MIXTURE AND TECHNIQUE FOR COATING AN INTERNAL SURFACE OF AN ARTICLE
TECHNICAL FIELD 10001] The present disclosure generally relates to techniques for coating an
internal surface of an article. BACKGROUND [0002] Nickel- and/or cobalt-based superalloys effective
for use in high temperature environments are commonly used by the aerospace and power industries.
While such alloys are inherently strong, they are generally not particularly resistant to corrosion by
high temperature gases. Corrosion and oxidation-resistant coatings are therefore often applied to the
superalloys to improve corrosion and/or oxidation resistance. 100031 Internal coatings to protect those
superalloy par®¥IE&h BRIANIRdBGEMOIEE JTfR ORBINGIA NHOITBRINIISS CREMECRINBAN deposition
(CVD) methods using a reactor to generate a reA&WECAlbearing species, or CVD methods that use
above-the-pack technology, have been used. Both methods are generally effective, hut require a
sizable investment in equipment and the like. Moreaover, in the case ofabove-the-pack processes,
there is a significant amount of waste geneTgtg&waé&r%%ﬂ'osive gases that require scrubbers to
capture activé08périss andéor doriventtherr itinsetuou spodustsorSUIMMAR Y [R0041:a.general, the
disclosure is dirgeted.fo a mixture and techniques for coating an internal cavity of an article. In some
embodiments, the article may include a turbine vane or turbine blade, and may be formed of a
superalloy substrate comprising Ni or Co. The article may include one or more cavities, which may or
may not be interconnected. The coating techniques may generally include introducing a mixture into a
cavity of the article and heating the article an&‘%g\ﬁ@. &Yﬁixture may be in dry powder form, or may
be a slurry or[806peNgibei-ima/titeithteriied sperdnaysisgidee-an aldminwm Sepee@ad an organo
halocarbon agg\vlla}g%g When heated, the rgﬁ1t Qalocarbon %ctivator @a% decompose and release a
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halogen species, which reacts with aluminum in the aiuminam SGUPEE B fsrnt gHe such alloys

are inherently strong, they are generally not particularly resistant to corrosion by high
temperature gases. Corrosion and oxidation-resistant coatings are therefore often applied to
the superalloys to improve corrosion and/or oxidation resistance.

[0003] Internal coatings to protect those superalloy parts can be applied by several different
methods. For example, chemical vapor deposition (CVD) methods using a reactor to
generate a reactive Al-bearing species, or CVD methods that use above-the-pack technology,
have been used. Both methods are generally effective, but require a sizable investment in
equipment and the like. Moreover, in the case of above-the-pack processes, there is a
significant amount of waste generated, including corrosive gases that require scrubbers to

capture active species and/or convert them to innocuous products.

SUMMARY

[0004] In general, the disclosure is directed to a mixture and techniques for coating an
internal cavity of an article. In some embodiments, the article may include a turbine vane or
turbine blade, and may be formed of a superalloy substrate comprising Ni or Co. The article
may include one or more cavities, which may or may not be interconnected, The coating
techniques may generally include introducing a mixture into a cavity of the article and
heating the article and cavity. The mixture may be in dry powder form, or may be a slurry or
suspension in a liquid carrier, and may include an aluminum source and an organo
halocarbon activator. When heated, the organo halocarbon activator may decompose and

release a halogen species, which reacts with aluminum in the aluminum source to form an
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aluminum halide. The aluminum halide may then diffuse to a surface of the cavity, where the aluminum
reacts with and is deposited on the surface. [0005] in one aspect, the present disclosure is directed to
a method including introducing a mixture comprising an aluminum source and an organo halocarbon
activator into an internal cavity of an article, and heating the article and the mixture to a temperature
sufficient to form an aluminum halide, which deposits on a surface of the internal cavity to form a
coated article. 100061 In another aspect, the present disclosure is directed to a method including
depositing on an external surface of an article a first layer comprising Pt. Si, and a reactive element
selected frompthigroumbdnsiStnguofitiin Yialid Gs; Benatiiicomhisations theregfintiaducing a mixture

comprising algiiiim, m@@@@g@g Q%ng?gg)gg ﬁgtrl,\(l%ta%r into an internal cavity of the article, and
[

depositing a second layer comprising Al on the first layer fo form an alloy including a T-Ni -HI-NisA |
phase constitlftfdA] Wik ther sdkoprasryeise depositbesiiththenstyao dalocsiredaativator. [0007]

The details ofsireercogsesRROdManis b e ventionAerseldom, i&mﬁr&‘%‘ﬁ%%ﬁ’%'}?iﬁ‘% drawings
and the descgg\gi?go elow. thegggeature?ﬁsob'ects, and advantages of the invention wi be apparent
on

from the description and. arswiigachRg & B15ifRS TE YRR OISR FONTORDRAWING S
[0008] FIGS. #AdlCnitepidtlidriovsoiews sifam exarfipledibingdptatdewwhishdnsweas.a plurality of
cavities. 10009} 5IG. 2 is a flow diagram that depicts an example technique for depositing a coating on
a surface of an internal cavity of an article. [0010] FIG. 3 is a flow diagram that depicts an example
technique for [PRP8HLEAGhehTsaere irraseridiyc footels EIGBd MieanddB actidigsseseadtional views of
an example tuebine Rtagle surface of an article a first layer comprising Pt, Si, and a reactive element

selected from the group consisting of Hf, Y, La, Ce, Zr, and combinations thereof,
introducing a mixture comprising aluminum and an organo halocarbon activator into an
internal cavity of the article, and depositing a second layer comprising Al on the first layer to
form an alloy including a y-Ni +y°-Ni3Al phase constitution, where the second layer is
deposited with the organo halocarbon activator.

[0007] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and advantages

of the invention will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0008] FIGS. 1A~1C depict various views of an example turbine blade, which includes a
plurality of cavities.

[0009] FIG. 2 is a flow diagram that depicts an example technique for depositing a coating
on a surface of an internal cavity of an article.

[0010] FIG. 3 is a flow diagram that depicts an example technique for introducing a mixture
into a cavity.

[0011] FIGS. 4A and 4B are cross-sectional views of an example turbine blade.

[0012] FIG. 5 is a flow diagram illustrating an example technique for depositing a coating on
an external surface of an article and depositing a coating on a surface of an internal cavity of

the article.

[0013] FIG. 6 is a side view illustrating an example article immersed in an electrophoretic
bath.,
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[0012] FEU. 5 is a flow diagram illustrating an example technique for depositing a coating on an
external surface of an article and depositing a coating on a surface of an internal cavity of the article.
10013] FIG. 6 is a side view illustrating an example article immersed in an electrophoretic bath. [9014]
FIG.7 is a side view illustrating an example article immersed in an electrophoretic bath and coated with
a layer including a Pt-group metal, a reactive element, and Si. [0015] FIG. 8 is a side view illustrating
an example article coated with a layer including a Pt-group metal, a reactive element, and Si immersed
in a second electrophoretic bath. [0016] FIG. 9 is a side view illustrating an example article immersed
in an eleetropYrbtid Baths éoate o withlkshisinaye exaeioling dPirgroup metat) @repictivecelement, and

Si, and a secakldayesanelwaing A fORIIiIRIG B: 40AARE1 0B are essssectipngl diagrams that
depict locatio 1} ag turbine blade at which coating thicknesses were measured for Ta‘b_le 1J0018]
FIGS. 11A ar[:(}]ﬁ 1% éﬁéé& LAY TR RS b AR P Ko TelerRacd ik & vssineldinsal view of an

example coatingpwizich stwaws theemiarosinfitimeakanialuminitdecoatipg ey surface of a cavity.
DETAILED ngé%%lf’él' QM side view illustrating an example article immersed in an electrophoretic

bath coated with a first layer including a Pt-group metal, a reactive element, and Si, and a

second layer including Al

[0017] FIGS. 10A and 10B are cross-sectional diagrams that depict locations of a gas turbine

blade at which coating thicknesses were measured for Table 1.

[0018] FIGS. 11A and 11B depict a heat tinted turbine blade.

[0019] FIG. 12 is a cross sectional view of an example coating, which shows the

microstructure of an aluminide coating on a surface of a cavity.

DETAILED DESCRIPTION

[0020] In one aspect, the present disclosure is generally directed to techniques for depositing
a coating on a surface of a cavity of an article. The coating may be an aluminide coating and
may be deposited with an organo halocarbon activator. In some embodiments, the coating on
the surface of the cavity of the article may be applied substantially concurrently with
application of a coating to an external surface of the article.

