~ STATI C CHEM CAL VAPCOR DEPOCSI TI ON (]: y- Ni +

y' - Ni 3Al COATI NGS TECHNI CAL FI ELD [ 0001]

 clpure gonaral [y 101 cen 1o tonhn ‘*FSSOE]‘”TL:ﬂNfMlIﬂWIII\IH!II Il
conponents of high-tenperature nechanical systems. —_*is9159*

such as, for exanple, gas- turbine engines, mnust
operate in severe environnents. For exarrpl e the IL l
operale’in severe envionents, For exa I l!lll!llmIIIIIIIHIIIHIHIHII’
gases in commmmmlwmamnﬁngsmmwml caHry M—
experi ence nmetal surNae@-NigAPEOATINGS of about

900- 1000 C, with short-term peaks as high as 1150 C

[ 0003] To reduce the surface tenperatures experienced

by these components, muletALIHELDonponents of

hi gh-tenperature mechanl cal K sys rra be coated th
109015 it i o sepgrall EGEsIER "r%ey?or P VA § Sttt

includes a ceramc material such as, for exanpl e,

yttria- stalizied zirconia (YSZ). The YSZ | ayer may be

deposited on the conpogaARiK@RO¥INIProus |aver to

provide strain tol erance for the thermal expansion and
(0602 tThaC4th fUNeRX BEXi] lﬁfeﬁ'@@raﬁl}‘e fnB&aniTHGy siddBN B s, fERample, gas-

transparenc of t YSZ | ayer to oxygen transport
tugbifssaiges et oPEIGIih SRS ENY AT e F U PRElE: B highraressure

b HIBMAE M nd vin&RRPSKED 1 %hgzﬁeﬁﬁ@&hﬂl@rctaﬁ‘ @érorﬂtﬁﬁ’@a@éﬂg%e% B@lcall\
conponent from oXxidation_attack For exanpl e

exppréiensuimeialariage teimperabith oAbAYL ey OEQe Ced%\%léaowem P52k @ igh
asG93¢ sc Whi ch includes sufficient Al to forma

protective thermally grown oxide (b'dI;GO) of al um num
10863] dle redyne thi suréage feampsragirestRerisoeRd by diase COrpRONESH dnagy af the

n%cclt*i’\g%?-t@m%fﬂmhre tndbharid SAlenR tﬂﬁ% Be cGa‘i’éNn'tﬂ é‘lthbr‘?rﬂﬂ barrier

mat C hase constitution of the superall oy
ccsum(ﬂrBél)eThd TmBQanallzo mcludes arepniid nagridhshelaasi ionexample, yitria-

st:h&?edsi %}ﬁa (YStZr;I eTltPeonge%go dn&%%%p&shﬁd (;I;ﬁﬁe E(Qn};ohgnt as a '%\cl)rous
lagmach pmgldﬂayauatoslmadge fqumhmalaﬁxsarawdaadi gnera@@atexmleanth the

ects t [
TBESLEFR SRR B LS PIRN ARLER h SERL
reqmrefrmnmhatgh@smfaat afnlge qonrpbnmht mgoaecywiﬂp a eoating that protects the

component from oxidation attack.

[0004] For example, the surface of the component may be coated with a bond coat, which
includes sufficient Al to form a protective thermally grown oxide (TGO) of aluminum oxide
on the surface of the bond coat. The bond coat may include a y-Ni + y'-NizAl phase
constitution. which matches the phase constitution of the superalloy substrate. In addition to
providing oxidation resistance, the bond coat bonds the TBC to the component. In some
embodiments, the y-Ni + v'-Ni3Al coating may also be used as a stand-alone coating that

protects the substrate from oxidation.



y' - N 3Al phase constitution over a substrate. The
coating may include NI and Al. and in sone
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static CVD process may utilize a retort that is simpler and less expensive than a conventional

CVD process. In particular, static CVD utilizes a closed retort or other chamber. In contrast,
conventional CVD apparatuses include a retort in which the article to be coated is placed, and

further require a separate device that heats the coating materials to form a coating gas, which
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2 is then directed into the retort using a piping
structure. The conplexity of a conventional CVD
apparatus results in a higher cost than the apparatus
utilized in the presently-described static CVD
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coating including a y-N + y'-N 3Al phase
constitution. [0016] FIG 3 is a cross-sectional
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depositing over a substrate a coating including a y-Ni + y'-Ni;Al phase constitution.
[0015] FIG. 2 is a flow diagram illustrating an example technique of depositing a coating
including a y-N1 + y'-Ni3Al phase constitution.
[0016] FIG. 3 is a cross-sectional diagram of an article including a Pt-group metal layer.
[0017] FIG. 4 is a cross-sectional diagram of an article including a layer comprising Al

deposited over a Pt-group metal layer.



3 [0018] FIG 5 is a flowdiagramillustrating another
exanpl e techni que of depositing a coating including a
y-Ni + y'-N 3Al phase constitution. [0019] FIG 6 is a
bl ock di agram which illustrates an exanpl e system for
depositing over a substrate a first laver of a
coating. [0020] FIG 7 is a block diagram which
illustrates an exanple system for depositing over a
substrate a second | ayer of a coating. [0021] FIG 8
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[0023] As used herein, a v-Ni + y'-Ni3Al phase constitution refers to an alloy or coating
including a Ni phase (the y-Ni phase) and a NizAl phase (the y-Ni;Al phase). In some
embodiments, the coating may consist essentially of a v-Ni + y'-Ni3Al phase constitution.
That is, the coating may include small amounts of other phases (e.g., no greater than about 5

vol. %), such as, for example, B-NiAlL In other embodiments, the coating may consist of a y-



4 N + r -N 3Al1 phase constitution, and may i ncl ude

essentially no other phases, including (3- N Al.

[0024] A y-N] + y'-N 3Al coating nmay include, for

exanpl e, less than about 30 at. % Al, |less than about

30 at. %of a Pt-group netal, |less than about 30 at. %

Cr, less than about 15 at. % Si, |ess than about 2

at. % of at |east one reactive el enent, such as Hf, Y,

La Cr or Zr, less than about 15 at. % Co, |ess than
Niabonli; AL phat corfitlition, Bed mYY infRde dventiERy Ad6thértpadel, Ko iudanpop-
the balance Ni. In sone enbodinents, a y-N +y'-N 3A
Nigbat | ng may i nclude about 10 at. %to about 23 at. %

[Oiﬁﬂ AabNUI- v 10, AL coalhe RayahQude, &» e?&mplé)/%%ﬁ th@n Eﬁdugﬁ@éﬁp% Al less
about 2 at. %to about at

thagtabov%?»pat abhola Ptgroau(p mejgldess tMput@Ozt aﬁ? Cr %s§ B’aﬁbl?ﬂhlf 15at. %

Siabss t1¥n@boR 2 af @861 dt YeRst@n€ PR ve eftieht, agchtl HE Y, 1dr onr Mss
Zr, about 5 at. %to about 10 at. 9 Co, |ess t

ha
thagabaet 12t & Coggspithanbout\y atr g TipRe. WteTaaMP Fﬁéﬂdl thkbke aithe

balaf& WAIIANG S MhibodnAadd v INi Gy-lihAl SoafinERABE RRIuHA LRI AL, % to
diagramillustrating a coat i n%)q)]/@stem 100 i ncl udin

abeyt@g @t % &l gbqut 102t Yefo sbms 25 al Ft-2epup stal. rﬁ*@mﬁﬁtaé%/r’ &l
ab()&{fzoqp BOF) QR 1309, RMbSRbIaY. 3L Qf adfB0.2 2C0RL BGurDYVR 6B

