11 April 2005 APPARATUS AND METHOD FOR | NTRODUCI NG SMALL AMOUNTS OF
REFRACTORY ELEMENTS | NTO A VAPOR DEPGCSI TI ON COATI NG BACKGROUND OF THE

| NVENTI ON The present invention relates to a vapor depositi ot Appa0é%us and
met hod for applying a coating to .a base material, and nore particularly to
a vapor deposition apparatus and net hod wherein small amounts of

refractory el enent | gNeTalf | deposition coating. The
t her mal evaporatioﬁﬁﬂmggﬁgtﬁ%ﬁﬂgﬂﬁﬁsﬁyﬁﬁvp 6 such as netals to
forma coating on SHMAIdsAMGUBITISEDF REPRATTOR ViGN E o as vapor
deposition, is a rel atm d v%ed art. There are many sophi sticated
prior art techniques ép%‘gp EROSHIION G0AFINGsuch 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 BAGKIGROEND OF TeIFERWENFION t0o a tenperature at which it has a
significant vapor pressure, thus creating a vapor stream Heating

t echni ques include,direct nethods, such as heating the material to be
deposi ted using restIrERRIgNveRYNdeiatsn o @vapor dopositeamppardhas@d beam neans to

mel t al Imethéd &PEED] Ly : t j.al _to be evaporated, or indirectly,
such as by heat iag%??%e c‘agtlljr %)ciéﬁdg?maa ﬁagﬁgﬁin}?ﬁ??‘%’ﬁgﬁgﬂ’éﬁ’ AYPPUNd fl ashing

the mat depesitionspperagisapd mettem whéreiismallh@iovaty dras@actdheiGNaROLAt ed mat er i al
t her eaf o1, §&Q{m§%g(‘)’nde ed.on the surface of the base material, thereby

provi di ng & COat I hg™ t K SEPOSTH ¢038A%r v naterials are often desired to be
I ncorporated into coatings applied to the surface of conponents exposed to

o 2o e e 1o et s aiol R BRRPUERNR MR Bl 0
ther el n}ggls?lio pl.*n& 8 ggf}t}p@ mg nmrm_)d@rrﬁmniyl effersed oy vapbn ¢ barrier
ot o SRR g P U S S e 5
Skel | y, teglniguasiand appsatgsesdvitich plienitsmioh HARLIQS tolR@vRpGaflirdnny €Nt i on, nanely
Gener al S0 | (%Catn& 'c6n enggfltgyform a coating or layer on a substrate disposed a distaﬁce

from the source. Such processes all involve heating a material to be evaporated to a

temperature at wh_ic_h 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 ail

'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 evaporated material thereafier becomes condensed on the surface of

L 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 inter 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 zittépilZa0het 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
met al  woiude ek base miteddtiyuneans iof physicabvapy dpsisatidn, S6MpAsing @ieSes probl ens
due to . rel e of the oxyt%gn £r_esent in the oxide and diffrculties in

r egul atﬁt‘?ﬁg"ﬁe MEARTCOMHT Felapio $HRPBEIM pEide ingot athedrgatis heptesleposi t ed
condenRéHite e i ' nd applied as a
coati ng S’?o a bﬁéﬁ@%ﬁeﬁhz{% bgq;&ﬁﬂeﬁiogtgg%’ﬁg%??%%ggfg%ﬁ@&a}jrobI ens
are endoeiat exidesuchias zppeortinm wixade, astahevepmua sodrce nawks pludiaeadrdomat er i al

when app].i.ed t he vapor deposit.i,on od. as descrjbed frequently and
indes, TS ot bi¥eet BR@pui R RS n Sl i Tr FRelamgats wRENTSY ¢ he

st art i ng conipesitioh in @B désaltidgRpeaRdeBiddgateoul 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 ay hEfs g statisgematsriabtatbsienenpratad and appliedias amosting uent

starti @Sa%&@&%@ﬁaﬁkl 2Ymii Londiftb gﬂ%},% ﬁpﬁ?ﬁe)lewgr'é egrg@%%r@inat the

tenperature of the evaporation source. Caseé o particularly
nul t i- Persularyba compositien oftthe coated mmteeiabwhert applied bgakhe vipopi cal |y have

i gni fi,cant)y high hap 1 thers, such that th
condensapefidh DT {RERbe DEERAY And ibbelaliy wes subshadilipciimmts. 11 tne
mat 1 | @anih BempEITRIALE Saftih MatkhieShd (G HCorRflsdtS wBlld Ack iy ey apor at ed,

the condegnsate wl | have a_non-uniform conposition throughou
thi cknaform gemppsifion thrqugbtits thisknessabichsiasplycresambisé that béttet ar t i ng

"oy ot oh i Aol B HhoBbons Serd ool Bk a R B Bemdiset L o composi ti on

of t heevapmatemsaftetenvinkd coneaifddifele mitPU@RAMERS dtartih inféf&%%ﬂigﬂ atehe el ements
whi ch Eﬁgve h(itgjger vapor pressures. US Patent 5,474,809 to elly et al,
assi gnEiated teheu vapordressures at thedempergtumef the evaperatinmsonrcas §it theee wi t h

r espectade@flallfys) patiehhrly %ﬁﬂ-tcbﬁﬁituent alloys, one or two elements thereof
typically have si gnificantly higher vapor pressures than the others, such that the
condensate lS 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 composition 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 composition 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 achieving uniform and

desired conposition for the coating closely corresponding to that of the

evaporated material. Such patent disclosed a nmethod for cartyApd 2006 vapor

deposition that achieved a coating on a base material which closely

resenbl ed the conposition of the starting (i.e. evaporated) material, that

IS 10 sqpsthtalBodt sdife aéﬁﬁ%liﬁﬁkﬁl?éta‘hﬁal mkéhﬁep?odﬂa}ﬁ&ﬂfa% kh, pgubstantially
opo

the sane elenments in substantially the sane p rtions as the’starting

mat er i anateggle gvarrif thestasting matesiahwaea malti-passtituentitloy loigt dlémant  al | oy

havi ng gl : . Lgnificantl I.fferent . vapor pressures. In
particu gﬁg?'?i elﬁgﬁ @tﬁg(rlrlg{ﬁ{e?lgn gre %ﬁ%"frf:%]/ Igtpagfcu&ittgﬁ? O&?’Egrftl?% a met hod of
meki ng Sirelig\eaplopaatne disdiepabi inethod @ MRk Rig al evapérafed defésiVcTRGhatg@RO0Si ti on

e material (a second material) having a conposition

process .V\éf}gr el n o({z3 : L a. (
whi ch VESPESDEVRRAY GCBOSHON RIPFRSS, WacTain 0B mAlRiad (A secopd matpsiebbpwing ai s
over | ai ghniposRiohiviiiEh RS &sirdd (bl HRMEPRS] 553‘%915%1;1 gﬁoarsﬂl{a?e?itap rlf%/ errat erial wth

a higher nelti ng point or a vapor pressure el evat ed nperature that
i s | essoverand byachirsomatetinbwhich sondistehofa mfratioey mereiabwithadighet . Accor di ngly,

ot t od e PRt RERetrof BieatUre FLarcrip e eieraturk 50 18k B8 SR oxi ot 6 1 he

over | yithgcoristiaien st elid sabormrmafeﬁalnm@drumglﬁﬁpsﬁﬂé/a%gio%e fsfmhdegamal m xi ng
t hrough, the first overlyi r_la material and thereafter evaporated fromthe

sur f acdbornderlying sesondgnaerishihegomes weited, and thesoostitpers etaseentsof the r st mat erj al

becones; tfhe SiAAeEd r he, under' | ving second
mat er i aF(,Edetlﬁgetr 12%3; r# dfl%ls’% g“%ﬁﬁ%ﬁgg\{gl\r%@er@%? gﬁﬁ%m&ﬁg%g é;(?%e&&ﬂﬁ? erial in
such nend drermehmixinhtraigh thefictrosertyinematiiaharid Webfiérvagaaedof fir st
mat eri 3.)1( i@&d%ﬁt e%iy aBove |i .pernjtti nght he second materjal to be
evapor 2ty e SEHAeE the firsk pverlying material. da\syph Brpsessdhe firss materigh ocess

| : . ol havi
pur por peghnies1RbHad @d%%thﬁgﬁeétﬂoﬁﬁ/\_v%@iﬂhg ?“?“B?‘?é?mgﬁﬁ ﬁ'{%*e%i aving a

conposi tion which is substanti al cal to e sécond
nat er i dherebphiormingormolten zone sher¢ior arsitset@almatesal inisnclofmoltezateenent s t her ei n)

whi ch jred.to b vapor at ed paossessed vapor..pressures which .
permit )tﬁgé’é ab gﬁ%é%semn%ﬁgy 1&1&&3 Bg’?tﬁ? é?%ﬁ-f‘?’df‘?@ﬂ%‘\}%&‘rdﬁ%‘a aﬁﬂ"“c’&npar ison to
the fi petmitdiigethe sécondamediial Robd/eviaBrated 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 elcxrients 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 perceq§ hprilgh

: : . pril 2005
the case of refractory materials in the formof rare earth.materials suc
as zirconiumor hafniumintended to be incorporated into a thermal coating
for depodiit regardy whes empiiyarg atare edrth metd,tsush by zitkomium Hsehd first such