[0021] The coating may be applied to any article, and may be particularly well suited for
application on superalloy articles including Ni and Co. An article including any conventional
superalloy may be used, including, for example, those available from Martin-Marietta Corp.,
Bethesda, MD, under the trade designation MAR-M247; those available from Cannon-
Muskegon Corp., Muskegon. M1, under the trade designation CMSX-4, CMSX-10: and the
like. Typical superalloy constituents such as, for example, Cr, Co, Mo, Ta, Ti, W, Re, and
combinations thereof, may optionally be added to or present in the alloy composition. In
some embodiments, the article may be component of a high temperature mechanical system,
such as, for example, a turbine blade or turbine vane that is used in a gas turbine engine.
[0022] FIGS. 1A—1C illustrate various views of an example turbine blade 100 on which a
coating may be deposited according to the techniques of the present disclosure. Turbine

blade 100 generally includes an airfoil 102 attached to a stalk 104. Airfoil 102 includes a
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[0020] In one aspect, the present disclosure is generally directed to techniques for depositing a coating
on a surface of a cavity of an article. The coating may be an aluminide coating and may be deposited
with an organo halocarbon activator. In some embodiments, the coating on the surface of the cavity of
the article may be applied substantially concurrently with application of a coating to an external surface
of the article. [0021] The coating may be applied to any article, and may be particularly well suited for
application on superalloy articles including Ni and Co. An article including any conventional superalloy
may be used, including, for example, those available from Martin-Marietta Corp., Bethesda, MD, under
the trade desigritiondtARCM 24 1Hjrthedes AV8ilabiessiorn GrarON-Muskegeni GosRewMiuskegon, M,
under the tra lgnatio SX-= -10;.and the like. ical.superallov constituents such as,
for example, %?regglg Mo, Tﬁ;%ﬁﬁ'%ﬁ/&%{;&%ﬁ% csql(?rtﬁ%?ngé]gﬁgﬁaé%g#%g‘&g ?oh%ll%%éeé‘a%d to or
presentin theegﬂ%§loéomposition. In some embodiments, the article may be component of a high
temperature I@CBRRiGR syStemdskahasdenexamplea tarbing Rladaorrline vape that is used in a
gas turbine egg%e.l[]%gzz FIGS. 1AI %&#{s rate, various views of an example tur%!ne blade 100 on
which a coatifg May bé Jeposited-accor bét%?‘fh% feltrigl duph teiprébishtcailssidetive. Turbine blade
100 generally rciticesi 41 afFfoilitO Pl attashed itocacdtalk ditdnAirial 1Q2dnsludes-aideadingedge 106, a
trailing edge p ire Si I tion sidew 2, Pressure sidewall 110 is
connected to]}s%%:%%ﬁ Fsgilgzhv%/qﬁlll%ﬁl%% tcr%é%%g%g*eghi }éﬁéﬂérllgéaaflr‘f&l é:-%glgg 15%?%623] in the
embodiment fISAIRH P Mose i chyitine Bladn 100ddsminalisdesnariitst Canityiitda csecond
cavity 114b, thirehoavity 14146 ane fonstisayity diddd (oolisstivelvicavitienh 4 Gavities 114 may aid
in cooling tur%jqu bl def 100 dL%rin loperation of blade 100 by circulating relatively cool air tﬂrough the
interior of bladé 100- in %‘grﬁaevblr?ﬁsboéiments, one or more of cavities 114 is in fluid communication with
at least anothiél0&ficlofwavitiede 104, dndsomeseentiodithyesitibladek9Qmaydineiuds ke than four
cavities 114 gies 114, 41 Turbing blade 100, apd more specifically airfoil 102,
may also incﬁggggﬁﬁggﬁ%jpﬁgﬁaaﬁﬁgg%ﬂég E'eS[f()lét%é?()]‘t% %El%é 3 al%q aésjg gggﬂtﬁﬁmﬂ@%ﬁ?)ﬁf f&45t one of
trailing edge et é%ﬁ%ﬁé%lﬂﬁﬁﬂ?@é@ﬁﬁ fistd it rediity et g ek iTiaitinid ety ei @xihstots 116
provide an exibfardhedelatively epatainhathRus thiaHghfaurth gavity 114d. [0025] Airfoil 102 further
includes a plti'(?d'gg ofifigm1 o9 in holeiﬂ%l& First film cooling hole 118a is in fluid communication with
first cavity 114a, while! Sechrd T 268 SR IBH HrfdtHiRg fitmhedssiidg: Horst fiiseeénn fluid
communicatidr withéseeonduoheityrh tdibadod whirdicavity it #e espraiively. fihe flurality of film cooling
holes 118 ma i j I 100, as shown in E]G. 1A. in other embodiments,
the plurality o1¥ %ﬁr%égggﬁ%q %rggge 1%% Ir@a%%%%#a%%%ufgr%bﬁﬁgﬂlf at 35@#%5 HSORIR GPthé Rength of
airfoil 102. In E¥hBEFHGHiMARtEsamTaIcho 2Dt urditdel breablare thrise filloodlingdaaiés 118. In

yet other embadiments;ihedibmbeeeling holesdd g may. h%.lm%1~%ﬂqﬁgd&§&18!éﬂ@éﬁr&ﬂ%oom
FIG. 1C iIIustrﬁf%s‘g ro se(ftlignal view of s aLk 104 of blade 100. As shown in FIG. IC, stalk 104 may

s- : IC,
include a first met(ér?nléjgpﬁi)ao%e ori |€éaﬁ§§3r§?{8£at QUMM b teAthy Rerier St enzshoicitfedtively
"metering platterificeeezprhaiefined. mréhottomasurfacdbadrofistatirdOdinMetering plate grifices 122
flicly conneck{goagarmaseiat aavikenikb and RLuds enolet for ihetelatiugly caol af fnat flows

through cavities 114 and out of trailing edge exit?]ol_es 116 and film cooling holes me
embodiments! W&k 154 Hrd/ tifeitie & eimgrativracriay plaelorhfiteliraiof tores thamio metering

plate orifices ¥22. IOGZIL Ws slesoidect briefhhaboves jurRipgrhiade 100 may he agomgonent of a
high temp(:“ratp A er&‘?gpea’m%l(cs(}ﬁégméI§U‘%]et%%1% %%%et%g)fjigg ?9 !p(?efmrc]ﬁg etj g(?t(tjojg s%rrf]aiiger] 124

of stalk 104. Metering plate orifices 122 fluidly connect to one or more of cavities 114 and

provide an inlet for the relatively cool air that flows through cavities 114 and out of trailing

edge exit holes 116 and film cooling holes 118. In some embodiments, stalk 104 may

include a single metering plate orifice 122 or more than two metering plate orifices 122.

[0027] As described briefly above, turbine blade 100 may be a component of a high

temperature mechanical system, such as a gas turbine engine. When used in a high
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temperature mechanical system, blade 100 may experience high temperatures and may be prone to
corrosion or oxidation. Thus, turbine blade 100 may include a protective coating that reduces or
substantially eliminates the effects of oxidation or corrosion on blade 100. For example, leading edge
106, trailing edge 108, pressure sidewall 110 and suction sidewall 112 may be coated with a thermal
barrier coating (TBC), which is a porous ceramic coating that provides thermal insulation for exterior
surfaces of blade 100. The TBC may be attached to blade 100 by a bond coat, which in some
embodiments may be a coating including a y-Ni y'-N13Al phase constitution. in the present

application, atyriieratysNitevicoatingrefersiaia mating Hhpsiostdem RigmaME MetalNiand Al in

relative conc ti ] NI ph constitution. results in some portion of the coating. In
some em bod??n%%tg%ﬁg%%&%?n%ﬁ%ﬁ ndfTArFllSs’ m%kﬂlé% %\}/?t% r%@pné%\f P tiS R BFUSHIASRBRIBE NI and the

Pt-group metdtGedreRarsebstanirall cHooarernesitsss stfastdrsompoeteraisiynnm b3NiAlphase

structure, is preseinip tNe.atiay,-and the yahit @ | Abg [t ominates. Exemplary
alloys and cogﬁzig ) I\;lvlr}?th a ¥-Ni¥+ y'-Ni3A1£%L1;sgN§gnstitlﬁi?§n§u a%ﬁgé%r%%ﬁiﬁg%cr gﬁéﬁiﬁ%ﬁ).s.

Patent No. 7, DOTERd & HER HS At RR B T SRatatcEl Revetihintits EptieuncooRB LMt external
coatings includlingravyehii theyhiNi3A L phaderconsiiitsiom.ace ganerallyopraferred. she wagthegs described

herein may be ysed %mglgeb% ternal coatings including up to about 33 at. % Al, which results in a
coating having a substantially gN% gﬁgglelgs%rot?é%uer%q.g gﬁurgs?,n\tl%ri’@%eig SHAHIS SOt in part to
producing extefiali cokiiiige asiieian-Nithe Nigw1t phakeconstititiony the Advemtignriserablimited to

such coating&ol@ﬁlg%t%vm@%lﬁégm@m&&ﬁ@%ﬂ&%f&t%gﬁ%fésame%&%ﬁig&ﬁﬂ%’t%r cRfrosion. In
many embodimﬁpt 1 the surfaces of cavities 114 may not receive a TBC, and may instead receive a

protective aluminide BO&G TN bRHLL D R 15RO B ARIHIA GrAtBRIdE eoating thdmetistsdurther

oxidation or cormesiontidscdesdsitiedéd furthesdetail hereinaiethiealuniaige poating Mmay be applied

to the surface of,.cavities 114 hy intr ing a mixture including an aluminum source, an organo

haloearbon aélg{%%\ér{a%ﬁ%%%ﬁﬁ%éwﬁ %I{e%rpﬁ}%s?ﬁg EaVitied ?L%W%ﬁ&%gﬁﬁbpﬁﬁﬁéﬁi‘é@rﬁnﬁ the mixture.

In some embotirrentsiithel imixturetimaiNbe indi poinderdosmuwhiectvathesembagingnts, a liquid

e B O Y e e B b e o
! . . 5 .

example technltéue of depositing a coating on a sur ace of an Interha AT &GI8 While FIG. 2
will be described: wids! repel {22, Which is incorporated by reference herein in its entirety.

[0028] While external coatings including a y-Ni + y-NizAl phase constitution are generally
preferred, the methods described herein may be used to make external coatings including up
to about 33 at. % Al, which results in a coating having a substantially 3-NiAl phase structure.
Thus, while this disclosure is directed in part to producing external coatings having a v-Ni +
y'-NizAl phase constitution, the invention is not limited to such coatings.

[0029] Cavities 114 may also require protection from oxidation and/or corrosion. In many
embodiments, the surfaces of cavities 114 may not receive a TBC, and may instead receive a
protective aluminide coating, which oxidizes to form an aluminum’oxide coating that resists
further oxidation or corrosion. As described in further detail hereinafter, the aluminide
coating may be applied to the surface of cavities 114 by introducing a mixture including an
aluminum source, an organo halocarbon activator and, optionally, filler into the cavities 114
and heating blade 100 and the mixture. In some embodiments, the mixture may be in dry
powder form, while in other embodiments, a liquid carrier may carry the mixture in a
suspension or slurry.

