
within said second nataderalsaifistimategaldon}oiohyg saldeatdeast beo aretallis netal |i ¢
el ements in said secon er.ial r I F @B retAind ten zone,
wherein said refract oﬁ%@isﬁgﬁ@ rgﬁ%&g&ieﬁ%b@gﬁﬂﬁc ePre.rrent%ﬁq)%\ said
second material are eseqndanhaterill said secandsoateda cormpdsinglsaid@d leask condensed
upon said base nater| r rm ng said vapor-deposited coating. 7.
The net hod of claim 6@\/\?1"8?@&& %ﬁtg‘t ep of providing a source nmateri al _
further includeg) sel ﬁﬁ&ihggsafd- rs6firce Ghatepale e Feauciblco Bueth ¢hayr said fostnsi st i ng
of zirconium hafnium yttrium titanium rhenium silicon, chromum and
alloys thereof. 8. Thmatetiehdsl pesitioned raver saighsecond material ggdopt 1884 i ng sai d

First material partially covers said second material;

c) providing a base upon which said vapor-deposited coating is to be

deposited;

d) positioning said base vertically above an opening in the crucible;
and

€) heating said first material, thereby creating a molten zone in said

first material, wherein said molten zone contacts said second
material, thereby creating a second molten zone within said second

material,
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further including the step of heating an inner area and an outer area of
said source material such that said inner area is heated to a greater.
tenperature than a tenperature of said outer area. 9. A nethod dff Aprit 2005
vapor-depositing a coatjng on a base material, K said coatin conprising at
east t RN @odnelalicplements  spicksesend mptssial e iranSRpRAEINFOUGH T30

r ef r act Gholtedl RIMRNWhEreMYaicRFadbBAdiSieht Y dhidRvoheRliie SRS In €idsai d
vapor-deposuied r@gatlng t he r}ethod_ conpri sing the steps. of L selecting a
vapor - d&5§37¢ " e capririerittom sqid spuics reatedal aad gre cdsased oM Y ce
mat er i albage MRitesd Sthareby fdningRsaRs vabor-depbsitetiichatingrat eri al  conprising a
refractory material, said refractory material being alloyed with at |east

two netallic elements, and a second material conprisin sg_i@ge%il | east two
netal | i¢. el enthft Q’etﬂl?db@‘_ ‘é@)‘é‘p@r‘ﬁ'ﬂ%’&'"_t E'Gf%EiPnOf Rroyigig 30‘%’#‘8‘?&% righ fuhes :
~wher ei n 5alded ¥e MR Jéfr@c@weagm%a}o frann;ttﬁg iélrmﬁﬁ&ﬁﬂfétiﬂ?bﬁ.&iﬂ&inidﬂﬂaﬁafﬁiﬂm,t0 be

evaporated are the Sane as sai ' s contained in said

C

: S . Ic eleme
first netlEimafitaniug), thgniem.rgiceni eromiver. and 38y hewokour ce material in a
crucible such that said first material is positioned over said second

material and at |east partially covers, said second mater.ial; c‘% rovi di ng
a base 8pon whi cAheanehehpblaimphsiwhegcindhe iskg (Pfshqagn%éalddéﬁt)?? )

POST t | ARD i3dhAinDARE sBTdF Kby APBNE: WeOREN b Dutd? 4bP OFT34fd bbGice aNd €)
heati ng sal ITst matetial, théreby creating a nolten zone in said 'first
mat er i mhteriaharchithatsaiddnm latearis heated toagrats tanpatatmecihanl aidmpérapgeiof 2005
material, thereby creating a second nolten zone within said second

rmat er iS4 OWREERN said two metallic el ements in said material are
transpogrted t hrough said .-

A method of vapor-deposiling a coatiné on a base material, said coating
comprising at least two metallic elements and a refractory element, wherein said
refractory element comprises greater than 0.05 atomic present of said vapor-deposited

coating the method comprising the steps of:

a) selecting a vapor-deposition source material, wherein said vapor
deposition source material comprises a first material, said first material
comprising a refractory material, said refractory material being
alloyed with at least two metallic elements, and a second material
comprising said at least two metallic elements fo be evaporated to form
a vapor-deposited material, wherein said two metallic elements in said

second material that are o be evaporated are the same as said two
ﬁiéiéllicf elements contained in said first material:

b) placing said vapor-deposition source material in a crucible such
that said first material is positioned over said second material and
at least partially covers said second material;

c) providing a base upon which said vapor-deposited coating is to be-
deposited;

d) positioning said base vertically above an opening in the crucible;