Coat | ngrifsetal uing B efiof Srughhy SETbrehsn, et GBS ratarel SRR IEHS | oa  However

when 1 afedsed Balngy BlvBon 1Rl by Hoal SRitbd iR as R RiclBh BEAn WSS tu8 of he
process of Skelly et al described in US 5,474,809 as the first material,

and net Bic surfres tensiga Horges existinglbetwetnumoitemzicdonpyn ad thesalidsecohd second

mat er i [ 441 fe. b hod taugh | s physically
nwor kapagrial e oSG 0Bl ke SBOp A et BokhuBlailo nd POV B9,
met al , enddslyhss sicondmateninl @Soit @ nidlteatzonBrlicdé wathirn ks 43go pbenidRiohed t aught by
Skelly et al, such first materjal when nelted tepds to b%;ﬁ) when

heat ed. S459nd mateial to,pigrate upwardly there dreregh-ad thersaftensyaporpte foma e ne surface

t ensi OngrPIcE & Btk éﬁéﬂﬂstﬁﬁb%@@&%% GRaetly it Ncia ARfkal6r @@l 1 d second

material . As a result there’is little or“no proper transfer of heat
downwarzitopniumn which eompwists/tha dirstevatedalibeteme st vaporatat o as tofdriea zone t here

it hi 1.1 t d terial t ' t dly th ,
thr ougrfeRit: WBrBSeah RO Gt Phitee i st ek BLE 10k e AR Cutet ances,
nei t hermédk; duwsSitilly)et AbpaAat ditthdtde 1o br Bfsclob@any?diftibtasdsVal villicE HTPr | ses

the first material becomes evaporated so as to forma deposit. Moreover,
i n ‘Skelw3s capablp of pbtginjpaquantities ofithe refiastasy mataliin thedepgsitir e earth netal ,

i ch Epnrfahs BRAEH S ko ho BT e Brlos ol 05 BBy p b 2l el i e

deposit in concentrations greater than trace anounts (i.e. greater than

0. 05 atBRIEBF SIEMMAR)Y. OBRHETNVENFARYNO- THE | NVENTI ON A wor kabl e vapor
deposition apparatus and nethod for incorporating greater than trace

amount s of refracgor terials such as zirconium a haf nium, nmetals into
coatings on-base M@r@@WB@R%@%PPW%%&?‘E&”MQW&M the |ike

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

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 elements

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 elements to be
evaporated to form a vapor-deposited material, wherein said two
elements in said second material that are to be evaporated are the

same 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-:
deposi tion appar atus adapted to deposit a coating containing a r“elfAmﬁQOO&

material in eat han trace a I.d v S
material co ?cgr(ﬁag ttQa? sso?qcfgstpegﬁt ﬁ%ﬁsgﬁ' Y%P'B V%r??%téehegfb cOnpr |85| ng a
r ef r act afepositihgrd edbatingsar d baskrraatedaly sat erratlag dompngmgldtdgm twiot metallic] east
two el enents ai ned_.in naIIo d rom
the or oieanisce fEfieyd; et Mol Shit, (B8R, By cimbfipdf biteer
i r on- basthamld.0f atomiaperaent of Baldnvdms-ddp@d|ﬂedyrs);at|ag1dhb}math9éGmmpfﬁmgemeaI
corrpr|5|58%%‘% | east two elenents to be evaporated to forma

e

vapor -d d material, vvherel n said two elenents in said second
material that ar g)to HRIOW(ING G savee mpieriak said sawise materisl domprsing arfiesit s

contained in said’fi rsmata,ﬁélegaualrrstﬁa%énaf\eém{) iS0Syid SERAL B IdRig_second

aspect, the present invention provides a nme vapor depositing a
coating on a base nmat e"r?’&?ntssﬁ'w@é@a@mglea@ﬁbtw@g allpyad thesewith,tand avet al | i ¢

el ements and a refr actsn@iralerhl, saioshd sl il Qai &l ieamn!
conprises greater than 0.05 atonic percent of sal or - p05|ted

coating, the nethod chBrm%t?'H@eIPW@ist eps of . provi d| ng source naterial,
sai d source mateb) al phongi siidh gourcki mgteriahjin rmpmmlzld: ,suchij thaff saidt firsht er i al

conprising said at | eas a| d re tQ enent
bei ng al | oyed t her ewi mmﬁ%\gs é’OSg{@BS‘fcmovﬁﬁtsé’r ng 3t o"d’@ ﬁﬁig# ,
conprising said at | eggiially ¥vefRiail deconEhRidenl;s; b) pI acing said source

material in a crucibl’e such that said first material is posi tioned over

sa\l d second mat e¢)i al prodiding 2 basstupon 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 secdnd

material, thereby creating a second molten zone within second

material,

wherein said two metallic elements in said 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.

According fo a third aspect, the present invention provides a method of vapor-
depositing a coating on a base material, said coating comprising at least two 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_égigzgﬁge
vertically above an opening in the crucible; and e) heating1 I st
material, thereby creating a nolten zone in said first material, wherein
said nolten zone contacts said second naterial, thereby creating a second
mol ten zone withi)n seggBsglingiiordepositiat sourcs miateriayvhereialsaidvagioement s i n

said material are transported through.said nolt - | |
refractory el ement anﬁelgﬁft@"ﬁ%rmgtﬁp?ﬁw&péﬁgﬁ?S&tﬁﬁ%{gpﬂy@@égﬁ5 rra‘tﬁldelri al
are evaporated from seiipiuiny & eefrmtay nedterdatdsaid esfraotude nedefialpeingsai d  base
material, thereby form ng.said,yapos-deposi t t ACSH il fo a
third aspect, the preé‘lé’r’fgd Vﬂb@ﬁl/ﬁa%ﬁ&f?r'gg%ﬁigs&%n%e?h% of vapo'ﬁéféggposi ting
a coating on a base nedmaprisiig saidatieasttwongetatioplensintgtodre perporateddo fasmal | i ¢

el ements and a refractor ter.l : ' Lok el r e indaid
conprises greater t h%ﬁa%’.r%pgf'k%@a%{eagfég}rﬁ'?r%?g%gibggvap%@é gél(?eposi tneélil
coating, the method cesendhatgridihirat sreps bef evapardted Aveithe 2008 85 9 dwpi ng

a vapor . deposi ti on SouLGa JALAENR!conbRRIeh BaRASt iateRB, deposi tion sour ce
material conprises a Tl ot materiral, said first material conprising a

refractory mat ei’brglni g?&h}dﬁqui&r\%%%ﬁr%ﬁoﬁr%(?Arcg%a@&iﬁ!ihoé/%ﬁ -lg{.hul% | east

two netallic el S conprising sail east two

metal lic el ements toghg sgMamerf Aatdial & pedifidned ovepsesiddepasl tntbrimhind i al |,
wherein said two netallic elenments in said second material that are to be
evaporated are the satleasipadially covers sadisgrondimatedabnt s contai ned i n said

];lrr if blm;t gLLﬁl ! c)b) p{nao%cﬂﬂg 3Bk VFRPRHIIRRSR @é{%?—d%ﬁb'&feﬁ Btk iflo b 2
)  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,

) 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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that said fast material. is positioned over said second material and at

| east partially covers said second material; c) prOV|d|ng a ga 3 whi ch
sai d vapor-deposited coating is to be deposited; |. p05|tﬂ ﬁﬁﬁﬁ @@?d base
vertically above an opening in the crucible; and heatlng said first
material, thereby creating a nolten zone in said first material, wherein
said nolten,-zone contacts said second nmmterial, thereby creating a second
nolten zone within said second material, wherein said two nmetallic

el ements in PRcAsEEREBH, IR r 'ﬁleséﬁtﬁh\iernﬂm posriecof ltstﬂrmaﬂjghb@@mmﬁﬂ‘f%n zone,
wherein said refractory el enent and said two netalli id
secondcangists Ph methed Oéﬁﬁ’&ﬂ@ﬂaﬁ depgsitan ahage Jprlet. ‘%b §EE%§{§h%\pngg af
Condenwﬁ%@%ﬁaﬁﬁg f%lgg @Bﬁ? n@dteridi iPSvall @RiBunG 64 defratﬂom depest t ed

coating osed herein the : present ?ventl n.in one
of its selastet ﬁomoﬂiermaum Oﬁﬁ@fractmmﬂejﬂ%ntéfcow%moﬁmeﬁ'"f‘bm sit on

a_base yit ! Mloni ik Siods SRRRG aldFilopOuikredeas ol g rom a_second

mat er i ranmournt’s a refractory el enent  selected fromthe group
of refractory elements conprising zirconium hafnium yttrium titanium

rhenium silicorseléfingrd Gt dibleridl | QNSprishey KO at BTRWD Sloatentdie steps of :
selecting a_first material . c¢conprising said at |least two elenents further

al | oy tafoyed withr said sefrantyry slemanttsaid aeepndgnaforial cemprising s&idnpri sing_

sai d Wo el t said fi material ad rmt

trans %tgﬁ%seérﬂe 35@3@?‘5“‘? ﬁ%@ﬁﬁg g@?ﬁt %ﬁggﬁ t hr ough
sai d twé elenivRtsThisaild 3686 mhatedal thfoukh 38 firsEmaealWhed s4d fidgantdn a nol ten
state and in touching contact with one another so as to permit evaporation

L) s afepondmateriater ia amoltensstate mad im doushingtantant witly ann anethes @ecsed surf ace
er ef%fpen]'dt é%%&tjaugx? EE‘s:;ud two clemcnts and said refractory elément from an
exposcd surface thereof
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placing a quantity of said first material over a quantity of sai d second
material in a crucible means so that the first material at | daddiprhdas ally
covers the second material; supplying heat to the first materi al

sufficient to create.a nolten zgne W thin and through the first material
such that the rol tRACDSRQUAHIty gEs3id furst material quer a quantity pBsaidseapndont act

W th ¢ hengenali aTRibl: tleabsd G BRYiCGTEALS S ML ERARNS Mithin  the second

material, wherein said two elenments 1 n the secon ansported
t hr ough SEFRNABREEM: zone rich in the first material .and said refractory
el ement and said two el enments are each evaporated therefromthereby formng

a vapor stream a ' rem the vapor stream as a
deposit on the bas%gp@gldgﬁﬁ&rﬁgtﬁneg@%g@?&&ﬁg'gﬂflﬁ%t%ﬁ@‘”hﬁ‘(o REZPN%onpri ses a
r ef r act avithimandthiraughithe firsy natdriag hzchrtﬁiﬁth@moﬂteﬁﬁﬁieadﬂtt%@ﬁ?s‘t' ﬁﬁt&?atltiéa t aniju m

can have e unexpected an

zi rconi og haf n um%{ al | oys, t her.eof,

surpri s?ﬂd’“?" g contagtwith the se leriglita thegehy aeate a mxqlsozote within t he

t eachi ngse sebok@bieYial Wh - p ' ] the "balling up”
of the rare eart herrg% al ,e %iffk'shéﬁg"é%egle@‘ﬁgﬁsa@a‘%?%%ﬁ%ﬁﬁ%%ré‘é’e“%ﬁ%ﬁ?i, nanel y
smal | athsavabsthg mpliensone gclvinghe 6ird Sas¢rinti amdpaidaefitctofy dlb@ent Rr act ory. .