[0030] FIG. 2 is a flow diagram illustrating an example technique of depositing a coating on

a surface of an internal cavity of an article. While FIG. 2 will be described with reference to
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turbine blade 100, it will be understood that the disclosure is not thus limited, and that the technique
described in FIG. 2 may be used to deposit a coating on an interior surface of other articles. Initially
and optionally, the surface of the internal cavity may be prepared (202). Preparation of the surface
may include mechanical or chemical preparation. For example, in some embodiments, a solution of
about 50% nitric acid and 50% water may be applied to the surface to remove any oxide layer that has
formed on the surface of cavities 114. Alternatively, the surface of the internal, cavity may be cleaned
by fluoride ion cleaning (FTC), which may reduce any oxide film present on the surface of cavities 114.
100311 The tedhmidueléurther initl bdes datsaddaing tacnixtserintonthehcavities  ddakdhearticle (204).
[he mixture REARELLSARAHTILID R0V1E, 20 01800 IAREAIDON Alvalr and: abrnglly. a filer
In sonic embodiments, the mixture may he in powder 1porm, while in other embaodimeén s,& e mixture
may he carridffiica libifig!barieerioody] trherehemii tin istureecaniy irolbderefeme a2 Al, or may
include alloy peydeis:Ssch A% fak SXxaAnRIe.(by weidh) %5&&}6@%%%%&9%51@&4&1@%%' :30Cr,

other aluminum-chromiym alloys; organo-aluminum compounds, and the like. [0033] The organ
halocarbon attVafe? U4 A U 8P b %‘é%%?ﬁﬁi@uﬁ?‘ﬁﬁ?f'ﬁﬁ%@%%ﬁ%@?ﬁlﬁééq theatment
step. The organfialacabove maykidiuee;fornexampiesdluotepalyimers, chargpalymers, and the like.
s e Agana.teloSARNR.A18 RIEIAR SOMPRIPIE WL DS I ge et g Suspension
and can preferably be produced in granular form. Onhe p¥e erred flu ropofilr%éornig caning
polytetrafluorddtnyishie ( PTEEyuGHseh erisly Binobreters @fitbarDiPont @srepréducts” Wilmington, DE,

under the tragissigSigRations, RUBARS TflenPTREEA0ANCRUROM G ANy ME:120P,Which is a
micronized PTFEIS%%(‘\;{)V er.. 10035] The mixture maygg:so include filler. The filler may be a non-reactive
3

: ] ‘
oxide powdef A OATIRURRBIRE, DL AR B HEQHTEimEB k8N  BHACAT Sk IEV A the like.
The size of thadilleripantislesihay Marymanthimaimaffecttheieasenithhshishvibe roidukaiiefiltrates the
cavity of the gyficle, Fha;sizs.of the (il Rarticles,may alse influence the ease with which any residual
mixture is removed from cavities 114 after 8omplet|on of the coaatlng technique. For example, relatively
larger filler pdfeREs Tivag vavateoresa oval Bthde et mixturadromlodvities pdudanhitelrelatively
smaller filler particlesmay makecremovaliof she regidyat miidires Ko cayties,1i4mare difficult. On

the other han(j, relatively smaller filler particles may improve the ease with which the mixture infiltrates

cavities 114 &t BIRHE BT Coisared 1EYBILRERNAYYEt Aldisdifitles, such as, for example, when the
cavities 114 ififiddieTrortigamsalingtasmal diameterssarpentine path,ter otheniesitstions. For
example, an i ' articles may range from about icron (14,000 grit) to about
160 microns %{gsr @%?“%%%é%%%%a%%ﬁﬁer%rﬁla%%gé}?é’ga %3@%&3&%@5&&% p%reﬁcrons (120 grit),
about 115 mieisHePelvsergytorape drRsst @9 Hitckbhs (220 grit). 100361 When the mixture is carried in
a. liquid carrigopsuchniasoiiaASHEPERBINE A6 phureyadReciaigdivarier mayarwidely o long as it is
compatible with the solidsdthereir% Irl) ome e bogiments, an organic so(ivent or mixture of organic
solvents may B tsed, fn addifion: gy g Orc&]él?ﬁ ?I%Vﬁgr%%%nﬁé?ﬁf%?ﬁmgH%‘W@W‘ﬁ?éff be
efssent_ially fr_ewaaﬁvafbxnr%ﬁ_éfmedﬂiﬁﬁd esaﬂlciblrs_aalse Meeaﬁfeas@mdladn&gmmmific gravi_ty qnd a
high dielectriawasianh, T liguicarist maxdissela. s, eleetiapotereally Agive agent, which is

described below, upto a concentration of about 5 wt. Additionally, it may be preferre that the liquid
carrier does ROt rEE-Wikirak activatineragent 80tH%s those described in further detail below. [0037]

Example liquighezariers mauiseiddaistonexamples Nitieatkengsy alcohels-cmiaining.aBaut:L to about 6
backbone carsl?lc():g%,sg& cols, and the like,.in somcf embodiments t%}e} liquid carrier may include a

minym. ox1 reanium oXIde, (aniim oxides u%%lg&%%ll Ad 4wt 9%

mixture of isopropanol and ni romefhiane in'a Ta
nitromethanestgcaticht 68empaticisopropamol anchaedi-35wk26 wittowiéth aren Qne: ex@implary liquid

carrier may ingludg abopt,0Q i Yorisopreranel and: %Qx?igfeélglwtal%g AIFOMEANg e with
which any residual mixture is removed from cavities 114 after completion of the coating
technique. For example, relatively larger filler particles may facilitate removal of the
residual mixture from cavities 114, while relatively smaller filler particles may make removal

of the residual mixtures from cavities 114 more difficult. On the other hand, relatively
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[0038] When the mixture is carried in a liquid carrier, the suspension or slurry may also include an
eleetrophoretically active agent such as zein, gliadin, synthetic methyl cellulose, and the like. The
electrophoreticaliy active agent, in conjunction with an activating agent, may form a chelated complex,
which has a positive charge, with the aluminum source in the suspension. When present in the
suspension or slurry, the electrophoretically active agent may be present at a concentration of about
g/L to about 30 g/L. In some embodiments, the electrophoretically active agent may be present al a
concentration of about 1 g/L. to about 3 g/L, and the electrophoretically active agent may be present in
the mixture atraabentBntrationofabonb 2 gik ca039h ThecausPansian arslity may.urther include an
activating ag mbodjments, the activating agent may include a transition metal nitrate
having a divaﬁghiigfz ct?g% élrﬁ%szj;[f) crg%tigerr%qﬁr%ﬁe@t%%p%%hdﬁeiu I thE BidRRSphBFadRAlly active
agent. In sonf@véirbotiriehes préferrdd antivatng dgemteinciuydetinickehnitratie-hexahydrate, cobalt
nitrate hexahygrafgnand &hsv@k%e\%@e&m&%@&%@&?@é%&%ﬂ%ﬁ ¥R S&H{)thﬂﬁcﬁo‘%{)‘l tifig agent may

be present at a concentration of about 0.08 g/L to about 0.20 gIL, and iIn some embodiments, may be
present at a EOHCEATETI bRABEH TUa ook N HER s HikRIrEdls carrionan inclielsidbeatrier, the
suspension o sluriyranayl oattideaany: totaksiotids CaveRt thalRIVIARSASHEY:05 sHspension of a
desired consi[mx;&g O] r%chrgg}gtgrg%itt&a}tq%IlQVL\I/sdthe slurr ﬁtr suspension to be injected into the
cavity). For example, the mixture may Inciude a total €olias TEABhY S AHIE P8 § Sfids Ber L liquid
carrier to abdift POCUTFEHHYY PEridiule baierithy someérbedinientsijahniti00gsatids may be
mixed with 0.9560kiRkAZ@iNSIHIARItR fosM AW Yy (LQé’a%H J)Y@éﬁé'l}{a%% gs%ﬁt(dfyra’é?d’%”re' or the
WL. 7% O

. . . on
solids in the SstPensmn or slurry, may include about 0.5 wt. ?A to about the Al source,
about 1 wt. 9610 SBELETHD WY R SFIHYBHY AR it drbomaiden attsntisd fise atarsee filler. In some
embodiments;tiierpoigies mixierces or ithe: soligs: ishther slurey QfesHRNERSIORNMAY Mcikdeabout 1 wt. %

to about 6 wt, 3.0f t[her&J source about 1 wt. 9% to atl)out 0 wt, A of the organo halocarbon activator,

and the balance fi‘lfler, By a?ﬁlﬁ%ﬁ%rg%]émcyo?ﬁ%%]svﬁiEa)lheo?ctﬁgpp(éﬁ%ce Mistife8s 4 ofiBS ithe suspension
or slurry, the H5fekiied 09 thanresukimgestating dntthet Supfaca dficavitiesidhdy mayrifereontralled. For

example, highey R{umiaue: SoLIGRGoRERtMAY:Easkin Athickencealing onthe surface of cavities
114, while io(\%%r zilluminum source content may result in a thinner coating on the surface of cavities

114. [0042] ) t%eéoﬁ‘iixture is introduced into the cavities 114 of turbine blade 100, blade 100 and
the mixture atetighted:(p0G)qWihiteritot wishinguto, Ferkaundibyn aruitheons Riesepiiayailable

evidence indiggigs;that;the heating may cause the or locarbon activator to decompose and
release a halogen species. TﬁeC %al%%cergbgﬁé’ o8 (?nsé)a% r%e%%? \%ﬁh %Iﬁ%%ﬁ‘ﬁ??ﬁ‘fﬂ@ﬁlﬁ‘?ﬁm&w source to

form an aiumf3tia’ atdEc i ae iy teerahanihum rithenatbmniniurmhadidermay thesdiffuse to the
surface of cavitipmddbi aRtiNE QIR IMAY (EAL VIS @@%Q?OE%H%?%J‘%% facg; the reaction of
ayt

the aluminum with the surfgce of cai/%%es 114 liberates the halogen, which m en react with and

g
her Ald B TP e AIUHIiFGHT B8y dac kiR O Redhaat ‘nirmparatersican bind the

activate another AlGmiRGm
aluminum to tewuifate Gitavitiesabd4. Further, heating blade 100 and the mixture may allow

aluminum to giifyse Wi the sipce of cavitias, :lli%f‘ﬁd carrier, the suspension or slurry may also
include an electrophoretically active agent such as zein, gliadin, synthetic methyl cellulose,
and the like. The electrophoretically active agent, in conjunction with an activating agent,
may form a chelated complex, which has a positive charge, with the aluminum source in the
suspension. When present in the suspension or slurry, the electrophoretically active agent
may be present at a concentration of about 1 g/L to about 30 g/L. In some embodiments, the
electrophoretically active agent may be present at a concentration of about 1 g/L to about 3

/L, and the electrophoretically active agent may be present in the mixture at a concentration
of about 2.2 g/L.