00 may be used to deposit coating 112 over substrate
re@.m@e ¢lem¢nsrsuetnasddial ela, Gaot 7 pleout 5 @4 Y fojabept 49 at PcCo. less than

abGATE 3L T RROK, FERAS L LA RkELAF W Bhnce38. || ust rat ed

erein, static Drefers to a
[OWIDFM d@engg Cpmemalm%dmra@o@mtw@;nm eqting syseenf Boreduding a

clc?se% fe o??ﬁ‘i E‘éflﬁ)‘st?d?l 1 fothoa‘nﬁa m@teﬁXls(BﬁJan 196 h g hn) tivator 108,

or out occurs a
Cdatug mstemgl ODh@Vd:@arsqdrtg dertosip coaﬁog 1 b?x<a/|¢p$ueb§trml lé)hg\fmml arpoated

artF Jl G104]usm ?J eimqéagggpog'ggpog ?ﬁgl? Cm,?a%}ilﬁntfﬁm{r%fzé ﬂ‘tgjll(); IB. As
uspxt heein tscmc @Whmﬁaemmtcvmbrotm irstibh cacEvRximE sop iszmatbrnrag ina

closerﬁ S s{e tl{apg £ stgteaClFrl“ enaF Ch | n%gﬁjp% rou];puk occurs after
o'formthe eS|re coa

begmhmg nl&tceaﬂﬁg&;epn Gof exainpler ascbawn rmgilﬁat etdsed refb&ﬁl 02 (Bﬂcloses
s.in into rrom.c

su?sqrage g ltqb%%it:llr\l?&swm%itgrlatl Agé'l %r{d atcm at(ﬁ\}BQ u{ngrBedlate]\ B‘é?ﬁ“% F%taenc&ment
ofsrieadtatm CUIDstem abating ntedia EE® andyctivaot Uikecacin@clade subficent
sta CVD ste and atin 6 and/ o
G YEPGY Do iy BB dSARte O PRy o f B FBrE prss) 106
orhefhvatee 10€ BripRn ﬁmrﬂutpof freh tREedaoidnl 162 wane mé s@AtiSCEDI step is
Cf\/D sdtep. Ho . each stati.c D ste (gg bor nmed
pefTRmed, LAY (S ERifinE PRGES Fandn e ans rBerh i D pegnd
co@Mi®f matbtial ' 0O ARG ab@tor 10Smekehd dtideld @&exﬂo%a\ﬂ%hr Rfort 102 before
coatin that is dep03|ted or. formed on top of angther

COmMRAIFCRnt AT FRINPICHon obh EB A% BePHBPH e‘&“f‘?a‘f}‘s%tat‘c CVD step is

performed in a closed system.

[0026] As used herein, “deposited over” or “formed over” is defined as a layer or coating
that is deposited or formed on top of another layer or coating, and encompasses both a first
layer or coating deposited or formed immediately adjacent a second layer or coating and a
first layer or coating deposited or formed on top of a second layer or coating with one or

more intermediate layer or coating present between the first and second layers or coatings. In
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one reactive element. The addition of a reactive element may stabilize the ' phase of coating

112. In some embodiments, the reactive element may include at least one of Hf, Y, Zr, La .

and Ce. Thus, if sufficient reactive metal is added to the composition, the resulting phase

constitution may comprise a majority y'-NisAl, or even solely y'-Niz;Al. Further, the addition

of a reactive element may decrease the growth rate of aluminum oxide scales, and may also

improve aluminum oxide scale adherence to coating 112.

6



one reactive element. The addition of a reactive
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addition of a reactive el enent may decrease the
[0@31 pint dore@inbodifneads Lbhtitigrmaestad eoezrﬁal &S inéllek STRY Cal @lonialxzbe
rove al um oxi de scal e, adherence to coatin
ad‘i?rép%%ai']‘c Wﬁteggg};@% é‘hUBg'fCﬁéﬁ?fgmgdé%\P?Vﬂfg% IFRREQYRS %ldq@e apghlyot

codsch redihried eorﬁpar&f to Qcoat@g 1Ry itheur CRAASA S Raf RASrbGhot
material 106 t ? uce coatln? 112 haV|n ngrove
COBOF WES! %?Pcsnﬁ%'as HEBey 6‘%‘? prlufea Pisgrgppmetaly r:ﬁsa.aé . Pé Iy Rh

an@€Ratdr 0gmBihaions therubt, which iy ible QepdsitdBi¥ alsSAFRY &)ahﬁ’é step as will
corr05|on resi stance. Coating 112 may al so i nclude

be gﬁfscrdl?eéidlb fyrbery cietallstﬁm aud PRY fupaer ipgludee onmere Rigmepts present in

suls@alil NAtLans, bheheple, CHToCT, MRYRBEr0®PESHE Bk .1 n a
arate coating step, as wWll be described in

(063} Prespbodisreasiin Uélcb\ﬁPa"aE enappip! KOGrindheses matel thateono wlsment and/or
comPauAd. Qjoﬁﬂﬁ%r%ﬁetﬁhrl e66Rhy Nit;l@ludec'éipaﬁog 3k fhe l:ll:glené HIFJ)cf(r‘%%mp&ﬂlrds

exanp Co
A’FU’@Q‘Z}b closestod; 1.9% e eRglosgive o revzrmsmgatwm mteriade106,

cadhME WREIRSs y%s‘ra{erf)‘ﬂ()sl&ﬁ %u?ée%‘i%% ﬁﬁg[ecbrf t %‘Permgﬁgﬂd/or

coating material 106 may inclu e an a
copaentior g¥annds: C@%‘ﬁﬁ@@mgl 106ma‘yenq4|laie|avé|13€r allpyosedescribed

ab&vRL Whikh %Q@béf@yh\%{&sﬂ s8§n% %o%otﬂwq}?é er. Sl‘ﬁ%ﬂ{eﬁ%rﬁbo%ﬁﬁ‘én‘d@prst

mat eri al s” 10 each which is a separa
coajing m@rrﬁb%owe lnﬁﬂud“?@rf'és@hvm‘aésmr@rfem ﬁ;rsamdvimelement (e.g., Al)
an @ RO Sting fcr il Py inE B SOt TRL L ShurdidSr {Rong contne
mafgsialeigh ). e fisd andwchmoirphpotah sodirceandy Be phylsitaldt separate from

irst coating material 106 may i nclude
emﬁ ?§?E%ﬁ§2?25¥ source for a first coating el enent

[0(K3él §OathIn)aterlahH)6anae/émarpOWdﬂair othgr suiitl eduiree, sukB@s ardlpck or pellet,
' €. %g | G I rce faor a second. § ting
o RLUAE RRERIS PRGOSl SuBEFRG R e
an 8b0r eldyy thathadleeep glymhd:mtd gowilelpht‘rﬁtlﬁavf inclode zﬂaﬁcltCrQillbﬁfn block
hthip retort 102, gs n 106 may be
or BN fharoF B PY o a0 FeURl BN R CeBF Lt oBpound ez,
fﬂpellet of the coating el enents and/ or conpounds For
tin terial 106 i ncl ude an
06K R Bion e Bl Shislher e Fosidbov s Gerve magriel 106 o
formlmdoudrehzﬂkfgeﬂ\bo@ouaﬂ (eowy.. d mmbé &ckdon@;r sRBlab ﬂ]tccﬁ)orm& d&Hor-
el | er of an
halggeé LFnldg?ea‘j)S%'Hﬁ érog-ba F(ti gasAueﬁctlon etween solid coating material
106 and a gas phase activator 108, which has subllmated or evaporate. The donor-halogen
compound may aiso be formed by a gas phase reaction between coating material 106 that has
evaporated or sublimated and activator 108, which has also evaporated or sublimated. For
example, in embodiments in which coating material 106 includes Al, the halide species may
react with the Al and form a gas phase aluminum halide. The gas phase aluminum halide

may then diffuse to a surface 114 of substrate 110, where the Al may react with the surface,
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[0034] Activator 108 may include a halide species that
reacts with coating material 106 to forma
donor - hal ogen conpound (e.g.. a halide of a donor,
such as AIC 3). The donor- hal ogen conpound may be
formed froma solid-gas reaction between solid coating
material 106 and a gas phase activator 108, which has
subl i mat ed or evaporate. The donor-hal ogen conpound
may al so be formed by a gas phase reaction between

defdaton REfATRY eF indbatkR8 12.hall libaste tieMAREAt Bt Halogen is then free to
subl%m&t ed and acti vat 108,

a
reast WP Anathey 29 & MSeHE O Wat‘?%Pa‘egila‘%lt %ﬂrﬁn%&d&awéwl%en
Compmyﬁal ch coat| ng material 106 includes A, the halide
react with the Al and forma
10%%& §i"h‘lﬁ‘r‘b haaqe?%@e elppentguch shH IRy dpashyvily fherhlaﬁecf@em%y form a

hatri@R halidef S Bayt iRac® with ieafaBdelshdci®f to $8HRSd drddiBiuh HaliddVBESi@nay
the Al may react with the surface, 7 deposit on

react; it ths helide spericsdatarig silicon halidg. | i berat e t he hal ogen.