el enent IS r i nt he de it. Iln particular, and
advant asgdé%‘ﬁg?%!eh{éﬁ% a?r%%%%‘gg%*i?%ﬁ%g e&?‘ﬁ‘b"ﬁgﬁ?’ﬁqﬂfré wipersteamiand i s
alloyed with at least two of the same elenents that are intended to be

evapor ated and focaﬂqoﬁngc@fdehsfweﬂemctﬁéﬁrapcﬁ*@&eéxﬂhéQﬁép&%&ﬂﬁ?%@ t hat
sufficien anopunt of refractory elenent is present in the first material,

may ovépg%}re not oniy the "balling up" difficulties of refractory rare
earth netals, but further, in contrast with the result obtained by the

met hod dis | o.Skelly et al, obtain a deposit having
greater t h;-lr_lﬁ%ﬁ%é d;c:l F’rﬁ giéeﬂ%ﬁg%ﬁhaﬁ%fa?gomﬁ?e&@ ﬁfWCt%ﬂ‘éﬁtﬁraﬂl.haﬂgl a high

pur pos@sitiag termperatute surbras, titaiamd el amiuth, ot Haifnitin a% GIGRPMBEST S. LOR qa%gne as
hé

adopt afle iyRefitRicdkld ; ' ng, namely atom c percentages edqu o or
|l ess than 0.05 atorﬁ(jr pséngllcrgg@ Iah practicing the nmethod, it may be that

suf fi Cicontraryiia What wetldWe dxpecté®froRCthe teachRAEESf Sielly (if such could be
practiced without the “balling up” of the rare earth metal, discussed supra) more than
trace amounts, namely small amounts and amounts over 0.05 atomic percent of the

.:mﬁacthy:element may be incorporated into the deposit. In particular, and
advanta_ageously, the method by providing a refractory |

- element that is allcijf_cd with at least two of the same elements that are intended to be
evaporated and form part of the deposit, and ﬁu‘thér by ensuring-tl.lat_sufﬁcient

- J amount of refractory element is present in the first material, may ovet_corﬁe 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

W 5



be present in the first material in order -5 11 April 2005 to produce a
deposit containing nmore than trace ampunts of refractory materhapif200%
nore than about 0.05 atomic percent.) It has been found at |east from

experinmental results to date that the atom c percentages of refractory

mat eri al «pprEass a depdstiohiaingig moR! thad hod Mlouttd oPREREGH ﬁ{ake\‘iaggi.é!i rectly
r .

related to the amount of refractory nmaterial esent 1'n the posiit, at

| east f ofmareghapghget B05 afemie perpentd di hagjesenifondoat Ieast fionyexpesmentahge of 33%
- 76% (al ' fjrst terial, th
anges bERHRlq e BAFUY ol HRGh Bl Bl D iRl Bie I Bttt o1y

mat eri-al rhaterigd iy riot PaRICARHy bé dir&ly FEIBRRIth Ak SRBLAIYE retRRAMY Matdlize el ated:
to the ph material in the first material in

sical .quantity. of ryefractory
proport | B#SF‘H "PH% gaibiad Jeast é&@&ﬁ@geﬁﬁﬁmlﬁﬂ’?’@ﬁm_&%@ﬁwmw thehere i s
Some | Nkt bPB394-OMa% (o imefthdiby ' Rimdrt prsbit in SN hifbe Rerfd W4 NO! di N
trite, that the greater the physiCal quanhtity of refractory  naterial and

t hus t herapgesbaing theoprefermd ranges. | Rasherntheqrésshcpofsiimetoly materiet ing t he second

et ract ofgHIEpEREHAS B dednfelebFins Sptl Fuck B0 4 Hasbtabelahnfit

gener al i abdefractotiomaterial indBP A mateRiabinvFvsoriioh to tHeithdeS9iHe s8¥RA | Ment at i on
refractory material present in the first material for

astotheanp@i;tof 2rial | 1
a gi ven R3kE 3@-%#@&%%&%& semednrdigatioss frem ghe experimontal sesulfs.nay  be

hi'ch noui ASCURalhotli fiRe Ypa e BURE B RIRHE g B o PR A cposi 1

ent rnthe tirs eril

cont ai n matediakand thirathe graater tquantity fikt motekial Hysiall cyverhigatht 8éconlit has
been found i.t. is beneficial (alfhqugh not a requirenent) that the first
rrett er i alm%Sﬂ?laW nt??@ﬁ? “l?/é}"‘\bieeﬁ’érﬁ"%at?frfh? Flﬁmgﬁl’r@f the f&%‘?‘?}‘é@at omi ¢

per cent ag@fient e ke (05 3 =T ] 'eanr ; | ' Lformty of
conpositi oner(l) t he ldepog‘igﬁt“?)e coatﬁ1r’g‘§tlé‘1:?1"éé a s#ﬁg%%ﬁdﬁgbgz%g

conposi tth éhways helst Eue; isome leyparimaniationtaatto tie dnimint of cofrhctory erataial

Accordi n ' firs ferr.ed enbodi t, the, tw ., ,: elenents present
M the aaeneilnd B atedl Rer 6en eiRes PE e ascubbaienEh ot sgen |
dimension may be required in order to arrive at a physical amount of refractory
material which need be present in the first miaterial 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 relative 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 embodiment are
nickel and aluminium) may be b}ééent 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.
meationed 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 second materials, with such
ratio being approximately 50-50 (a/o) in the preferred embodiment.

-6-
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ni ckel and alum nium nmay be present in approximately equal ratios to each
other. Likew se in another preferred. enbodi nent, the two eligngmi 2008 esent
inthe first material are also present therein in approxi mately equal
ratios. Preferably, as nentioned abave, the two el enments present inj both
the first materi arrhar@rréohﬁym@dmwfeﬂbrmcmrmedséarhermreqw ratlos
in each of the first and second materd als, -with such ratio being

appr oxi riafidtim, ﬁﬁ’ﬂtiﬁ ihehiajn, lsrhcbh,e:hpmmﬁmn rtﬁahxaummillngmhereo@ altheughil Apri |

21 T con (NS SRR TR P ey ko ey BF ey WEGR AT ARSod cosfinbim o

-al | oys tasfiePhy th'é' albtawﬁramoatlbﬁﬁexrde& kG6é Q'Eh/crﬂﬁl Bartiet Borfd coalih@)s at her eof may
be used. ere€ the deposited coati ng--appl by the above nethod is;

i nt endedreferrbe emnborisanh thefissimateria ohry o ﬁ@ of a rarg eaph Sielalsugh &fpodi ment

he f
B
al | oyi ngillofiegetharetdlintthe fifst materiabaret beihg aresebin ie ﬁ?‘é’é‘é materal €4 gecond

mat eri al can be nickel and al um nu nd in,a fu her referred
enbodi nawfkel anbalpminuy, ag an a Rprdhec ﬁrfﬁ%&mbszrhe%eﬂr’ %r*r!s@ 48 { he second

mat er i al Alapthig@hseay existhe alidylis the @icBhd Mlatéril 8Rd aRBRA e fﬁ?ﬁ a—ﬁatai‘? (3 ahatio of
(6]

1: 1. Advantageously, using the aforesaid preferred net re ractory
mat er i alappmyirhate mléortid pf ttdposited on a base material in concentrat-i ons
exceedi ng nonm nal percentages (i.e. exceeding 0.05 atom c percent). As a

further consi derat it h bee rare earth netals,
such as zirconi um‘g chﬁgms@mugpg a&%%@xd@ﬁé&%&ﬂg@&fy el ement upon
bej ng heat ed&: reffidtoRaiSeAallRRceneformly deposivsd 08 ababdmatefiabine oxi de skins

net only have "hi gher = nmelting points than the pure rare earth netals but
al so f uFPRRERtrations qxseqdawmn&mg@ﬁ (ie gperedingdh0d atogiie peregity cart h

nmetal thus slowing the rate of deposition of any condensate. These oxi de

skins, due to the A\ phneTRbhdiddt e, ¥t beaH o8 W HeAPiEErabd Barth

metals, such as zirconium and hafnium are used as the refractory element, upon being

heated is y have a tendency to form oxide skins. These oxide skins not only have higher

meltmg 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 depo_sition of any
condensate. These oxide skins, due to the higher melting points, can greatly reduce the

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

devoid of rare earth elements therein.

s Accordmgly. in a further embodrment
where the refractory element is a rare earth metal, a partlcular 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 to 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:

- 7 ~r
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evaporation of ‘rare earth netals, with the result that any deposits fornmed
are virtually devoid of rare earth elenents therein. Accordighpil200% a

further enbodi nent, where the refractory elenent is a rare earth netal, a

particular manner of heating is disclosed in order to obtain a ‘deposit

with nore than si rdirepting such adeaueatrosstthoinnef heat@y weg@andh nmetals. Tn 7~
particul ar, when carrying out the step of supplying heat to said first
material, such st ryses_su in eat.to an inner heated area
and a surroundi ngﬁrougegﬁﬁggt%%@?gggso%wgfﬂe ¢d #ez:qndy portion of said

i nner heated area may be heated to a greater tenperature than the

-surroundi ng out er prexdding @scaaning paticipreffeelived treRRRAGY IRPdasc WhEr € an

el ectro e IS d as a, meagns, of -heating, such heating step may

conpris %"gqe?@gﬁ ‘?%S[g??t é‘IPQGEqnd’rafnSB@a‘#F%F&%@Q argpeabpie that afiseidiaaiterand  nay

f urt her henedires 86 as to thahsRRMY inctéfa v .| eam act0ss, the inner
heat ed area; and directing js(uI%:h aégggénﬁ%%?gggﬁtlﬁzd%&%@ alli’ggfoé'do%r ea; and
provi di WW&EPM?@WHH n effective to transiently increase tenperature
of a least a portion of said inner heated area above that of said outer-

heated area so as leptly jpcrease, vapori zation fromsaid at |east a
portion of said }I'F]l%g{refiﬂﬁg&%sedg{hg\lﬁ/e%ﬂeaﬂq PRECA NP &5 tat BW%ERW?mH@. pattern

such asabltiatindiessd the eate bEcwiporation iehbentitely REGRAIEis Ao AHShATHyEVaPor at i on

S not_'%gﬁir | . knm. It. is theorized that by heating the inner heated

area t ?%ﬁ}?é?’é I fieated preaite 8 temperatuse greater thandhesproundmganser ared, hat

convectthftvoavédtRBiclrreh. i ' ' \ ttern re created in
oo, ARl MO0l Bl B0 B

‘the nolten zone, which di'vert oxi t he upper
‘expos ednltanizene, whish divertouxider lapety evhicH mhj SorfattBug e exGobell dHacd her eby

I-eavi n Ol di ten, material, ipcluding rare earth netal, proximte
t he ing%#ﬁhgﬁé%eﬁgg%ﬁg & fjoltsh gongsurfice Weghmwmﬁmed@m ated fromthe

not t es e, inbluiing 18R Pl RIS oK AR he iRE! RAIConE SRIENSGH RN T he base

material to thereby formthe coating. I'n one e may be
pr ovi d&3R thepdedetiat eaparated from thehastestpariof the molten material and

thereafter 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.

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

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

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



coating deposited thereon by the method. Advantageously, coatings applied
to articles by the nethod may possess refractive material therein in
excess of nom nal percentages BRI EF DESCRI PTI ON OF THE DRAW NGSprifi280%ret hod
and apparatus by which the nethod of the present invention may be
practiced wll now be described with reference to the acconpanying

drawi ngs showi ng pigfe? isd“qureway? iusiratipn cfabadtiinésntaihingwhd ch: Figure 1

is a sc ic.diagramof a.preferred, apparatus used for erformng the
net hod g&@ﬁi@atﬁl’rﬁa@lgﬁ‘ﬁ%ﬁ‘?r@@ ?'é‘;t Paie")%ir 9t tom pepnnripifgths f¢f§a°élve cut - anay"”

i | | ust r aiataial ofhich i€ Aekiedh@bE 0okt &t HPadefatepgeond material and an overlying
first material "hot top" conprising the refractive material which is

desired to be coated on a base material; Figure 3 is an illustration of a
preferred el ect r of By EaisdHBstrgiop &f 8 eraferrgdelecizom belanr wanting pettaract or y

mat er i aforiySe bR fie %F@gn%@ﬁﬁl igrﬁq'a@e%%?néali %rfcfj‘ schematic view of a cross

section through the zones 1 n the crucible neans during heating of
the material therein using a particular heating pattern. DETAILED
DESCRI PTI ON OF THEiguENR scheritic viewlodd codss séutionithroaph kenmoleen be practi ced

I n conv [ |, _apparatuses. of the type that are . commonly used for thernmal
or el ec?%%?[g@gn%mcz@‘é%%st ‘B‘WEJFBQ%%%@? maferial thegein uSHER BAHICHSar at us 10
for forisatiggpanendensed deposit 40 on a base material 50 using vapor

deposition nmethod of the present invention, where such deposit 40 contains
el enent. The apparatus 10 is used for

smal | f refractor
appl yi ﬁgﬁiﬂﬁﬁﬁﬁiﬁs@mﬂmﬁ JHEBYCENFIONf or such uses as thermal barrier

‘Coﬁti ngs and/or anti-corrosive coatings, and the |like, wherein the coating
co

ohtains smal | amRuALo@be il BRI B S0y i U6l Afogh ! cON UM

haf nium rhenium silicon, "yttrium or rare eart als, or
titani APPaBiusehpbili 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-corros_ive coatings, and the like; wherein the coating contains
small amounts of a refractory element, 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, so 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.



An airtight housing enclosure 12 is provided which may be evacuated of
air, so as to permt the vapor deposition process to proceed in absence of
potential contam nants and/or potential undesirable reactantsAptil2008i s
regard, a conbination of staged nechanical, cryogenic, turbonolecular,
and/ or diffusion punps nmay be used for the purposes of evacuating the

housi ng @memdeoitinubdsly fhctEtitiuph entiRARRDIGehSs 45 THERhES ﬂé\%]& AletalP¥S! N9
encl osure 12. For the evaporation of nmetal alloys through a . nolten pool

56, a wetorotybIwRs edppiethecialisnipoe! wrfage §7 pea onsistanklevelnwhichnivy ber t i s
pref err efleird el Yhs bbes @@cﬁinﬁ&s&?&%n&zﬁn@%ﬁﬁ@% L}}{Eﬁ?@ ¥ hgsliESt 0 be

evapor at e during the evaporati on priocess. may have
a bore 48 atfixed vepieaindistances abonet thainettemburBiteisn, t he form of a solid bar or
ingot to be fed continuously -9 11 April 2005 or sem -continuously

t heret hrough into cruci ble nmeans 45 The ingot feed rate can be controlled
so- as to Eeep theﬁ??gilg'gélﬁeaB%&%léhﬁtgﬁﬁre%egl?e@@gﬂ%‘tté’ﬁmEEYF@FiPHMi ch may be
desired e bhe bSMPRCGERRNbeh aRHEH, R Wl R YuphBi ition of -

substrate deposit, 40 at fixed vertical distances above e nolten surface

57. HeatleRgps#xdn dquediiiatlsastq firnemptedslcilrand agivivteti ofamtundbriying sécondnt i on

conpris . . 60 e Jprovi ded f-or suppl ying heat

necessa?r;ﬁ%galﬁpafjﬂe}§lglsgjtr§ﬁ%gg‘gphlg él r@#ﬂﬁeaf}wear g‘ls‘ §8°l};\ﬁl§° O REER &S of ~ an

under | yi6fgars ecdirichownEih ¢hd @t, cB30sevdvhsdiatich ¢ff 2@ S8t cevdainilemédiocthieci bl e neans
60, are well known in the art, cause

45. Such ectran bea uns. )

evapor aﬁ@%ﬂﬂeétsué‘égﬁﬁ’gﬁpéwlw &f3At 45 nthereby fomm @ saparstream 20 f ace 57
within gndei - . el ectron
Db gure cig 16 FEaRgul ol et BE pRmAC 3] forkRP iRl Bl preellf ¢, ho' ' 0o
adj ust thedjestiéhegnesgppipphiet todhe matanial, er icthe effectaxspetificef f ect a specific

scanni n ti .pattern, and.in the prefer.red enbodiprent._are provided with
such agéatgﬁglgg‘%g%@%ﬁ ’ﬁ&@ﬁ%ﬂﬁe ﬁ%tjg?ﬁ‘?ﬁp%?f;‘ﬂ’@ma“ﬁﬂqv?{%l“éﬁh f&hting pattern
as her eamofriatd cofl@slantdRfbish® (@ pfivide d parfidil i iRaith ﬁatﬁ:nggssﬁerrﬁﬂaﬁé?t e of

mat eri al de,go Ition on hase. material 50. The nethod of the invention for
b ,

f or mi ng desc i assiginappintainirg-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, thenium, silicon, and chromium, which is

alloyed with at least two additional elements. In the preferred cmbddiment such at

R

least two elements are nickel and aluminum which form the major components of a
nickel-based alloy, which 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 substantially the same ratios as exist in the
alloy so as to result in a coating 71 having substantially 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.

-10-



ial.-50-will now be described. Afirst material 20 is sel ected,
gg;gr:glhgoamnrefractory el enent selected fromthe group of rﬁfraﬁtory
el ements conprising zirconium hafnium yttrium trtaq aghaédﬁgéogel
silicon, and chrom um which is alloyed with at |east i I pronal
elenents In the preferred enbodi nrent such at |east two e enﬁnlsbased
ni.ckel and al um num whi ch formthe maj or conponents of a - nicke I nent on
afloy, which is desired to be deposited along with a refractory e e

mat erial . 40, Hoseuad mapkiES0 isvikebale SSRERY, WA ST,
golrorglrsﬁatlons f u I n ot he al ] oys, such as Ti -base, S‘Q’ AI base
al | oys, clgmenSechtue glepicatsineaded tnémevemmdrand uftlmatelb} f&lulloys

along with ﬂaabtnlet)mefd@ﬁdsuedoem@ﬁ forfllsS &ﬁgfé%g‘g 68" e gﬁ%sgp %{ as a coating

selecfinghe sane
such redom nant el enents are
rY;t \rNggr Ss é)ﬁ@t!gatpmlrﬁe wlmlrttmyh@mstwb@[dm fhat dte pr&3@miih Wk selofipVi N9

tely the sarre
substant | al; Iﬂ osrtr onl in-a proxr nma |
further ad cta ifipoart

‘fAu;ecgnd terpfJ l 30.is likewi se sel ect ed, wh écéh eﬁlso COITDIJIS %s sane

two el enen feryiclpmenteinares carth suchas mmhmneﬂm:nitogrh@,(})t&méoon %ggfsdenat ely

Q a co -
T | S e bl of 4 B s e 1
el enent s tl’t’@t&C@rjeClmeEnamely atrive caeth @ilal sUeh &) inﬁ!onﬁ@n,fwé%e %&ﬁmQﬁ@ﬁ caln s
the first i § t he refractory mat.eri al appr >
have foun ?4/\/0 'fchﬂhf)%gﬁ\l%eé the-first materinb 20 upea bahg}lﬁatwd;% ef t he
ey s e AT S FR 00, o

th such -at Ieas two el enents over g up"
f)lr ggrog Imu |mf1‘a eFfeg bﬁcqmme “balkeidruptt dn yuahl reavewet thennolinalidy B & thbrepFt 2l

her by pei ks Pa i SRRy 36 % b i n midiehgone s npeos li:sc(qx:zoygdl E? and
rather hap becom na-" oAt | e o . Eroriibaddlo BeadRRa iU
|r 2t P ﬁrer tegsﬂ gﬁ n{'&‘g'f"rgaf%ghf‘tﬁ“dﬁ@ﬁ mgtssiahthedtiy. Sccoadly, by ﬁﬁﬂl&ﬁn@-ﬁi&hﬁl@n zone
56 t0 appaab cléndifee e first material 20 as those which are (principally) contained in the

- second material 30, more upiform deposits and deposits having oomposmons more
closely rescmbhng the ougmal startmg material (i.e.. second material 30) wluch is -
desired to be deposited are able fo bie obtained.

