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This invention relates to methods for depositing alloy compositions for
high-temperature, oxidation reS|stant coat| fs Coatings based on these
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severe environments. For example, the high-pressure turbine blades and
vanes exposed to hot gases in commercial aeronautical engines typically
experience metal surface temperatures of about 900-1000 C, with
short-term peaks as high as nﬁmmmmmma typical metallic article
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most often a layer of yttria-stabilized zirconia (YSZ) with a thickness of
about 300- 600 pm. The properties of YSZ include low thermal
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A portion of a typical metallic article 10 used in a high-temperature mechanical

system is shown in Fig. 1. The blade 10 includes a Ni or Co-based superalloy
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,Os. In addition to imparting oxidation



1 resistance, the TOO bonds the ceramic topcoat 20 to the substrate 12

and bond coat 16. [0003] The adhesion and mechanical integrity of the
TOO scale layer 18 is very dependent on the composition and structure

of the bond coat 16. Ideally, when exposed to high temperatures, the

bond coat 16 should oxidize to form a slow-growing, non-porous TOO
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during this heat treatment, interdiffusion pccurs, which A
to herein as y-Ni + y'-NizAl or y + ') microstructure. en applied 10 a

superalloy substrate having a y-Ni + y'-NisAl microstructure, Al diffuses from
the coating layer to the substrate. This Al interdiffusion depletes Al in the
coating layer, which reduces the sbility of the coating to sustain Al,Os scale
prowth. Additional 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]  Anpother approach to depositing a protective coating on a ¥~ Ni + '~
NizAl-hased 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 oceurs, which
includes the diffusion of Al from the superalloy substrate 30 into the Pt layer 32
4o form an Al-cnriched Pt-modified outer surface region 34 on the superalloy
substrate (Fig. 2B). An ALzO; TGO scale layer 38 may then form on the
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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 A1203 TOO scale layer 3 8 may then
form on the 2 AMENDED SHEET surface-modified region 34 and a
ceramic layer topcoat 40 may also be deposited using conventional
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[0007]  Preferably, the ternary Ni-Al-Pt alloy in the copending ‘649
application includes less than about 23 at% Al, about 10 at% to about 30 at%
of a Pt-group metal, preferably Pt, and the remainder Ni. Additional reactive
elements such as Hf, ¥, La, Ce and Zr, or combinations thereof, may optionally

be added to or present in the texnary Pt-group metal modified y-Ni + y'-NizAl
alloy and/or imptove its properties. The addition of such reactive elements
tends to stabilize the y' phase. Therefore, if sufficient reactive metal is added
to the composition, the resulting phase constitution may be predominately ¥’ or
solely ¥'. The Pt-group metal modified y-Ni + y'-Ni;Al alloy exhibits excellent
solubility for reactive elements compared to conventional B-NiAl ~based alloys,
and in the ‘075 publication the reactive clements may be added to the y + v’
alloy at a concentration of up to about 2 at% (~4 wi%). A preferred reactive
element is Hf, In addition, otber typical superalloy substrate constituents such
as, for example, Cr, Co, Me, Ta, and Re, and combinations thereof, may
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to the composition, the resulting phase constitution may be predominately
7' or solely y'. The pt-group metal modified y-Ni + y'-Nis Al alloy exhibits
excellent solubility for reactive elements compared to conventional
f3-NiAl-based alloys, and in the 075 publication the reactive elements
may be added to they + y' alloy at a concentration of up to about 2 ato/a
(-4 wt%), A preferred reactive element is HE In addition, other typical
supefittisneilp headdedristhuprassntibhthesM tarenpmete] ndifedytdiiFay'-
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bondsgaataystems, and this provides excellent oxidation resistance for
y-Ni +y'-Ni3A1 alloy compositions. When the Pt-metal modified y+y' alloys.
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furthsr ApPedesmase: Bianans, and this provides excellent oxidation resistance for
v-Ni + y'-NizAl alloy compositions. When the Pt-metal modified y + v alloys
further modified with a reactive element such as, for example, Hf, and applied

on a superalloy substrate as a coating, the growth of the TGO scale layer is
even slower than comparable coating cornpositions without Hf addition. After
prolonged thermal exposure, the TGO gcale layer further appears more planar
and has enhanced adhesion on the coating layer compared to scale layers
formed from conventional B-NiAl-Pt coatings.

[0010]  In addition, the thermodynamic activity of Al in the Pt-group metal
modified y-Ni + y'-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 + y'-Ni;Al alloy coating is applied on & 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
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and has enhanced adhesion on the coating layer compared to scale
layers formed from conventional 1#-NiAl-Pt coatings. [0010] In addition,
the thermodynamic activity of Al in the Pt-group metal modified y-Ni +
y'-Ni3A1 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
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modified y + y* allays described in the °075 publication is highly desirable.

SUMMARY
[0013] As noted above, Rickerby et al. suggest that the reactive element Hf
may be added to a Pt-metal modified y + v’ alloys at a level of up to 0.8 wt%,
but providing 2 surface layer with a desired reactive element concentration has
proved difficult. The reason for this is that the nearly complete partitioning of
a reactive element such as Hf to the v’ phase necessitates that v 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 thercof to form a surface modified region thereon,

wherein the surface-modified region comprises the Pt-group metal, Ni, Al and
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(00131 As noted above, Rickerby et al. suggest that the reactive element
Hf maybe added to a Pt-metal modified y + y' alloys at a level of up to 0, 8
wt%, but providing a surface layer with a desired reactive element
concentration has proved difficult. The reason for this is that the nearly
complete partitioning of a reactive element such as ;EIf to they' phase
necessitates that y' be the principal phase during the deposition process
to entiehchgise roemtith a6 bbhdanangaiske ptoiidd aveMicn 581 Al
methqd for making an oxidation resistant article, including (a) depositing a
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from dhe-roun onsisting. et ¥ o Gulo e, 894.2080 COmDINANE S crive
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surfademmotliffegrefestad cenniviselethenPisdifup metal, Ni, Aland $
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preferred reactive element is IT (00161 In another aspect, the invention is
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wit% 0171 In yet another aspect i ool i
artic@@hﬂudin P ééuaggﬁﬁ%?/s ?tcf? %‘ﬁseuir ggﬁ%‘g%ﬁ? |¢1%c:%gbl%1ﬂg§t§%ri§a}§§%e
elenmincluding a superalloy with a surface region including a reactive element

selected from the group consisting of Hf, Y, La, Ce and Zr and combinations
thereof, wherein the surface reglon includes a Pi-group metal, Ni, Al and the
reactive element in relative concentration to provide a y-Ni + v*-NizAl phase
constitution.