[0038% 10 @nRASboliitaehRERe di@Sof Ray MmERES NW,EINHENQF ARfineRhA e salt.
or mol ecul e of coating material 106 to form anot her

[0Q%Th i scest cappeAiments rioatifeamatprind 384 andj agfivasgr 198 may pathetspragate.
bu?}ngmgeacﬁﬁﬁglndeaassoﬁﬁ dw haRB&GE copblind. Br Q}@alrﬂquee th%Qi%ﬁér%logen

forma hafniumhalide, Cr may react wth
Conmpwiena;pé@wt@ sobid plgminugm @H%ﬁv@rﬁ%éﬂ hereacgive Pmﬁwahde a

sil Cgﬁflsdl]d\én c{r@ Ci’l%?l’lllli}ﬁlh!ilgﬁ Qﬂg leﬁ%oh& }Tag)rggﬁ @onﬁioluhcpﬂgx be a powder,

I'n sone enbodi nent's, the activator nay
PeilﬁcblgdeONhﬁtﬂle HCI, or another halide salt. [0037] In

ﬁgl';l/'&ﬁgﬂeéi‘@e 1&s. LOR Y cgaing Erdé%aﬂ% afd Qctﬁ‘&\%k YO By not be

. ' separ at e, Instead include a
in sorithal witb wairstritalll 6 eThls:mmfamate tho nsee»f aptit €V Drtheoat a surface of

anq%{éé?«% akogen aﬂfé%”%% Fsd f&(%)(arh[?g 'al{Qr% ng bisa% b éa?llé.gféﬁi sﬁg@

e, such as a reactive elemen
emholdmmts tha vapde phase danoc harlognnu:mnhamddm} bEldaesal todhe interior
nof.¢ h N CO n be .a_ e Ilet,
RO ACBHORRL.PAPINR IR 0o, R e B! 2
[o63%d 111 Bjdlmatqan% metesalil b addstizaer lé)&rnava)t: oubstbOBallyefiee wdany

act w.th substr.a may faci Lt
ﬁl?eﬁma eélglcg ¥he sent dEQ}E)sutr% Slcl:bos¥a Uaé%lg%ef: gggero é‘{ms mcludm ?ss than

ablont lewd. & ﬁld}:avlnt sysmefemamdlmbmts Cbajngsurmdriah 506 dnd lactemmmozema\abe
yan

t ur.bi ne bl.ade nts
cop e s F el BGEA BoRSOIN G ey 8o AR TR and
activdt@ 108 linchelavib inpreothart fiece ambirat ef filler el eqﬂp&roaﬁtmesemum h
B R S IGO0 B S
te&mbﬁntesal@ﬁdhaals backfcement@fonamyy utflizk Ilaege diedugtsio@filler] duch bxe for
ent di.scl osure, .substanti all X.free of fl||§ ans
aﬁle uzw’nﬁ]gnw gEr Wﬁléwlnorlw amounts of coating material 106 and activator [08.
In this way, static CVD may require less material and produce less waste than other coating
techniques.
[0040] In practice, a static CVD step includes providing an article to be coated (e.g.,
substrate 110), coating material 106 and activator 108 in retort 102. Retort 102 may be
evacuated of air with a vacuum pump and filled with an inert gas, such as, for example argon.

Retort 102 is then heated to heat substrate 110, coating material 106 and activator 108. For
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about 1 wt. %filler. In sone enbodi nents, coating
material 106 and activator 108 may be essentially
free of filler, which in the present disclosure
i ndicates coating material 106 and activator 108
i nclude no nore than trace anmounts of filler (e.g., an
anount present in comercial avail able coating
material 106 or activator 108). In contrast, other
coating techniques, such as pack cenentation, nay
exaﬁqblle irztert I} az @\Qy BéTRdARK S0 ®fendpitatued of 1644 GnABout ROOO°F (about 1150
ority filler wwth mnority amunts

°Ca,~ Bﬁﬂqswamw Oalpouma“am*efr sramRles; wom9d ma>'|bﬁ hffﬁ?%m%ay

ter3peddtine oMUY IERUbLER 1BEBE (dtLETdoat t@dwumomaqsr dbB&S! hour
wast e than ot her coatlngzgtechnl ques. [0Q04
£

to oyt 2q haurs. gr wstog 02 maye Seags! P ACTIRFERUTH Pae}qoa} WQO o about

1786 (§lokt § 1B°0& 8t ©d°C)Fofabout SISt AbE: clHfl)s, coating
mat erial 106 and activator 108 in retort 102. Retort

100435 Diveippe the heasipg ofieetasidl 08+ atdgast spime KT aetivafeuLith pdnip st

enfboliiRfts Wbdiihg MhtdrALTd6. SAPorat ¥f lubfithateltOh vEIRPRIsE BKORRting
Retort 102 I's then heated to heat substrate 110,

masesial § Ofandaetiaros|108 then reaet ta farmedoner-pdigen FspPognd Y raay
diffk & LurfhQ2 1Ry s&b@trﬁ@ ‘ﬂ (? dl'hteQiof%r 11@ %%B@Jrq{aﬁ)gm co'nﬁy%ﬁné In%nreact

about 2100F (about Q) f I ess than about
Wlﬁtﬁ!ilﬂsiep%ﬁ OmfhébStfétﬁdﬁ?}IV@BCh lﬁ@tﬁ@ﬂﬁﬁheﬂ@@gﬁw tb%dqii‘éhhfé@geﬂo

out 1 hour to a
hameﬂ @mmrmctmd@pnur&@zhermymtg@rmw ed to a tenperature of

[0?&? %a]u’?é)glﬁstha € ﬁk@qyﬂeahadmgl T tiia erf%g in(a Sgt?%% ]?%Zig

our to about 6
donerat iceryingfl 12 meypdiffugcdifito sabstiawdd O anbelemetts presenviatsgstraigg ] 0

mfgpcgffbég imG WGating 'Tgf’ﬁ'dr[’ﬁ% I?l]ie sta‘ﬂ% %\}15] grrog?s%].efni s%l-n.?_%%odlments this may

gvaporat e or mate t phase he coat
reswittie coagihg 1 06ineindingie tyiNi atVGNlam Bhatsh ecmstiisa«nt urtoo chroplatian of the

sta%f% Iﬂr%c QI T n?ffﬁ n(fj ﬁrﬁ nts, a&blltr% Y10 ?rL 19 ared E&%g toa

substrate onor or-ha 0
subsemu ekt regymere achomagedibe hag- N:‘Ieprng,tM phfcec cangtitstisrahewill be