Once the first material 20 and second material 30 are selected, a
quality of second material 30 is placed in crucible means 45. Thereafter, a quantity of

the first mateual 20 is placed over the quantity of the second miaterial 30 in the

e

cruc:blc means 45 so that the first material at least partially covers the second
material 30. Thereafier, a base material 50 is situated in a vertically disposed position |
immediately above the crucible means 43, 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

‘clements in the second material are transported through the molten zone 55 nch in the

- first material 20, and thc refractory element and the two elements are each cvaporatcd

therefrom forming a vapor stream 70. Such vapor stream 70 is condcnsed on bas
-1



material 30, and allow the nethod of the present-invention to be perforned
and result in a deposit having such refractory material therein..
Secondly, by including the sane: two elenents in the first hhfphli2RD520 as
t hose which are (principally) contained in the second material 30, nore
uni form deposits and deposits having conpositions nore closely resenbling

the ori ghfak l%b%tf&rﬂﬂi Lh b - FﬁE I < Whiech is desired.
to be de’posi.@t ed are able 1?%0@451"0 tg}f%eég%%ﬁggo egfsg‘éq{d%g%%%g?nﬁo and
second reEtoating¥l eOitaniag sk Adeastitwaelememt ifitoyn tht ssendmmbtemdland #e 30 i s pl aced
In crucible nmeans 45. Thereafter, . uantity of the first material 20 is
pl aced & ?ctqlp{g?e&pgﬁfrpwﬁgﬁrﬁtﬁgtg@igﬁ.d material 30 in the crucible neans
45 so that the first nmaterial at |east partially covers the second

materi al . 30. Ther qaé hedtingd RS ArsiMiEiccahd I%Qte'ﬁﬁlb :Iz?d, BU%&%@Cﬁ%lﬁithﬁEt ically
an

di sposed pgsition imediately above -the crucible neans 45, t he housi ng

encl osurgicitle sigani bt ®ay be accamplishesthy Juitabledwatingopeansdinchudingkariownst nat er i al

20 suffigi t 3 i thi,n, and through the first

oot or1 ehS Suckihs fosfbhte BedB) FugBNheadl ogtsianly SieBREy bORRERN .0 [ S
t ouchi n¢heomas¢ afhighidniperdteredastansteriaits 20 Ald iBPaitieulah ehefeyraled deethi sSe  create a
nmolten zone 56 . within.the secand mat&;ial 0, wherein the at |least the two

el enent et Sf%&%ég‘b‘ﬁ’d{“‘ﬁﬁfee‘ﬁe s thegetrpetonysdement in thedirgtmaterial, a8l t en zone 55
rich i nefeBRon bédn® urlBH dink 8 g?@%rﬁ%?tg? wﬁmrrﬁaﬁe%l%y& VGIEQLcARH the two

el ements are each evaporate romform a vapor®stream 70. Such
vapor sbeaagumeq enecw nuen sledtrombérassed8 danl belrasténpd ioverdBo Surfiesi7iefl 50 to form

deposi t r Al ter pgriod of  ti such .deposit 40 fqorns_. a coating
71 cont ghfé%?r%%%td%g&gp thaterigl 3{) V\gd ® ae%ﬁ%‘f’ﬂ%’ﬁtﬁﬂs Wéhlglg%’rﬁf_s‘ﬁ‘a?@??%f’f and the

ref r act thieymeltenmattridls, am hiethblafaition@ a8t Phdvaftagdd Bulteat inile &selolre first and
second Haterlal 20, 30 respectively in the crucible neans 45 nay be

acconpl Neatisg obyere garthymp@alsebare ayidadayes, meyitend & fogm) pooweatingans such as

resista | | ' bl S . m.guns. In the
Case of MFARPAGE BaucriChEs P e e fB1R A S DR SR e ¢ ar o
earth meimdisinguod prsemtingeoddcrsisainethe st offefiablry efemaat ®ayortieaent in the

first ngg)glrsiu?llaée 9{'

| With respect to preferential rastering patierns, the applicants have
found 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 ona 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 10 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
E igures 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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el ectron beam gun or guns 60 are preferred as the heating neans. Using
el ectron beam guns 60 one or nore el ectron beans 68 can be rastered over
the surface 57 of the first and second material 20, 30 in alVApiil€0p5of
patterns which can assist mxing of the nolten materials, and has the
addi ti onal added advantages (such as in the case of heating of rare earth

met al s ' dte, fo i.n .creatin Va ani flow
patter n\é\/ﬁfrégg@ |rg§: ﬂzf@( \%IS ?}ﬂl?ﬁﬂ%a%e?a%z} %W@&@%@‘eﬁﬁ’ ag%ag%% F‘Eﬁqmt ssist in
mai nt ai nseegningaperneucingedraeishapcitheains 68es futho @hndigfthyAakass (L ement
evaporat'ton fromfs face 57. Wth respect to preferential rastering

pat t er ns REFENUISA iag Lf"ﬁf@ Rosten of 4y inpertheated greafcabove thah of weiontgr pat t er n

advant agREied drea IS b6 Bl nHP I Feds D Gand BAACH QAL hERER el Tare earth

metal such as zirconium prone to oxide'layer or ma
cont i nuoheaterbares P2.i(See Figt @& 3hd thus assists in obtaining comrercially
viabl e rates of deposition of a coating 71 on a base material 50. In this

regard, the applic d,.that a heating. ,meth useful in

conbi nation wth F‘ﬂ%‘%ﬁgﬁﬁﬁi %ﬁg‘fqﬁl@eﬁ? ELBHE qtl‘?ﬁ"g’ﬁttﬁe?a‘ﬁf' %gﬁ@r‘@e&r heat is
suppl i edwhivhmayrireprovided (19 @sitigle elcatibn O6diAlighE 606k o BEALRIxAL A, 92 wher ein
at |east a, portion Of?f{i{ile i nner heated area 91 is heated t0 a greater

t enper at BrB° PR ambpsimentiaesingle beara §8 Grom beamnenm6 prgevisies aicirculami nt ai ni ng
comer Ci bdahy684 sidlifin Sight a O hi articular
heating pattern, ref gﬁﬁ%déh???ga%cgﬁlhaacﬁvcﬁlgr&’E;&aéﬁgéggg)-éleait %‘EF"{H‘ST ve. In

part i cul @rcular grea Rrofidiameter ‘@b oSeeFig. 3pLikehiise, & satont elMdtro@Beangk@gt ron beam

gun 60 n beam 68. are .used fo acconplish such heating pattern,

wher ei n%ﬁ’gﬁ%‘{ﬁ&?%‘g@% SIFC‘B@"&WEI"G@IW P ‘i‘?‘t’lﬁn& oY e¥hichs Bkewisgun(s) 60 are

-12 11 Apoved iRQQfrcalar gRtief (AR08 SirbRhPardi o3 NPRE uﬁ&a]%&ﬁ%e%ﬁgﬁné‘”d an outer
ch el ectron

heat ed aéoea 93, and the scanning pattern of su m or beans 68
i s such QA Fyied entbpt beamcoiadsmporsaly, duerpeeititcn highef ban peaatorandrer t i on of

an innerg, Wh f 1he outer heated area 93 so as to
transi eqt%%ﬁ?ﬁgﬁggmgégl%?gg@%ﬁ lgﬁ%ﬁia?eg rﬁ'? %@pﬁﬁﬁﬁetﬁ’ﬁaé‘f’“f%@ﬁ YHeat ed area
92. ( Seanmsreated 8¢3)92 over outer heated area 93. Itis accordingly believed ihat such '

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

over the outer heated area 93, $0 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 on 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
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In the preferred enbodi nent, circul ar el ectron beans 68 are used, which
may be provided froma single electron beamgun 60 or two or nore guns 60.
In the preferred enbodi nrent a single beam 68 from beam gun 60! Aprih\200&s a
circular beam 68a of dianeter "a', and is noved in a circular pattern so
as to heat an inner circular area 92 of dianeter "2x'. (See Fig. 3)

Li kewi seyaporsesonOthet fiditicial sIemBhts ¥ ' t idg a circular
beam 68D, pg}r di aneter ° y'[, which is i%%%éslgc%gléggqﬁtﬁ a@p%ﬁ;‘édﬁgyﬁ notion to
heat a &19seQf ardinary skidldo failitatede priactice afithbeethodgiitss ifvenduesweliak ed so t hat
beam 68 MRS I t her. ,hi gher beam power or nore frequent

cycl i ngg?goﬂn{éggﬁnyﬁ)s/si fggﬁ%yé ‘%lno?rré 2%‘8%‘“1‘%@ “Eeéﬁf)%‘?‘r&%ﬁ? wetesiahortion or all of

i nner hdepasitiar mi @asay ér imohwrathrdihefeadiidk 9ontrdlierd, meafcREdi N9l y bel i eved
t hat such ,.heat hng attern br ansi ent ld)qsll' i ncreases the vaporization fromthe
i nner  hERALY M the Yapor sgam 7P guchqstyraddisioneaf variess dastriead pasntials endat e