[0018] The Pt+reactive element-modified ¢-Ni + y'-NisAl coatings
described herein have a number advantages over conventional f-NiAl
containing coatings, including: (1) compatibility with the Ni-based superalloy
substrate in terms of phase constitution and thermal expansion behavier; (2) no
performance limiting phase transformations in the coating layer (ie.,
destabilization of P to martensite or y') or in. the coating/substrate interdiffusion
zone (i.e., formation of britile 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
low 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 Pt-+reactive metal-modified y-Ni + y'-NisAl coatings
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selected from the group consisting of Hf, Y, La, Ce and Zr and
combinations thereof, wherein the surface region includes a Pt-group
metal, Ni, Al and the reactive element in relative concentration to provide
a y-Ni + y'-Ni3Al phase constitution. (00181 The Pt+reactive
element-modified y-Ni + y'-Ni3Al coatings described herein have a

numbgr ad arg%atfg{;}es over conventional (3-NW containing coatings,

incluéfget (e ki the sempvasEanal Pl conriting toatingrsto

of phpesvizenspitwfamansk theramed gxpansion behavior; (2) no

perf e limitin se fransformations in the coating layer (i. e"
desgéﬁggaﬁion r?f‘ﬁ%%ﬁf%ﬁé%ﬁ@fdmse&ﬂ#nmﬁ Ré Bsraention are set
interdifftisiarthe anethpanipinp adiewiabpaitbtenalogizlbherSDa0KRY features,
(TCP. es as_sigma). (3) the existence of a chemjcal driving |
forceaﬁ?%%% %%%@i%%ggegpoﬁh éc v@éﬁ{?&mﬂ}%ﬁm%rﬁ%%ﬁ plegciption
to thersbdraveings) smblfecurathitariaittys.low TGO scale growth kinetics due,

in part, to the presence of a preferred reactive element content of 0.8-5
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top videa%ab etformance advantage. [0019] The details of one or more
emboGMEntE of thed tion are set forth in the accompanying drawings
and {A8Xidscrifftich helna Dikesdeddue slighiessf antkadianitighsahibe with

the da e bR R M awis 0020l FIG 1isa
cros§0888lionaFitagidis afcacasesediivnaliclizgriam afthermetaibe et doatfi G
with B O oy R AR or
diagFarvertiveshbemmebhtriemsmiine.
[0023]  FIG 3 is a portion of & 1100 °C Ni-Al-Pt phase diagram showing an
embodiment of the Pt metal modified y-Ni + y°-NizAl alloy compositions of the
invention.
[0024]  FIG 4 is a cross-sectional diagram of a metallic article including a
Pt-metal group layer.
[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 y-Ni +
v'-MisAl coatings obtained by heat treating a CMSX-4 superalloy substrate
having Pt-layers of differing thicknesses.
[6028]  FIGS. 8A, 8B and 8C are cross-sectional images of Pt-modified y-
Ni + v"-Nis Al coatings obtained by varying the Al content of the chemical
vapor deposition pack.
[0029]  FIGS. 9A and 9B are cross-sectional imapes showing the effect of

heat treatment temperature on Pt-modified v-Ni + y’-NizAl coatings.
7
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2A following heat treatment of the superalloy substrate and application of
a conventional thermal barrier coating. [00231 FIG 3 is a portion of a
11.00 C Ni-Al-Pt phase diagram showing an embodiment of the Pt metal
modified y-Ni + y -Ni3Al alloy compositions of the invention. [0024[ FIG 4
is a cross-sectional diagram of a metallic article including a Pt-metal
group layer. [0025] FIG 5 is a cross-sectional diagram of a metallic article

incl_uﬂmgq Et-mwnme@bl@xi@hoﬁmoz' Flew i meaiﬁefbfeﬂi@'%ﬁzzmom
enric with a reacti tal. IS a cross-sectional diagram

of a raz‘gl |8a§1r @%?@6%‘%&#8 éﬁ?fﬁ*@gﬁ}@r coating. [0027] FIGS.
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coatip s_ﬂl%tﬁi_{nggagx hgﬁt L ESRHRg. CMS@A S esg%lkoy substrate having
Pt-layers of ditfering ﬁnc nesses. [ Osﬂgf &% & 3 and SC are
crosi@_@@ﬁonalﬁfﬁiad@siba Prasrostifidanpl knagy ofi@macumtimysalbtmidiied v-Ni
oY vangasier baARke: SICRASEM gl ARY AiBBRsion pack. [0029)

FIGS. and 9B are“cross-sectiona ges showing the effect of heat
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of a Ni22A134Pt allog/,coating on aCMSX-4 superalloy substrate. [00311
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clements.

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 7—Ni -+ v*-NizAl alloy containing a Pt-group metal, Ni, A) and a
reactive element in relative concentration such that a y-Ni + y*«Niz Al phase
constitution results; although, stabilization effects by certain elements may
cause y'-NizAl o 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 B-NiAl phase, preferably no 5-NiAl
phase, ig present in the alloy, and the y-Ni + v*-Ni; Al 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 AlyO;. While not
wishing to be bound by any theory, this is apparently because Pt acts fo
decrrase the thermodynamie activity of Hf and Zr in the y-Ni + y'-NizAl. The
oxidation resistant region may be formed on the substrate surface to impart
oxidation and high-temperature degradation resistance to the substrate.
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[00341 FIG 14 is a cross-sectional image of a reactive metal modified y-Ni
+ y'-Ni3A] coating on a Rene-N5 superalloy substrate. [0035] Fla 15 is a
plot of an EPMA analysis of the coating of FIG. 14. [0036] Like reference
symbols in the various drawings indicate like elements. DETAILED
DESCRIPTION [0037] In one aspect, the invention is a method for making
an oxidation resistant article that includes an oxidation resistant region on

;asut{ﬁliaﬂ, tyRedtyingstpBigllbyastyipited teiphtenopdaiation aarikidmoatholudes a

ayer,nc s,a_madifi -Ni + V'-NisAl.alloy containing a Ptsgrou

mecal K S By e 102, PSR IR el S Bpases

y-Ni ﬂ\p%ﬁm plaarke usmisamrmmm Hidughuditgp faatiomplis dtose

oY CHABIE RO MARN-RAHRE Hof! BAGING I PRASE: ik ivg oY
imited wit of Ni,

the concentration of Al Is espect to the cohcentration

the PiagigngtianeldPdidAi992ichess e wilahinfrom I anaroubbiskaraly Georp-»
(33-NifdsRbasE wie liakiviadaiNiRdi RBASE (S HKSENEI e PO PR like.

the y-Ni + y-Ni3Al phase structure prédominates. [0038 The reactive

elem in tHReStiag AR I8 Eig- rbgibm gl starof gl includes
Lhou%agbﬁm%m@sm%gmﬁ%ml ! 10L08 i\é&ﬁ&@b@@&% higiente iﬁaﬁnized
ound py an ory, thjs is apparently because Pt acts to decrease t
therrﬁ’dm%@gc f@ioé’ﬁd"mﬁ%‘?é’ §$ﬁe Bﬁ*ﬁ@ﬁ&ﬁ# exarnprle, B, Po,
oxiddHoRl asid Rnf segianbinayihe ibered. oPtigesphaitale Butalied @t are
impart_axidation and. high-te rature degradatign resistance to th
oS A L PP LS et T TP Fosa e B
tempdzpoaiedijchay 6onveititeslietlinng @ suabed, Soperaitapleubstrate

102. A pRNeaiona M AhfeRilaasee it B AR PEUSE 4R Hiay vary

substrate ing, for example, those availab

Martivisiedyidapemting opdhsdatrndebanmiretiarefonthe taamgravesresistant
MAR:MO03 093¢ Fualalefin b GBoRONMUSKAIRR 2960, =1y and preferably

about 6. It is preferred that the Pt layer be planar and compact; however,

some roughness and porosity can be tolerated.