*%%2§%mn%%ﬁTﬁggﬁ§$tes t he hal ogen in the donor-hal ogen

gen is then free to react with
[0643) tHyeontlaiieg the dmk @ndneapetitver at ddithrthe shzalcdg\ém p®OEsP BUNd

d continue the qg@in r. k004%% cause .
peEfiuc e £t 88 o BT OBt ARt A a0t s
pr@déhﬂ in adt@rt 1) the chinpositibadodting ¢ DBtade@us’l.ﬂnE phBy céhisfifutieg may be

t?dﬁgbstrate 110 anq el.enent s gngse in S%R&Erate
COT’.’E@' edh " BEFP s BOERYYS ROUPT Ry S TRI XIS Nl s Cotthpiogess:
inErVAirRIRC 8BGntehin $ 04t g @iieodi mnbﬁncrbdsnﬁg tiemouhesfukfivatdn 108

coat.in 12 _incl udi hase
PrEsSRSp Pg@%‘f é}{Dlﬁ&?ﬁhaé Bgﬁﬂsg%/ AQH chfthgH &2, mav increase the amount of Al
in coating 112. Conversely, decreasing the time or temperature of the static CVD process,
decreasing the Al content in coating material 106, or decreasing the amount of activator 108
present in a static CVD step that deposits Al in coating 112, may decrease the amount of Al
in coating 112. Increasing an amount of Al in coating 112 may result in a larger proportion
of y'-Ni3;Al phase, while decreasing an amount of Al in coating 112 may result in a larger

proportion of y-Ni phase. The precise time range, temperature range, composition of coating
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static CVD process. |In other enbodinents, substrate
110 and coating 112 are exposed to a subsequent heat
treatment to honogenize the y-Ni + y'-N 3Al phase
constitution, as wll be described in further detai
bel ow. [0043] By controlling the tine and tenperature
at which the static CVD process is perforned, the
conposition of coating material 106, and the anmount of
activator 108 that is present in retort 102, the

maCRIAP I dntl @modft o€ el ko g1 (81Bat r&0H i eh%‘émﬁb @m&hﬁ@ﬁAl and phase
canstituti,on, controll ed. For

b anpl e
coRsHEIRY 81y &"Fteﬂ% or ?F}Egﬁ? are fswpsiiaisr I 0 and ¢ pige @firalentd 0%vD
[O(IZMPAESISG examPR! £6:&-diéh fidiR AMD £RBIsE Rfay bOuLBAS ddpbsit a coating on a
rlal 106h?ﬁ i ncreasi ng the anount of activator

1 fsgatsnd g Hrshstatiedt VIR sier/max inspide papatine pisriek] 08 comprising

a 30@&70@}9111&\1 an a&nxtok NGy &AFRisth D SbANBY Mam bt ﬁhm' %d%%&ﬂ.r{&%
nversely, decreasing the tife or tenperature o

ab‘t% é53§t gt(?‘&’“tﬁﬁé 5P b @baut 6 hawsy s spaegd st QZ\Y Dé@ntn@mmqlwe a

cotd@ nlabgiaMAleRbmPHsiADPOAI9MCH @R h&RAIP Yod &%pﬂgﬂu 9 ou@flo grams of
activator 108 present in a static CVD step

NFyepasraoad ppating matsainli 19§/agtivator 188 cadensising gbout n@ gams GHELond a
heddng td boGOBBD BE (2hdei-835 PET BASA0 mr@WQESUR{HOA])atfng 112 may

coating 112 may result 1n a larger proport
inc{nde Rpoyial9 bthée%l akgmt et fadt. @a@utdg atfo Gurakavt 6.5fat. & Co.bout

0.38 Qf’% 'H"f‘%b%&r-?l TRYo, e Sibt o J‘at%'}{%r&%ﬂt 1Pl QO\Rt éb% s ?at %P

phase. precise time range Mper r At r
ab%%ﬁﬁ@%v@N@nm@ﬂh%ﬁémWﬁyl9 naterlal 106 and anount " of

[00@%} Ayéés%beqigﬁeﬁ\h%ovg %ﬁmntv 1 15‘ gxg ?&g.\%lefalvq\l qu’m?{]n i3Al pgas

phase constitufion fray end on'a surtfacePatea
00f§f1m§91bslmrsame erhh@limends. athst leesesfmaz\ éiemretseritosﬁch {sOfoé)}anAﬁe B

Nl;?p(.) qE] ggl%t%dm?en{sv\@oaﬁ&e P1 ”Sl%gélﬁ%%squse 'r 9 é-%%fﬁle-ﬁfg,ﬁ gli}ase

osit a coatin
constigtip 1.€VMag insjuderay mlonaahmdaéooat eht% ngothatbﬁ rahcﬂbr NQ)@I phases,

s B ae! Sple ANTR d S gr il bt S Tl adtrrg ofa v-vi
Y'-Nibsluthase5@astfutioabodibe &3‘:3“!6])\ frarofatietiphabesiOpl May tdRide no more
ﬂmﬁgg&ﬂ$u§$é%¥8&mr ﬁé%gp may include a coating materia

rersin OCr, an activator 108 conprising
[004bloIG. 4@5 egﬂ(an'dlagrfam 1Nlrsmx€]m0 M ex|aple tbchiigiid dTJorfid LdviePd substrate

[activatar,.108 ri sing about 5 rans, Hf C14, and
v QR B Mot SRR an BB s By et oo
refd!’rem:lesm FrG$e3 aed4l Flk‘ﬂﬂ,gl Ineadinigelddidg ﬁraygroumleud]aa\a&oaébosltgd
18 at. % Cr. about

9”t 2 % Eﬁ
oveé s@str%‘ce 1 g};) s gro(ljp Heta [n@w esisd l1jl-t()rr1:|_ foy exgmple,P:iPd, I,
Rhakwahd ﬂmﬂ)naihons%laeof ab euie élnt%dﬁl’ients%t\ﬁﬂa\a}é%fer?edaﬁhe o

% Mo, and the bal ance Ni. [0045] As

gm&%g‘éfﬂ?‘ﬂi‘%g%‘?ﬁPB?W béﬁ'é\/%’“‘%‘a{“i‘ fRGhRIgyE. siep 2. fen Graepls:
elegtroepositipn.-ahd EMdonfRea@diments, may include a thickness of about 5 micrometers

to about 7 micrometers.

[0047] Substrate 110 and layer 304 including the Pt-group metal may then undergo a
preliminary heat treatment (204). The preliminary heat treatment may facilitate
interdiffusion between layer 304 and substrate 110. For example. Ni and Al present in

substrate 110 may diffuse into layer 304, while the Pt-group metal in layer 304 may diffuse
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constitution. In sone enbodi nents. other phases may be
present. such as, for exanple, (3- NiAl. In other
enbodi ments, coating 112 nay consist essentially of a

y-Ni + v'-N 3A1 phase constitution, i.e., may include
no nore than about 5 vol. % of other Ni and/or N, Alvy.
phases. such as, for exanple, (3-NiAl. In yet other

enbodi ments, coating 112 nay consist of a y-N +
y' - N 3A1 phase constitution and be essentially free of
mt@tshllﬁ;tratra hag eshi§ Mag resulnma Rtraticide sirtacemgon 40han sliavade FIG. 4.

nmount s of ot her FIG 2 is 0
THGTRGRigHeS Friaes o A S ARG FIEBHI GERETR tegh . suh
as%ﬁéxaal &umtAna(trecOarmathﬂgalwcéﬂddhmm(ea y N+

&* phase constitution. which wll ‘*—*ﬁ cri
oS3 o quetqﬁ@w imegisefhe RrUMirgnEeasTeagner, ay inc Fﬁ?a““%su strate

1 1'0%}4@rayé’r%4 'tJ‘é:{eH‘%klrdﬂxreaofpboﬂ Noow CEsoal 183&%)b@a%appz$)0t®@bout
over Substrate The Pt-group netal

21837Fa &grafoytd @ﬁ?r tp époué)z gﬁfﬂs eIn qﬂfer ep od11|nFnts tmrelmnaréﬁlaat

tra @A fhad h{aﬂuae h&ﬁﬁe Qfbstrdtd)1 UM 1@@#33111! t6B Binfperallire HB4bolRE 100°C
referred. Pt- group netal be deposited by any

YRR Fon abom él:Wn"iCcfa@ut %U@h"%&)r abay | @by ghours.