Mar angogihef kieicha! Fardsr, gtglgﬁ’\élt&ﬂbrﬂs PEom PRI hab %?Ser%ﬁg?ﬁﬁfg&ﬁ%{u‘agaﬁg the first

and second material s 20, ereby 1ncreasin the two
zones, B0 howpimpennlesufait2 inerdeardusiangwithynosi serd GHtBE SleMahs bresd@eint end to

formo t 1 grate,fromthe inner heated area 92 radially -
out war SY aj}b? %@%15? ﬁé ot g%@gﬂsagq 5 Q ﬁé‘c%{ef"gﬁtsp% Spmygunds copld ipelede heat ed ar ea
93, t heowlgen, hidayér) thetimcionBlEr Reaiwtpasied; i de.. r at the
surface 57 i?]Irlld t%er eby Sgrrri trti ng evgg{(s)lre%tn?g%E%?%lg%[eh&é#%%%éﬁéﬁromthe

second BERERHQYS- 30 and the refractory element fromthe first material 20
(see Fig. 4). Oher heating patterns to acconplish the transient heating of

an i nner heated . ted area W Ll 1 nrediately

occur to_persons ?Iii e tﬁi}bﬁﬁ?cﬁ{e\vgﬁeﬁ%ﬁ@gﬁaﬁ%ﬁﬁ%ﬁggyﬁ’é limted to the

parti fdﬂ&re@fﬁ@meioil?wmgimg-lbﬁtameEgaxﬂpmg.l ﬁﬁ@d& 5 hRSEﬁlﬁbtlamle %msé@ﬁ&: cul ar the

circu .ng.pattern .showy in Figs. . paratus 10 may al so

conpr i g’rglgﬁfae%f%hﬁ?ém{?@fsm\ﬁgwﬂaﬁw grifenn a2 AnfiametesNianbunt s of

et er i alloy bfbompesitiapks KEihiTEr UBRRERGAS Bsdl AWO'%j?‘C@t%[JCQB%EOS evaporati on.
Nt O

Ot her additional elenments may al so be incorporated | F4tus 10 by
t hose OF3EREPHEF, a§khown inFigakiwas uacdtoteat the acttérta phiced hietheet hod of this

| nvent icARisE Clor @xamples 15 and 16. In 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.¢., 20-30 kW) which was
directed at the rare earth metai “hot top”. The hot top was heated to incandescence
and caused to melt. For the two-circle heating meihod, the beam 68 was directed

M 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
arca B x [(Y2") - (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 electron microprobe analysis, and is shown in Tables I & II below. In
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automated controls for the feed of repleni shnment means and second materi al,
deposition rate sensors for incorporation into feedback controllers, neans
for nodifying the vapor stream 70 such as by addition of vatiApd 2005

el ectrical potentials and other elenents. Further, other elenments or
conpounds may al so be introduced back into housing enclosure 12 in order

to reac 1 [ .el ts present i vapor stream 70 or
condens%% éﬁségt.hggggﬁoselﬁseﬁrg%@é dgg&été’ﬁﬁgg Eiﬁé" "g%fﬂwg Waﬁéaffé‘ﬁd%&ﬁygen, ni trogen,
met hanepasiticot Veeticallgabbvevte Sqpitiudinai axisxdsm@agmdw‘caltihgommawmi@n of netal
al l oys. The present invention will be described in further details with

r ef eren%c'glfp'f*??é‘sgéi | owi ng non-linmitative exanples. In each of examples | -
17 set out below, a circular sanple of second material 20 in the formof a
1" digpxrpsgpi¥ei- Al alloy of conposition as hereinafter described was
used. A two-circle electron beam heating pattern, as shown in Fig. 3, was
used to heat the material placed in the crucible, for exanples 15 and 16.
In all other exanphes(3 3si grgmedisksrafisubsiansially pnrerammearthanttak n of 1" di anet er

heat ed : « » US| ] r.as the two-circle ating
patter n(.éfr]?%ﬁé@? @g s’éh?ﬂr}g g}ogﬁg%t%nxgg@gnnq%gc@ E’!?F@éraxg“agflﬁd(gﬁebeam of
174" dinehriick which fanrdobd fisst-alayerR026 et plicbd od td) 8BSs td i - €., 20-30 kW
whi ch wa %'Lr ct ed a@é}.he rare .earth Hetal "hot top". The hot top was
heat ed SPEStf‘ @éﬁ&@gﬁr@n 13‘5?1‘8”%2&% epgih igat whichy formed thigeeqnde| e heat i ng

met hod,m4tbga3929ueR idﬁ%ﬁwgéa%ﬁﬁénrﬁﬁfl.o%fcﬂkgs(%ﬂ/b@ﬁgﬁﬁﬁﬁm%%{fﬁa%hn@ arret er

i nner heated area 92 for i secon a -rotate ut and wi thin
t-he i nneptobuesihdpescisl Adase FatgriaBj0 whs dispme@dirddly Jbdvadie gt a 12. 5

mAlis n riod..thereby_repeating, 400/12.5 = 32 tines. Thereafter the
beam \Ag@)dél%rﬁg?gﬁo‘?%a%%ﬁS%f%ﬂgﬁé’ﬁlf%gt%?WW“ar ea 93, as shown in Fig. 3,
of scanned area B x [(%")2 - (1/4")2} (see Fig. 3) for 200 mlliseconds.

The beam 68 was tArbélectebintRaiest FNOURMD. 611200448 (RS 3l0Eth BWgavagver a period
of 12.5 m|lliseconds, and accordi ngléwrepeat ed 200/12.5 = 16 tinmes. The

|
beam wa¥ctRd At Gerae earth mstat “hes teme and thedwot tpr heatedstodncapdescane he process

conti nyatd v : i Lt na.substrate for each of
exanples 1 a-ulégg%é\l/ah%ﬂ' (&@? g&r@%@%%y%ﬁ éec rlé%g}r:ihc? k gog’r o) ngﬁ@ﬁgﬁﬂg © and is
shown {fonTaldiskso b sgherd. Bled wnderlying 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)
9, “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 iﬁgot 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 to
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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-14 11 April 2005 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 neans 45. EXAAPIIEO05 Thr ee
(3) 3.5 gram di sks of substantially pure rare earth nmetal (zirconium "hot
top", each approximately 1 inch in dianeter by approximately 1/16 inch

t hi ck whi,ch formed the first teri | aced on top of so as to
subst afe§I5peg)- feogium wap Qﬁﬁ%relxﬁste?tﬁéﬁ ﬁﬁrqcﬁﬁd%“ e sWkACEor med t he

second of i 1sé AateBal asutbtmiiRGsy a@ar&l%ierd?@&am isckel 50% - al um num 50%
(all amounts in atom c wei ght per cent) base terial 50 was di sposed

directly above the "hot top" so as to provide a surface for any vapors to
condenm PLES 38 ectron beam of 20 kV at 0.67-1.0 anps, (i.e., 20-30 kW
was directed at the rare earth nmetal "hot top", and the hot top heated to

| noandesoence $0 1y BSuH A &R BBl st RARAPhIG Ry SR earth

nmetal "hot top" c%ange ape rom a di's e >under | ying
second ccrmpasecbdf mnlgdt?,fﬂ% dalnminume B3 %orzicamimma3 306¢dlt arpawits ml‘dboml rconi um was
observed_af r ess 0 surface ,of ”@tﬁ{ ase terr al 50 as

det er mPREEH “&IB‘BF ‘B@%W&r‘i&q"&mﬂ% oGSt 3. . 5. . gr am di sks
of s ubataaéﬁdl)adhbwnnu TebleA, BelBR! tﬁc@@é@rﬁ ki PR %m}msed*m’fmék‘aﬁl . keaC h

apprOX| mately 1 inch in dianeter by approxi mately 16 inch t wer e
pl acedS8% tawnipums)% £all amgm treatomaictogng ol each of tdse dkamples; rtheby

which f d th ial.
St 1 BB pelSyng Hiaioa o} o BT RpotP OB bath SRRt T 8RR < 1 7 o

percenm)ea A base material was disposed directly above the "hot top" so as
to provide a surface for" vapors to condense on. An electron beam of 25 kV
at 0.67-1.0 anps directed at the rare earth netal
"hot top", and tﬁﬁéh%&w?a oshgrawate}oﬂﬁrr#e&rﬁrgge g, ang formed a

-continuous pool of zirconium-rich liquid, causing a substantial portion of the
underlying nickel-aluminum ingot, 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 2 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% - 7

(all amounts in atom percent).

