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relates to nethods for depositing alloy conpositions

for high-tenperature, oxidation resistant coatings.
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substrate 12 coated with a thermal barrier coating (TBC) 14. The thermal

barrier coating 14 includes a thermally insulative ceramic topcoat 20 and an
underlying metallic bond coat 16. The topcoat 20, usually applied either by air
plasma spraying or electron beam physical vapor deposition, is currently most
often a layer of yttria-stabilized zirconia (YSZ) with a thickness of about 300-
600 um. The properties of YSZ include low thermal conductivity, high oxygen
permeability, and a relatively high coefficient of thermal expansion (CTE).

The YSZ topcoat 20 is also made “strain tolerant” by depositing a structure that
contains numerous pores and/or pathways. The consequently high oxygen
permeability of the YSZ topcoat 20 imposes the constraint that the metallic
bond coat 16 must be resistant to oxidation attack. The bond coat 16 is
therefore sufficiently rich in Al to form a layer 18 of a protective thermally

grown oxide (TGO) scale of Al,O3. In addition to imparting oxidation
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> 66g71’o6 3 gcrl]cgtional diffusion also introduces unwanted phase changes and
elements that can promote oxide scale spallation. A further drawback of -
NiAl-based coatings is incompatibility with the y-Ni + y'-NizAl-based substrate
due to CTE differences.
[0005]  Another approach to depositing a protective coating on a y-Ni + y'-
NizAl-based metallic article 28, described in U.S. Patent Nos. 5,667,663 and
5,981,091 to Rickerby et al., is shown in Fig. 2A. A superalloy substrate 30 is
coated on an outer surface with a layer 32 of Pt and then heat-treated.
Referring to Fig. 2B, during this heat treatment, interdiffusion occurs, which
includes the diffusion of Al from the superalloy substrate 30 into the Pt layer 32
to form an Al-enriched Pt-modified outer surface region 34 on the superalloy

substrate (Fig. 2B). An Al,O3; TGO scale layer 38 may then form on the
2
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the all oy includes substantially 'no b-N Al phase.
Thes? al |l oys are shown in the region Ain Fig. 3.
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be added to or present in the ternary Pt-group metal modified y-Ni + y'-Niz Al
alloy and/or improve its properties. The addition of such reactive elements
tends to stabilize the v’ phase. Therefore, if sufficient reactive metal is added
to the composition, the resulting phase constitution may be predominately y’ or
solely y'. The Pt-group metal modified y-Ni +y'-NizAl alloy exhibits excellent
solubility for reactive elements compared to conventional B-NiAl-based alloys,
and in the ‘075 publication the reactive elements may be added to the y + ¢’
alloy at a concentration of up to about 2 at% (~4 wt%). A preferred reactive
element is Hf. In addition, other typical superalloy substrate constituents such

as, for example, Cr, Co, Mo, Ta, and Re, and combinations thereof, may
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[0010] In addition, the thermodynamic activity of Al in the Pt-group metal
modified K-Ni + K’-NizAl alloys can, with sufficient Pt content, decrease to a
level below that of the Al in Ni-based superalloy substrates. When such a Pt-
group metal modified y-Ni + 7'-NizAl alloy coating is applied on a superalloy
substrate, this variation in thermodynamic activity causes Al to diffuse up its
concentration gradient from the superalloy substrate into the coating. Such
“uphill diffusion” reduces and/or substantially eliminates Al depletion from the

coating. This reduces spallation in the scale layer, increases the long-term



on a superalloy substrate as a coating, the growth of
the TGO scale layer is even slower than conparable
W@ o@biong3conposi ti ons w t hout Hf addition. AftBCT/US2005/045927
prol onged thermal exposure, the TGQO scal e | ayer
further appears nmore planar and has enhanced adhesion

on t hetakitigt binble b@é’cﬁfg 280 RBAE B efsQark@bEld g?ééﬁ]fy?enﬁﬂfo@%
from conventional b-N A -Pt coatings.

addi trqlﬂﬁ iligyhand %ﬁbﬂﬁawfawh@rr@?ébameryo%mgmstm t he

Pt dified KN N
w e SR e TRkt el Mogienasdb T NRAL BBy BRY s epptiod
that @fa §d’1‘)@raﬁby IsBbsNateNRERTURS KAl ﬂr@dés§ mﬁd@g @é‘r exm%ré

such a Ptgroup netal nodified g-Ni ‘8@
coat i Bgsma smpwmge@wahceé vapqyelenpsitign €0vB), mhyrecaltvnp@ deposition

varia

U L0 RBERENTIAE S 54t 68 b ot
super aticley Typlrally aliie depmtsmohtmpqg peifvgnedAnadbr ndP bt hlinimal
di ffusion” reduces and/or substantially elimnates Al

depl e9¥léﬁlf¥gr‘&ﬁ‘fi{t19@scoatl ng. This reduces spallation in

the Sgﬁ??lnl ayﬁg’ es H’l?é'de &3 Wi, éhgli} mé{qqu%é@%{ﬂ&%d9+y alloys

t he coba gan sca ayers, an

enhandsciibel ihehd &7i5Ipublcatiod aﬁBJfo@lﬁulatddywlﬂ{ ofhet ﬁéﬁét[ﬂiﬂ elements
barrier coatl ng system [0011] The Pt- ﬁr oup netal
modi f $ush afe-IRf example Ntz ag 911@9 of@superaippsybsiate @s g coating, the

super gﬂow P‘fﬁg %@%Fal@ﬁg%}q s 80 éi@xQMhRﬁ Qﬁﬁézﬁable coatm&

inclu Por “exa sma sprayi ng
depos cctmpmlt(dﬁvmlthophlylﬁactchﬂlom apfier piehmged thermd] EXp)suge) the TGO

tt t t f a .
et e ah S PRr O OB A A Pes g adhesion on the
depos > .
oilodl g(%akggé g?? arQ@{ ﬁé@%ﬁ%‘i@@ ?Lfagleﬁi ggﬂgtmrféﬁé-le-Pt

when bdre doat mat@uplsrmﬁtsahcmmlﬁsmd ofja reagtiveadlémoytgt in the Pt-metal
described in the '075 publication are fornulated wth

ot her mpgidie ey’ elleymireeribeddn thes' 075 ppblisatipp ischighly desirable.

applied on a superalloy substrate as a coating, the
grow h of the TGO scale la %/ is even sl ower than
conpar abl e coating conposi YUNMMARY hout Hf add|t| on.

After | onge X the al ay.
furt hleoaiglppegxrsgl Otrtr(?)(ffcgebq;gf3 a{lﬁl 8}? %8%11 %“ggn%gﬁéﬁ%f 39%@ gqjinent HE
on t hgagbahddd th %)E&fméﬁélﬁﬂﬂﬁﬁé’d ¥ @ v5618dy8 at 2SeBofl Y 1IN wids,
from conventional b-N Al -
but providing a surface layer Wlth a desired reactive element concentration has
proved difficult. The reason for this is that the nearly complete partitioning of
areactive element such as Hf to the y’ phase necessitates that ¥’ be the principal
phase during the deposition process to enrich the surface with Hf.
[0014] In one aspect, the invention is a method for making an oxidation
resistant article, including (a) depositing a layer of a Pt group metal on a
substrate to form a platinized substrate; and (b) depositing on the platinized
substrate a reactive element selected from the group consisting of Hf, Y, La, Ce

and Zr and combinations thereof to form a surface modified region thereon,

wherein the surface-modified region comprises the Pt-group metal, Ni, Al and



bond coat materials. As such, inclusion of a reactive
element in the Pt-netal nodified g + g alloys

walemenidied in the ' 075 publication is highly deci/uaimh®045927
SUMVARY [ 0013] As noted above, Rickerby et al. suggest
that the reactive element Hf may be added to a