[()Sjlﬁ Gh ERRERRRIdIrhM, th@'ﬂg:llhnna%)ﬁ@.t f&had ABS teSultsMTRhe d1ffusnon of
i nclude a thickness of about 5 mcronmeters

7
Ahireseniie sesgate [| Pl Prsgrghed suréacq 1qgion #1941 Whep Aééljrf%ses nEto Pt-
eﬂn@ﬁe%dl'gqf'f% rgg}ﬁ':eﬂh i Eﬁﬂﬂeﬂ%%bntgaayy NNep NNAShSR cBnstitution may

I’ mnary at treatnent (204). The (grellmnary heat
restrlteeHcrmcr mespmE gwbpdiments an |amp@rt@f \f tha§ BHusseinggeRrenrighedr

suria 24 r@plgn §b&p§£‘[ 11§s&ﬂ§ené EPforf é%fﬂ@i' Ly I\NAI ﬁﬂzge &nsﬁfuﬁé@ﬁﬁer the

substrate use into |aver 304. whil
prelieinPty-hgatoeptmmest. al i n Iaver 304 may diffuse 10 |nto

[O%Bkﬁs(sncgtthe é):l'glgnmér[g%&t reat Eﬁqyé&mﬁ; %Toa St%straﬁ@ﬁ Ld: I;ng:h includes Pt-

surface r
ed?tchmurfectwdclsruﬂ(f%m\ beplaced lm@netcrrawaa‘-’lné eodting |l i avhich includes

nt S S ent t

Ag)?g:%f: ge o’xler su@ra’&%ﬁ 0%#&3% ?Eatn%léelﬁj%gv b%e’pg%%ﬁ ‘}J?]lrelg static

CViDk &s de[scﬁ(bé&]lbdvn Spriicelish oul Alrente, 406 het phadide pimpouyd hesamay be
L,nelude heatpn % a @%ﬁ ,

pléffg pre p?%{g d;?%onlg a»\{l&rsggsg tegltl)g uglt%g g\;é[\ Egolldjailu%g g\!ﬂ?%%a_\ be

u:&b stead Bﬂﬁﬁhréﬁm wdurce2DB ARJ hdlole c&bp)ﬂlihd 20§ oAlir int retogtl @R ma% then

enbodi ment s relimnary .
o PSR Ry S HE 8RRt h o el G o s o
o3 Q4aride, ardogper at ure of about 1100C (about 2012F) to
u 150 C (about 2 F ut | about
[(ﬁgg} élmllflbte jflg,]d(e Cﬁlpggr},r%tjlgﬁé gﬁ lt}gtilﬂ uercepé{roglnlla mclua% elemental
Aneatn Al SRk NRI0k a@lf@@xxrﬁ;ﬂul(bwelghtb BiEA IeHSEE, UQADVOG}f othékl Al-Cr
resent n
X Alpll g%s4w1?k‘l';9bfg re%rn%aﬁ]s'g' qglﬁllée E{ag n rolmc;:)lgl?r% 450% rnﬁa%%r?clude for

example, NH4Cl, HCI, or another halide salt. Al source 406 and halide compound 408 may

include powder, pellets, a block of solid material, or the like. In some embodiments, Al

source 406 and halide compound 408 may not be separate, and may instead be an aluminum-

halogen compound, such as, for example, AICl;.

[0052] Retort 102 may then be heated to initiate the static CVD process by evaporating or

sublimating at least some of the Al source 406 and halide compound 408. As described
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enriched surface region 404 in sufficient anobunts. a

y-N +v'-Ni 3Al phase constitution may result.

However, in sone enbodi nents, an anmount of Al that

diffuses into Pt-enriched surface region 404 may be

insufficient to forma y-N i- y'-N 3Al phase

constitution after the prelimnary heat treatnent.

[ 0050] Once the prelimnary heat treatnent is

conpl eted, substrate 110, which includes Pt- enriched
abSwtih &Gthef @&EiQthe l&@ééoumyidé)&dpﬁklamdedcntoafomﬁmlﬁmibﬁﬁ hahidk,

coat.ing 112, which i ncl e d
W & gy e 4L T %98 i e ERaRaG oSt
40!4!;5 iwmeresﬁeaAll rBactsGMED, thasurthes aifdi ib eshoated \veer shiseraief1i1 6 &l dogiing 112.

source 406 and _a h de co nd
T hﬁlr%?&B%P Plring &k with thg grfage B%hwaf%l et e halpgeh. Which is fre o
reddt tvﬁﬁaﬁdtmemhxmﬂoff&m Fhofhbidfihmimhalidede may be used

i nstead of separate source 406 and hal d
(ODF3 ASAF1e e BT oL AB DY AR IS0 BoEb B R Ry &

foV S@HPBIR OMRR 2308tV EdI@hdnt HORIMBYDE, Zri 1.4 £ OW. bhth@likd. Mkt
such as, for exanple, argon. [0051] Similar tQ

adgwemd slsBenty friay MmodHy propgtiey %Caﬁwgﬂé Sum aSs@ﬁ?@@PE@BX‘ﬂ%IV“

rediftslcd ARt &rRRBAtA!stan&, aluffinudloxile Rhib @)maddCBiedsient 8y-Ni + y'-
exanpl e, (by weight) 55A1:45Cr, 30Al:70Cr1l other Al-Cr

Niap| Rivs,e comtltﬁ|0|rlo<gf§hwlteh Ipsamsrenibogimentssthess elemgats may ge co-
E%n'e&i Gith ATROHO ChnfbABy R T B&; WekEma¥ Do beepraeRH if retdHIE3L A5

, or another halide salt. A source 406 and hali de

desarihpd e 4bygadditipnalicirmentsanay Swaressent gehalide sompoupdsde- BHCLY).
anﬁ%d\ Qe 'Hae%@rﬁ i él’ soche hb@ ot bé‘ﬁreseh(‘as%%%rﬁm%em? BparateAburces.

source hal i de conpound
[08%) dFeqause thandtingy D pracessesciye afaanrewlmh lﬁhienwaraﬁgé pnterdiffusion

bei‘g%ﬂ%hl&q?[h Z ﬁ& Ig’é @ﬁne gtt:cﬁe) %pr?geatqg oﬁ 40ﬂnq]c%at1r£gqq 5 ?r]av B@Ju? Bhrin g the

itiate the static
stpicdNds erbysseEmaraplr:r@l apd othsidi¢angg depepitad inf coang ldé Y

dlg{élsseérrnﬁ%ggl nri%g %ﬁfac 01%21%? QOAD Q\lh lg gleffl@rﬂ? Brlé%g‘t #B-endihed surface

ove 1 n urther e gaseous
repimh U mandifftbe inmycoatgrciti 21 dhib orapranlt al annNntrir¥iah i these
whi. ch dlff ﬁmggogw Hriace of substrate 110 (e.g., a

constl tion in t
ace Surface region 404), where the

[OASS]r@a:et:satwgtl h2 hatsé)emrtdbamed aved sibstrage p o6 ltlte@dtlm\ﬁetrcle 410 may
Q?uop?.' rl%tsgtéll ? %os éaptol& H‘e]aftreair}%& Isljéﬁ g)fﬁla l?%rd&ﬂlge
elbrabrﬂgﬁn:patmgl 1¢h amdsPtfemeeheti Gurfa’ce a&tgﬁomMOﬂ Ian(ahmtdwmzd\the atsoltant
C%ﬂ% el hrpsp?)g egc?s%.{?% }}lér[gn)}rrég%en 3 1&&1& Gﬁol%eat3 %?ea@? clc(::l & I?d:t{) lrt)enqperature
o b iEIN&C (abtei 1 882°F) th alfoue XZ00pC éabodir21 955F) fcm allScﬁlad: hou.reo about 5

(%lxig gFQ %erdpgr%lulfledéf%goul_twl’IOOY °C éBéut 58 1 28"J]1-'Sj to%%’outolrl 56 h(? (albicnlftel'l 00 °F)
for about 1 hour to about 3 hours. The post-deposition heat treatment may be carried out in
an inert atmosphere, such as vacuum or argon.