[0043] At least some of the aluminum halides formed by the reaction of the halogen species with
aluminum in the aluminum source may be present in a vapor phase. This may facilitate more uniform
coating of the surface of cavities 114. For example, cavities 114 may include portions which have a
small diameter, are serpentine or otherwise restricted, and which do not come in intimate contact with
the mixture, in powder, slurry, or suspension form. In conventional processes, this may lead to
reduced coating thicknesses in these portions or even no coating in these portions However, in
techniques according to the present disclosure, the formation of vapor phase aluminum halides allows

aluminum to He0depbsitedansurfacesrof gaviieset iddiat @ﬁ%&%&ﬁ’@&?%?dﬁf"@n@e powder, slurry or
suspension rrgm%.néggo[gei%gly\}a%atingnst }‘oarr/nle by the techniques of the current disclosure may be
deposited on portions of the surface of cavities 114 CnAWHIKH B ArsHtdrEs heeHismgéstsinot deposit a
coating. AdditibhtiArebBthern fovmedbyjaheé wuobliqueth dfidkeatsantdistiosire may:haye a more
uniform thicknes haneaiings, Gune b senventianal Rebniaues, J004] By selecting the heating

time and heating temperature of turbine blade 100 and the mixture, the total amount OFAl bound to the
surface of caviff eg%ﬁaéé?fzﬁ‘é’ eBthibsIids: 1 MomeEsmbisdimerrentibivie btadeht @etandnthe mixture
may be heatetttot alboutcl40Rk o abewtAOR b é@ﬁ@@@ﬁ.%@%%&@b@@%ﬁ@?&%ﬁi%@@? the organo
halocarbon ag%t&gn%g% %aoqbsgt t%‘éea%%%i%‘n%&? %he S rfgce of cavities 114. in some embodiments,
the heat treatment may be carrie out in an oven underan ﬁ%@&'é‘hﬂc[rsphere, such as a patrtial
pressure (e.g!Y4H8UY B iribhesrie) sfoandorin 200451 dmsome:embadicnenisuthealmingm coating is
further heat traatedlto:dliffuiesntha alwpiouminta he surface of cayities 114, as will he described in

further detail below with respect to FIG. 5. Additionally. in some emboehments, Cavities 414 are

cleaned after SRISRRRSHRESI e ShEDyr RBFRIRainApIe, b Hitgsiptéshe weiter. Blastxaeleesulting
coating may ificluderarcompisition thairesidtsinenBdidbphase canspitiian, [046]FIG- 3 is a flow
diagram illustrati her detail n example technigue for jintroducing a mixture into a cavity of an
article, step (%%%?%r?gévﬁ ?(r)]ﬂgf@ N ngi i%qﬁg: icu eéar'r,&[%seo e%ﬁﬂ}éﬁ%mfﬁ‘&ré}f% I el agerises the
introduction oféfediitbte jAte Wrezeinvaocavities mshiturbine blade or turbine vane. The flow
diagram of FI{a84wjllibe;dgscribed,with fuither refere the cross-sectional views of turbine blade
100 illustrated ti)n FICE%?Z@%n}Cﬁ%. First,oone or morgelﬁ(ﬁcl %?giﬂﬁg&és alglg?d rsslléltrsr)ﬁj@ya%;&jeone or more
of the plurality St filfr cBofihl ABIYS 218 niag B MsReaewied siskirg shetetaina0z ¢802). In some
embodimentsorof thiedilmoaoiing hiokes thi 8anddrmiling RdegEXilsilshL 6oy g, masked with

masking matefial 402, Masking of the exit slots 116.and film cooling boles 118 prevents a mixture 404
(FIG 4B) front exiting exits slcl)(% 118°and film cooling holed 1ABYVHER thixkire 40abviftrstiieed into

cavities 114. [JOA7PVRsKiRg b it ledst o f R ailinty edge exitashatscibbrandiardilnmaanting holes
118 may alsotprenestitbe ahminum haldevanardoungd by.ihe reagion of the aluminum in the

aluminum source and the rgrah% halocarbon activator from escaping cavities P12 hen mixture 404
and blade 10 ﬁPglﬁgéltglds%%d )t ?etg“ilﬁﬁséf)ﬁ}@.r%‘?1’1*H%°ﬁ"i‘§9€p‘i?é\ﬂ@rﬁurc§§§ of eduitinlid toathe external
environment, enebniayi@ls & prevent aluivinusufionnbeing depesitesh o aleas, of turhing hlade 100

where alumingmdeposition s N jred. such as, for example, the stalk 104 of blade 100 (see FIG.
1). 10048] In some embodimerlts%érjr?%k%l\r%él%rg%vtvgrigﬁ“%ﬂ”fﬁasﬁqﬁcglﬁ%eﬁtfﬂ@fﬁ?é‘l%l‘whé‘ﬂﬁﬁble resin.
For example, ®PaLiSraicémdntacaviirabitcroh The Testors Corporation, Rockford, IL), Dymax 706-.11

(available fropnigmex-Corperation;Tariaaiano M OrARIY W&Q@bﬁl%%l%er%&%l\’é’e' 1zing) rubber
may he appll%%%t Iea%st some of tralllgiedge exit slots 116 and/or film cooling holes and cured
using thermal'6r OV BR&FG fotAT BINOSHIMEHES, i PAdpUse biexircdienrat phesamiEisked areas
also receive somiffravidtalamiiumnchalimiridacoatinguin embedimanis siuehas these, masking
material 402 [ ' [ urce. The aluminum source may include, for example,
elemental AI.%%@?%%%&%%)@Q%%{%&%% alis(%,1 s SMPIS oYW ETBi Y B Alyragesy in
42A1:40Cr: 18R YDREBOCE CHiRaPEIGRAITRER btilaralioysy argafoaluminum Campounds, and the
like. The aluminksauEIRIMEY, hRMiKad IR ALY &@%M@&%%EMJ%&%%‘#OZ ?Q%ied o at
least some of tr lilidrrllg 1‘53'99&%“} s&tl)ts 1f16 agﬁ{%r film cooling holes 118, an cured. Wen' eated, the
aluminum from thé aluminum Source May diffu 89 The’ Qi fleaiarimeith s seaicaritide deposited
on the surfacé Mdihsints aticobtingerk witherrdetsits regardingniixingmasking material 402,with an
aluminum source
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may be found in U.S. Patent No 6,586,052, the contents of which are incorporated herein by reference
in their entirety. 10050] Masking material 402 may he applied to at least some of trailing edge exit slots
116 and/or film cooling holes 118, and the surfaces of turbine blade 100 adjacent trailing edge exit
slots 116 and/or film cooling holes 118 may be cleaned to remove any excess masking material 402.
Masking material 402 may then be cured using heat or UV radiation, and the surfaces of turbine blade
100 adjacent the cured masking material 402 may be cleaned with a light grit blasting following the
cure. The grit blasting may be performed using aluminum oxide or another abrasive. [00511 Once at
least some oftheailingivdgeoaxit sitiss Lh6 landtenihencaeingnnoiasmtihavePean-maskedra mixture
404 is injected. inta the cavities 114 (304), as illustrated in FIG. 4B. As described abgve, mixture 404
may include gﬁ%ﬁﬁnﬁﬁm Lé%%fé%?%éqg’gﬁ %?gé)‘é%?gé?ﬁgé i%%er’%?yda%@gr IR T Htor in a liquid
carrier. Mixtufge40aasagf ey infedted into cavities 114 via metering plate orifices 122 until cavities 114
are substantigdysflled. EQr &xarmplg. Mﬂﬁﬁlﬂﬁﬁi5@?%%6@1%%@&%8o%acwttlheesh% 04,e%nsd JHlade 100

shaken or otherwise agitated to facilitate the introduction of mixture 404 into any estr?%:_tedS portions of
cavities 114, SUSHRORILRLRsHNNURIREINHE BEtBREBEEHE arMetebealitiemal Bciidow portions
of one or morm et cavities bidy osfthe likead0OEN \When mixtur& 4R ds.aaniad ia adigwid.earrier as a

suspension of. slurry, cavijties 114 .be only partially filled with the suspension or slurry and the
blade 100 ma%/g‘b%r%fg?é% %?Vaeg%tsé?%lg %81 COSHtRS STPECES §F AT 1o o4 WY skic s pension or
slurry may théftiseragigwedmairaentgt widtdringiplate orifioesd 2RrThis mepereducerthelamount of
mixture 404 reguitedde. orm e, canling qnuinG surfaces gl eaiien.Ld inagr smbogiments

cavities 114 may be substantially filled with mixture 404 wheh mixture 404 is carried In a liquid carrier.
[00531 Once MR ABH AL HERATBBUULEY D Eaivriviasavachosiénirg Hrarecetifices 122 are
masked with Hiasking: iatérialad02 (366): Similanimmaskingiat iaast same ek trailing.sogeexit slots
116 and/or il caglng, eles, 118, masking Metering plate orfies 122 may prevent the aluminum
halide vapor for_medq%y the reaction of the aluminum in the aluffnaHT $§Urce SERHEGmano
halocarbon adfivéits: freeresesipingrtasitienstlbywhrencinixiureod 04 andebladeidO0eanesheated (e.g.,
step 106 of Mézphkicdhis, Py Reyuan! s al AlUminum 1o 4o Lexterpal apYIoAmEnt, and may also

prevent aluminum from being deposited on areas of turbine blade 100 where alum numo(fleposition IS
not desired, sUBHH5? fOFSGMIEISIAIR 1093 81 Ramefdy te&fauey, of osarramisbirlesermbodiments,
masking matenial 462 mayringlifdenatthenmationddscurabieresyy.Goraxamplenhesiars cement
(available from Jhe gestors.Corparation, Rockford, IL) or Dymax 706-11 (avajlable from Dymax
Corporation, Qr%ilﬁgtfr?,g%%nmtg%%%tﬁ] éttlﬂ% arlrllcgé?(atrﬁl %rlm)g rﬁigrteeogﬁlf%é%%féeah@ Baldlired using
thermal enerdy"UNcetiergin emausbpibihbrion of threswienbegyitand Y\tartergyntinisomie

embodimentssdhe samaimaskingsmaianial A2is usegiamask treiling.ed9.guit siggs:116, film cooling
holes 118 and metTgr?%g,{plﬁte orifices 122, while in other embodiments, a different masking material
ete