[ I it
0. 5 egeaiadilchiti & rlaflve Bodcdiftattin @ pribil: o PNIDY AL

r eacphase cehstitetiin. concentrati on has proved difficult.
The reason for this is that th ear | npl et e )
part 100155, ngln@ﬁegrr?%%w Begis i megiad e fla?eompﬂléed

tkg%&m Eﬁ?thtaﬁ Blg G105 284 1S tRhi NGoR 3F tHRNasRive
durln t he pos

|on process to enrich the surface
wi t heleinen{. 08 piferred wagivaspenent s HE i nvention is a

nmet h king an oxidation .resista l e,

"o BRE" 3 SaestfeRiyS wpuptar w¥Bpa gf biskiia o
on ate%&ﬂé%tﬁ@trssﬁtamfa%dré qnah@fhg LY RPoSHRS L IkLof PIGh 4 D)
depositing on the platinized substrate a reactive

eI ensuperalolysobsthts fodem Relajindegd subsite (b}igﬂabtreatrng the

sur ¢ SuRReuFv-EaR: B8] EsRaE A ORAZR: Htpp¥ Mafhuized

sur f agRtraRdb foreda 5@ eice fdid legRn théieorth}@rem fhofRich! |
Ni SAl andthe reactive elenent in relative

conc eempmages ghificéens Ho w@ethat T@e phrfacg mogifed reﬁrpalslacludes Pt, Ni,

et nblh oo AL el LB G ioR TR T NE A bulbit

t han cGhsBriMo abwh&sin thOaifReWhddinéd ielgﬁ)nﬁﬁdﬁﬂés\/g,ﬁeater than 0.8
elenent. A preferred reactive elenent is H. [0016] In

anot Mé%aaadﬂ@stthanhéft%ﬁlfentl on is a method of making a

tenp t art e (

depoi@?%ﬁ aIr Iy§ %’?Ozﬁgqr agfec e iné’ ﬁ{l}gr a‘g Fglg}até U%St?n atrtewlfe 0
for mi@hﬂin? b Euﬁe@zﬂlo‘?yuﬂﬁi 4 Qr€ice (r@glmln grludingeatcatve d1ement
platini zed substrate; and_ (c) %osn ting froma pack

ont o selegtedhfram; the gwps:gn%@mw @ Hf@ dentaand £ %féiecombmahons

nodi re S

i SR L) e B8 AP
i ncl weesvdélembht intla@cboentratiotté biowideCOR AN KaINigAl phase
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wher epustifions ur f ace- nodi fi ed regi on includes greater
than [(ﬂll%] The Pt+reactive element-modified y-Ni + y'-NizAl coatings

described herein have a number advantages over conventional 3-NiAl
containing coatings, including: (1) compatibility with the Ni-based superalloy
substrate in terms of phase constitution and thermal expansion behavior; (2) no
performance limiting phase transformations in the coating layer (i.e.,
destabilization of B to martensite or y") or in the coating/substrate interdiffusion
zone (i.e., formation of brittle topologically close-packed (TCP) phases such as
sigma); (3) the existence of a chemical driving force for the Al to diffuse up its
concentration gradient from the substrate to the coating; (4) and exceptionally
Jow TGO scale growth kinetics due, in part, to the presence of a preferred
reactive element content of 0.8-5 wi%. Stemming from these advantages is the

further advantage that the Pi+reactive metal-modified y-Ni + y'-NizAl coatings
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wt % and | ess than 5 wt% Hf. [0017] In yet another
aspect, the invention is a heat resistant article
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of H, Y, La, Ce and Zr and conbi nati ons thereof,
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The details of one or nore enbodi nents of the
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[0025] FIG. 5 is a cross-sectional diagram of a metallic article including a
Pt-group metal layer having a surface modified region enriched with a reactive
metal.
[0026] FIG. 6 is a cross-sectional diagram of a metallic article of Fig. 5
with a thermal barrier coating.
[0027] FIGS. 7A and 7B are cross-sectional images of Pt-modified K-Ni +
K’-Ni3Al coatings obtained by heat treating a CMSX-4 superalloy substrate
having Pt-layers of differing thicknesses.
[0028] FIGS. 8A, 8B and 8C are cross-sectional images of Pt-modified K-
Ni + K’-NizAl coatings obtained by varying the Al content of the chemical

vapor deposition pack.



[0021] FIG 2A is a cross-sectional diagramof a
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ar ti elley conting dnrsg MSRH4- supt@llogkahsprateayer . [ 0025] FI G

5 1is _a cross-sectional di agram_of a netallic article )

i ncl 3y a PG df Sacrpesrsections) dpnageef aigagiveapetaloaodified K-Ni

nodi fi i.on..enri.c i,th a feactive netal. [0026]

fa e LAY R Up el S e rrec a1 ¢

arti g{i(ﬁzrf FFIG. 15 ¥ &rBsBsdchhdRhaf@bt d RhctiRahdtiOmodified K-Ni

[0027] FIGS. 7A and 7B are cross-sectional inages of

Pt - med{’FNedl Kedingtonkd CMSX-AD sgmaslioygsbsititai ned by heat
treat| a -4 superal |l gy substrate havi.ng i

Pt - | i‘iﬂggls o%\@ ffésd Iﬁ@t vt e latipp gpediptipR efreagiive metal
8B a 8y:Cl £S5 ' |4 s of Pt-nodified

KNi ﬁ%}gﬁﬁ%ﬁt%+§o§gﬁ§ﬁ§§b@ ﬁtr%g?(;@ y varying the Al

cont eU34pf tINE. ¢hevH Gads-3RA6MAl HRRESHA reActRRGHethN888 ed K-Ni
FIGS. 9A and 9B are cross-sectional inages show ng the

ef f ed¢tK'elNi;Aé avatingamtaiRerte-N& spparaliayr wibstret®t - modi f i ed
K-N .+ K -N coat.i . 0 |G 10 is.ap
ol g1 ne RF 45y oRiot i b A dnalysos Secsfe B Pl 14.
coat 36PN AGHEXebreRtR8mMJIOM thY PSdR BB Rillicald e
11 is a cross-sectional” i mage of a reactive netal

modi tlepgni&- Ni + K -Ni 3Al coating on a CVSX-4

superal | oy substrate. [0032] FIG 12 is a

cross-sectional imge of a reactive netal nodified
K- Ni DETAILED DESCRIPTION

[0037] In one aspect, the invention is a method for making an oxidation
resistant article that includes an oxidation resistant region on a substrate,
typically a superalloy substrate. The oxidation resistant alloy layer includes a
modified K-Ni + K’-Ni3Al alloy containing a Pt-group metal, Ni, Al and a
reactive element in relative concentration such that a K-Ni + K’-Ni3;Al phase
constitution results; although, stabilization effects by certain elements may
cause y'-NizAl to be the sole phase. In this alloy the concentration of Al is
limited with respect to the concentration of Ni, the Pt-group metal and the
reactive element such that substantially no 3-NiAl phase, preferably no 3-NiAl
phase, is present in the alloy, and the K-Ni + K’-Ni3Al phase structure
predominates.

[0038] The reactive element(s) in the oxidation resistant region tend not to
oxidize even though their oxides are more stable than Al;O3. While not
wishing to be bound by any theory, this is apparently because Pt acts to

decrease the thermodynamic activity of Hf and Zr in the y-Ni -+ y'-Ni3Al. The
8



+ K -N 3A coating on a CVBX-10 superal |l oy substrate.

[0033] FIG 13 is a plat show ng the oxidation
wa@p@bloatiBon of reactive netal nodified K-N, + KCT/UBR0B#D45927

coatings at 115Q0C. [0034] FIG 14 is a

cross-sectional imge of a reactive netal nodified

K- Ni
< ubs?%ig%ﬁéon (%18%!%11 glﬁ rﬂ%’sl%‘ f@mﬁ%rb% {‘ﬁ'é sﬁHQﬁa"t@édrPa)ée to impart

is a plot of an
anal ysidstiaf attha'gh-imtpemgumfdeEtEGathmres{s@@%qo the Kebstrate.

refe Sy, I5|nth avvln ini te.

| kol 0B8]t RetemsREA? Fien agg*}g%rﬁeffl% I%‘ 50 includes a
aspegt or Ca%ahé&/ﬁﬂiéﬂaﬁé‘y bﬁbs&aﬁe@bo My@onﬂ&ﬁioﬁﬂl Ror Co-based
oxi dation resistant article that includes an oxi dation

resi sumrﬂllowegasobﬁ wad as thetsybsteate 102, ypledingyfopexample, those

super al.| d | I

o eP I S Niefs o o Ry Bl RS ARG 8 foY
cont aésidratiod MARQVI®OR; 1kBsS4vailbble fAYm @Eﬂl(ﬂl—mak‘égom@orp -
element in relative concentration such that

< le@k@goghb(Heu@d@hﬂleﬂtadﬁldéﬁgWém GMEXaf (GMSF1 0. and he like.
SNCI04BE" Bl fin W PR R PUBI b A E R i udes

concggposhing@apdr ol E’thrbulmﬂeﬁl IM bh theembelmte thfdrim&t platinized
concentration of N, th metal and t

r eacsibstialsl Odedhe &rgwuaoﬁa@tals%%b%?m%w @omofca ewles Pt, Pd,

has a
P P ol R K2 dotnad il oo Proeh duphh 88R bl fink Poare
pre g preferadde and POW ibBl]ncﬁ]aelyrpea“etrzd/ eTbé Bingotp )Oalaatal nhdyebe
oxi dation resistant regqgi nd not. to.oxi di ze even
t hou§#PasKed by 8%y a@gm&}eﬁglaﬂwﬁm%% sheh 3y e APJ?@@ Wi | e
not )é‘feét?{)dégg&ﬂof? eTROMAGNBYs e fHEOT A of PR g?odpﬁmetal may vary

appar ent ecause Pt acts to decrease th
t her mm;m depemdmgtdn\thd: intarfdetiapplietizn forrihe temlly‘aﬂlre{esmtant