_ and
¢)  heating said first material, thereby creating a molten zone in said

“first material, wherein said molien zone contacts said second
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nolten zone, wherein said refractory elenent and said two netallic elenments
in said second material are evaporated fromsaid source material and are.
condensed upon said base material, thereby form ng said vapor - defdospri 8305
coating. 10. The nethod of claim9, wherein the step of providing a source
material further includes selecting a refractory elenent formthe group
consisting of zirconium hafnium yttrium titanium rhenium silicon,
chrom um and alloys thereof. 11. The nethod of Claim9, wherein the step
of heating said firstmuterisl,ithéreby oreahing a serondanoltgnizene ssithin stidifeeandng an
inner area.and an outer area of said source material such that said inner
area is heated to a g% > tenperature than a tenperature of said outer
area. 25 11 April 2005 APPARATUS AND METHOD OF | NTRODUCI NG SMALL AMOUNTS OF
REFRACTORY ELEMENTS | NTO A VAPOR DEPCSI TI ON COATI NG ABSTRACT OF THE

DI SCLOSURE A net hod of introducing small anounts of a refractory el enent

into a vapor wieeml ddidfwd@atdlitdelemehR R ReidMbRFibPare((Rihspofed tifolgh gaiat .
| east two_ el enent 0 be de_@om ted as coati ng Qa a
y

which, are desired t .
base mufMAPR|ZonEqhsrel Said tsliariony element andysaid tva metslip Siggenisnt st
conpri sgéshndunitetidlare|evapithRdarsin daid RiuF@CinateYiaPArR &8t conliBAsdd Updn s@Ger i al
(20) is, adapt ed, tweéﬂpt transport of the at |east two elenents in the

second PRgednpigra ehyfopnige saiferappr-deraniled £Paling( 20) when the first (20)

and second (30) naterial are in a nolten state and in touching contact with
t he otHdr sdhesmethofafroldimed,apiesraini e $ép loh prdvitinge b esBRRdes niditelidl Herther '

refractory, el e t froman exposed syrface. Heat .is lied to the first
(50) et sipelan e HERURY SihesopE e Reip Aomisting AT SRANEN oSt er  t v
€l enenytriah, tesiomd risaiues, isicod, Broraineh, Bhe alldyefth@ebory el ement in the first
material (20), and the resulting vapors are condensed as a deposit on a
base material (50). A particular nmethod of heating is further disclosed

11, . The method of Claim 9, wherein the : step of heating said first material
further including the step of heating an inner area and an outer area of said source
material such that said inner area is heated to a greater temperature than a temperature of

said outer area.
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to assist in maintaining adequate rates of evaporation for the aforesaid
nmet hod, wherein the supplied heat is supplied to an inner heated area (91)
and a surrounding outer heated area (92) and at |east a port1April@d0% he

i nner heated area (91) is heated to a greater tenperature than the outer

heated area (92). Fig. 1A%§ARATUS AND |
METHOD OF INTRODUCING SMALL

AMOUNTS OF REFRACTORY ELEMENTS INTO A
VAPOR DEPOSITION COATING

ABSTRACT OF THE DISCLOSURE

A method of infroducing small amounts of a refractory element
into a vapor deposition coating. A second material (30), containing at least two
elements which are desired to be deposited as a coating on a base material, has placed
over it a first material ‘(20) substantially comprising such two elements and a
refractory element. The first material (20) is adapted to permit transport of the at
least two elements in the second material (30) through the first material (20) when the
first (20) and second (30) material are in a moltén state and in-touching contact with
the other so as to permit evaporation of the two elements and the refractory element
from an exposed surface. Heat ié supplied to the first (20) and second (30) materials
to permit evaporation of the at east two elements of second material (30) and the
refractory element in the first material (20), and the resulting vapors are condensed as
a deposit on a base material (50). A particular method of heating is further disclosed
to assist in maintaining adequate rates of evaporaﬁon for the aforesaid method,
wherein the supplied heat is supplied to an inner heated area (91) and a surrounding
outer heated area (92) and at least a portion of the inner héated area (91) is heated to a

greater temperature than the outer heated area (92).

Fig. 1
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