[0041]  Agthe layer of Pt-group metal 104 on the superalloy 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'-Niz Al 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 freatment 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
y' is the principal phase, most preferably the sole pbase. 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-Niz Al microstructure of the region 104,

[0042]  Referring to Fig. 5, a reactive metal is deposited on the surface

region 104 to form a surface modified region 106 thereon that is enriched in the

9
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Muskegon, M1, under the trade designation CMSX-4, CMSX- 10, and the

like. [0040] Referring again to Pig. 4, the initial step of the method
WEhete8¥1dRpositing a layer of a Pt-group metal 104 on the suBSl/&R2485/045927
form a platinized substrate 103 The Pt-group metal may be selected

from gﬁamﬂ%gt Pd 1§r %nrrd%R%Vorc mb| t'onstetgﬁa{} lt%esurface

Pt- grcL etal fred ficu y
prefefegibonl Wb@mmmmfa&mychﬁed eqtglsmekﬂ)@ymmondlwgﬂtﬁmmiahed in the

technique, such le,. electradepgqsitio T e thicknes the
Iayer’gaimote Igtl%ag § m%ﬁ/ﬁ\\//gtrr)?e\gv% eﬁq eépé:rktdlgg ort?f(te in ended
applicaiiairiiatithe themﬁranatélfesmafetrattmbemmwmmaﬂ}awﬂb be

about 3gm boutl2r0 it and preferably, about Gttm. If ferred
that tﬁ%gﬁﬂaye%an5’|§%%‘?e§ﬁ18m?#§ dact ’no e\C/tPerg %obf'nlecaroud%nesgomdo n

poros(Bthhpbec&s@mtech w&pm}tﬁu@eﬂawcafoﬁtbgmdtmetahmﬂdopomeon

super@%%strate heat d, elements édlfﬂ?”e\; esubstr

1021 o TR ViR B IR s
y-Ni thgshlidAthioictbstresctive WWMM@I&@M@B&WW a
reg'onp,arrﬁ‘o IS "’tﬂ'ffus'%rs‘ feflaied @%@&o‘%ﬁ%fer%%t’ t’ﬂ%gri%'eg@%s'“on

of the” ager. As an e ple, the feat treatmen may be Rours
at 1066pb2ﬁﬁfﬁ poarasg) tthfertxeate umaanae mn@eﬁedumendlf&@sma pmxktwsout—

from the superafloy substiate Log info. %tt ok paray rﬁé?aﬁé’ 04 is
formg mo%rf’e Llrace regionin which y'is e pnn%rpap ase
prefemﬁﬂ@rtdﬂatmiéephasm aBoveempadipariindimglthdatadndicateslthat

reacti menis such EIf Zr nd the I|k rt|t| 0]
oy MRS ertE BCRER S Al AN DRCKS RO AR Jnelie100,
eleméntladititiahei ?trgxenpeadw wydrdélduweatmmddvﬂen y'pisvtiderpnintipal

phase n a?ﬁtg NI@) Nl?ﬁél (\)’¥Ig éatm Itct]e (e 8%&21?031&%84{%1 master

Referrlng Ctive meta ite e surface region
104 traltomaalshdfasdtrttmd Hidsl aregmctl@ﬁ(thewbm mm imaariehed in the

9 AMEMBE D S%E mgV\ftO cgep(())gll 019 ]p%)cgsg% %Ootﬁe/ros%g%e pack are heated to
an elevated deposition temperature, which produces a halide gas containing the
reactive metal. When the Pt-group metal layer 104 is exposed to the reactive-
metal-containing gas, the gas reacts with the layer 104, and the reactive metal
deposits on the layer 104 to form a diffusion coating referred to herein 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 wit%.

10



[0042] Referring to Fig. 5, a reactive metal is deposited on the surface
region. 104 to form a surface modified region 106 thereon that is enriched
in the reactive metal. Suitable reactive metals include Hf, Y, La, Ce and
Zr, or combinations thereof, and Hf is preferred. The reactive metal may
be deposited by any conventional process, including physical vapor
deposition. (PVD) processes such as sputtering and electron beam direct

vapongiebaueisriyBHapy Eowesrddochermicdl stpopepeltiabotd VB to

ProcessesswWel a5t asadh wigh m,a%as&i\swtlﬁiﬁsﬂ%eﬂsatﬁﬁakﬁ%@ Ghe or

pack process or in a chambér contaihing a gas including the reactive

metdROtR &gl aRsaE oA e celtrsmeiive srutansech Ajofregample,

it o P ot e e L ey e oot

wi e Pt-group metal layer is, either embedded in or aboyve a pac

inc|u§rﬁ1\§trﬁ%<f B d WidaM sy inaRu e aeRarhommatioh hriders b fayer

exanipie, the substrate 102, including the Pt-group metal layer 104, are

emb in a_;powder mixtyre containing ejther re or alloyed . x

contl Clurce THR A R SORASIRT A1 e AT ARat oy Mg gabont

an adtidoprefedablfil omdtentl, §0add] e snig dbdvdbposTierhptnecsd; may

the powders in t re he levate iti
&ﬁé&&?@?@%&ﬁu& ﬁ{a;%ég Sth S HAEA SEROAMIOR 3= ang

temB’ea}'Xture, ucesa gas containing the reactive metal.
Whesmne sy Sinomde el ayefemdd. is exposed to the reactive-

metapgagfaining,gasihe. QRsHE Gk W@;&QFA@%%%%&%I@@S?%&W@

metal deposits on the layer 104to form a diffusion coatin&referred to

herefdwtthis afiise st erveatrdgropreb Srquosisiering eBfisosisnensithse
SUff%ﬂ%iﬂ%ﬁgm&Qﬁsiﬁ&ir ddepenepRR tha GO ROsHaRiRflly

the powders in the pack. The pack powder composition preferably

) p
inclUGRSHY M RO ShEakR Hmarids RRCRR VaRh VifakTy Dut

compaaibionsdae: o ssulienomearat-halipasioridegdeGam pasdiumd
should contain a, ufficientfamo nt af e master a O@O&rﬁﬁ Sua(i'rtlict‘.gﬁ;[r e
reacTVETHEE YRpo R The t!:l& 0 Iﬁ%@?ﬁllg’%r@ Zand foPme
surfagefepatiiior segie adtidfonal/mbstirfade sird dhroemtentRitontal fassetiit.

e JbalE o he faeicolase: TanRtiarie Rt Il en ARAYE BAR O
650°C to about 1100°C, preferably less than about 800°C, and most preferably
about 750°C, for a time sufficient to produce 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 HE, as well a5 any other metals in the pack, such as Al, diffuse into
and mix to form aﬁ Al-enriched Pt + reactive-metal modified y-Ni + ¢’ <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

concentration of reactive metal is greatest at the surface 107, and gradually
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5 wt% reactive metal, preferably about 0.8 wt% to about 5 wt%, and most
preferably about 0.8% to about 3 wt%. 10 metal, preferably Hf, and is

present it the pack at a content of about 1 wt% to about 5 wt/o Hf, but

most preferably about 3 wt% HE A salt containing one or more of reactive
.elements may be an alternative source, such as, for example, hafnium
chloride. The master alloy source may optionally include about 0.Swt% to
aboutdeantsses biveptbeithdcburimos! ¢heithrac G fthe Rirmisiakl aamtiviOmeta]
[0047 %%gﬁ illonsalso includes about, Q.5 wt% to
about%%mwtgf%%?e a Iyéa %@&?:QL%%}O%W&P ékﬁgf%g%% %értel\x;al%g: The halide

salt m&)5¥hry widelyuracemadifizthregitind96 ippical lrhmarthickotdodfabout

and agnRRo UM AH ORI Gy ﬁﬁiﬁ%ﬁﬁ%@;ﬁ%?%g s A3 Kine

powder composition, typically abo that prevents the

pack RassiiradBedragionldsdng theompbsitie inotining atdegsd shimn 1wi%
procegitiits FeleLembiRiC Bl AIP MBI AR0 SR OIS PO A3 R %