[0056] Pt may reduce the thermodynamic activity of Al in the coating 112. In fact, sufficient
Pt content may reduce the thermodynamic activity of Al in coating 112 below the activity of
Al in substrate 110, which may cause Al to diffuse up its concentration gradient from

substrate 110 into coating 112. This may reduce and/or substantially eliminate Al depletion
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addi ti onal el enents may nodify properties of coating
112, such as, for exanple, oxidation resistance, hot
corrosion resistance, alum num oxi de scale formation
rate, extent of y-Ni + y'- Ni 3Al phase constitution,
or the like. In sone enbodi nents, these el enents nmay
be co- deposited with Al in the sane static CVD step
and may al so be present in retort 102. As described
above, the additional elenents may be present in

frdglahi-dmcmrﬁpﬁwademéﬂ(g whikh @i jeduceadpalllatiay oban apmﬁ'&emtoxidn

source 406 r.be present. . as arate ourc
soall a6 BRE LS neyeatsady abid 4G Be ALY Ty, and

nn@€@@a§$m@ﬁMUESfméc@mﬁglamlvely hi gh tenperature
interdi ffusion between substrate, 110,

-enrich
[00374 Amsaane sERpoginents4? sipf %\6‘3?{%651@%6%&5‘5 s@tic ﬁ?@ steps
mi)hc% us&d BldefosfeHIAITYIORESS of FatiX 8Fhotn iffthe ABE dRgh@ of FIG. 5
| ements deposited in_coating 112 nay i ffuse int
anﬁtbloehmagﬁ@a °§Ellcfsaéé“dr [ St&gﬁcv\l;aﬁtqpén éIS%WEWtaE St @‘@Ht
prodtsFThayeRELGRE Hepdsitib 6 sifghadiherd A nfiR ¥ncllide kolaepdsitio of two or

coating 112. This may result in a y-N + v - N 3Al

meyR §lsments opatic EYPI Rserepsss plding sembinipnt elcrdsgositiop and

sefHPRAde 3G Rn GRJARr thikaflafe MESIIHOPAR staBHCIVRIrocesses and
substrate 110, the entire article 410 may optlonall¥
6

regydt 18 @ liress pracess avinssst fobp salie C YR miesspset- r%atehsém e, &y
deétbqnte!f' fla ﬁl@tt &iid 'd\fly Bdcdsh! Efollcﬁl'e@m? QB-%e;Bdglti%F? 3t Anﬁhd]ﬂfz BRbfise Hf

enri ched surface regi on and eni ze the
ande’d depaaiiion lsmmpplﬁg/e app lrpgo%ltm 6@p°t§§|5tarl@)ﬁ Rergpcess: &dlopsd by co-

it o
SR DL YA 09 SRS i

infrgased Bbexantent h’bllﬁr m@m@rbtmgtHfs Asrppother, exainplg, a $3tis&r\AP piogess

inglggigg %&ex?u]ap& gSI{l(ﬂ'lb tcot%gl:l]gl cﬁ\)ogts&}u@ﬁ&ﬁa LSJ:ll);lﬁQn ﬁnd(c%bﬁbgsntlon

out hour to
mpogtiligepbsnatioonf ndat vt Neat ereringsriegudiee chigh legd ob Gt (cgy greater

th%@abou? f(} ata; IEQ)S ?lﬁcﬁrﬁq?\hu’tﬁ B& Jorfr mafdld rﬂcﬂ[duﬁ’r BQ'?&A?I[ &QQQL such as

r'educe er mdynam c acti vi
3@%&@Cng 112. In fact, sufficient Pt content may

[Oﬁgﬂgﬁvr rBstrat? ‘ﬂd@ y ac adm n%&tg&’ :1162\/91 o fﬂgt lﬂeiﬁ% i§ V\ﬁ) Is %g r(éé/‘lz

e ac bstra
substese ] Al frdnoa @it Eaasig srprdet696 omn@eﬁtst Ftivgor @Sarda érst sthtiagpy D

TN T M T R
inEludiagy fbﬂbﬁﬁhp&%f ﬂR 61 raagmne él@lﬁem\muhﬁilmgtﬁ@/ Yr BolllecCe, or the like.
al l.a n of

AE g%ﬁﬁ'??& a.%i\f the HE?’ %régoé'e {:(F]aémg {nagenrlll I?a\ alsfo t{eﬂnreserﬁ n seﬁarate
piesicaieonil seuﬂca;y éh sonddnbodmesheatet ctda&nmafca 606 arfdé'lrsxfactlvator

oo a bt Mgt e S PR Pl P Samoie
AICIs, HfCly, or the like.
[0059] The first static CVD step 600 may be performed at a temperature of about 1400°F to
about 1800°F (about 760°C to about 982°C) for about 1 hour to about 20 hours, or a
temperature of about 1500°F (about 815°C) to about 1700°F (about 925°C) for about 1 hours
to about 6 hours, preferably under an inert atmosphere, as described above. Also described

above, because of the relatively high temperature used for first static CVD step 600, some
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may be used to deposit nmultiple layers of a coating,
as shown in the flow diagramof FIG 5 and bl ock
di agrams of FIGS. 6 and 7. Each static CVD step in a
sequential static CVD process may including
deposition of a single elenent, or may include
co-deposition of two or nore elenents. Static CVD
processes includi ng conbi nati ons of co-deposition and
sequential deposition may further increase the

elefrleis ipkdsért inysuBiratd B 05duak b; fEPAFIOMRS TRMARE, Td, 85 Wk thelliRe,

a | arger process MﬁndOM/for the static CVD processes.
majy Sttusg qp) substrate I {o Hst layig§bsited in a first static

[o(@dpoaéeomﬂsver%m hd@\&e& RYodied, daRQMH tdyen7 Rfma be@egoshtéd ina
osition is conpetitive, apply %
SeCAde Fig ‘ﬁ‘éDfsrePst s%f‘éfm lagsy3 | pissierasiied o sespedicanfing gaarce 706

usﬁlg E’&%hc{ éc@i@at@rf 708! withtretdit IWYWIE@?MH bAthe srhiErefoR BB LN first
-Ni 3AI coatings including increased Al

Sta@%ﬁ& l‘é’ﬁ‘%’é@@;ﬁ’éflfed?ﬂtﬁ“goﬂoz As anot her exanple, a

[0Glt PEé&m@@uHé QEHRS706 3¢ hiltHlidB GnS SAHGE tcbaa.lng ARG, Lsh@asOfor
a conbi nation of sequential deposition and

exgpRleied oSt Bi @ reactivpyelamagnt including HioY et b feotr the Ije. In some
en%odlmeg’t'e‘l se&ﬁ@tcbzﬂgé sbtﬂ'&! ‘7‘%'1&9 1ﬁclmeg1|9 lelaﬁ\f)ﬁé ccﬁtmgler(lgntglfferent

greater than about Cr), may utilize
frogrofirst cotngesoprgk §06. nicar @sﬁnwge as msgltlbe@ab@\@nﬁ@moatlmﬁ@hrca§06 may

MIZ%ecoédo%QﬁAgfs%ucgy 6 ﬁy\b& lrugé Gotljré(parllcszp l\@ﬁ&ldse&d?ld

retort 102 an I rst ayer osited over
cogfingspurat wcldG tip gnmarefelangentsctbatiemgnts way b@fomai nsinpfoya

ml%fgl:es br & ’E_s,tr cXﬂBﬁ{mo@p& 1{129» 1ﬂcltl(!ler s%%agét%@&s?c&%%@ a:esc’ tcl?«ﬁ)esgrgo%d in

02). rst coating source e one or
funthgr detgibaltoverg naterlal i ncluding, for exanple, A
031 55 gk £/ 18 ST IR Bk o

despoibed zrbgvemtuémaﬁbe crpryedadus at attempnrasemf abaut $4008F wtabout 1800°F

h c oat ur.ces t first
LTS RS RBGTET nuP SRR ATERS. S5 Ry o
absuipa@QiF eaboairﬂi SP@Epto abst @20D°H @baut@am) févabbatd hoorspo sbuat 6

suc

nofo P at - FLRR B mad e bl i iy B FPaenenpee
1 la,tﬁra lﬁ\&ﬁﬁ@rﬂﬁuéc@ndﬁa\ abdat Inlsbafdfentbodinmebnud cod@OH 4(iaddalitg a
9 ut 20.
FNour & pmobarSrs o e utofbenR R %Caa&s%g&%aewnd
swhocamnuﬁfﬂmOOF (about 925C) for about | hours
h f d t
106h3 Sonether Bt i, P Rbeete £ 4sas E%wsconﬂ“@ﬁa?&%&ep

700 ' @ate@ hiditle 704 Yhal bg lé'bqi)&!lm@ & @I)dﬂfdepddﬁﬁd héfkredtinefit(56¢) AThEpost-
600, sone 13 el ene gé ent in subs rate
r d@usio w1t

de&%ﬁlonéia?gﬁres@emfrmv QRsspite Wsoatigg 71440 Togip agpNi + v~

Nit Ai®hhdekBnstitution and/or produce a more homogenous coating 714.