-16-



as to cause it to nelt. Upon nelting, the rare earth netal "hot top"
changed its shape froma disk to a sphere. The underlying second materi al
ingot did not nelt or forma -15 11 April 2005 nelt pool. NoltApd@EMEM was
definitively detected after such process on the surface of the base
material as determ ned by el ectron m croprobe analysis. EXAMPLES 3-8 In
each of exanples 3 through 8, a first material "hot top" was formed,

conprised of ni ckelCogwgsitionof theresplingrondsnsateq thasubstratedpr cachqfnt s i n at om
percent), i L { 1 1 id he hot top
RPN i s A A St e r s G s T i

conpri sed' ofongeutkation of@irceniwh umihewondddate ad shosmoinfable Ibeldvam percent). In
each of these exanples, the nolten pool was heated by a single circle

el ectron beamraster, scanning a 1" dianeter area. The hot top alloy was
melted by the el ectron beam and formed a continuous pool of
zirconiumrich liquid, causing a substantial portion of the wunderlying

ni ckel -al um numingot, which |ay beneath such not-top to then nelt. A raft
of. zircontumrich liquid initially appeared on the top surface, and was

di stinguished by its bright white color conpared to the characteristic-
orange color of the nolten nickel-alumnum This is believed to be due to
zi rconium having a higher emssivity than nickel-alumnum During the
course of several mnutes (approximately 10-15 m nutes), the white raft
slow y di sappeared, as the zirconium beconmes conpletely mxed with the’

ni ckel -alumnumliquid fromthe feedstock ingot (second naterial). The
concentration of zirconiumfound deposited on the base material were as
set out in Table | below. EXAMPLES 9 - 13 In each of these exanples, save
exanple 12 & 13 where the conposition conprised- N 18 - A 118 Zr 64, and
Ni 12 - Al - 12 Zr 76, respectively, the first material conprised a nickel
33% - al um num 33% - zirconium 33% (all
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anounts in atom percent) hot top. In Exanple 9, the second material was
conprised of nickel 45%- al um num 55% (all anpbunts in atom percent)

i ngot, whereas in Exanples 10-13, the second material was cthppiils28a5 of

ni ckel 50% - alum num 50% - (all anmounts in atompercent). -16 11 Apri

2005 Conposition of the resulting condensate on the substrate for each of
Exanpl es 9 through 13 was determ ned by el ectron m croprobe anal ysis. The
concentration of zirconiumin the condensate is shown in Table | below 1 1
April 2005 Table I Starting Material Conposition Hot Top Exp_ No. (a/o)
Conmposition (Exanple (i.e., second (a/o) (i.e., first No.) material)
material) E 161 (1) Ni50 - A150 3 Zr disks 1 173 (2) Ni50 - Al 50 4 Zr

di sks 13189-2 (3) Ni50 - Al 50 Ni33 -A 133 Zr 33 E 189-4 (4) N 50 - A 50
Ni 33 - A133 Zr 33 13 196 (5) Ni50 - A150 Ni 33 - A133 - Zr 33 13 290-1(6).
Ni 50 - A150 Ni 33 - A133 - Zr 33 E291-1(7) Ni 50-A150 Ni 33 -A133 - Zr 33

Table |
Starting
Material
Composition Hot Top Grams of
Exp. No. (a/0) Composition  refractory
(Example (i.e.,second (a/0)(i.c., first material (Zr) Melt Pool Substrate Composition
No.) material) material) inHot Top Composition (a/o) {afo)
Ni Al IZIr Ni Al Zr
E 161 (1) NiSO-Al1S50 3 Zrdisks 10.5 70.1+£05 268+£02 0.03£004
) E173(2) NiS0-Al150 4 Zrdisks i4.0 593434 406123 0.03+0.02

E 189-2(3) Ni50-AI50 Ni33-A133- 13.0 - - - 6L7H-0.6 382+-0.6 0.10H-0.04
Zr33

E 1894 (4) Ni50-Al50 Ni33-A133- 13.0 - - - 634406 364H-09 0.16+H-0.12
Zr33 :

E196(5) Ni50-Al50 Ni33-AI33- 14.0 - - 629408 39.0+-18 0.02+-002
Zr33 .

E 290-1(6) Ni50-A150 Ni33-Al133- 152 - - - 524424 4004306 0.02+-0.04
Zr33

E291-1{7) Ni50-Al50 Ni33-Al133 - 15.2 - - -~ 483+4/32 39.7H-19 0.01+-0.01
Zr33
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Gans of refractory material (Zr) Melt Fool Substrate Cbnpdsition i n Hot
Top Conposition (alo) (alo) NN Al Zr N Al Zr 10.570.1 t 0.526.80. 20.03

0. 04 14.059. 33. 440. 62. 30. 03+0. 02 13.0 - -- 61.7+/-0.638. 2+1-0t ARil2084- 0. 04
13.0 - -- 63.4+/-0.636.4+1-0.90.16+1-0.12 14.0 - --

62. 9+4/-0.839. 0+/-1.80.02+/-0.02 15.2 - -- 52.4+1-2.440. 0+13. 00. 02+/-0. 04
15.2 - -- 48.3+/-3.239.7+4/-1.90.01+1-0.01 11 April 2005 Starting Materi al

Conposi tionHot Top Exp. No. (a/o)Conposition (Exanple(i.e., second(al o)
(i.e., first No.)material)material) Gans of refractory material (Zr)
Melt Pool Substrate Conposition in Hot Top Conposition (a/o) (a/o) N Al Zr
Ni Al Zr E289-2(8) Ni50 - A150 Ni 33 - A133

-15.252. 0+/--1.139.8+/-1.50.02+/-0.09 Zr 33 E 286 (9) Ni45 - Al 55 Ni 33 -
Al 33 -15.5---61. 0+/-6.638. 8+/-6.80.06+1-0.09 Zr33 E 181- Ni50 - Al 50
N133- A133- 25. 722. 33. 373. 360. 7+1- 2. 833. 3+/-2. 05. 01+1- 1. 03

Starling
Material
Composition Hot Top Grams of
Exp. No. (a/0) Composition  refractory
(Example (i.c.,sccond (alo) (i.e., first material (Zr) Melt Pool Substrate Composition
No.) material) taterial) in Hot Top Composition (a/0) (a/0)
RN Ni Al Zr Ni Al Zr
L E 289-2(8) NiS0-ALS50 Ni33-A133- 15.2 - - - S2O04-LT 39815 0.02+-0.09
. Zris '
E286(9) Ni45-AlS55 Ni33-A133- 15.5 - - - 6l0+-6.6 3B.8+/-68 0.06+-0.09
Zr33
E 181- Ni50-A150 Wid3-A133- 25.7 223 33 733 60.7+H-2.8 333H20 S01+-1.03
10(i0) Zr33 , .
E 255-5(11) NiS0-Al50 Nil33-Al33- 325 . 167 3.7 787 S57T4+-09 395+/-2.1 246+-147
Zr33
£ 180-8(12) NiSO-A150 Nilg8-Al18- 413 160 2.6 8L2 59.8+-39 3534/46 4.364.1.77
Zr6d '
E179- Ni50-A150 Nil2-Al12- 46.6 306 4.7 o64.6 572+/49 385H-63 3.81+/4.71
10(13) 176
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10(10) zr 33 E 255-5(1 1) Ni50 - Al 50 Ni33 - Al133

-32.516.73.778. 757. 4+/ -0, 939. 5+1-2. 12. 46+/-1.47 Zr 33 E 180-8(12) Ni50 - A
50 Nil8 - Al 18 -41.316.02. 681. 259. 8+/ - 3. 935. 3+1- 4. 64. 36+/ - 117 Apdr2®Y5E179-
Ni 50- A150 Ni 12- A1 12-46.630. 64. 764. 657. 2+/ 11. 938. 5+1- 6. 33. 81+/-4. 71 10(13)
Zr76 11 April 2005 Table Il Starting Material Hot Top G anms of xp.

No. Conposi tion (a/o) Conposition pefractory | ectronubstrate Conposition
(i.e., second(a/o) (i.e., firstnaﬁﬁhmzf (Zr) in Hot (Exanple
No.)material ) material) TopBeam Pattern(al o) Zr 13379 (14)Ni50 - Al 50N 33 -
Al 33-15.321 circle0.01-0. 02 Zr33 E i5) Ni 50 - Al 50N 33 -At 33-15.521
ci rcl e0. 01- 0. 03taping Magridg SO FUAfOFONi 33 - Al 33-15. 372

ci rcl e0, 20- 0. 2@0@03‘30!&63’8)7&?{ 08 - R - G2 N33 o Al 33 15 572

ircl xpoiNey 7o (ie., second 30“0“ Substrate Composition
crre (eonimpleg ) material) matenal) Top Beam Pattern (@)

, Zr
E 379 (14} Ni50-A150 Ni33-Al33- 15.32 1 circle 0.01-0.02
Z33
E 380(15) NiSO- A1 50  Nil3-Al33- 15.52 1 circle 0.01-0.02
Zri3
E 381(16) Nis0- A1 50 Ni33-Al33- 15.37 2 circle 0.20-0.25
: Zr33 ,
) E387(17) Ni49-A149-Cr2 Ni33-Al33- 15.57 2 circle (.30-0,72
7133

x\/{;
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Zr33 11 April 2005 Exanpl es 14-15 Exanples 14 & 15 utili zed al circle

el ectron beamraster, like exanples | - 13, with a first material having a
Ni 33 - A133 - Zr33 conposition (a/o), and the second materi &1 Aaril0Bo- A 150
conposition. Cbtained substrate conposition is shown in Table Il. EXAMPLES

16-17 In exanples 16-17, the nolten pool was heated by a two circle

el ectron beamraster, as described previously the el ectron system which
drove t eagnglewl4-&$ ectron beam patterns switched continues fromthe inner
circle to the out efxapipl®d B} & ISheitizeds Urcirclegldotron bearnmaster, bke cl e, and
repeating this pattern. As may .be seen frgmge 10 - .13 ere

suf fi ci enemplgsdont 3 Mithgeldrs éé@ﬂkhﬁvw&%lélﬁr&ﬁ%fgﬁ ica‘f.“i’%?i"‘%"?@oni um
concent rafl fhafdRiafd Rﬁfb 158 BEmpSSEdH. Ohtdihed Buthhacadhipdkitionss i N excess
of 0.05 a gﬁnglgec%@ricgnt.%l evmhse, vviPh respect to Exanples 16 & 17, where
a two - ghomalie Thbktleri ng pattern was utilized, such produced greater
concentrations of zirconiumin the coating 71 than for exanples where

equi val ent zirconiumwere used, but only a single circle raster
pattern %%?@?g conpare with exanples 5 - 8). It will be understood,
of course, that nodifications can be made in the enbodinents of the -

i nvention descri beph dxem@les 16+ t7h thetmelemamobl wes heated byhe twe oipde gisatropur vi ew of
the invention. For a conplete defjnition as to the sco f.the invention,
r ef er encReALIAFISE 58 dﬁ%&@%ﬁfﬂt@@%ﬁ&ﬂ&@?ﬂﬁ&ﬁeﬂ’s‘?ﬁﬁ %‘F‘ﬁﬁes%ﬁ CLAIMG ] . A

vapor: - de@g&lﬁf- RAnSRAUERS sWRERS @ntihéds S tHelnfer\ARIY todRPOStet difvle,appar at us

adapt ed posit  a coating containing a refractory material in greater
t-han tr athen reteming te thesianet oitsfo endirgpeating this pgBeMce material conprising: a) a
tirst material, said first material conprising a refractory materi al,