the oxide powder may vary widely, but Compounds such as aluminum
oxide?@ilicon oxide, yttrium oxide and zirconium oxide are preferred, and

alumipemzpxiderbiia{asns pRdtthdalbpaliala taddasp avidriaad ionR] filvard

el e s DL D D et
preferaalyrietadhdsn WHSSHHRArd fbm e piptesdbly sabaritd 301w the Pt-
ime o Redia s RieeR e Lsaon o e e
typicaﬂgain;xihwﬂ:ﬁp&ﬁhysﬂbﬂmﬂ 8Zhouits gp @Mﬁﬁﬂdt abmnindlli cunta.jx_is at
are R R T e
surfateesflftngéntochasutivetmodifitdosgiouii logiddition, other clements
reaCtB e b PLEIRIY Wlthefl e 25,30 QUBDIORAISCH, W PPE and Re
may diffuse outward from the superalloy substrate 102 into the Pi-group metal
layer 104 and then into the surface modified region 106. Further, if other
metals such as Al are included in the pack, Al deposited along with the reactive
metal layer may diffuse inward into 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 ioward 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 v-Ni +y*-Ni3Al phase
constitution results, with y*-Ni3;4l 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 clement such that
substantially no p-NiAl phase structure, preferably no B-NiAl phase structure,
is present in the region, and the y-Ni + v’-NiaAl phase structure predominates.
[0054]  Asaresult of this extensive diffusive mixing, the amount of

metallic Al as the master alloy source in the pack compasition is preferably
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and mix to form an Al-enriched Pt + reactive-metal modified y-Ni + y'-Ni3Al
surface region 106. This surface-modified region 106 is therefore enriched
in the metals from the pack. Within the surface-modified region 106, the
concentration of reactive metal is greatest at the surface 107, and
gradually 11 AMENDED SHEET decreases over the thickness of the
layer, 106, thus forming a reactive metal concentration %;dlent across

the tRiekHeinsdrievepriovo b rloles thae shprsdewiiéd bt casimaliny
typicahy-BasiacinigRass 19t @Ja%ébm m&zpw ﬁ%&ﬁ@e ] g—'gﬁiﬂb{y-ﬁhﬂm

20 Tin. Over the first 20 Tin, the surface-modified region 106 has a

comBYife RIHITUAHY i the Blisp mteipbincdndes #Leaft somendi20s powder.
pr%ferf!ixb%ﬁﬁdéﬁm@atlmﬁhw hﬁé/m%ﬁdo@rﬁ&ﬁt t@afea%%oﬁfz(?@g%fﬂ@umg

and after t eeosno cess, in additi no rd ,diffu om.,
tho SRR PO THREEU R 108 R B PR P Hicdrarion
also h&ifarsamlwam fnatbie Gape satomygsitbeingtéof@Xintstfor Bis didopliffuse
metal layer 104, a inta the surfac ified re

exar i DSOS, S S e e @” i@ﬁaﬁg"nﬂ.ﬁ% U e

at |easfaeontbified rEiFhd 04.iPabk cubg ffostbsnsteltiveHt-group
met f, O,

othearé% %?%t%%%ﬁ %%ge%'gu era oy Sl%s%rq;/?g @%@%}Qﬁ‘#g@%ﬁ)@gﬂ ghase

Co, Nimpgioany the surface mmtmmrmﬁ,tﬁ@mm@a@ﬁ%mm
102 '&“W@cﬁ‘ﬂfﬁ E{@A&;gm{rg{% and then Into the surface modified

region 106. Further If other metals such as A] are mcluded |n the pack, Al

depd@idlalond Wdisleness e e Fiozaevm aerbiptri 08 AlseasiAloliRact on

surfage madiied xadian 4aone iﬂ&etﬁﬁlabgm REResHl dﬁ)bﬁrthgéomposmon

[00531 Th tion of th | td these out
and PP RS PP ERAEOTS, R TR it T RSB oyer

Va“ﬂﬁﬂfd@@@i&m@&%bﬁ‘ ese BTiﬂ,tﬂﬁ suirface xﬁmﬂﬁtﬁﬂlﬁggid{)&@tﬁmﬂekely
Al content of the region 106isrxPr Eersbly controlled with respect to
concBIHBEYS, & tHagwp metal moditied Y=y ccaungm a primary ¥ phase,

while a Pt-group metal layer with a thickness greater than about 4 Trm,

typically about 4 pm to about 8 pm, will most likely have a Pt-group metal
modified y +y° coating with a primary yv* 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 js inchuded in the master alloy
source, the amount of Al deposited along with the reactive metal becomes
sufficiently high to produce unwanted B-NiAl phese structure in the surface
modified region 106, Typically, 2 pack cementation temperature of about 900
oC resulted ju some B-NiAl phase formation. Therefore, to reduce formation of
B-NiAl phase structure in the surface modified region 106, the pack
cementation temperature should prefez;ably be maintained at less than about
800°C, preferably about 750°C.

[0057]  Following the deposition process, the article 100 is preferably

cooled to room temperature, although this cooling step is not required.
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group metal, Ni, and reactive element such that a y-Ni + y'-Ni3Al phase
constitution results, with y'~I~ti3Al being the principal or even sole phase.
W2k ¥etibn 106 the concentration of Al is limited with respe®fiYAR0S/045927

concentration of Ni, the Pt-group metal and the reactive element such that

substamti no 31N e,Sir re. preferably no 5-Ni has
ot oS o S RS R G Ry
predoeniradets. 1j0o5Emperatves ittbb tisthittepslirediffpdiveanixinggdhe

amou metallj r rce.in. i k.co ition ..
e R R o e R B R T U e
than difGunewersiceetn heakeet tfiaizdssartesperctininof @vogs WONave about
been roduc -Ni+ v NI rti if the filler

oo 2 R BB Dok Wl RORTRe RATICUAIACBE MiSlfnce

the sunﬁaﬁéiqrddgméa(}@g iEhQQIBﬁ@aﬁ@ b@ﬁ@é@@p@t@ﬂwm@mwamm@,ed orior
the Pagl, Saraliaaly-1bR 908 TVGALRIARIAR DENKGAR,E! and LIS such

that a strong driving force exists -for the Al to difft m'yhe substrate

102 M8 groupeineialel 49 iia.4 alrysueheramic B2 shiée8lywsaisiedng of
region, 106y 5k GOMPASHNRS WiLh DRaalia e RUR0SREYEANS i fied
than about I§\)/vt% 1typically resu_it in?ilgr%Al pha@efo mg%f)n in tf?e sal%r e{%tg&lﬁe
modiffegipagion 1ues armewreanieasuil YPtheoeesmintiBrnos vetAstcT@roat 204.

preci@%@%ﬁ%ﬁ&%@ééﬂ e g@&%ﬁﬁémﬁﬁh@%&ﬂﬁfé,@%@ﬁgg a%gfs

also has an impact on the diffusive mixing behavior in the article 10

well a’gt@hi,m%@mm’oﬁeoﬁﬁ%smﬁ@é@mwdm@f@gi@wm& tppeoat 204
example. {6 RIRIroHR MERIRUE R4 RS ﬁ@ﬁhﬂ?g&%@k%& %{JR 'gases
ave a Pt-g a

the surface modified layer 106 most likely will up met

modifféelyas §gsatingevpResaneritary e phdednaihil s ermuigibuo siterprocess
layer yith.a Mﬁ&i@&ﬂgﬁﬁts LHRBAR0U A Ta@ert%( Bbc?é('ﬁ%e Qb M WQuface of

about 8 gm, will most likely have a Pt-group metal mo y +y' coating

with disrivadres pediSedoaden The dhrpbematisteiin exédedE0) layer 206

Cemeﬂl@ﬂﬁ@s%ﬁ%ﬁﬁﬁ Qxlﬁpip%&)ﬁglly an adherent layer of I-Al,O3. The bond coat
layer 106, the TGO layer 206 and the ceramic topcoat layer 204 form a thermal
barrier coating 210 on the superalloy substrate 102.