Ni Th d f
§n L Iﬁlélcl:?u% bt avisabt Habbs S A ooBpariTah i and "
t
S Iugs f%Bétgﬁﬂﬁg t%j k‘e%drtﬁ tﬁé ?ﬂ‘é?ert 2 J;I.Jﬂgag r’:m?] conl}]pact
te npﬁb@éwr EsoRid ﬂoqglﬁleaé)ﬂld mbsi@e@n&)e%leﬂﬂtedco based

o pehﬁ)'gl;fy SXS ’?ﬁerlz?;e? ofl 19t2-groﬁg¥n§cglnl\6?l rg)tnl tt?en gllperNe{lloy substrate 102
is heated, elements diffuse from the substrate 102 into the Pt-group metal
region 104, This diffusion can continue until a y-Ni + y'-NizAl microstructure
predominates within the Pt-metal group region 104. Thus, a diffusion heat-
treatment preferably follows deposition of the Pt layer. As an example, the
heat treatment may be for 1-3 hours at 1000-1200°C. During this heat
treatment step, further diffusion occurs from the superalloy substrate 102 into
the layer of Pt-group metal 104 to form a Pt-modified surface region in which
v is the principal phase, most preferably the sole phase. Current experimental
data indicates that reactive elements such as Hf, Zr and the like partition almost
solely to the y' phase. As a consequence, the full oxidative benefit of reactive

element addition is most readily and easily realized when y' is the principal

phase in the y-Ni +y'-Ni3Al microstructure of the region 104.
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superal l oy may be used as the substrate 102,
i ncludi ng, for exanple, those avail able from
wo/Roobionsiber i etta Corp., Bethesda, MD, under theCT/U8mes/045927
desi gnati on MAR-M 002; those avail able from
Cannon- Muskegon Corp., Miskegon, M, under the trade
desi @pazj on REning to E@Bﬁg dfRactivednéthls depsited 6641&] surface
,..the ipitial step of th

Referrin ain to Fig.
et HisEonH@th g SarnypEAce mfghféed region 10f therpen @%@pﬁnﬁéteéun the
104 r%%#\h%{xg‘tgp S fAbE réaﬁ:tlfvg Er[%t) ] Blcﬁfd'e @ifz?dLé Ybs %ﬂde‘ﬁe or

e Pt-group netal may

103. e se ted from for
ex angnghindtions Bkredf] andRiif BrpdefBired GPheaeattive ateita nmay be

thereof. Pt-group netals incl udl refer
and Baporie i A AGPHTpnat PSP dfe g PRy SRS Aspition
(?‘V 85és%@scgu91¥ tERAY & E108RIN HeBRI NI Gapo? 'd@ﬂbsmon

ectrodeposition. The thickness of
t he QEBEVDJ,OXQE vodll d@tohgmmapvmalbpqm;om(@r\@))mrd@syes such as

d di t t.ende I ;
oP oGP Drahieh deabattive sty Benegied Bind £haicifiprers g ine
be a&%ﬁﬁbe@ IR thiRif0k 11403&!1}1% Itﬁ@"ﬁea@lﬁf@ nRtAl aherafeaput

6Tm is preferred that t | ayer be planar and
co npdanosltlhn\peomss togoumme thecaugﬂaﬂ@gsmhﬁ@ﬂ Isatans ﬂ@@/lS@aWCb er out-

o RS bR Bl R Sub 18] P BBl by b 104

di f féiﬁfér Eﬁ@ealdelaqn éy@&ive%tlﬁcﬁ AR lidH©the heachive giepulp net al
regl on 104. This diffusion can continue until a g-N +

g' - N0®AB] i dndlst paskicamenistienprricazs: & ewpmplienthe yabstrate 102,

Pt - net al,. gr.ou ion S

neat PF MRt PheaRerR o 08ire SuBblie b bepcepmingre
| ay egontAfing i@ ¥EdRire or hlﬁt@eﬁ%@htlﬁg" sairdenhterialycalied fiermaster
1-3 hours at 1000-12000C. During this _heat treatnent

st epallayupthhlide saltithaierisms seegtivwater and ¢ Hlemptsrial | oy

?g?ﬁhﬁﬁéf 1%&9%@@ h%% gfg)é%rogefss the g&ﬁ#ﬁ ﬁPﬂmek)aéipﬁlrﬁLQated to

pri ngi glabatpdagmsitivh sémypsradues, &kﬂu;h plbéucs:e laélahdimgaﬂ containing the
Current experinental data indi c reac V(iFhs .
el enteastivesetl o Whep theAit-gapip il %Yﬁre al.s ERPSEH tafrgegctive-

sol el—nt% £l ‘Eolgtjaﬁu %ag,gtﬁé %as f3cR VA RE ‘i’éﬁt@f“?@ﬁi ah@ e tdhdtive metal

oxi datTve bene eactive el ement addition is nost
r eadiléposanon drdayey 1048 formch difffasion ‘coatmgtrbferyed itm berpial as the

surface modified region 106.

[0045] The composition of the surface modified region 106 is directly
dependent on the composition of the powders in the pack. The pack powder
composition preferably includes a filler, an activator and a master alloy source,
and many compositions are possible. However, the pack powder composition
should contain a sufficient amount of the master alloy source such that the
reactive metal deposits on the Pt-group metal layer 104 and forms a surface-
modified region 106 having the desired concentration of reactive metal.
Preferably, the surface modified region 106 includes an average of up to about
5 wt% reactive metal, preferably about 0.8 wt% to about 5 wt%, and most
preferably about 0.8% to about 3 wt%.

10



phase in the g-N + /-M 3Al mcrostructure of the

region 104.[0042] Referring to Fig. 5, a reactive
woreaoalo7d130 deposi ted on the surface regi on 104 POT/USINNF/645927

surface nodified region 106 thereon that is enriched

in the reactive netal. Suitable reactive neta
i ncl[0RAS] Hf , Ty achigve tt;@seeqsp@cgﬁran@ns @fdﬁﬁﬁtwatmfawsmﬁhﬁerﬁeefl 106,

d_Hf.
ggp 6%1?1%%% tglr S A §1 ce i aﬁhés i 14081 e?cjou{r?xvt‘gneof areactive

any co ven rocess, i1nclu

phy shetall prediaaisly SEPaRI ik pm@,elﬁtFﬁq(E))e Pickees seﬁemufhalmat 1 wt% to
sputtering and el ectron beam direct vg_ffgr deposi ti.on

( EBBYDIL, 5 Wo k] butgaost pestsrably abapior Wie pisiA sahcqutaippe one or
DY OG89 - Bk iy 1 MR8 S5 GRELLMP TR bl

ed usi ocess or in
C on thaﬁﬁmmg:hbmlas Th&ahamhrratyloy Reurceaay |op90mm1yahclud¢1®out

preferred depos proce to. form -
P g oo A 50 B e g ishepE kg gl laver
in hchthe substrate 102 with the Pt-group rretal

| ayer 104 is either enbedded in or above a pack

i ncl[0e#7T)g t ke packqtoivwder mmnpd)mhcﬁrr.)zﬂﬁﬁijncmd% ailput 0.5 wt% to about

28; lilwgt‘?{n%nt a b@tahg it thds us 8%& agyg?t%lti © gqﬁlél{a e may

enb %f’}egflde[‘y JuPANEBhiuH KIS sEchHs Al Aual ichhgldean@ur e
or al lI'oyed Coating-source material called the naster

al | mmemhmlﬁhdmldsaietprefmledacts as an activator, and a

I IhleI @M&Er st[jlhglb?lﬁ’i eﬁ)iﬂie BCK RO gvgieggo (%ltion }ga a{fl&%ﬁ&ﬁs’

depagikiQn 4 BN&RehaprRntsWhé pakiFrafl vmesing dndltd despe@bthe
containing the reactive netal. Wen the Pt q%roup nmet al

| ay eubstode deringdhe d@@sttmmmechéﬁ‘cﬂhfﬂéﬂ{ﬂﬂf aypicallyris amimiaglly

hy 0
eacrtorse ARG b e Brid® P50 iy PR iy b
di f fdagipdindoaich Agaluslifuh @Qldeosm@frﬁbﬁd@?ytthhﬂl odd ade

nodi fied region 106. [0045] The conposition of the
sur fzarsenivpupFifleere perfPaed. P06 afusnigimaride(Adsd Hoeicunly

oG SR S PAER B By et A o

actipged9yr amiic padkgsivader abﬂnpysmmursdeatedmda remmyerature of about
corrp05|t| ons ar gssi bl e.. However %00 ck powder

conpfodre toabathd m(ﬁccerﬁfea@b%y Jess thapiabpg m?ﬁt Piefrgably
Mast @bufd 400@, kG ﬁ?ﬁ&eﬁtq@h&dﬂ% a surface-modified region 106

with the desired thickness and reactive metal concentration gradient. The

deposition time typically is about 0.5 hours to about 5 hours, preferably about 1
hour.