402 is used td' PYas h g8 te oM ELE P PARSAGRY BePigaRRinGg Mg @5atosme 116 and
film cooling hdie®418¢[055LDnceemetéring flatei erificesid 2dharenhasked:turbinablade 100 and
mixture 404 . ibed.above with reference to step 206 of FIG. 2. [00561 FIG. 5 is a
flow diagramaﬁﬁgsgﬁgﬁ%agn%%%%\%gﬁ %ﬁ'?rg 8%(%%# E}fz{aerlya?elcl: err?iétﬂjeo %)ﬁ 81§ps(’)usc‘| { ﬁsga 1 1% Pﬁ?%éating toa
surface of a c&vity Pyl irbithevildefangran external coating to an exterior surface of the blade, which
will be discusseskyith tupbemiarnes e BIGSnEnLWhilethedechnioys isdeseibed with reference

to a turbine blalde,. the techt%ique may also be used to deposit a coating on a surface of a cavity of
another articlé, IRAIUEHG 60T HEFRHER Y8 Hitbiie UhRRIB oGP EHFGETSE tHe st pathf the
technique illustsatettnANG:. 54 dieisutiace ofrcavitissiGl<handidrithe @xderiof.suifage ofifurbine blade
602 may optigpally. e prepaied inilan o ster, (2 scribed with reference to FIG.. 2. Following the
optional surface prgpaE}ation, a{fiéi Iaﬁg 6?6 ’o? ar%ié%égrsﬁlé \ggéatr\i/ééasﬁiay be't 2%%%&%%“6?1 at least a
portion of the BRYSFAIGUHRAC BT BPAdRAETUWE0R) Sorihesmbuditeints, the first layer may include Si,

a Pt-group metak@d @tieastionaieastiveclement suehasi for Sxampl8. HEmYmka,Ce, Zr and

combinationsitr%gzgr?e]ucgi&n&/ s}t};{i&a}gk%coatin /m{;‘thogt_n?ay be lz’l(s)z?d }tlo appl){:the)firs layer, including, for
example, elecﬁop KIng 2 alepOSItIOﬁ.a cavity of an article, step (204) shown mFIG. 2. In pafticular, the

technique illustrated in FIG. 3 describes the introduction of the mixture into one or more
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[00571 FIG. 6 is a block diagram illustrating a simplified exemplary electrophoresis bath apparatus
600, which may be used to apply a first layer 616 of the external coating to turbine blade 602. in an
electrophoretic coating process, turbine blade 602, which includes a plurality of cavities 614 is
electrically coupled to a DC voltage source 612 as a cathode and submerged in an electrophoretic
bath 608. Electrophoretic bath 608 may include a suspension 606 of solids (including the constituents
of the first layer of the external coating and any activator) and any other desired additives, such as
surfactants, oxidizers, and. the like, in a liquid carrier. In some embodiments, an impeller 610 or other
suitable agitatevimaynagitatedhisuspensionefs Thkarp thesalids and additivessuspended in the
liquid carrier. r S] th aratus, 600 also includes a suitable condugtive material 604
electrically cofgtlﬁligj %g%gég%ﬁﬁg‘gé] g%%%?‘é@g&fﬁ ‘élsevésnoar%%r e ﬁ&dﬁu%%g%seu tler? %ffﬁ%é%ﬁfﬁc voltage
is applied betWedhtirBise e GO iling weaduttilematarid G0t causingoitbuptentito dow, which

causes the pasiivalyeharaed saainganaliunts, WHGHTIAYLS PIBSeRi N Shshgnsion 606 as a
metalizein(Col ggfﬂglex sTecies, (B)Bbe attracted to the cathode, where they contact turbine blade 602,

are deposited SAHE Exietof JFHER SHHRBIRIBIAHEBO X 2HIRg SFetaridiisnfothebsurface of turbine
blade 602 in enfiistdayier 6ds6irasshowndF IBa7kilQ058h T hersalids iD suspRRsiRNBABIMaydnclude a

Pt-group me i . Pt .Rd. h.. Rh, Ru, a binations thereof. The solids in
suspension 0§§ %@y%ﬁ%%%ﬁﬁ%ﬂg? a? }%e)'afgtngrleéltrggcetf\l/% Se%ﬁi%l%ﬁ%ﬁ%&%%%%ﬁﬁ%l@ Hf'IT, La, Ce,
Zr and combilVAtfo A HE 40t irinsiodHeshiio gimigatd. Ithe Pt-group metal may include Pt and the
reactive elementmay:ingiide drifedhe Addition afsuch ieactive elRmanis tends, ig.stabilize the 7' phase

in the final externall coating composition. Therefore, if sufficient reactive metal is incorporated into the
external coating ¢om Baesvi?%ﬁ}fetﬁ HPUBHIRAE R A2B e SRR RS Ah S B DR desralratey o dslely y'. In
addition, the sbiidisimtiversuspeétisioreGthaiayaisodadiude Gin{Q0L9]1n seme emhagdiments, the solids
may be prep ' y. including the ih- regctive element, and. Si. The alloy
may then be q&%%‘ﬁ%{ﬁfﬂggé%@%a%{? %éeég%gsgi?é‘a’ in éBSgugsﬁ%E;{ghegﬁ)‘é "fhe lgﬁgﬁ}h‘fff §%d subsequent
grinding may ¥&8URYR EntheRyerrersiieaiae.dulinstaritalye homogensou s oompasittonsoéPt-group
metal, reactivenelementuand 5i.J00601Giadingmay desiitit analaver.pyder that includes particles
with a size distyibutliorgﬁ Tha}gi 0‘{/1\5%[ zjlalﬁf)articles in_the alloyed powder are necessarily the same size
(e.g., diameteef)?%%a Fo% Eo & %§,Oﬁ]g§a%519 rlélatively wide range of particle sizes, depending
on the paramié48] of thereleairdpharetimdépasiticer placessayincarain wehediments:4he size of a
majority of paliclesip e ioved RowdsL My RAedIam Ao J.um 1o about 2qum, gnd more

preferably from about 5 um to about 10 pm. Grinding may also in eS8 SMaI Aol f impurities
into the alloyéd’ Bvded: vacH sy eI Dae o esearapha. Airaineto. sritharityRRMtiiRoform of Al203.
f0061] The alinyestpawdenisnrateraliyswistantislydies oldmpuwities: Ruiimaxpelidg,up to about 5

wt. % impuritiF 3 z'il;lké%ayl(f%ed owder aﬁ%e%agferaglélncludes less than about 3 wt. % O. If oxygen

impurities combife With the Teactive slerietif e X8y "Sios L8 HY, SREHIF may not 'ne. fully

incorporated 184 $hénsubstrateodimingsdiffusjobeiesitddeatmentn Spatiat preicaciions smueh as using a
dry box with high, Ry AFIALAKKRG.RE RIGRAratian eb g alloy mixture. pressing the alloy mixture

into a compact, or performing the allr%/lng in extremely air-tight furnace t af eiminates fraces of
oxygen during %é"%ﬁﬂ@?i’ﬁ‘@" B HAVE BEB YRtV TS FE BarEn GRS prodaciv.diioy powders

containing PteSimanddithmAdsditionallya aistepped heatwranentused during alloyingis useful in

producing a )QENO lloy. ! 2] In one embodiment, to provide a Ptgroup-metal modified y-y'
alloy in first I%nggr‘t%zﬁ\g%s‘#% (Rs%ns'pl)gﬁ%%&%@éh AV RO HEBU B A0y 98795 Ubout 93 wt. %

Pt-group metaliabowm Sowpovibitceabout!k2 wihesiSnianc sbowt RaytbdmtecdbautGluvty A of the at least

one reactive elefsnL Aased.an e (9tal wsioht of 29llds Inausnenaion 806, 100031, The fotal solids
content in suspension 606 maﬁ)be about 15 grams solids per liter |qLﬁcf rrier 1o about grams
solids per liteF [ GRPERFASI S EFetab K EolY B Grarad silerpiarmdrony tiie damiem source

may diffuse to the surface of the masked areas and be deposited on the surface, forming a

coating. Further details regarding mixing masking material 402 with an aluminum source