[0060] Preferred embodiments of the invention will now be described with

reference to the following examples.

Examples

Example 1

[0061] An electrodeposition bath was prepared using a tetra-amineplatinum
hydrogen phosphate solution ([Pt(INH3)4]HPO4). 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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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 NiAl phase
structure in the surface modified region 106. Typically, a pack
cementation temperature of about 900 dC resulted in some P-NiAl phase

formd@8f3Y her&beqprapastlisenilenetiothaf (adtiAlapoaiiedstmeiediclshThe

surfag&m@éﬁgg e, 198, pack entation temperature should
preferably be a{nt%#ne(% %?ﬁ%‘gf‘fﬁ%enagggg?%oc, preferably about 750C.

[005 73w Wimgite dehd¥ilioh process, the article 100 is preferably

coole@eggE%g%lt@mggrq’gure, although this cooling step is not required. 13
AMENDED SHEET WO 2006/076130 PCT/U52005/045927 [0057]

Follomﬁ@‘"t}%%@ﬁ%‘éﬁﬁﬁnlﬁf%%é‘g@fﬁb article 100 is preferably cooled to

roomeEResaitEn@ ENRYatyiRis cooling step is not required. [0058]
FO"O%% formation of the surfidce-modified region 106, the article 100

may SR\ HRY AL ARRds agdeatherisertie of about 900C to about

1200&ded¢iPto about 6 hours to stabilize the microstructure of the surface

modified layer.200. The optional heat freatment step may be conducted
prior #gﬁ%céoﬂ&gpeé)%seug?r ?§é’rf6(53f§°c”6 ed to roora temperature. [0059]
Refeffifigdh FigT6, modyer aPtefmodidiadty iiaty-dinsistinging inawtdiy v*
stabil] [reoni tionall applied e surface madified

reqion 0B B B R o B R S S 4
204. revids I@%@rm%c&@aﬁ@ Sonilsivie ), Iﬁomimrmiﬂy; pack is that Al
Chropaliog SametHIN bR PHDUUS 36 offAS S SRRSHANPIHE B+

ceramic topcoat 204 conventionally takes place in an atmosphere
inclugnrirbss gurfassasines Bdeseasps theschrgaisalmmtipitsehod irpagdan
duringythe serRmiegeposition process makes it inevitable that a thin
oxide scale layer 206 is formed on the surface of the surface-modified

regioP4BY. TheHBRARFG LRRHTIS TR 258 or 800°C and an NH,CI

activator content of about 1 wi%e, it was found that PrHE-modified coatings
can be obtained. The following section will discuss the effects of specific
experimental parameters on the microstructure and composition of Pt+H{-

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 Al4+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
um) resulted in a Pt-modified y and §' coating with ¢ being the primary phase.
By contrast, as shown in Fig, 7B, a Pt modified y and vy’ coating in which v' is
the primary phase formed from a thicker Pt layer (about 7uum).
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includes alumina and is typically an adherent layer of I-A1203. The bond
coat layer 106, the TGO layer 206 and the ceramic topcoat layer 204
form a thermal barrier coating 210 on the superalloy substrate 102. [0060]
Preferred embodiments of the invention will now be described with
reference to the following examples. Examples Example 1 [0061] An
electrodeposition bath was prepared using a tetra-amineplatinum
hydrogéhaphtesplimpezsblution ([Pt(NH3)4]HPO4). The superalloy substrate

was 4 wi imate dimensions 15 x,10,x 1 mm. [0062] The

su pera]cloy sljt.)strtfglt—ig %%r%%}l{g?/v%fuﬁmaﬁ?ﬁhﬁ%c B6Y afisehegrtent
uhsing ;ﬁb@pmkedm ﬁeanmgmir@mdlnﬂﬁﬁgipmdw? fHe%k 12
the sample | . ri ith a.tissue. The .
sample waﬁﬁﬁ%&%&%r% ggl%@lg?)&aﬁ%dg% i?)%%‘? nll?nﬁé(jess fﬁ‘?‘ durm.g
[ooas]lﬁﬁ&tﬁfeﬁﬁaﬁ% g&wé Vg deasned destordp ouieibameonatistdly isTequired
electradenasiionARpOHIINSHNEFS A5HAl ANy %g%%%%m&%@%

Temp(ﬁF t ée 95 C pH -- 10.5 (adjusted using N osition'time =
0.5 hotif!SithancE'BE 8 sheoers’s sareamwinn 2t fariogesliahtly different

Anodedathederstigagsaiethéaiiek: PHOCBAEIP MiRdMceR il or
rxaodi'ia g&gﬁm ':Ni3Ajg\§%atin21§ which y' was the principal phase,
packs CORSIRTY BPER PoWEFLYE ity AREFAAE frdfRs 1 hour, and then
asseshest-TFoaibgsis hhosing NOAPO0WdahiwhenFigk datiatAk fsaniidat 0.5
super ill e driven to diffuse oufward to the, Pt- enriche
o A e E e R S0 TR e AL
structd¥eferring to Fig. 8B, 1 wi% Al resulted in a B-NiAl phase 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 ALOs powder, can form

a Pt-modifted v'-based surface layer. Figure 8C shows the coating after pack
cementation for 1 hour at 800°Cin a pack containing Hf (5 wi%) and ALO;
pawderé. 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 wi% Al in the pack.

Hf content in the Pack

[0070] It is known that Hf partitions to the K' phase, and thers 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 wi% Hf in the pack
resulted in a detectable Hf content (above about 0.3 2i%) in the y + y'coating
(see Fig. 8C). A y'-based coating containing above 1 at.% Hf was deposited by

controlling the hafnizing conditions.
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[0065] Using a pack deposition temperature of 750 or 800C and an NH4CI
activator content of about | wt%, it was found that Pt+Rf-modified coatings
can be obtained. The following section will discuss the effects of specific
experimental parameters on the microstructure and composition of Pt+Hf-
modified coatings. Thickness of elecrrodeposited Pr layer [0066] By heat

treating the Pt-coated sample, a simple Pt-modified coating can be
obtaifeRALamed Pack i smtarianlieetiusion. It was found that the

thickpegs19f denesiiadiinaies ailesisimReanine s eelufiBresl deposition.
compositjggﬁand relative proportions of K cé\;/ Frlgure 7 shows th
ritb

coati A IR FEIPE HER O RECMSIER A ibiEe Pesinhameiof Al
eleetiedoprsitadiBtiaydighchnessesiRp{Ruinglio fFHapdpdint of sbammitmb v +
a thin Pt layer ( m).tesulted in a.Pt-modified y and y; coati j

3 Do B BN ot LA AR AP G P R g 200"
modifiexiiedrin gersafiidiid frohticts whizlpsmahaphtstraios fored foorhphase
thicker,Pt.l 7m).l tRAk]

(006 At S E g heoe b e NG0B s

of alsiimarhinBikaddifed 8-k rortinygraingd emEhiertsrmppoater 1-
12 St gendiives el dagia plareshed sikom.