[0050] As the reactive metal and any other metals in the pack composition
are deposited on the Pt-metal layer 104, diffusive mixing occurs at the surface
of the layer 104 to form the surface modified region 106. The reactive metal,
preferably Hf, as well as any other metals in the pack, such as Al, diffuse into
and mix to form an Al-enriched Pt -+ reactive-metal modified K-Ni + K’-NizAl
surface region 106. This surface-modified region 106 is therefore enriched in

the metals from the pack. Within the surface-modified region 106, the
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reactive netal deposits on the Pt-group netal |ayer

104 and fornms a surfacenodified region 106 having the
waleamsnadiconcentrati on of reactive netal. PrefpBeHDE3005/045927

the surface nodified region 106 includes an average of

up to about 5 wt % reactive netal, preferably about 0.8

W % EehcRR@ationtofWeA6tive ibtdTRS breRieGif e frRuyfadd PO, afd 8l4lbAly

about 3 wt % [0046] To achi eve these concentrations of
r eac g¢creaspeovdr thethidkaessayitlmlayeel 061 thgs Eatriye & reaciesmetal

al l oy _source incl.udes at .l east abo wt %.0f a

7 cacti et ARhHIEE G MR A Ine ol X0RT 2
pack[(W51p COTHesMtfaed-maliEd régioh %06 eypad2llythab a \hi¥kiddks of about
but nost preferably about 3 W% Hf . A salt containing

one &rIniisrabowt 50 Eme preferablyesabent 20 Fay Myer the st 20 Bat thee

source,. such..as. for e, haf.nium chl.oride.  The o
mot SasEria 65 el G e emprof MefishSE afist 8%t 1wso
0. SWhPAhk QeBQY Ene{a\l\,ﬁ;%f%kabﬁﬁflw,ftgjﬂb@lgf Soout 86/ tb GHHR Bt %
of the Pt-netal |ayer 104. [0047] The pack powder

conpbdi tion al so includes about 0.5 wt%to about 4wt %

pr ef y ol 9 hal. t. j.vat .
ey iRl qgn%@ﬁ%%‘\ﬁ%aﬁﬁ Bl ‘%}’O%{d{)‘g ol iR R e iR fra
as agiraRioar&h e sutfacaid dHeaasdionml 06 1106 tHdePtafréup metal layer

preferred. [0048] The bal ance of the pack powder .
conpdt.tneals alsp gifEiEr (optvse fromyihgesyperpdosasibisirpig l 02 fae the Pt-
prev

CLbs E1uP A48 IR Top BRTEBEE il R B BoSHRHEDHph I, Por

t Kpi eyad_nhdpie,i aﬁs\,;gaemmy BEdstryiter lmguflves (OBMSGM momdmgly oégaihns,at

t he oxi de powder nmay_vary ely, but_conmpounds suc

as algsiabom Raaeél ﬁihﬁ if’édﬁVﬁamua@fat?@tfﬁiswmhaé’t-smp metal
zi rcopi ' lowg 0X ]

0 ) RIS sBEEE Fddifed AR OSTLR A SR Bgments
sur f from tha supdhatiytsubsrddt,-soet ad, fdraxemplb)Cr, COMA) TaJ el Re

o WM RN ST

S000fgr A1 S SN R0 6 b e

Wi t hmietads siebias éd atehincluded i the dacke Ad tiepcsited alahg with the reactive

con C].%re]:%arl ?atyielg Hm? rdﬁgjsg E]IEWaIEI}I’?tO the surface modified region 106 and into
the Pt-group metal layer 104.
[0053] The composition of the pack is selected considering these outward
and inward diffusive mixing behaviors, and it is important that while a variety
of metals may be present in the surface modified region 106, the Al content of
the region 106 is preferably controlled with respect to concentration of the Pt-
group metal, Ni, and reactive element such that a K-Ni + K’-Ni3Al phase
constitution results, with K’-Ni3Al being the principal or even sole phase. In
the region 106 the concentration of Al is limited with respect to the
concentration of Ni, the Pt-group metal and the reactive element such that

substantially no 9-NiAl phase structure, preferably no 9-NiAl phase structure,
is present in the region, and the K-Ni + K’-NizAl phase structure predominates.
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deposition tinme typically is about 0.5 hours to about
5 hours, preferably about 1 hour. [0050] As the
WO e@ei7ei1s0 met al and any other netals in the paP&T/US2005/045927
conposition are deposited on the Pt-netal |ayer 104,
di ffusive m xing occurs at the surface of the |ayer

104 feos4pr m pbersulbadss srendivedfisige anixihbthe hhvunt of
reactive netal, preferably Hf, as well as any other

met amgtallic A as the anastes glay seureg in the packswmnoskioadupgfekably

g SRR O RESLIRL 1 s Bh ! el iy

sur f ge@cesdiiutiag 0mew AMhadh@bebss fduna ke pdacen Ki-Nhe & iNi; Al
the netals fromthe pack. Wthin the surface-nodified

r egi @haSPOBaﬂlﬁlﬂéfé}bﬁé@lﬁﬂﬁtm@tﬁﬂ@fm?lé%’tﬁt \Rastyomy AQs powder.
over 155 tneth sdue BUA R e Wi ARGGREA MR Yod el RARE S

I eac kipegalitat st D@ﬂ’)hbﬁtheq:aclg r SpticHTuallpcthe sserhieal interaction
t hi ckness of the | ayer [ 0051]

Th . .
sur f heevegpdilppd Bt lrSéa%ﬂlam BUeRETRng @?%%Xl%ts fior; tha Ablogdiffuse

ver TORbUR e Rize D[R pRFlLE MY aRPRtherof

has aunfmspnsdlﬁecbngmmcll(lﬁdmmgk abmbmtascinsahdumetah‘!ﬁdmbf t he
reacti ve netal pref er abI%@ pi cal | y about {
to aseueengationsif grqatﬁ@ Bt hyt i heoih o NIAT phdse

depo%ﬁﬂa?'a R A& ace &’i?igﬂ :in%&% f® tch‘F oft fﬂ% 1r|1 trlllte gomnanon

dffu3|on From t 1 ed reg
t he vag&mhm]miradlpitﬁyﬁheﬂdﬂﬂ nmetal s aI so di ffuse

outward fromthe. superall substr?aﬁ 10% to. the

Pt gr S0 Shet alhs BiFERCsE0A Ui be-#Tape Rsra 134D %éﬁsgmsrage@pact on
nodi

AR BB A o

| easbf tecutfad2abddifidd regitve 106, For axhmpkyifshe Bt-grodp irfetar} dayer
into the Pt-group

roct 104 @Mwesm 3 abpit 2 e B ecs parie lignkd oD fiely
t ?
Coe %ﬁlil %r?)&g ?ﬁertﬁtngo(%lf 1504 E —l—aﬁ céa‘%%lgf vith ¢ kvﬁma&r K phase,

use out war

su pewlﬂecayptsgfw ﬁqathpla;@@wim bahith@sOhredfed tHan Wbl 4 TRy er

104 and then into the surface nodifred region 106.

Furt h]yqncallyf aboum’t“mrtetahbst STmh wald makt ldredy havel altegtonmmetal

t he pack deposited along with the reactive

dlﬁed K + K’ coating with a primary K’ phase.
[0056] The temperature used in the pack cementation process also has an
impact on the phase constitution of the surface modified layer 106. At higher
temperatures, particularly when Al powder is included in the master alloy
source, the amount of Al deposited along with the reactive metal becomes
sufficiently high to produce unwanted 3-NiAl phase structure in the surface
modified region 106. Typically, a pack cementation temperature of about 900
°C resulted in some 3-NiAl phase formation. Therefore, to reduce formation of
9-NiAl phase structure in the surface modified region 106, the pack

cementation temperature should preferably be maintained at less than about

800°C, preferably about 750°C.
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netal layer may diffuse inward into the surface

nodi fied region 106 and into the Pt-group netal |ayer
waebs/0fddBBb3] The conposition of the pack is seP@USINS/045927

consi dering these outward and inward diffusive m xing

behaviors, and it is inmportant that while a variety of

met al@5Thy billomesgthe depoditien procdsacthe auiild 1 @ispegferably

106, tent of th ion 106 i s preferabl

Som PRI wpPeEReBire. AMGoRgFibbopine bin B St fefiired.