100641 The liquid carrier in suspension 606 may vary widely so long as it has compatibility with the
solids therein, and a. variety of organic solvents may be used, The liquid carrier may he essentially
anhydrous, i.e., may be essentially free of water. Preferred liquid carriers also have at least one of a
high specific gravity and a high dielectric constant. Preferred liquid carriers also dissolve an
electrophoretically active agent up to a concentration of about 5 g,t. Additionally, preferred liquid
carriers do not react with an activating agent such as those described in further detail below. 100651
In one embodiment useful for making y-Ni y'-Ni3A1 alloys, the liquid carrier may include about 55 wt.
% to about 65wt biisopiopanobanet Ao 8505L, Hiteeretansiir ADAKLAR W PARiomethane,
more preferapé_ 6%99@“}& . I%a ggpropanol and about 40 wt. % nitromethanc. [0066i Suspension 606
may further include ane ectrop‘ﬁo?étically active agent such as zein, gliadin, synthetic methyl cellulose,
and the like. THEWIdéarbplsoretisidly etive bgamtidn torjlmstiomewithratiactiating agent] say form a
chelated complgx it 1h3imetaleIn rUSRRRNIANAO8 AL han.a Rastive shatgs, The eleqtrophoretically

active agent may be present in suspension 606 at about 1 gIL to about 3'giL, more f)Fe rably about
2.2 giL. [00671 € QEpEAIBY OB ehp s elendit g hesiavndrie agert. aBuitatstes avtiviting agents
include transitierimetal niviatem paving divedent(12hcharges daat 6an femv aahelates gamplex with the
electrophoretjcally active agent. In .embodiments, the activating agents may include nickel nitrate
hexahydrate,ggloa\élfq Pm%%@%egg%/ggg%%%ﬁ Q&% K& ﬁaél%&i%f?ﬁ’dgélazm%g?og%a‘b"r%%ﬁ‘t"in the
suspension atighteicentratdaliroimabouue 08hysirtotadiut: 20tk ivedinthadasngestratiomof about 0.14
gilt, is suitablgx{Q068],Fhe ighslated complex formed by the electrophoretically active agent and the
activating agi(r{lﬁ maé{séurround the metal particles in suspension 606 and impart a slight positive
charge that callses HE EHIER aops ERA g RaR b irTe dépaditdimeslagdtivetyl thhrged turbine

blade 602 (i.ex¢¢thengaifinde)i{AA69)4n:same-embodimantse clectropharelic.deRasitien; of ghe Pt-group
metal, reactivgsedg@r%pet a@d Si me%xrtgg@caned.o t for up to about 6 minutes at a. current density of

about 1. to about A e e the An Bk LAY BIEHY 8015380 fable voltages
may range fréfiteseiagsetomboutoser\iorand mayligeichasen tdipnovide: theydesirgdegrrent.
densiy. The necessaay vollageayhenilunced by he:compositen.of sleclioNorslic bath 608 and

the distance between the anode and cathode (turbine blade 602). The suspension may be maintained

by mechanicar AGREHSHIRERHAGF P UPAISI Ahcrister 6 2t bladgdg6ribekabevethmuritrer details
regarding eleetiophireficidepositonpiocessesmseupeoridaddan) SaRatents:Nes § 0546 and
5,958,204 both to Cre Sc?@;téx%lm Qi%Q are ii}nc%rr%oaasltep herein b%/ reference in their entirety. The
weight of first layer 616 deposited 6n the exterior surface of tliBng BEE602: HElPFARGE tHSm about 5
mg/emt to ab8leBITgREerf, geretierdb abibetit® mg/cm to about 20 mg/cm2. [0070] After completion

of the eleetropiumgtie tlapasition afdhe Rharawp Meiak-Shand ALjeastone reactive slement, turbine
blade 602 includin% fir?t layer 616 is removed from electrophoretic bath 608. Turbine blade 602 coated

with first layeF &1 & oA (REHAE SUGheittts sspastonathentsbhyhbsholvmp Pradied reatment
enables the PiggroupometahSivdndsaifleastiond seatiive.elemapinrasentinaver 66 te diffuse into
the substrate ments.to igfu inta.the first layer 616. The heat treatment step
may be perfo%&%ﬁ?&ﬁ?&%%%@%ﬁé%s r(rg’é)reﬁS Szli%%u?&lé&)a E?g% g SH50815 1BPEBB P45 minutes
up to about 1TRBtIFEPfEFABRE thetaifsibhtidatarernetitstép deotrs imamiinentsatmosghere, such

as under a vacuL, [R07sEatiewing theheatitertment stan, st laver,616;may inglude less than
about 30 at.% of the Pt-group metal, less than about 2 at.% of the reactive element, and less than
about 28 at.% &1 fh some embodiments, first layer 616 may include about 10 at.% to about 30 at% of
the Pt-group @&l @bout(xBuatMitoaabeut iRtati¥f the ceactive glementcang-akaut2122% to about
28 at.% Si. In [ S, fi e ay.also include. less than about 20 at.% Al, less
than about 8 g%%@@r?ﬁ%e@f@ﬁ% %%éﬁ%g@%%@oé?é%@?&ﬂ% 1%?3%?8% P s Dhlade 602, as
well as Ni andherstiasrAby s stmentdinghodme Smpskingentisrifiest iy eribds Mayrinclude about
10 at.94, to apautAQRLAarAkaReuE 2 36 H6r iR ARAULBRL % ShnanthabaulAAtXee Ayl at-% Co.

All of the above valueg are nominal, , , y
source and the organo halocarbon activator from escaping cavities 114 when mixture 404 and

blade 100 are heated (e.g., step 106 of FIG. 1). This may prevent loss of aluminum to the
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and may vary up to about 1-2 at.%. [0072] As an example, in one embodiment, the diffusion hgat
treatment may result in a coating including about 13 at.% Al, about 25 at.% Pt, _about 5 at.% Si, about
1.5 at.% about 4 at.% Cr, about 6 at.% Co, incidental amounts of other superalioy supstrate elements,
and the balance Ni. In the same example, the phase constitution of the resulting coating was about 85
% y'-Ni3Al and about 15 A) y-Ni. [0073] A second layer 816 .of the extern_al coating may then be
deposited on first layer 616 (504), as illustrated in FIG. 9. In some embodiments, §econd layer 8_316
may include aluminum (504). Second layer 816 may increase the amount of aluminum present in the

final external egating ciieodheenosiion Mmayke deaMnRisharHSine A, conyentional coating .
tg];r?i)(;ue, incluggng gagkl%%antat'ong Wh()e/% pack cementation is uﬁlize)d, turbllne %Séae 602 including
. € win

first layer 616 15 buried n & corsntid BBEFB\ASPESHRR FIRERSHEst it el cormpriticinto 198 deposited.

10074] Coatirgf thidkn@8< amdll€omposition may. be controlled by selecting appropriate pack

cementation tiges a controlling the composition of the pack. In some
embodiments, the gﬁ%ﬁg‘?@%{é%%?bgﬁ%y% %\%1{% 1%% Sout-L l\r/lvét%.‘6 oe,&lt,gg% € Wt'os48%bout 5 wt.%

organ halocart5of pbWds i théostanes Goailibiidrmindir drites AOPS] T binkfbtade) 602

including first ayeméb67and: theanask asm themhealeshia:R {eORsAlT e behvesn abgut 1400 Fto
about | 875for ay%rut 1 hour t@a %1; 4n§gur's, whiche'g%uses the C(%ting nfate?rlals in thenback to deposit

to ab ] .o Pe
on to first layer b.16 -[0076] AGGit CERETEE Wit hesrt R amndhrsray Be eghaenetian the pack
mixture in amelifisup tnapoutSiMt A desised. chhi inekisiomofeneeEmers ieastive element in

) ) 3 : inal
second layer 16 Ga.IcHERRE 5. SONSRAIAOR R 118:005. 9LMOIG L9asive element in the fina
external coathg

2, while in other embodiments, a different masking material 402 is used to mask metering
plate orifices 122 than is used to mask trailing edge exit slots 116 and film cooling holes 118.
[0055] Once metering plate orifices 122 are masked, turbine blade 100 and mixture 404 are
heated, as described above with reference to step 206 of FIG. 2.

[0056] FIG. 5 is a flow diagram illustrating an overview of an exemplary technique of
depositing an internal coating to a surface of a cavity of a turbine blade and an external
coating to an exterior surface of the blade, which will be discussed with further reference to
FIGS. 6~9. While the technique is described with reference to a turbine blade, the technique
may also be used to deposit a coating on a surface of a cavity of another article, including,
but not limited to, a turbine vane. Prior to performing the steps of the technique illustrated in
FIG. 5, the surface of cavities 614 and/or the exterior surface of turbine blade 602 may
optionally be prepared, similar to step (202) described with reference to FIG, 2. Following
the optional surface preparation, a first layer 616 of an external coating may be deposited on
at least a portion of the external surface of blade 602 (502). In some embodiments, the first
layer may include Si, a Pt-group metal, and at least one reactive element such as, for
example, Hf, Y, La, Ce, Zr and combinations thereof. Any suitable coating method may be
used to apply the first layer, including, for example, electrophoretic deposition.