t-treatment. Thus, it was deemed that only small amount of Al

is redamates oo dirstelsaRgdenasisd with andum By lawet delowed by pack
Cem%ﬁ&ﬁ{giﬁﬁﬁ% [(8688Ack 181 e B SRMS MR ek S ANENIBHOMECHEMS then a
|

for two slightly different Al powder contents in the pack. The cpatin

p roc@%g?@giﬁﬁwl gbﬁ%ﬁ%%@%‘hﬁﬁ%ﬂ eV fg?s‘ﬁ% ,t‘éI{ﬁW‘ﬁi ?ﬁé‘%ﬁgﬁf

800 GrfRiuhhoEvanchthrRifinabdiaatiagerdiffoyba a6 OMorésvahBveinisted
Fig. 8A, it was found, that 0.5 wt% Al in the pack is@enough to proguce

y' coatiFyfiwtherbeat peatmarh Thisdningles g vais abloiorms ool the
a (3-Mivihahase siruatuisikg tbmpeoaiing shehiriiddreraslietdapabiiowAbout

intake resulted In the formation of W-
800 °C.

Example 2

[0072] Referring to Fig. 10, 2 thin layer (about 60 microns) of a Ni-Al-Pt
alloy is diffusion bonded to a 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 subsirates, 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 exeellent oxidation resistance that can be gained

by using a reactive metal modified Ni-Al-Pt coating with an enhanced
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rich TCP precipitates in the vicinity of the coatinglalloy 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 A120s powder, can form a
Pt-modified y'-based surface layer. Figure SC shows the coating after
pack cementation for 1 hour at 800C in a pack containing Hf (5 wtO/0)
mid A1203 powders. It is seen that the obtained coating ptructure is very
similaoteehéathpniraadtiye restd, Thichlotasoifferert faliskk codbigg

-
E’JE??W%%‘%‘%E&?%?&%J i P A AT R s T R
must comtingeihexrsagttmestal reetided Nltﬁé*Bh@Rﬂté)ﬂéB‘t&Wilﬁ 0.5 at% Hf
sufficigstly, Mgl Bl-H8RastoRaler SERmEBIS el ed RS 9&@9 ma ed to

wt% Hf in"the pack resulted in a detectable Hf content (above about
atos) AHey & oyelsadhy e delfiy! aeefing Méggm}aﬁ ﬁaébﬁ%ﬁam@tmg

above | at.% Hf was deposited by controlling the hafnizing conditions. 16
AME DED HEET Temperature ofPack Cementation Process [00711
Tempetatt e| a factor in determining the extent of Al deposition. At

hig he[ﬂﬁﬂﬁperaﬂgslémﬂmmreﬁom% wkinl thedifiek, Nie\dJhplyatislaccording

becomes suffi CI for unW nted the dpo in
ve:o &518@01'1 2 NS sec{]%e ggg‘g‘ ﬁ%@r%lloy

y+y CO&an minizing tempera

-900@1bevsmeed7ﬁa d!éwsimfss mmfmmanmn whitle thaeugh e oatingofffig. 14

t mw ?1?& MK
C(:) )Ililgg?le? ows tk&%égt mod |§§j§ A(;Iac% t| obtalﬁsg?)%%%lgﬁt of
samphigs éﬁ@h@ﬁé&%@éﬂm@w&t @m@wﬂl Gk@ Aot BFee SOC

(Fig. 913). The samples were first electrodeposited with a -5m Pt layer,
followed by pack alumlnlzmg (Bwt% Hf, 1 wi% Al, lwtlo N144Cl, a
st i,

A120809 8k ceftarmbrs Pt erhadirasis MveRtigchaves Rera
was WW&%I@%} it il Ipsagidassuih ol Widishs predifitatiminihe be made

mterdﬁfg}smp dz %gﬁm'\é eov&ré Sspg‘ltrgﬂs escnpe of the invention. Accordingly,
other embodiments are within the scope of the following claims.
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with further heat treatment. Thus, in order to avoid obtaining & phase, the
aluminizing or hafnizing temperatures should preferably be kept below

about 800 C. Example 2 [0072[ Referring to Fig. 10, a thin layer (about 60
microns) of a Ni-Ai-Pt alloy is diffusion bonded to a CMSX-4 superalloy MCSLLP
substrate. The layer is seen to have excellent oxidation resistance, as

well as excellent compatibility with the superalloy substrate. Example 3
COMBASKigs. 11-12 show a reactive metal modified ,Ki-Al-Pt coating on

two differentsuperailoy substrates, CMSX-4 (Fig. 11) and CMSX- 10 (Fig.

12). These coatings have minimal topologically close-packed (tcp) phase
formatidrminti fiot erdiffug ionazodei (itecg dyeucoatinds todrasesalioy

transition zone). Example 4 ig..13 ; xcellent oxidation
resistagage th tggha(]tl)%g gg?l g(gg%g %E%rg%ga%&%}n tallxr%%id%?éd Ni-Al-Pt
coatindlwith adepetitingedayer AMEN RRDPIREE Predivcamesalbry ghbstrate to form
reactivg %E%la The.nlat.compares.a {3-NiAl coating, a reactive metal

modified NRAI-Pt coating having 0.01 at% Hf (RR) and a coating with a
reactivécinetafippodifiedl Ri-AbPPeczmng Mo substrte(ISUy. Henical vapor

agszﬁmo@%d%&stﬁqo%%é'aame@f Q¥Rr 1008 Ry ClfSnEAMRALEA dO RJRPURe  group
50 cycles for the (i-NIAl coating and 100 cycles for the RR coating.

Easnphe D007 5prfge. 1 Hows e dcivdastetap thderied N icrogo stlisgein the
ase9rding die an.epbrdimentet the mventian.anpliad OR B N-BasSRActive element
Rene-N5 superalloy substrate. Fig. 15 shows the composition profile

tRrESLRH sheoBeritifg i6R igPrex destniedburel Uing lenbatrorepryigion, and wherein

ic is { . The EP t.0f. Fig- 15, 5hows that Hf iy . % o
o g T B CE

gmbodimversisottie invention have been described.

2. The method of claim 1, wherein y *-Niz;Al is the primary phase in the surface

modified region.

3. The method of claim 1, further comprising heat treating the Pt group metallized

substrate prior to step (c).
4. The method of claim 3, wherein the Pt group metallized substrate is heat treated

for about 1 to about 3 hours at a temperature of about 1000°C to about 1200°C.

5. The method of claim 3, wherein y ’-Ni3Al is the primary phase in the surface

modified region.