Pt gr ﬂlﬂSS]TEt af olloNhn%]ﬂﬁ‘ﬂlaHG@Gf 1h¥ QuiPA RIBBAifi %&F 9&1&@?(56 @he article
K- Ni N 3Al ase constitution results,

- Ni AOO b@is'r@gtlortaélymﬂh%t ipedtecoat aetvxepergmr@obmwmﬁ t0 hbout
" oo p IR0 Bt HECRREERhP &S ko Ra Bizdine i sBpb Gt e e

and irdodifieddajer 260. eirﬁa”aﬁﬂiorfam fidat hla@ﬁneﬁu as%ﬁ%fyl&lcbﬁdu%@ed prior
-Ni Al phase structure, preferably no g phase

st r uta eirkefore dhaprtieled0iincaaied loggPmicmagratrhe K- N + K
-Ni 3 4
ofI t |059 if :[F]es%l&%/lé%gbj? ?%s?%ga?’%} Qfgﬁgémtt%éa’]ﬁ% I?C?n%%%né of

et apartiellPbtabitizédAirdvadd, @fayaiptioyal e pplicd td ﬂhe s@t@iﬂé modified
conposition is preferably nmaintained at a very

| evetegiqnekds ysHigp W&l@ﬂ@aﬂ’w 1roesss fntormya %ﬂrwy t0pcoat 204.
S our 9&&%1@% 5&%}&8% o8 e(y&@gﬁl?"‘éfﬁ @&ﬁ{/‘f& gk‘epﬂ%lé OCIIB’F)HIQHS‘;GQS
mat eﬂ“uﬂ:lma ﬁcﬂpu Maveare,l [éSAt The tepaiitidiBofithevckatmiclibgcoand iy

source for, syrface nDdIfle egi on 106, can
be t fHIVEY %t.wé}v |t§g¢ & i} &3 atmpgphere, gic ydipe ¢exgen and inert gases

Spe%lfc'hca@la}%/ g prhelLH ﬁy@érﬁ&ﬁ#ﬁ? A8 HERIeeS, foéluoﬁ‘ ﬁgocess
Pt is such That a strong r|V|n rce exists
Al t mallesit ummihi@that a ﬂnﬁ @I&Biersaatle 1a316122®611scfoﬁ’ne<mmth¢) surface of

o) 6 RHace-PRUECH IO oRes Y R R dq UTUO) layer 206
Ly t % I
¢ aauf RS L Pingdt 8 Ay dRAPR ARyt LR R o cout

rmdi Iaiyeldl()ﬁegiedFGQ Qf5er 206l and therceraasic tdpcbax layer 204 forai a thermal
[ at es_t her.ein. 055] The

h TCP it
th| c rlg C(B‘Fmg P %%’QB”H@Y&‘F“F%S‘?J&) 104 al so has an
| mpagjoed t *’P%ei@fr&fl e&w&mmni@ d}gh@ﬁk}aﬁ%&fwﬂrh&vtﬂge 8dstiiGd Bwith

100, as well as on the conposition o surface
rrodlfelf@dncredgnhmfoﬂ@ﬁ’lng-'@«anmk@nple if the Pt-group
nmetal |ayer

Examples

Example 1

[0061] An electrodeposition bath was prepared using a tetra-amineplatinum
hydrogen phosphate solution ([Pt(NH;3)4JHPO,). The superalloy substrate was
CMSX-4 with approximate dimensions 15 x 10 x 1 mm.

[0062] The superalloy substrate sample was prepared by grinding to a 600-
grit finish using SiC paper, followed by cleaning using the following
procedure. First the sample was dipped in distilled water and dried with a

tissue. The sample was then dipped in a 10 wt.% HCI solution for 2 minutes,
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104 has a thickness of about 2Tm the surface nodified

| ayer 106 nost likely will have a Pt-group netal
woe@cirdaa K + K coating with a prinmary K phaseCcT/nbioo®045927

a Pt-group netal layer with a thickness greater than

about 4 Tm typically about 4 Tmto about 8 Tm wl|

NDSt dibh&EinydifiBee whtdttand o8 Withtaatsshid dFﬂhblj!Fﬁ, the santple was

coating with a prinmary K phase, [0056] The

t enpeltrasanically sleengchint deetope dir Tminskrsand sipnsdae distlled water.

L

par t glesttclehysitidieddnditions wiked ad Bllbwel uded in the master
al l oy source, the ampunt of Al deposited along with

t he Cumentidgasityst &P A/dedmes sufficiently high to

pr o S Haant gelo -Ni Al phase structure in the surface
rmdid?(%%%&r eqgi ogglga Typically, a pack cenentation

t enpgH at 10, 8 (adfustdaising@POHYT resulted in some g-N Al
phase formation. Therefore, to reduce formation of

q- Ni Repqsifiandingg 7 QeX BOW i n the surface nodified region

106, [ rature shoul d

pr efEisgﬁcggg@e%%@gﬁlg%ggﬁmgggs@ han about 800C,

pr ef Anedd: Pt about 7500C. [ 0057] Fol | owi ng t he deposition
process, the article 100 is preferably cooled to room

t erpepedairahods spraceAed i€ %ol i ng step i s not

r equj [ (RSN i it o . ,
L8 AR S AR O g n which
opt i waathe)prideiphigsiasé, ipasltsatbnaikting ¢fdiPereddraad ofithahitwt Al
9000C to about 1200C Log up.to .about 6 haur ,snﬁgo )

st abPPWIB eRasirerds T heibasiy for g1ing e AdpPwvderiniBepckdythat Al
| aye ' s eat

conciof e iRy Shotile Rark: R TRNN SRRy BE e,

t 0 r @@tehké Baeicat sitice. Pi[d30z3es Ref chemicrd attivifsi ¢f AlGn Kaand K'

| ayer of ceram c 202, typically consisting of

par t Plaase yirectess-1 i zed zirconia, may optionally be

appl ot C ! j Ao
oS OB BRI Bef BB 7100 Yoty an
204. adhivatoabb@et@fabowt 1t wiiéoiatvas fvad avaiPt-alif-enoflifehcoftings

The. GrEyssTURBHL Ghe tHUNEBR SRR cbgisspba efeet of spectic
conv kiﬁgﬂ{ah arhAKRSs B ARSnichbsAictileRRARBABs#iBE bEPi L

oxygert and I nert gases
modified coatings.

Thickness of electrodeposited Pt layer

[0066] By heat treating the Pt-coated sample, a simple Pt-modified coating
can be obtained via inward Pt and outward Al+Ni diffusion. It was found that
the thickness of deposited Pt layer affects the coating microstructure,
composition and relative proportions of K and K'. Figure 7 shows the coatings
obtained by heat-treating CMSX-4 samples having different electrodeposited
Pt-layer thicknesses. Referring to Fig. 7A, it is seen that a thin Pt layer (about 2
pm) resulted in a Pt-modified K and K' coating with K being the primary
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such as argon. The presence of oxygen during the
ceram c deposition process nmakes it inevitable that a

wo bios/ooxBdle scal e |ayer 206 is formed on the spef/aS®OD045927
the surface-nodified region 106. The thermally grown
oxide (TGO |ayer 206 includes alumna and is

typi fﬁdsEYByaébrﬁ%Bte amomqn% C): a/rlt nf3difiddR A@Rd c68g in

| ayef 106," the TGO | ayer and the ceranic topcoat

| ay ewhBK fiothepainidrg phade fhaned feom achickergPtdddr GbouhBum).
superal | oy substrate 102. [0060] Preferred enbodi nents
of the invention will now be described with reference

to tTQfscg i g exanpl es. Exanpl es Exanple 1 [0061]
ectrod%%sml on bath was prepared using a

t et r 0081 ne@hatamoum bfaomiem phvwedatiatle sk umll affect the extent
[Pt( H3) 4] HPO4) . . The, su raII &IS?% strat

wi t hob g Rakedniodhe 5 Kialps ypopipay qoat%fzﬂ] %?HEU

supey, A@leﬁ&?é&dlé‘h%o WP DuNRR A RS ﬁﬁ@’t%l@ﬂed%fﬁé’é Mting
to a 600-" grit finish using SiC paper, followed by

cl eahéatgreamieny Ths, itovdsaleemgd phabomldwrr@ll agnquet off Akis required

© obtseobR couRRSTiEh fhadie2h aifodtl TS hactieathlgion Plaehss”
sol “10039{ f orFl%Jl‘g"S%bﬁ@ Qél@é&%ntﬁoﬁ'r%u‘lt‘s Irsdwoatightlpdidiferent

dried wwth a tTissue. Final t he sanpl e was
uI t r ad powderl coyteptsda tledpack. E%@toah@g praces qoinpigeé of and

s ErercepbHER bR ConrinAR ARG sP ALY B 130P s then

el echépaRA fok tho@lﬁﬁﬁl 1000Ts ASBhEWRS F@ BAWS waSedundithat 0.5
density ~ 0. dn? Ter&ierature 95 C pH 10.5 (adjusted

usi ngrt%a/EH)l tl[eamkus ¢ itorproduce $Kheeatinpiveitheabout 24 at% Al

Rﬁgd £ anOd %q%gl:w%? gj rq:sg?tf:cgm fﬁgq\%%l pll:;gse structure in the

coating. It should be noted that a high Al intake resulted in the formation of W-
rich TCP precipitates in the vicinity of the coating/alloy interface.

[0069] It was also found that a Pt-coated CMSX-4 substrate that is further
treated in a pack free of Al powder, yet still containing Al,O3; powder, can form
a Pt-modified K'-based surface layer. Figure 8C shows the coating after pack
cementation for 1 hour at 800°C in a pack containing Hf (5 wt%) and Al,O3
powders. It is seen that the obtained coating structure is very similar to that
shown in Figure 7B, which was different in pack coating process only by the

presence of 0.5 wt% Al in the pack.