[0057] FIG. 6 is a block diagram illustrating a simplified exemplary electrophoresis bath
apparatus 600, which may be used to apply a first layer 616 of the external coating to turbine
blade 602. In an electrophoretic coating process, turbine blade 602, which includes a
plurality of cavities 614 is electrically coupled to a DC voltage source 612 as a cathode and

submerged in an electrophoretic bath 608. Electrophoretic bath 608 may include a
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100771 Alternatively, the deposition of second layer 816 may be accomplished using a second
electrophoretic deposition system 800, as illustrated in FIGS. 8 and 9. Similar to FIG. 6, an
electrophoretic bath 808 is prepared which includes a suspension 806 that may include a second
coating composition, solvent or liquid carrier, and any necessary additives, such as activators and the
like. Au impeller 810 or other suitable agitator may agitate suspension 806 to keep the second coating
composition and additives in suspension. Turbine blade 602 including first layer 616 is electrically
coupled to a DC voltage source 812 as a cathode, and another conductive material 804 is connected

to DC voltagespunseiBi® assalidanodediigrbinecnlagen0 2 inelweingyfiist faxengle. andgpnductive

material 804 erged in suspension 80 the DC voltage source 812 applied a voltage

difference betg\/ﬁvgegﬁgél}ﬁ\fﬁgli e rgg(gﬁ?rls%ﬁ%)r/%gr 5651%] ‘and %l%aﬁ%‘ff\%ecwéie??ﬁp%ﬁz W8S current to

flow, and a pdaitilieid etisiegel petaktivetlireehtomplexredlecoHtocoatinsuiabipasitionrtaydeposit on the

negatively chagaad fisliguali6léul 063} dbe FIRARRRAIAIR susernsian A06 mayinglude solids, a
ell

m
liquid carrier, and any necessary additives, such as activators an Ke. %%Hﬁ%bm liquid

carriers include RitrBAKE e LB CoM alnfg cisisa e putBls sand parsdeisdat4Mons, glycols, and
the like, and ribduivesofdsgptopaplang nisomethane Arepietar e R.s0mes wmbagiments, the liquid

carrier comprises about t. % to ahout t. [0 isqpropanol and about 35 wt. % to about 45 wit.
“11) nitromethaneg,%alggp R?‘%%ﬁ%ﬁﬁ&%tﬁbéﬁ g%c}‘goéiéb619368%86]03%rﬁﬁ%?%@%/v‘f?‘%”?ﬁﬁ&ﬁ@ﬂﬁane. 100801

Electrophorctie S08pehisioi 806 thsayp fiiithbr dholtde aniactivating agenitian chanbeleeteaphoretically
active agent, inglugied those desaibed aboye.aiiatis.slectiqpharelicaly aeiyp agents include zein

and electrophoretic suspension 806 may include about | WI:, to about 3 g/L, preferably about 2.2 g/L.
Suitable activifiN§AGFEhteOiReRIat S3balt niFatstve paHpe e ey Sieceioprivreliadueifensibn 806 may
include an activdiimgedgent therodnteatiaorbihaboidt GO8g4 ite: ahers 520 aibw i seme;embodiments,

eIectrophoretiﬁoﬂ‘slgfpl(%@%i(glrg1 806 may incllégg an aCt'lY;%tin a(grent con ent{]ation of about 0.14

$'10 SUSpension may nclude aPt-group metal such as, for example, Pt,
Pd, Ir, Rh, Ru, and combinations thereof. The solids in suspension 606 may further include
at least one reactive element such as, for example, Hf, Y, La, Ce, Zr and combinations
thereof. In some embodiments, the Pt-group metal may include Pt and the reactive element
may include Hf. The addition of such reactive elements tends to stabilize the v" phase in the
final external coating composition. Therefore, if sufficient reactive metal is incorporated into
the external coating composition, the resulting phase constitution may be predominately v,
or solely v’. In addition, the solids in the suspension 606 may also include Si.

[0059] In some embodiments, the solids may be prepared by forming an alloy including the
Pt-group metal, reactive element, and Si. The alloy may then be ground into a powder and
deposited in the suspension 606. The alloying and subsequent grinding may result in an alloy
powder having a substantially homogeneous composition of Pt-group metal, reactive
element, and St.

[0060] Grinding may result in an alloyed powder that includes particles with a size
distribution. That is, not all particles in the alloyed powder are necessarily the same size
(e.g., diameter). The alloyed powder may include a relatively wide range of particle sizes,
depending on the parameters of the electrophoretic deposition process. In certain
embodiments, the size of a majority of particles in the alloyed powder may range from about

1 pm to about 20 um, and more preferably from about 5 pm to about 10 um. Grinding may




g/L. [0081] The eleetrophoretical]y active agent and the activating agent may form a chelated complex
which may surround the metal particles in the electrophoretic suspension 806 and impart a slight
positive charge that causes the encased particle to migrate to and deposit on the negatively charged
cathode (turbine blade 602/first layer 616). [0082] The solids present in electrophorctie suspension
806 may include an Al source, an organo halocarbon activator, and filler. In some embodiments,
electrophoretic suspension 806 may include a total solids content (including the coating composition)
of about 15 g solids per L liquid carrier to about 40 g solids per L liquid carrier, preferably about 30 g
solids per L Iitfidnéarties. sjooB8 Based onpprissently tailablel@rdéncehitteneraanmhalfocarbon can

act as an activatqrfonthe Ab Theuse pfiheLrganihglocarbon activator is particularly preferred for
the electrophoretic depasition process, as conventional halide salt activators are not compatible with

this process, Bl thAALE 6% Rivuis oy elcrabbidistanion Mdus 4l S drgary Heloéamsons include,

for example, fiubropolymersmpucheas Relyiriraflporoethyle pe- (BRI ehlererolimers, such as
poiyvinylchlo@geg/o(%VCi}, and the like LO 1851 Suiégt%le organo halocarbgns can preferatﬁy be produced

, |
in granular form and 'areoé%%ﬁlﬁgﬂgﬁléﬁ\}vﬁh e TigUic’ CareH N the BrstirB piictetie ¥tgshsion 806. One

particularly preséFfaehfitioropoimcisnooiabingherodtigentn(RT HE)iwHich maynbecobtained from
DuPont Fluorgpreduets, \Wilmington, 9E. he; ignation 0, flon PTFE 60, and the
QRPHYELS y@%ﬁ)&g%ﬁéﬁﬁ%ﬁﬁgj%e%gp HHE, ﬂ%}feggratlo &

trade designation Dupont Zonyl fylP-lZf)O. [ rophorétie ocess, the organ
haiocarbon a8 A rE SHFs tsHg WS RAaH BN B M8 St Brctret 1ayfersns osHing sacond layer

816, as showrirfdG 29-[(087nkhenik souisanaycinclnde elementalil . psymayinglude alloy powders

such as, for %gms@‘le b ight).55A1:45 r.42 :A;OCr: 8Mn, 70A1:§0 r, other aluminum-chromium
alloys, organo-affumcf‘ﬁ]&rr? \évger%%ﬁlgﬁ%%gna{) 10 fﬁg}ﬁ@e%)}[ﬁﬁg ftfﬁgnﬁiill@%nl% E/ eaﬁdr%fr\'n-reactive oxide

powder, such*ddiafnminursicnoekhetrtoninentoxidel ianalyoddeyshhafmiwduoxide, and the like. The
solids in electigphimic syspension 806 may include about 0.5 wt. % to about 25 wt. % of the Al

source, about 1 wt. % to about 10 wt. % of the organo halocarbon activator, and the balance filler.
[0062] In one embodiment, to provide a Pt-group-metal modified y-y’ alloy in first layer 616,

the solids in suspension 606‘may include about 84 wt. % to about 93 wt. % Pt-group metal,
about 3 wt. % to about 12 wt. % Si, and about 2 wt. % to about 6 wt. % of the at least one
reactive element, based on the total weight of solids in suspension 606.

[0063] The total solids content in suspension 606 may be about 15 grams solids per liter
liquid carrier to about 40 grams solids per liter liquid carrier, preferably about 30 grams
solids per liter liquid carrier.

[0064] The liquid carrier in suspension 606 may vary widely so long as it has compatibility
with the solids therein, and a variety of organic solvents may be used. The liquid carrier may
be essentially anhydrous, i.e., may be essentially free of water. Preferred liquid carriers also
have at least one of a high specific gravity and a high dielectric constant. Preferred liquid
carriers also dissolve an electrophoretically active agent up to a concentration of about 5 g/L.
Additionally, preferred liquid carriers do not react with an activating agent such as those
described in further detail below.

[0065] In one embodiment useful for making v-Ni + v’ -NisAl alloys, the liquid carrier may
include about 55 wt. % to about 65 wt. % isopropanol and about 35 wt. % nitromethane to
about 45 wt. % nitromethane, more preferably about 60 wt. % isopropanol and about 40 wt.

% nitromethane.
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100891 Electrophoretic deposition of the Al may be carried out for up to about 6 minutes at a current
density of about 1 mA/cm2 to about 2 mA/cm2 between the anode and cathode (article 402/first layer
414). Suitable voltages may range from about 35 V to about 250 V, and may be chosen to provide the
desired current density. The necessary voltage may be influenced by the composition of
electrophoretic bath 808 and the distance between the anode and cathode (turbine blade 602/first
layer 616). The suspension may maintained by mechanical agitation including, for example, an
impeller 810, as described above. Further details regarding eiectrophoretic deposition processes are
provided in Ul@lsPpteitsriNon 3/@bm:1.%6-ar6if k8, 2041 QattpteGreash&tal,whigh . are jogorporated
herein by refeorﬁ%%e gglgpeeilrcenqet%egyée gljéjstingd?%hﬂ th cur ent density or deposition time, or both,
may allow conitrol Gver the greert coat weight. The greeh ¢SS IWEIRMEIS Wearéighest sécond laver 816
applied to firstdaye¢ere pdrammittarsnotdinst layef6i6; dndagreempbatwiight afientsthe total amount

of Al available tg diffuse dpteiNe.coating.duing sups freatment steps. Preferred green coat
weights rangeﬁ}@om about 12,m%{qcr?1}E to abOL%%G5 mg%grfré}?%glﬂg‘%e%gcﬁ/%%@l}f fser%% & %fio about 30

mg/cm2. 100851 AHE S UBEIEAN SN OF e Yelb8hd IrsBl 8/la Miisauref(aiyy, ahxté 404) may he

introduced inté@ayities Gibobahinetiadeif2d20Mand v hing: blagdeiB02 ausmixtire 404 may be
heated to act%@ﬁ?dmiré%ggqgor&e 2@1615 83 glescgi ed aboy(b in further detail with reference to FIGS. 2, 3,
4A and 4B. While not wlshlng to be bound YJIS}baﬁg]/atlﬁ’gto@ > SPRSRHPAGHIBIR ReReEHEE indicates that
the heat treatfRBRtPhaledusdethodrgane hamtarbarmactivatartendedompesecralgaging halogens,
which may thegekeashyitbithe aluminymenhs AHminym SouIse s activaling the aluminum. When the
aluminum halide compound diffuses to the surface cavities 614, thela uminum reacts with and is
bound to the &UYALRE M BRSSPI RRMREN et aerseninseaEsthe halides winch is then free
to react with ahchactivaté anathes:alemimvmoatduin the gixiui@. 00911 The heating of turbine blade
602 and mixtyse a bstantially simultaneously actjvate the aluminum present in second layer
816. For exarijﬁﬂﬁgghcggr}#g}?mnga hrrf?)ari/n ecc,‘!a%llﬁse etﬁsleééc%%ihoéeﬂﬁ LArHShAsen 2818 decompose and
release halogéHgatiigieBers awt vwithothel dhamiraimainithe secopshiayeio8 kodtmipiramaluminum halide,
The aluminurdiafide:fiay difluse(o tecurtass.of fistiaver 016 andhe Agbnvgeum may,react with and