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 x m to about 12 pm.
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Nevertheless, it will be understood that various modifications may be
made without departing from the spirit and scope of the invention.
Accordingly, other embodiments are within the scope of the following
claims. 18 AMENDED SHEET MCSLLP CLAIMS: 1. A method for
making an oxidation resistant article, comprising: (@) providing a
superalloy substrate comprising Ni and Al; (b) depositing a layer of a Pt
group fMietahothtkdeof upenalfoybeatrstrabe toddine edrtaptonpatvstallized the group
surps% ate Oﬁﬁ){%'ezp B%HQ%I%BI e gtsgﬂg%fnetalllzed substrate by a
emicaf vapor eposmon process at least one reactive element
selected from the group consisting of Hf, La, Ce, and Zr to form a surface
odifefltegiandhsicanisiaindfisnatdiase aadiiad fegien comprises
the Pt-group metal, Ni, Al and the reactive element In relative
concentratlon to provide a y-Ni - y'-Ni;Al phase constitution, and wherein
surigee magics (RN CAMRUSES AR AU ABMAADAT M-t Bare into the
about 5 wt. % of the reactive element. 2. The method of claim 1, wherein
ymlfngmmgchfeeéﬁmy phagelisclseted ffase e RTFEYGEISHNS. of e, Co, Mo, Ta,
ﬁtﬁgdaﬁﬁqm&m{WﬁQ%&@pr”S'”9 heat treating the Pt group metallized
substrate prior to step (e). 4. The method of claim 3, wherein the Pt group
metallized substrate is heat treated for about 1 to about 3 hours at a

ﬁqmper?ﬁlérﬁl%%g%{t A200¢, taabout t%%qfe&t@eﬂik%{&%@é§ Sl m a pack,

wherein y'-Ni3Al is the primary phase in the surface modified region. 6.
Tbvrhetpisd st eistnisiatiriernar e PIgeRs MO s phont ﬂw@n%thod of
claim 6. wherein the layer of Pt group metal has a thickness of about 3 At

in to about 12 At in. 19
12.  The method of claim 1, wherein the reactive element is deposited from a pack,

MCSLLP

and wherein the pack is at a temperature of about 750°C.

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

of about 0.5 hours to about 5 hours.

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

of about 1 hour.

15.  The method of claim 1, wherein the reactive element is deposited from a pack,
and wherein the pack is at a temperature of about 750°C for a deposition period of about

1 hour.

16. The method of claim 1, further comprising cooling the article to room

temperature following step (c).

17.  The method of claim 16, further comprising heat treating the article at a
temperature of about 900°C to about 1200°C for up to about 6 hours following cooling

the article to room temperature.
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MCSLLP 8. The method of claim 6, wherein the reactive element is
selected from the group consisting of I-If, Zr and combinations thereof. 9.
The method of claim 6. wherein the reactive element is HE 10. The
method of claim 1, further comprising diffusing from the substrate into the
surface modified region a metal selected from the group consisting of Cr,
Co, Me, Ta, and Re, and combinations thereof. 11. The method of claim
1, wherein the reactive element is deposited from a pack, and wherein
the pack is at a te rature of about 650C ta about 1100C. 12. The, .
ot CEATICE, UREVATH dre EREEveS BERLIR Rt SGEIfeR 5 packlioving
ang whareincthpepackeisfatbadeagoe atursbohalirT50Cu 3o Theuntehoack.
of claim I, wherein the reactive element is deposited over a period of
about 0.5 hours to about 5 hours. 14. The method of claim 1, wherein the
reactive\alenherdtds idebingitettoyerauperisttaftaibocie lchmpidibg The

method éﬁf claim li herein thel{gacszltlivsetrgj[grpoent ]i[s de 1sgre1&l rom a pack,
and wh{e bout for a'déposition

MCSLLP

ein tll?éob/a%ﬁ%saasﬁl B l@mperatire 6f a
period ¢fabouteokioimg 4 Bajidiefrigthadiof slgerallpfustitetragmiprising a platinized
coolingstrl% ?r%éc.le to room temperature following step (c). 17. The method

of claim 1 , flirther comprising heat treating the article at a temperature of
about 900C tohahoat2ROG:fplatipitsdbdwtiBthours following cooling the

article to,yoom_temperature. 20 MCSLL 8. Th ethod.of claim 1,
ferther SO peTRGR SO 5008 MEOGOLEAMAin the source
temperaturerokalfoluagDo G tivo aleh200Gelorteg foocabdt @leoprsonsBiing of Hf

methoda% %aéﬁjlraq: %mggggg%%lreeoslj;sg{gat article, comprising: (a)

providing a superalloy substrate comprising Ni and Al; (b) depositing a
layer of ®t on depasiipesdion shb sarateata fomperglatinizdess than about 800°C onto

the platinized substrate to form a surface modified region thereon, wherein the
surface modified region comprises Pt, Ni, Al and the reactive element in relative
concentration to provide a y -Ni + ¥ *-Ni3Al phase constitution, and wherein the
surface modified region comprises an average of about 1 wt. % to about 5 wt. %

of the reactive element.
20. The method of claim 19, wherein the filler comprises an oxide powder selected
from the group consisting of aluminum oxide, silicon oxide, yttrium oxide and
zirconium oxide.
21. The method of claim 20, wherein the filler is aluminum oxide.
22.  The method of claim 19, wherein the pack further comprises an activator
comprising a halide salt selected from the group consisting of ammonium chloride,

ammonium fluoride and combinations thereof.

23. The method of claim 22, wherein the halide salt is ammonium chloride.
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substrate; (c) heat treating the platinized substrate; (d) providing a pack
comprising a source and a filler, wherein the source comprises Al and a
reactive element selected from the group consisting of Ilf and Zr and
combinations thereof, and (c) depositing from the pack at a temperature ofyycg| | p
less than about 800C onto the platinized substrate to form a surface

modified region thereon, wherein the surface modified region comprises

Rt, Ni, Aleandtblod réatiive Elementin fialativeccomenietionan pioliddhg jeactive
e SNiRAl phase constltion, aodwhereindbe swiRqsmorifiad 1 we. % 1o 3
region comprises an average of about 1 wt. % to about 5 wt. % of the
weddtivetiterrent20¢chartmethod of claim 19, wherein the filler comprises

an oxide powder selected from the group consisting of aluminum oxide,

silicon oxide, yttrium oxide and zirconium oxide. 21. The method of claim

20, wHEheimeHe Il ianPiruhsreiidee p2ctiNe dismptidt diaim 19,

wherein the pack further comprises an activator comprising a halide salt
selected from the group consisting of ammonium chloride, ammaonium

Huioridd enebathirizdains tersaron eRowetHomsrepiabo Whafeirp to about
fh&h@(}li{}@éﬁ[&iggmmonium chloride. 21 MCSLLP 24. The method of

claim 19, wherein the source comprises an amount of the reactive

element sufficient to provide the surface modified region with greater than

37Wt. %0 3 Wb % ofihed eactivesioment :Zhtilbemetind olichisnaddat a pack
wherein the reactive element is Hf. 26. The method of claim 19, wherein

tpranssutEe ebriptsésabout 0.5 wt. % to about | wt, ./u metallic Al. 27.

The method of claim 19, wherein the reactive element is deposited at a

ack temperature of about 750C. 28. The method of claim (}9, Wh%'ein .
e reabivaelBAd SR st TR E peasbiye clement 1s deposited Gver a period

of about 0.5 hours to about 5 hours.

20.  The method of claim 19, wherein the reactive element is deposited over a period

of about 1 hour.

30.  The method of claim 19, wherein the reactive element is deposited at a pack

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

31.  The method of claim 19, wherein the platinized substrate is heat treated in step

(¢) to a temperature of about 1000°C to about 1200°C for 1-3 hours.

32.  The method of claim 19, further comprising heat treating the article following
step (e) at a temperature of about 900°C to about 1200°C for up to about 6 hours.

33.  The method of claim 19, wherein »°-NizAl is the primary phase in the surface

modified region.