EXAMPLE
Example 1
[0064] A y-Ni + y'-Ni3Al coating was prepared on a super alloy substrate using static CVD.

The super alloy substrate was placed in a closed retort with an Al-Cr alloy aluminum source
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may di ffuse fromsubstrate 110 to first |aver 612.

[ 0060] Once first |ayer 612 has been deposited, a
second | aver 712 may be deposited in a second static
CVD step 700. Second |ayer 712 is deposited from
second coating source 706 wusing second activator 708
wthin retort 102, which may be the sane retort 102
used in first static CVD step 600, or may be a
different retort 102. [0061] Second coating source 706

andrayolidm}liml @ctﬁ/ﬁl@r orhersap@ afi®RdubKiEhtE b RARKINSsoufdd GRd asl,vatf)mfere
reactive elenent i.ncl udi ng

heaped IzrabOLL d:S”féE for&boqtﬁélopqsg%deppﬁt ggﬁg 0 ém%\ﬁf tohe substrate

[00663F ‘-Pﬁéjalﬁlﬂﬁﬁﬂn%aﬁ@ YisRatd W@s HBY pl'a&ﬁl' it 6l eet@t witaSd1idaeL, hafnium
coating elenment different fromfirst coating source

sogegactizgpr. ax Atrpr alloyadurgaye sowesrnd Be0'd NHyGlactiagpst iThgcontents

of ?hg%t&% weRGeRY to 4bB6t llig?’F%r ARG SEEANE 6 9@50'51@ theHHUh& Rl on the
may i nclude both Al Hf . When second coati ng

al@a{m@oa}twutaa@ée P \fRymhe ?ﬁi‘F‘ég Bavinteenittsandeiifemed iBefonis+ ﬁdxlﬂsA'
phps% hkingdni n an alloy, mxture, or other conbination,
may I ncl ude separate physical sources, as descrlbed
[0%6] Theipqated sulgptratgivas %W@OSTW@Z}/C@@@&%O%WM air (U cyclic
oxﬁitaﬁcﬁl tZQQnCWd l?&) &ﬁrl'](oglr {@Qs Hﬂ%ﬁ{m ab&ﬁ hiorE "‘Pfﬁé)&%{n%

simlar to described above, and may be carried out at
ingudiegibe Parud Hi-plodidiod utNi TAODEAL phagpemstitg@QOiermydeatbint
pr%tggge Bl‘ﬁm%?rrj(;xu?egsé% g{)g{inu?lgg% acdo {;tgy[:oaiﬂg%gwg %%an in FIG. 8.
[06TD Epriows catbodimen? 00 e (rvountinn MaPSIEkn fencribdvo ihede andather t o
tep 700 may result
enﬁ?&ﬁ% éarn?#ﬁimgﬁg)?gghghgﬁbéugy%%$substrate 110,
first laver 612 and second laver 712. In sone
enbodi nents, a coating 714 including a y-N +
y' - N 3Al phase constitution results fromthe
interdi ffusion that occurs during second static CVD
step 700. [0063] Whether or not ay-N + y'-Ni 3Al
coating 714 results fromsecond static CVD step 700,
coated article 704 may be exposed to a post-deposition
heat treatnment (506). The post- deposition heat
treatment may cause further diffusion within coating
714 to forma y-Ni + y'- N 3Al phase constitution
and/ or produce a nore honpbgenous coating 714. EXAVPLE
Exanple 1 [0064] A y-N + y'-Ni 3A coating was
prepared on a super alloy substrate using static CVD
The super alloy substrate was placed in a cl osed
retort with an Al-Cr alloy al um num source




14 and a solid NH4Cl activator. The super all oy
substrate, alum num source and activator were heated
to about 15 2F for about 6 hours to deposit a | aver
of al um num over the substrate. [0065] The

al um num coated substrate was then placed in a retort
wth a solid Hf Cl14 hafnium source/activator, an Al -Cr
al l oy al um num source and a solid NH4Cl activator. The
contents of the retort were heated to about 1 532F
for cabams:2 hours to co-deposit the H and Al on the
al um num coat ed substrate to formthe coating having a
Pt- and H-nodified y-Ni + v'-N 3Al phase

1. con%m@tggd@ﬂ,png@@%] The coated substrate was then
exposed to a C){C ic oxidation test in air. The cyclic
oxi 5%5“61‘1“@@5% AL [RIBRCOTTYS BRI NE e P §oUsEe aﬁééthfi]fﬂj

ach@dt&b@algufﬁ&&q EempEFheur@ Q%hﬂg vapdd phatd bRehiduREhditie, vRekin the Al

Hf - nodi fi ed + 7' -Ni 3Al. phase, constltutl on forned
sogreg mmprlsesmugy fe famﬁf%uﬁg Bgludive agdYie" BOWAdRhishe
cofdtiliRh@n Afsubshfie 6RAL e th BOQ0se@ 1SN AMM whBrefrlthe cdtaposition is
0067‘]] Vari ous embodi ments of the invention have been
supgagipipler of fHese and ot her  embodi nents are within the
S¢C ongo@ftmE bt ioh] QWA 4Bl 1o fornthbdEn inthidfdtg 'ﬁﬁ:tmm Y-
conprising: heating within a cl osed retor%

Nigdahess copsitieanpri sing an Al source and a haI i de
activator to a sufficient tenperature to forma vapor
phase al um num hal i de, wherein the Al source

2. conght gethod of ¢laigi kmtherin depodinersnHicizobAl avgr thasdbgditngpraprises

O o I 1 ' -

defsNnslulficiel Ak PRE R By He RS RiHP RERARY of e

Nicoriposilipham constitugiohen tatsitsirbty. free of filler:
depositing sufficient Al over the substrate to form
the coating including the y-Ni + y'- Ni 3Al phase

3. c ondihe imgthod f cl@im Tnédergpt depobitnfg suﬁ‘&iem /11, owahibe eubstrate comprises

deao t?n% sﬁlffrc]:%négu;c};v!ep entbsfo‘I te g)x rrm {hﬁ é:oaS nge {msasge ?Ptﬂ? 'N‘?esz

Nt;hbphasratonﬂgutmnros|tls:ts|urf@ceeﬁﬁeramczbd.I y of the y- N vy
-Ni 3Al phase constitution on the substrate. 3. The
met hod of claim 11, wherein depositing sufficient Al

4.0velITht hetimdbstisiat B whergnt ths ASsoutbe a6 the ihalidesidfi fatd icemprisdlan

su stratde to formthe coating consisting of

alltll'ngthhaE)&En Gpmpoun

3. The method of claim 1, wherein the Al source comprises at least one of elemental Al

and an Al alloy. and wherein the halide activator comprises at least one of NH4C] and HCI.

6. The method of claim 1, wherein the composition further comprises a reactive

element.

7. The method of claim 6, wherein the reactive element comprises at least one of Hf. Y.

Zr, La and Ce.
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Ni 3Al phase constitution on the surface of the
article. 4. The nethod of claim1l1, wherein the Al
source and the halide activator conprise an alum num
hal ogen conpound. 5. The nethod of claim1, wherein
the Al source conprises at |east one of elenental Al
and an Al alloy. and wherein the halide activator
conprises at | east one of NHAC1l and HO. 6. The

met hod of claim 11, wherein the conposition further

8. CONPhd MmEHodof EAft 1l WRerBin@REImposition flRBerBiPRLs 8f. cl aim
6, wherein the reactive el enent conprises at |east one
of HEY. Zr, La and Ce. 16 8. The nethod of claim 1.