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 71 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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said refractory material being alloyed with at [east two el enents

contained in an alloy, wherein said alloy is selected fromthe grqg@1 005
consisting of titaniumbase alloys, nickel-base alloys, iron-base p&,g
and al um ni um based all oys; and 2. b) a second nmaterial conprising at |east
two el efd¥d¥St 0 be evaporated to form a vapor-deposited material, wherein.
said two 4el ement DO BhR Lbedn aphed are
the sane as sai \%gorsﬁﬁ%lﬁtgggcont al nehpfloﬁ sai dﬁl rogtaeﬁntgtem al . The vapor
deposi t iduptedoter dq)dsntaambaﬂmg)fooﬁiawm ia yefihione imatsaaldin weeatsreti@nt §35% sai d
first material are present in H%t atom.c.ratio, and wherein said two

el enerit 3NPHALS saig v &%0%?%?9“51’“1“ Fal&oglplngmge evaporat ed are present in a
second atom c ratio that is, approxinate e sape as f|r tomc
ratio. 3. The vapi’é é’p@@ Wi&ﬁﬁ%ﬁ‘ R ng}ns&qgae} %WP? sai d

first atomic ratio '5saﬁ’%ﬁ%&o??hﬂt%aibémg‘bﬂo}@&wﬁ&oﬁrlegﬁﬁ%'éléﬂ@nﬁourCe

" material of claim3, wherein sald two elementS Iin said first material are

ni ckel and al um ni um ®ntaled v ap @floy syhesdin said aﬁwseeleumtjefrdnathecgrom aiml,
wherein said refractor d f mthe rou onsi sting of
zi rconi um haf ni um; tlc%égg%ﬁéﬁﬁﬁmdrﬁ b%@!e%ﬁ% n'ﬁlf b?ﬁ%ﬁ\"g/ﬁx ‘g'l E?S@oq{'%y%nd “
al l oys thereof. 2211 anglalummmbaedfaum laod of vapor-depositing a coating
on a base material, said coating conprising at least two netallic elenents
and a refractorybyl enmaniecolde nfitétiss abshprishg Rt Makt VR RIEMEREPI TRS
greater than 0.05 atomi c present of said vapor-deposited coating the

met hod conpri sing theewﬂéﬁo f@gn QWWWQSMMWLMwM$mde sour ce

"materlal conprising a rla rlal ng said
at) least two netalli Cele %‘?e'ﬂ ?3?%‘1?]8‘ {]’@F ﬁY"‘PBE’rCt?%B% &‘Syed
therewith, and a sameassmdtwo elementscontamedmsaldﬁrstmatenal

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 that are to be evaporated are present-in 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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second material, said second material conprising said at |least two
netallic elenents; b) placing said source material in a crucible such that
said first material is positioned over said second material and dtAprié 2005
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 '
mat éri d-, "t hefeB§thofedt VABOAgRoSHtiRg 3 paling, Uhidy bape  WRtEHAL 7919 C0 rein
sai d nol §RRprsMige af WHACWS ARitdllicS APishts TERIER] Afraclohe reidliiedt] adicrélg @ig¢econd
nolten zone within said second material, 23 11 é\spril 20%5 wh reig aid
two ot JSHAEOR ARBRDLCATTSES Prealen e AOmIC frefent ah Sa8; vaear SeRaslieh sai d
ol t en zgting Mean&thdd samgrigied thacdtédsofel ement and said two netallic el ements
in said second material are evaporated fromsaid source material and are

condensed upon said . rjal, 2l € 1 i - sited
coating. 7. The mt ho%@dlﬂgé?’%h%?m tglr?%ﬁ%mt %cgfré% Q]%teg@ %Orr}(g@? |gn£.giﬁrgpsource
material further i nclmatesalsssicfitst mgtetial @mpaisingrspiccitdeanitwd metaliche gr oup

consi sting of zirconiuy haf ni j t, i j e Llicon,
chromium and all oys te!?éveeng?’.saweﬁrﬁés%%f%%mgfe fn@@é#g%%fh@%%mg? ré(?ira\ t he step
of heating said first seedrelmalerialf saitl lsecoridmoatedalrgiphieingtsejd alfledstat i ng an

i nner area and an out . 0 id. source material such that said inner
area is heated to a gsxé%ﬁ{g?ﬁfce#%@%@we than a tenperature of said outer

area. 9. A nethog) of ?ﬁ@ﬂﬁ'&iﬁ‘d’%hﬁdﬁ:nﬂa@ﬁﬁpﬁ iangrueibla shels ahambaidi fst sai d
coating conprising at least two netallic elenents and a refrachga(rsty
- 05

‘el ement, wherein sai dmatesial d¢ tnositionpd raver sashseqond smgtesia] nd; g
atiom c present of sai gm%%%gr- dgsp‘é)sdted

covers said second material;

) 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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coating the nethod conprising the steps of a) selecting a vapor-deposition
source material, wherein said vapor deposition source material conprises a
first material, said first material conprising a refractory rrateﬁi&briIZQaﬁd_

refractor rraterlal bei alloyed with at least two netalljc el s, and
a secon eip sl Modﬂﬁtﬁpggkeﬁﬁné‘alﬂaaﬁ’tsqqgﬁ%f"aﬁ%’ ket teansperted af be

evapor atmfisitdrozdne! Whein@iPriefrdBRIEREnMRiCsdidiwo MBRIRIdlera@itd i yaid et al | i ¢
elenents in said econd mat eri al that are to_be eva‘%ﬁéated re t he sane as

sai d t woecnRd mafsra %reé%’féﬁ?r@teéé'iﬂ%?"f‘f%&OPW‘?W%"?' Apd AreRndensed UBSN f'dci ng

sai d vapeee #eesdl therebs nnig s3d Riporldepdsid@olfiidd! € such that said first
material. is positioned over sal d second material and at |east partially

covers said second material; c) providing a base _upon which saj
aledjal fythes

vapor - deposi t B Ewihadngf qlajmy 6, ‘Mﬁereﬂ'e%s$t?lé&f P&)""B‘?ﬂ; Pt $UHFH §rase]
S verti Ca'lhé’lu@&‘)¥&e&ﬂlg°§%ﬂb&gd éle.tnaﬁt ﬁéMCthQ|g‘i’oupﬁ‘ét§i13|s|flﬁ@bf Rcdidirg, hafhiin,

material, thereby creating a ten zone in said first material, wherein
sai d ol ytEim; §eeiuge beniyra, %'&PB %@BW 2nd pfloygihereoboos naterial, thereby
creating a second nolten zone within said second naterial, wherei n said
two netallic elenents in said material are tranf\;l)\kprted thr ugh sai. nol t en

zong wher ei n saildeppthodoblping Spavhergindhe step efeatiag ap1d; s in
sai ¢ AEES U‘S%%H%QE i sRESIHABRE Hn® fhabf %P%asﬁl't;dj ail Yt CartRIoF dafd sBBRear e

conden e mater orm ng said vapor-deposited
coat i n@atetial suthehateshiddnnefarealiaheated tonh @reziter téhperstuspthah agempexiiurg of sour ce
material further includes selecting a refractory elenent formthe group
“caonsi s?aFchﬁ“tE‘farfFrcom um hafni um yttrl um titanium rhenium silicon,
cbr omum and alloys thereof.
9. A method of vapor-deposnmg a coatlng on a base matenal 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 to be evaporated to form
a vapor-deposited material, wherein said two metallic elements in said
second material that are to be evaporated are the same as said two
metalllc 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-depos1ted 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

24



suppl i ed,tp an,inner heated grea 1 nd a surr
o5} LiftptiesShiacting  BFacEty SpTERtorhBF orie capsiieg o
‘grieat ewtttiernpktamitn, chenium) silb@n.%!i@ﬁiuhﬁ@h&%l!@s&ﬁgy_@%). Fig. |

11. - The nmethod of Cdaim9, wherein the step of heating said first

material further including the step of heating an inner area and an outer .
area of said source nmaterial such that said inner area is heat edlt#prid 2005
greater tenperature than a tenperature of said outer area 25 APPARATUS
AND METHOD OF | NTRODUCI NG SMALL AMOUNTS OF REFRACTORY ELEMENTS | NTO A
VAPOR DEPGCSI TI ON COATI NG ABSTRACT OF THE DI SCLOSURE A nmet hod of introducing
smal | amounts of a refractory elenent into a vapor depgsition coatjng. A
second material (30), meterizhi thenehy steafing ¢ iseeond meltesyrone Jvithin spideeonfesi r ed
to be deposited as a g%gti Eg on a base material, has placed over it a
first mterial (20) s ially conprising such two elenents and a
refractory elenment. The first material (20) is adapted to permt transport
of the at |east two elenents in the second material (30) through the first
material (20) when the first (20) and second (30) material are in a nolten
state and i nyatein $d GRNmREIICEIEMentsa Aid@iateial &% fshsporat ithrougheaiat L on
of the t el enents and the refractory elenent.  from an exposed surface.
Heat i s"&‘ﬁﬂﬂ%&- E’%'ef% spid; egfractony ei%erge%%aale Jyp mgtadic gemenis 'rbé?‘ai t
evapor age&hdghatehigl & dvapsratddork IsaifPstiurcedinafefiaPastl SRt &ridehsédbpombaldt he

refractgée/ el err,eEt in tthe first material (20), and the resulting vapors are

condensBgre@atesial therehy fogping sgidvapeitiapesited caafing- A parti cul ar method of

heating is further disclosed to assist in maintaining adequate rates of

evapor¥li on Ther methedadf alamad, owh@reimothe steh©f ravidiip aSstupbe asht&ed tfudtiver

ndi ng. oyter heated area
{ Sirgomumn b o

rie)

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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