Hf content in the Pack

[0070] It is known that Hf partitions to the K' phase, and there must
ultimately exist a critical Hf content in the pack to obtain a sufficiently high Hf
deposition rate. From this study, it was found that 5 wt% Hf in the pack
resulted in a detectable Hf content (above about 0.3 at%) in the K + K’coating
(see Fig. 8C). A K'-based coating containing above 1 at.% Hf was deposited by

controlling the hafnizing conditions.
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[0064] To produce a Pt+Hf-nodi fied K-N +K' - Ni 3Al

coating in which K was the principal phase, packs
wa@oemsiosdiBng of Hf powder and with/w thout A pPET®©s2005/045927

wer e assessed. The basis for using no Al powder in the

pack is that Al fromthe superall oy substrate will be

dr i vdemperadirt ofigeciolementdioroPioaessPt enri ched surf ace,

sinc decr.eases, t he em ¢ acti.vity of Al K ..

a0 acch SRRt B o Tarigya et Eimige e aet of Aladbosition.

depotthigher fetiRedtaley hfd Mind 2Q wbs BPRGHRNc1afh f Al

acti vat o?ﬁcoggﬁgnt of aboutgl vvto/g it vvasr&?oun tpﬁgo

Pt +HibecrmatisfsiBitiaskythiigly for vawaied ¢fomi the standpointfodbbauiinga K -+

S M A N TN S Y S——
SO BT84 08 R AP g

Pt-c Qﬁﬂﬁ(&aﬁ‘@ﬁﬁﬂn@n’c, such 431l-4 dis Hé@dtréatﬁﬁnﬁaﬁall 0MeC C RpubE9
obtained via inward Pt and outward Al +Ni diffusion. It

was Soemitthe Ramadifzed HilNikheeatings oblained iondeMPK-4 sapanles after 1-
af fegt s th at | {Ccr L .ur CO Ltl.on

ol afbiteFRaREROA e O0rcitiae! 4 GOPRRSL LhgiBl e
coat karipleoWeri MecelBitrdiepdsitel @athi 105 2<1aﬂyels IRIVRY by pack
havi ng di fferent el ectrodeposited -

t hi criesizng (Ret'eris AgvitoA |1@’t%7NH4¢1£ an Aézéb':bai&iia‘t) a@d then a
t hi d
anldn lclgegt%/t%at&lggtt EERE%M‘[-H%EI e 'f:éumﬁgt rgmgv a larger

cont ba®hnt AV, -“rf&%edlﬁlteﬁésgin tﬂé?lnté%dlﬁ’ﬁlsf&cﬂoﬁé oo dds Kersisted
coating in which K is the prinary phase forned from a

t hi clath fmthdréljteirtre(aabgmtt Thusg)m oler twantcad bbaiminga Skphase, the

b 1 e BTG SF SR pe SRR PIRLK Brafite Y By Bopt beldw about

subsgp@te. CMBX-4 nom naI I y contai ns about 12 at % Al
whi ch could al so diffuse outward to the Pt-enriched
surface dur| ng heat-treatnment. Thus, it was deened
t hat _onl anount of Al is required to obtain

coatPﬁ‘ about 22 at% Al by the pack cenentation
proc 24 [ OQ&%m Fg@ !F@% §0s E%ﬁlﬁ 18R kato 8B inddrdiy) of a Ni-Al-Pt
results tor two s di fferent

alloy is diffusion bonded toa CMSX—4 superalloy substrate. The layer is seen
to have excellent oxidation resistance, as well as excellent compatibility with

the superalloy substrate.

Example 3 .
[0073]  Figs. 11-12 show a reactive metal modified Ni-Al-Pt coating on two
different superalloy substrates, CMSX-4 (Fig. 11) and CMSX-10 (Fig. 12).
These coatings have minimal topologically close-packed (tcp) phase formation

in the interdiffusion zone (i.e., the coating-to-base alloy transition zone).

Example 4
[0074]  Fig. 13 shows the excellent oxidation resistance that can be gained

by using a reactive metal modified Ni-Al-Pt coating with an enhanced
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Al powder contents in the pack. The coating process

consi sted of electrodepositing a Pt layer (~5m),
wa@bkwaaioni1izo ng at 800 OC for 1 hour, and then  PCT/US2005/045927

heat-treating for 1 hour at 1100 C. As shown in Fig.

8A, it was found that 0.5 W% Al in the pack is enough
to pwﬂﬂéﬁteatﬁ)n%fr@mive lﬂget;yu The plRdbmpdreat PoMHAL coating, a
Referring to Fig Wt % resulted in a_g-Ni

phas &agtiya aetat élorirﬁqdﬁ*él /c}bet Goghng havigg Qtﬂldit%eﬁff{&@dmd a

t hat f 0

w oot s Y Bl RS A PP BRd TliRg 0 Blas i
coat i(IIS@I/)alf(ljlé) %:(K)iéxmgdlsmgatmﬂ ?ﬁhﬁt&%loh fomf r a(l)(}r;])myfc%vsn@t;nt%md to
a Pt-coat - strate at 1s rther treate

i n aabca&sé cyees G the E%Méqatmg@fl}iép? evclesive thedfh gozng.
8 powder, can forma Pt-nodified K -based surface

| ayer. Figure 8C shows the coating after pack
cenemxamiplmeor 1 hour at 8000C in a pack contai ning

Q3 powders I s,.seen.that the .
Dbt TS o e Ssiiratve il myodife [ Al cbfifhe according
showg, i erfihSiment’dF the ir&@nt‘f@ﬁap%hf:cﬁ Sﬁ ﬁnN1-b£becﬂ’ R%Ke m#)@lgdloy
process only by the presence of O.
pack sulisfraico it shaws e deaposition p@t}ﬁlb tthrpsgmthgmatu‘rgaif Fig. 14
Hf partitio

ol 1} Aty Rt 48R B o fiRei ATt hheRMA gt o

obt aiFfy. a5 shfd Sae ™Ay pitkieiafty etleRRAiat R0kt urfab®m
this study, it was found that 5 wt%Hf in the pack

resulted in a det ect abI e Hf content (above about 0.3

coat 19086 onArm” SReVRR TS of 1 smition ol feeh degrrived

cont Nekérthatesk, hewhu%a hﬁddﬂﬁo&pﬂhﬁt Vars mRRatishd ey 8¢ made
Pack Cement ati on Process [0071] Tenperature is a

f act avithpyt deperingifram gherspattand seapest thg lnd@fﬁk%li Acsprdingly,
hi gh e e ~ % pack,
the SiishFIBEMRats 3t 8L Rz oLl Bk s
unwanted (fromthe standpoi nt of obt a| n| ng a K+ K
coating) g-Ni Al formation. An alumnizing tenperature
above ~900C resulted in dense g-Ni Al formation, which
was hard to transformto K phase with heat-treatnent,
such as 1-4 days heat-treatnment at 1100 C. Figure 9
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shows the Pt-nodified g-N Al coatings obtained on
CVBX-4 sanples after 1- hour heat-treatnent at either
woi0ea7q160 g. 9A) or 115Q0C (Fig. 9B). The sanpP@rUSEN®045927

first electrodeposited with a 5mm Pt | ayer, foll owed

by pack alumnizing (3w% H , 1 wt% A, 1w % NH4Q ,

aNHAPIBChAIMED)ISand then a final heat-treatnent.

Further heat-treatnment was found to result in a |arger
Ltates.in the interdiffusion

a nt of rich, preci
2 OeA ol Pk et B TP R TGS
trea ;?e RibpostitiSa laly & L8 o R¥QI 6n QREBIAINE f&‘lngQ Phfinized

t he um ni zi ng of hafni zing tenperatures shou
pr ef er alshiystdate; ket bel ow about 800 0C. Exanple 2

007 f ' ig. 10 hin | b
i or Ghs feestiiengh (48 rbtigeh gy shalein feas S HebBRtRRipctg from the
CVBX- 4 SuRpf RinkidiinS YPEE, NALE, Cd A1 ZAMRT conthis@RRs HRrdbFYE form
excel | ent oOxidation resistance, as well as excell ent

conpat i Biskifase mpdificd regienhercan whersingbe purtase npdafigs] wepn

0073] Figs.. 11:12. show. a ctiV tal P f . .
01 oo e Bl B R L PR et
subst r atcggoenteMidir ¢ frblide a KINi a1k -KMBX phike cbhditutia. -

These coatings have m ni mal topol ogically cl ose-packed
(top) phase formation in the interdiffusion zone

L6y, 1 i.ng-tQ-Db ,all oy. t |t .
o AR FeR SR T bRV b SRR b v
rqﬁ&?ﬁ@d}ggo}lhat can be gained by using a reactive
met a

nodified Ni-Al -Pt coating with an
enhancedconcentration of reactive netal. The pl ot

NS At i i Y G0 Ko TVGRDERHRY Pl DR T Heatioe
Wint b ohi ve netal nodified Ni-Al-Pt coating having
o1l P

1SU). The coating ISU resisted spallation
for over 1000 cycles, conpared to about 50 cycles for

}EQ: I.}g{eglrlleg odcc?ta ctla!tigqgl,afﬂlgthelr%gm% igfngiegtotgeatcilﬂg th%%lgtgn%édn s%bstrate

prior to step (b).