34. A method of making a temperature resistant article, comprising:
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of about 0.5 hours to about 5 hours. 29. The method of claim 19, wherein
the reactive element is deposited over a. period of about 1 hour. 30. The
method of claim 19, wherein the reactive element is deposited at a pack MCSLLP
temperature of about 750C for a deposition period of about 1 hour. 31.
The method of claim 19, wherein the platinized substrate is heat treated in
step (c) to a temperature of about 1000C to about 1200C for 1-3 hours.
32. Thgymethagefigiain 19 dudhen comprisiegteatwibsiting toefarticle platinized
following step (e) at a temperature of about 900C to abgut 12Q0C: for up
ths frsi %s&af aQuL 12

to abotH B S PSP HASHIRRBY OF Iaih 10 “WhBrein y-NisSATS the

primargpphasgeit thesugfaeeplmodifiddubgiate; 34dA method of making a
temperature resistant article, comprising: 22 MCSLLP,.(3) deRaskig@ onto th
qg/er otPBr 8H‘§s%83lraﬁ‘lé§?§6ba§traa€§% ?6%%% 8%%1%%3 Substrate, onto e
Mihareinithelsuperattoyfsubsirate omprisE§ & ane o; tiioydesat et the pack
the platinized substrate;and (c) depositing from a pack at atempeeatuigr and Al
%‘?f’i@??ﬁé‘ﬁ% Gt Oa(:fg%{é%#gd“éggfléﬁge substrate tﬁorm a surface _
suddified régiontiisreomodifiereirethenpackipiieprideshd-sdlircengnd b in relative
filler, and.wherein the squrce,comprisas Sufficient. Hi ang:Al. sYEB-hatihesurface
%%%‘fg@é%%%ﬁ% rr(()a‘éllloen %gm?r\)]?i;ef Pt,1 i, Hf and Al in relative 1
FRACERITRIAMCoRIpMIdS anyaviliatey/bNiBAltphaseconstitutionyiwheldin the
surface modified region comprises an average of about | wt. % to about 5

wt. % HE 35. The method of claim 34, wherein the source comprises 0.5

v % toht Wieto dndtaliinAB |6wHdreiméthcduwtcleimBdseneteirt.the to 1 wt. %

de%ﬁiti&%in step (e) is conducted at a temperature of about 750C. 37,
P ethod of claim 36, wherein the deposition is conducted over a
period of about 0.5 hours to about 5 hours. 38. The method of claim 36,

%\I& erei[ﬂ"}gg em% T i(t)iP r(!liaslr(r:xoﬂgu\%%ge?ﬁ/ %ﬁea&%%ggi&tl in step (¢) is conducted at a

temperature of about 750°C.

37.  The method of claim 36, wherein the deposition is conducted over a period of

about 0.5 hours to about 5 hours.

38.  The method of claim 36, wherein the deposition is conducted over a period of

about 1 hour.

39.  The method of claim 34, further comprising cooling the article to room

temperature following step ().

40.  The method of claim 34, further comprising heat treating the article following
step (¢) to a temperature of about 900°C to about 1200°C for up to about 6 hours.

41.  The method of claim 34, wherein the platinized substrate is heat treated in step

(b) to a temperature of about 1000°C to about 1200°C for 1-3 hours.
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about 1 hour. 39. The method of claim 34, further comprising cooling the

article to room temperature following step (c). 40. The method of claim

34, further comprising heat treating the article following step (c) to a

temperature of about 900C to about 1200C for up to about 6 hours. 41. MCSLLP
The method of claim 34, wherein the platinized substrate is heat treated in

step (b) to a temperature of about 1000C to about 1200C for 1-3 hours.

23 MCSll BethddTdecmethod ofteiaim B4Nvhereintlye-NidAdig fhegerimary surface
phase in the surface modified region. 43. A method for making an
pRibEgdnegEsistant article, comprising: (a) providing a superalloy substrate
comprising Ni and Al; (b) depositing a layer of a Pt group metal on the

superalloy substrate to form a Pt group metallized substrate; (c) providing

4 gas ComphemPaIaREEHEPELREvR SRR SIS e group

consistig of Fbiairfee Spaadsosubitationsnipereef Ninthddhreacting the

gas with the Pt group metallize gs(‘%bstrate to f%[m alsurface 1Tnodifibe(%irate to form
region ereofCRIALHEHPIRE S OO B EotBr e the °°
Pt-group:metah NetAliantsthererctive element in relative concentration

to provide ay -Ni -P y'- Ni3Al phase constitution, and wherein the surface
modifiét! regiGROCOMETI8R S T AVBIAYE 8 1ev%/%.t 9 'to'& %meSe\iAe/:El %' etlﬁecz%ed from
reactivgelementoddisiineon e od,af clainudBewheireinioyisNiBAldS thd

éxﬂggee ns1u t%?a eo lcg ! I.%A'a?’é,urface
a S

primary phase in the surface modified region. 4
furtherxéimprfgﬁ?él%gﬁl%%tﬂg k?he%?tg%gﬁl r%n(g? ized “substrate prior to
stegifie)l 46idihenarethodvhéciainthdspviiereio dhéePtrgeoup snmediiizedhe Pt-group
substrate | heat, treated for about | to about 3 hours at ature. of;: ;-
50 00T B TGO AR A B RSB IEON 7
SroNPReRLE RinABn] hedmekien alclaimdSmvbigrelndpetayenpfift an average

group metal has a thickness of :
of 1 wt. % to about 5 wt. % of the reactive element.

44.  The method of claim 43, wherein }’-NizAl is the primary phase in the surface

modified region.

45.  The method of claim 43, further comprising heat treating the Pt group metallized

substrate prior to step (c).

46.  The method of claim 45, wherein the Pt group metallized substrate is heat

treated for about 1 to about 3 hours at a temperature of about 1000°C to about 1200°C.

47.  The method of claim 43, wherein the Pt group metal is Pt.

48.  The method of claim 43, wherein the layer of Pt group metal has a thickness of

about 3 xm to about 12 pm.

49, The method of claim 43, wherein the reactive element is Hf.50. The method
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about 3 fi in to about 12 fi in. 49. The method of claim 43, wherein the
reactive element is Hf.50. The method 24 MCSLLP of claim 43, further
comprising diffusing from the substrate into the surface modified region a
metal selected from the group consisting of Cr, Co, Mo, 'Pa, and Re, and
combinations thereof 51. A method for making an oxidation resistant
article, comprising: (@) providing a superalloy substrate comprising Ni and
M (ahdepositingadayerieig Riffroup fetallon thessaperatiothsstratenodified

form a Pt group metallized substrate; (c) depositi n the reup
‘i‘??éf’é}Iiiéﬁ%ﬁ?bé%}gfée%y%é)%hsé%igé?%%pgé)fl%lgggéit?gﬁtv )'ﬁér%ci‘ég and Re, and

deastipneoresabtv@element selected from the group consisting of HE La,
Ce, and Zr to form a surface modified region thereon, wherein the surface
modified region comprises the Pt-group metal, Ni, Al and the reactive
glement inadladiver wokoarratividat qrosdieant solishe\cOTPYSNERAI phase

consityion, apd whereln 10 aGAMAB TS EGIRR ComRises an
averag ajof about iCHv%é %/%t 5%0 t 5 wt. % of thg reaé::tive element. 25
(b) depositing a layer of a Pt group metal on the superalloy substrate to form

MCSLLP

a Pt group metallized substrate;

() depositing on the Pt group metallized substrate by a chemical vapor deposition
(CVD) process at least one reactive element selected from the group consisting of Hf,
La, Ce, and Zr to form a surface modified region thereon, wherein the surface modified
region comprises the Pt-group metal, Ni, Al and the reactive element in relative

concentration to provide a solely y -Ni + y *-Ni3Al phase constitution, and wherein the

surface modified region comprises an average of about 1 wt. % to about 5 wt. % of the

reactive element.
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