9. Whe"rﬁé &eﬁlb@ommqs Whéen tﬁwoh{b%gltl&pmhé&%&p@es crd. The
met hod of claim 11, wherein the conposition further
conprises Cr. 10. The method of claim1. further
co it e} '

1050 Phe 3B JRAAR | hfoRr O UhIRhEL PENSEy RO qror e

SUﬁ@PPﬁéFaGthrising heat-treating the substrate
follow ng depositing sufficient Al over the substrate
to formthe coating including the y-N + -Ni 3Al phase

l1condhé mathpdaf cldid, 1, Thbemminipoding heatttraitmg e, subdietedpowing

oepREhE HETEADR DS HASA A R B ORTR RS PRBR RPN 28N
phie@OGtifuionabout 1 hour to about 5 hours. 13. The

met hod of claim 12, wherein heat-treating the

substrate conprises heat-treating the substrate at a
12t enjflbe aethpe oibdlaimbld Uty hétdiﬁ@@lt{tmatla’rgohﬁ subﬂtﬁl@@oﬁmrisablemttreiting

thev\%ﬁé%treaﬁegata Q uplte:rr1agur\eltvI of) gholl OBt %0#6‘@ 0 Oag% g“??@?g rforfz%bcﬂ:l tal hour fo about 5

hoesnposi tion conprising the Al source and the halide
activator conprises heating within the closed retort
the conposition conprising the Al source and the

13hal iTdematibd vidlgifm R20whertia maart&hmgahafubabxmﬂompiié&%attt&atmg

S RPHE B Evest s 2 SoneH ol R ahey G b dor ool b

hougt ort the conposition conprising the Al source and
the halide activator conprises heating within the
closed retort

14. The method of claim 1, wherein heating within the closed retort the composition
comprising the Al source and the halide activator comprises heating within the closed retort
the composition comprising the Al source and the halide activator to a temperature of about
1400°F to about 1800°F for about 1 to about 20 hours.

13. The method of claim 14, wherein heating within the closed retort the composition
comprising the Al source and the halide activator comprises heating within the closed retort
the composition comprising the Al source and the halide activator to a temperature of about

1500°F to about 1700°F for about 1 hour to about 6 hours.
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the conposition conprising the Al source and the
hal i de activator to a tenperature of about 1500F to
about 1700F for about 1 hour to about 6 hours. 17 16.
A method conprising: heating within a closed retort a
first conposition conprising a first conponent to
forma first vapor phase that deposits the first
conmponent over a substrate enclosed in the closed
retort. wherein the first conposition is substantially
16f r ea mdthdd doh@Fisingnd heating within the closed retort a
second, conposition conprising a second conponent to
f or Afasing @gtgm clospbretgstniitst qORReSIIUSIPrising A dirss eempriient to

foPARRNEHbr ]Ql\é%thﬁtm%posﬁymé tfi?@%&nﬁdﬂ@ﬁt%@ndd duBsifaleenCloRsi88 the

retort, wherein the second conposition Is
clagedestosintvhereinyhet firglecomppsition] ip é*FbStaVWPélb diep offilldresndt one of

tAI he h&mﬁg Wi RTRONSRE rda Eéasnosc%%egum&%%& agpasn& i ses

) wherei n an anount of eposi ted On
coggprent gtferm asegeridfvaporahasettipt fimomtseth@ waondr@mpemppves theg

su@strﬁfe Ighcla'sed irf b gﬂedr}g@ﬁ SR {hletsyctob((]) %m%}émoﬂ— ﬁ%u%&&rﬁgﬁ%ﬁee

claim 16, wherein the anount o osite
0f§UBStrate is sufficient to forn1the coati ng

co n%dhl?lrelnrhg legs?%ﬁé”%i* tﬂért]%t (9)f ton%lt g sech‘nd %Np\%/:ﬁé]ht Q@rﬁ?x{sF]s Al

constitution Faima
angnount of Al deposited on the substrate is sufficient

to t&%gmn ala%mt%gr‘rf}tolf Ny d?g)gﬁzﬁi OBI ﬁ tr&%e l}fpment %)rm a cgél_t\%lg

phase const
COWQBﬂ% nyheaty- th‘l/\Pltaha wnsthetlcml osed retort the first
conmposition and heating within the closed retort the
second conposition occur substantially
17s1 niiht ema%hodjeﬂ ofaim26. whdrein tetdneunoff Ad Idaiomte:ﬂgm thhabgtate is

ﬁhfen{jté) f(z)arc V& a%%é Ecl’n(glgtlr\(%r}o n?en# %’Rt‘i@‘ ecbngq\i Bﬁld’g@? copitution.

conprises a reactlve el enent and a hallde actlvator

21. The % .of claim16, wher eating Wt t he
1557 o J B R B Pty o P T AAE b ARLAE he St 1
suffe@puentforad thy costibf cdreling\§f thd -Ni Ay'tNigA (gihasedndi@itRal t he

second conposition. 18
19. The method of claim 16. wherein heating within the closed retort the first
composition and heating within the closed retort the second composition occur substantially

simultaneously.

20. The method of claim 19, wherein the first composition comprises an Al source and a
halide activator, and wherein the second composition comprises a reactive element and a

halide activator.

21. The method of claim 16, wherein heating within the closed retort the first
composition occurs sequentially with heating within the closed retort the second

composition.
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22. The nethod of claim 21, wherein the first
conposition conprises an Al source and a halide
activator, and wherein the second conposition
conprises an Al source, a reactive elenment and a
hal i de activator. 23. The nmethod of claim16. further
conprising depositing a Pt-group netal over the
substrate. 24. The nethod of claim16, further
conprising heat-treating the substrate foll ow ng
22heatrh@metod b ail 8, Fh&@eRahe R QopbdifonSR&PRSks an Al source and a
conposition. 25. The nethod of claim 24, wherein .
halideactiygerapndygherqibthe sesepd eRMePOSiHAp FIBRISCHIA Lsprrsg @irpagtive
cidn@t sHdbstalidd Riiddio@ t enperature of about 1000C to about
1200C for about 1 hour to about 5 hours. 26. The
nmet hod of claim 25, wherein heat-treating the
235UbSHE Hefof SFRLISRS AGAL coldpRigihi B&hositiiEa PUBSHS ALEI er fhe
tenperature of about 1100C to about 1150C for about 1
supgigie- t 0 about 3 hours. 27. The nmethod of claim 16
wherein heating within the closed retort the
conposi tion conprising the Al source and the halide
245t iThamgthod ohgrims ks furden Jompriving heatrtreaiimg dheosbdraredppwing
: : R j.S | : source and the
e TR b AT Bl bout | 1400F to
about 1800F for about | to about 20 hours. 28. The
2978 t I:[?l? H}%Lhoﬁ loiaézlgi}ryél’ .w‘ﬂ@%fnq{eﬁ-t&%ﬁﬁ%ﬂﬂg swsﬁ‘% QOI'LJ}ECSCAGQIS-E&ting
fetor e conposition conprising the source and
th¢ hubstread atdeeratratvratod aboub HPOP (S wsabhead2DOTG far 2ol hdwe to about 5
hO%l_sosed retort the conposition conprising the A
source and the halide activator to a tenperature of
about 1500F to about 1700F for about 1 to about 6

2(!.] OUrTe m]égmd of claim 25, wherein heat-treating the substrate comprises heat-treating
the substrate at a temperature of about 1100°C to about 1150°C for about 1 hour to about 3

hours.

27.  The method of claim 16, wherein heating within the closed retort the composition
“comprising the Al source and the halide activator comprises heating within the closed retort
the composition comprising the Al source and the halide activator to a temperature of about

1400°F to about 1800°F for about 1 to about 20 hours.

28. The method of claim 27, wherein heating within the closed retort the composition
comprising the Al source and the halide activator comprises heating within the closed retort
the composition comprising the Al source and the halide activator to a temperature of about

1500°F to about 1700°F for about 1 to about 6 hours.
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