5. The method of claim 4, wherein the platinized substrate is heat treated for about

1 to about 3 hours at a temperature of about 1000°C to about 1200°C.
6. The method of claim 1, wherein the Pt group metal is Pt.

7. The method of claim 6, wherein the layer of Pt group metal has a thickness of
about 3 Tm to about 12 Tm. |

8. The method of claim 6, wherein the reactive element is selected from the group

consisting of Hf, Zr and combinations thereof.

9. The method of claim 6, wherein the surface modified region comprises greater

than 0.8 wt% of at least one of Hf and Zr.
19



[0075] Fig. 14 shows a reactive netal nodified
Ni - Al -Pt coating according to an enbodi nent of the
wo pwentdien applied on a Ni-based Rene-N5 superBCT/0§2005/045927
substrate. Fig. 15 shows the conposition profile
through the coating of Fig. 14 as neasured using
eI ectron probe m croanal ysis (EPMA). The EPMA pl ot of
THe nﬁéa&wefoftéﬂﬁfn que?elﬂ e gu%@ﬁlomfﬁa gegi&@ eoﬁgngégegreater
coat| ng surface A nunber of I'frent s
i thae0t8 wtYo had Eesbéen 3deds of ddehst ma/efﬂﬁmde%ts it will
be understood that various nodifications may be nade
wi t hout departing fromthe spirit and scope of the
' ‘T'Y efid ﬁ@thoé\%@ @faﬁh @?{Nlﬁereﬁlt e kuaRagb AR &gﬁfneco}{’/ﬁé;rﬁb@ greater
t he scope of | ow ng clai ms. WHAT | S CLAI
1thaa OrBewtio dnd tﬂss timhl ﬁg/t%mfakledatqncmfifﬁgndsﬂant article,
conprising: (a) depositing a Jayer of a Pt group netal
on a substrate to forma platinized substrate; and (b)

deposhd mBGoldf tRen Pl dhbkivzed sﬁﬂf&%txﬁ@dxﬁe@refgﬁﬁpﬁm%@r compmses
el ement’ sel ected fromthe group_consi sting Hf |

Lamee seln@ectfroanﬂjle@mm qeasibangsof Gie CooMot B, fa@ﬁ rReaand
su r f ce. Sf@; & regi on thereon, wherein the surface
APPPEEP S48 conprises the Pt-group netal, N, Al
and the reactive elenent in relative concentration to
provide a K-Ni + K -Ni 3Al phase constitution, 2. The
nM hbke wethefl of glaim lwwesinthgreagispaglement i deppsitad Pl

pFﬁ%fa'{Qreveﬁgbgﬁ‘fr&Qg@tOR?@kﬁ@?eg' on. 3. The method of

erein he sol e phase in the
surface nodified region. 4. The nethod of claim1l,

further conprising heat treati mtq the platinized
slbsThemethediod claig 1s plgreppthe reactiye glementis depgsited gt #n 4,

\A%%Lﬁ%k#urt%%? J)lﬂtTSg"Céed substrate is heat treated for

0 a out ours at a tenperature of about
10000C to about 1200C. 6. The mst hod of claim1,

wherejn the Pt group netal 7. The nmethod. o
cl&i }lﬁlq;mquﬁg ok 11pHg WihSV@rthSFeaﬁfW@ p@gﬁnwéggposﬁﬁg oyer a period

t B} S4e6S 18hirs to about 5 hours.

16. The method of claim 1, wherein the reactive element is deposited over a period

of about 1 hour.

17. The method of claim 1, wherein the reactive element is deposited at a

temperature of about 750°C for a deposition period of about 1 hour.

18. The method of claim 1, further comprising cooling to room temperature

following step (b).

19. The method of claim 1, further comprising heat treating the article following
step (b) at a temperature of about 900°C to about 1200°C for up to about 6 hours.
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about 3 Tmto about 12 Tm 8. The nethod of claim®6,

wherein the reactive elenent is selected fromthe
w@e@ap7aensi sting of Hf, Zr and conbi nati ons tPeT/@81005/045927

9. The nethod of claim6, wherein the surface nodified

regi on conprises greater than 0.8 w % of at | east one

of 20:f TtenAetBod dPclaibh e nRithacoafprisingilreabireating tied artitleert a

surface nodified regjon conprises greater t n 0.8 Wm %

S HaTPEsiTe REb: Do 501t BAULC Gdiods Hpyut g 1.

The nethod of claim9, wherein the surface rmdlfl ed

regi on conprises greater than 0.8 wt% and | ess than 5

Wt 26, o mathoded shakdmgea teinpdfatan deststant b2ticld vempesingd of

claim9, wherein the urfac nodi fied regi.on further

conpl®sdpogting papyes of BrgrasutstRietn éma}fb m&l&ﬁ@i PUSHRLg:

Of Cr?f? ]ffégttr mg-IE pﬁﬂ&z&?su‘tﬁﬂgtecé}f@' nations thereof.

c aim 1, wherein the reactive

eI enmgojt delpss1tiag as*ea;oetde elemant @}qgmdd‘mmeheogromb oensiBBEOCHT and

to abo HQ())C. .14, im eint

react i \L/Jér £ é:r?gmmaﬁ]sona g}%‘g‘? ea@a%n%egﬁﬁ%ﬁ%fﬁf%jgg? 2 shftfee

about 7R68Ged 1Ssiod NRrd¥Rt WRsteRI thé bdifABe lnodi&T R F{bntdﬁ)ﬁlprlses Pt,

reactive el ement is deposited over a period of about

0. 5 houNs Al and beutadiveelensnt ltﬁtela‘mve cnedehwatiaf tocprawde a K-Ni

wherein the reactive el enent deposj ted_over

peri od HK AWedt Phas gepstitufion, aF’rﬁieW]PFé?W& e yrface éﬁ%‘fl“ed region
Swher ei (?)aljiﬂ}f‘s ek ?(%%ﬁ’/n Lndl ?esg ARSI F84 ofthedeacti ve,

t enper ature o out eposition perio
about lel&r@eitt. 18. The net hod of claim1l1, further
conprising cooling to roomtenperature follow ng step
(b). 19. The nmethod of claim| 5further conprising

s
e e U e gt 19 SRyt boapiin

abpmbesﬁ chmprising depdsitengthe readtivf eleﬂnamrﬁcm a phelr torsisting of a
PEI‘ISI C%Uheat treatln%the art g altenperature
896 308 23BBIEE “4BBBHES 1! ?“’(?18 YoeEBt 6

hours. 21. Anethod of making a tenperature resistant

article, conprising:
23. The method of claim 22, wherein the filler is an oxide powder selected from

the group consisting of aluminum oxide, silicon oxide, yttrium oxide and

zirconium oxide.
24. The method of claim 23, wherein the filler is aluminum oxide.

25. The method of claim 22, wherein the activator is a halide salt such as

ammonium chloride and/or ammonium fluoride.
26. The method of claim 25, wherein the halide salt is ammonium chloride.

27. The method of claim 22, wherein the source comprises an amount of the
reactive element sufficient to provide an alloy layer comprising greater than 0.8

wi% to 5 wit% of the reactive element.
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(a) depositing a layer of Pt on a substrate to forma
pl atini zed substrate; (b) heat treating the platinized
waenmsirase; and (c) depositing a reactive el eneei/US2005/045927

selected fromthe group consisting of Hf and Zr and

conbi nations thereof on the platinzed substrate to

forma surface nodified region thereon, wherein the
surface nodifi conpris Ni and the

r @dctl] G@GQ%#%{erfSal%%P é‘frf‘ﬁ’fqn% e&%??i’é(ﬁtelﬁg’(e%ﬁ%fo provi de

a K-N + K -N Al phase constitution, and wherein the

surface nodified region conprises greater than 0.8 w%
ari?@ rThe saethvsino Sl aitP32, fwhetedn thegatk venssteofmbout 3 withte about

VAo adiyatirs snt b S aBel P oM Bh brnd, SR Soviae
r ga6hi yeroolwiwgnt froma pack consisting of a filler,

an activator, and a source corrprl sing the reactive
el enent. 23. The net hod of cI aim?22, wherein the

LS5 bt SR O DGR NRT BB ,

oxi de and zirconi um oxi de. 24. The et hod of cI aim 23,

wherein the filler is alum num oxi de. 25. The net hod

of3le Tht mepimd offrdaial 20, vhereir theysautse fughes sampgessabopt 0.5 wt%
ch, a a um chl ori de and/ or anmmoni um fl uori de.
ng’alﬁ%li ne %?}‘(ﬁ)% of claim?25, wherein the halide salt is
ammoni um chl oride. 27. The nethod of claim 22 wher ei n
the source conprises an anount of_ the reactjve el errent

suier iThe arthadbollein 2k vhisrein thsyrepctiveclemspbisi dspagjied ata

pf the reactive
eI e e%t“%gm “l:%hel{g?r%qa?gd o@t%{:ﬁ% 27, wherein the
reactive elenent is Hf. 29. The met hod of cl a| m22
wherein the pack consists of about 0.5 wt% ut 4

w3 dbe methest of dlpigud L Whreip th TsaSie elemgusss Po%i % fe
ba[bﬁgéé@m;é&ﬁl&rou{ S(PCOV' de a total of 100 wt% 30. The

al m wherein the source further
conprises Al . 31. The nmet hod of claim 29, wherein the

S 03% QF efr#erﬂtagc? of éiaurl;PEi Wi Sere?g % reactlvewﬁement is deposited over a

period of about 0.5 hours to about 5 hours.

35. The method of claim 21, wherein the reactive element is deposited over a

period of about 1 hour.

36. The method of claim 21, wherein the reactive element is deposited at a

temperature of about 750°C for a deposition period of about 1 hour.

37. The method of claim 21, further comprising cooling to room temperature

following step (b).

38. The method of claim 21, further comprising heat treating the article following
step (b) at a temperature of about 900°C to about 1200°C for up to about 6 hours.
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to about 1 wt% Al. 32. The nethod of claim 21, wherein

the reactive elenment is deposited at a tenperature of
wW@b@wan7@300C t o about HOOOC. 33. The nethod of pcl/aszmns/045927

21, wherein the reactive elenent is deposited at a

tenperature of about 7500C. 34. The nethod of claim

21, wherein the reactive elenent is deposited over a

period of about 0.5 hours to about 5 hours.

| 35. .The
meton dchegmethodiphelain 37, (dhesicamprisingdgelitepting therstiele pka
deposi t [ [ :
raba G B o SFCR IS 2PRE LB Mot Brollt? |
deposited at a tenperature of about 7500C for a

de&ositi on period of about 1 hour. 37, The nethod of
c 148 m methogd af mpaking 2\ eRIPREATHE TeBBRI LS CPBBRFINS:

tenp oL how : 0ftinized
cl ai @%ﬂgﬁﬁlghé Cgﬁ%tfbltngaf) %‘15’@'2%18? %?%%?i tﬁg&?ﬁgparltnilzg e
fol | eystigtest ep (b) at a tenperature of about 9000C to

about 12000C for_up to apoyt 6 hours.39. The nethod of
cl ai R)Feat fregtingdhe %ﬂ‘b‘??‘gﬁlﬁ’é“ﬁt@é‘ﬂn reating the article

at a 4 - g 16/ STFRS f
P R e N R b e
resi st anodified redien therwopy whérnig: th¢ adckdepwsises sidticientdyisuch
of Pt on a superalloy.substrate to for | atjnized.
subst r e g Syt ot RebReginy R Brekt NiJurrebnrdrive
and (C)cogl‘é‘aﬁfdftibh@(g Sy Q10 LK BECK KO ON tIhB s AlstifbikiaR tand
substrate to ormg surface nodifiedregion thereon,

wher ei nwhdteinhe kurfemiddéfas] gfohi conpnisesHfreatacthat At widhend
surface no ifiedoéﬁ?i on conprises Pt, Ni, H and Al in
rel ati vesci9atent’akfon to provide a K-Ni + K -Ni 3A
phase constitution, and wherein the surface nodified
regi on conprises greater than 0.8 wt% and | ess than 5
Wt 46, FFhe méthod b€ clait KOdvindreinlthe packGonsisteobi n t he pack

cons I(a%t (§.5 %Ift% to 4 wt% of an activator selected from the group consisting of

ammonium chloride and ammonium fluoride;
(b) 1 wt% to 5 wt% of a source comprising Hf; and
(c) a filler selected from the group consisting of aluminum oxide, silicon oxide,

yttrium oxide and zirconium oxide, to provide a total of 100 wt%.

42. The method of claim 41, wherein the source further comprises Al.

43. The method of claim 42, wherein the source further comprises 0.5 wt% to 1
wt% Al.

44. The method of claim 40, wherein the deposition in step (c) is conducted at a

temperature of about 650°C to about 1100°C.

45. The method of claim 40, wherein the deposition in step (c) is conducted a

temperature of about 750°C.
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(a) 0.5 %to 4 wt% of an activator selected fromthe
group consi sting of amoni um chl ori de and anmoni um
wo bwenveda) (b) 1 wt%to 5 wt% of a source conpPCEHUS0S/045927
Hf ; and (c) a filler selected fromthe group
consi sting of alum num oxide, silicon oxide, yttrium
oxi de and zirconium oxide, to provide a total of 100
W% 42. The met hod of claim4l, wherein the source
f u146 hEhe weikpd iof elgimi4, wheremyihe dendsitpnds cendipied pyer a period of
wh er conprises 0.5 wt%to 1
M%ﬂ%&efﬁ%ﬁg%ké?h%%&gg cl ai m 40, wherein the
deposition in step (c) is conduct ed at a tenperature
of about 6500C to, abo The nmethod of claim
40 47.whie Brthod K€ clgiEp &é r wh@ﬁm. the é%ﬁlt@@)w rendugigd Queiripgriod of
%ri"i‘thtU%\e of about 75Q0C. 46. The net hod of cl ai m 44,
mhereln e deposition is conducted over a period of
about 0.5 hours to about 5 hours. 47. The mat hod of

e b olinoeiig ot i b CopNiRg SR Leca e Dstrate o
fuf&oﬁﬁ{eﬁ%ﬁfﬁpﬁrhﬁmggﬁggﬁgg the platinized substrate to

roomt enper at step (c). 49. The method of
cI aim 40, further conprising heat treating the article

oo h08eB68Re il BoRub TR tul e BT rovine
of stéh ng% 4 BmferithREst HBMY00SE PPttt 2000eabi ﬁ}gtot &Mut 6 hours.

artic followng step (c) to a tenperature of about
QOOCto about 12000C for up to about 6 hours. 51. A

?é S PRURE e i As RGP et REf Rl R el flowing
) Qo g Emr&afe%f%bmgpooﬁc & abotit 1260°CTer @9t dboub Hours.

corrbl nati ons thereof, wherein the surface region
conprises a Pt-group netal, Ni, Al and the reactive

e ST e et At SRARIM BALS SR Y, -
5lcorﬁb}&‘d’1ﬁg rdactivd\eleent sSlebﬂa& fioi el gealp @ideng 6f HAEY, La, Ce

surface
and Zr and combinations thereof, wherein the surface region comprises a Pt-group

metal, Ni, Al and the reactive element in relative concentration to provide a K-Ni +

K’-Ni3Al phase constitution.

~ 52. The article of claim 51, wherein K’-Ni3Al is the principal phase in the surface

modified region.

53. The article of claim 51, wherein K’-Ni3Al is the sole phase in the surface

modified region.

54. The article of claim 51, wherein the Pt group metal is Pt.

55. The article of claim 54, wherein the reactive element is selected from the

group consisting of Hf, Zr and combinations thereof.
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nodi fied region. 53. The article of claimb51, wherein
K -Ni 3A is the sole phase in the surface nodified
WO e@bomi3®4. The article of claimb5l, wherein pOEURPL005/045927
group netal is Pt. 55. The article of claim 54,
wherein the reactive elenent is selected fromthe
group consisting of Hf, Zr and conbi nati ons
t hereof . 56, The .ar cle of .cl ai.m 54 . wherein t
bt 455 Pl B Brs LB R RS iR a i) Fpr than 08
SGhovpldreaarticle of claim54, wherein the surface
regi on conprises greater than 0.8 wt% and | ess than 3
w % of Hf. 58. The article of cl a|m54 wherein the

surface i OR CONMRLI S r h

HELTE8 50 AP OTRE SATs L BE et ol e 85 0
th@%safdﬁ@gsqhmm (fﬂ}[ﬁ her conpri ses a netal selected
fromthe group consisting of G, Co, M), Ta, and Re,

and conbi nati ons thereof. 60. The article of claimb51,

i
I e@bOihdass thart HintdonefIsf. of about 20 mm 62. The artlcle

of claim51, further conprising an adherent |ayer of
oxi de on the surface layer. 63. The article of claim

6§I2er e%;aﬂf«{le S‘PJTBH Q%le"i’elﬁ A G ERJ I BrBEr ddprises a metal

ayer o
selected from the group consisting of Cr, Co, Mo, Ta, and Re, and combinations

thereof.

60. The article of claim 51, wherein the region has a thickness of about 5 pm to
about 50 pm.

61. The article of claim 51, wherein the region has a thickness of about 20 pum.

62. The article of claim 51, further comprising an adherent layer of oxide on the

surface layer.

63. The article of claim 60, further comprising a ceramic coating on the adherent

layer of oxide.
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