be bound to the surface of first Iaﬁ?eer 616. Further, the heat treatment es}%gsﬁ r%%f}t achitate
interdiffusion BEIEeH RIPHINaS Ak (Bo2thArdthegdet 616 and second layer 816. [0092] As described

above, heatingsbiLirbine blate 602 and mbdyred0d Rk AEEUE Ak 2 erReratue of ahout 1400F to
about 1975F for about 1 gﬂ%g ;%ea%?Hg ddfopl%)]urlslh IQOS me mbodiments, the heat treatment may be
carrier out in an oven under an inert atmosphere, stich'as B Paftdf préssarae §, 46 -blhches Ho)
of argon. The?heitrsAlie eayaisoaredalvia thérmal detonhbasition). abdmeraevihefamy masking

material 402. {009 BloAftashesting thedurbine bage 002 And aixluE A4, the sxterior surface of

turbine bladed602 may optionally be cleaned to remove any excess green coat that is not chemically
bound to the &Xt&Hor SUFSEE B YUIBIAE BIad & B2 ueneshivig megpesakeathpisheanbse idthationic
cleaning in wétéraod ghsdiventsbiah as methatebrarcimply rechanicalbyremoving the rgsidual

unreacted bisguiewith, a.50ft bristle brush, or the like. For example, the exterior surface of turbine
blade 602 ma hgee uItrason}cgl)Itfy!? E:Lfear?g& Ef{/\%‘élééltho?nlg%ggﬁ%%’fo%rl é%%mlﬁ 5 PiHORELCTE084 The turbine
blade 602 an8fikErPAG4 fvaehdtialincagdinciedthpattedativenti(B06) cThesfinapheattreatment

facilitates further diffusion abthesoatpaRlemantsapsiproduces & morg;uniform coating . The final heat
treatment ste}?eis.g%efe:?%%sgarri d.out at about 1975 F to about 2080 F for about f to agout 4 hours,

seib by rele eplélr F (?%ng }Ef'sgai_ght of first layer 616 deposited on the exterior

although any convenie
surface of turbine blade 602 may range from about 5 mg/em” to about 30 m g/ent’, preferably

about 10 mg/cm” to about 20 mg/em?,

[0070] After completion of the electrophoretic deposition of the Pt-group metal, Si and at
least one reactive element, turbine blade 602 including first layer 616 is removed from
electrophoretic bath 608. Turbine blade 602 coated with first layer 616 may then be

subjected to a heat treatment step (not shown). The heat treatment enables the Pt-group
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[0095] Following the final heat treatment, cavities 614 may optionally be cleaned to remove any
excess mixture 404. For example, in some embodiments a high pressure water blast may be used to
remove any remaining residue. [0096] While the technique illustrated in FIG. 5 has been described
with the steps technique occurring in one order, the steps of the technique may be performed in other
orders. For example, in some embodiments, the mixture may be introduced into the cavity (204) prior
to deposition of the second layer of the external coating (504). EXAMPLES Example [0097] A turbine
blade having a part number 23072440 was electrophoretically coated with a PtSiHf alloy including

about 91.6 wintaP 5 iahalt: ks b Siiad iahent BtV Rl and diffesed Al 3L7aR1qr.L5 minutes
in a vacuum. ﬁtguee&tntrt%%n\gqt in vagtiiltjm may R%sg result in vacuum cleaned surfaces of the internal
cavities of the blade. After a light 220’ Gt Biadtwills Sishiveir 6xides dedptsarmentsiasmssiba deposit of
approximatelP 8 {098 al tamipaurhirS: Sangirh fpotytetrafiigofodtiny lene: apeh therbalanee 4 migren

aluminum oxigg fillgso(XPrhQl) . icall led to the external surfaces according to a
method descriged inOU.S. Pateﬁp%ﬁgﬁ%%n%{gr%%%af%é% ,if@.o,&%é? thE e *rophoretic

deposition, a%‘?ﬁ%?ﬁ‘fo???ﬁcﬂw‘iﬂ@r a&pprYXimately 6 wt. % aluminum, 3.5 wt. % polytetrafluoroethylene

and the balariée i nicton ajunnm exside filler wasmivedsith 28l e 89 W YpiseRiPnanol and 40
wt. % nitromeghane.vehicle in the asptproxipwat ratio of 100 grams of solids to 50 milliliters of zein
njected iAtS tha Hhte MAPE St SRR SR ERtan MRS slurry

solution. The composﬁior{jwas mjected in

composition ékiteditht saiiingréddimoperfing ame film coolinguieles atithe tipehibe:biage, The two

holes on the attom:efih-bladsedovstalt were led wilb PYMAX 1064 (ayailatle from Iy Max

Corporation, Torrinqton, CT) and cured for approximately 5 minutes under an Wi 2o eattI@ht to harden

the plugs. [00@89]"?}*.'«32@&% SitfBn W RORIHTSa by s Hex theatmentsatil800F fortaboubithour under

a -5" fig partial(pressatd ot argabgas. dipon:carmletion:ofithe haat, tsaiment, ngifised bisque left on
the external SHEE%Q%%%%‘J%QI&I# was 1riemrgjveddb vigorous brushing with a soft bristle brush.
Following this, the blade was placed i & beaR8f dONTaRG N tHAT I (PaBBnically cleaned for
about 5 minufdsbrhaulidsshicy eted himgywas uépeated infresh anethanal fon phpsicS minutes. The

coating was fWIe ied e alRdiRh0aLs AUIRGIA A0 RRWF IR nGSUMTLC appiomately 104

Torr to form the external PtAl coating and tohe internal aluminide coaﬁng 00957 Afeé ﬁﬁ‘@%ost-coat heat
treatment, thé Blde WAY i thdd th d&ibnstrate complete coating coverage on the external

surfaces. The #fsat-tintenl dalanisishowed the devataihseirmticnsweredige:Pheoating ey the design of

the Dymax 7QedhDARIRGLINGR US4 AL about 25 at.% Pt abous 5 at.% Si. about 1.5 at % HE,
about 4 at.% Cr, about 6 at.% Co, incidental amounts of other superalloy substrate elements,
and the balance Ni. In the same example, the phase constitution of the resulting coating was
about 85 % y'-NizAl and about 15 % y-Ni.
[0073] A second layer 816 of the external coating may then be deposited on first layer 616
(504), as illustrated in FIG. 9. In some embodiments, second layer 816 may include
aluminum (504). Second layer 816 may increase the amount of aluminum present in the final
external coating. The Al deposition may be accomplished using any conventional coating
technique, including pack cementation. When pack cementation is utilized, turbine blade 602
including first layer 616 is buried in a ceramic boat by a powder pack including the
composition to be deposited.
[0074] Coating thickness and composition may be controlled by selecting appropriate pack
cementation times and temperatures, and by controlling the composition of the pack. In
some embodiments, the pack may include about 0.5 wt.% to about ] wt.% Al, about 1 wt.%

to about 5 wt.% organo halocarbon powder, and the balance 90 grit aluminum oxide.
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bottom two holes of the blade stalk. A high pressure water blast was used to remove any remaining
residue from the internal cavity of the blade. The blade was sectioned al ap_proximately 15%, 50% and
85% of the length of the blade to document the coating thicknesses on the internal surfaces of the.
blade. Table | shows the coating thicknesses on the external and internal surfaces produced by this
method, and FIGS. 10A and 10B illustrate the locations at which the thickness measurements were
collected. Table 1 External Coating Thickness (mils) 1 3.012L70 3 1.96

[0075] Turbine blade 602 including first layer 616 and the pack are then heated to a
temperature between about 1400 °F to about 1975 °F for about 1 hour to about 4 hours,
which causes the coating materials in the pack to deposit on to first layer 616.

[0076] Additionally, one or more reactive elements may be included in the pack mixture in
amounts up to about 5 wt. %, if desired. The inclusion of one or more reactive element in
second layer 816 may increase the concentration of the one or more reactive element in the
final external coating.

[0077] Alternatively, the deposition of second layer 816 may be accomplished using a
second electrophoretic deposition system 800, as illustrated in FIGS. 8 and 9. Similar to FIG.
6. an electrophoretic bath 808 is prepared which includes a suspension 806 that may include
a second coating composition, solvent or liquid carrier, and any necessary additives, such as
activators and the like. An impeller 810 or other suitable agitator may agitate suspension 806
to keep the second coating composition and additives in suspension. Turbine blade 602
including first layer 616 is electrically coupled to a DC voltage source 812 as a cathode, and
another conductive material 804 is connected to DC voltage source 812 as an anode. Turbine
blade 602 including first layer 616 and conductive material 804 are submerged in suspension
806, and the DC voltage source 812 applied a voltage difference between turbine blade
602/first layer 616 and conductive material 804, causing a current to flow, and a positively-
charged metal chelated complex second coating composition to deposit on the negatively
charged first layer 616.

[0078] The electrophoretic suspension 806 may include solids, a liquid carrier, and any
necessary additives, such as activators and the like.

[0079] Suitable liquid carriers include nitroalkanes, alcohols containing about 1 to about 6
backbone carbons, glycols, and the like, and mixtures of isopropanol and nitromethane are
preferred. In some embodiments, the liquid carrier comprises about 535 wt. % to about 65 wt.
% isopropanol and about 35 wt. % to about 45 wt. % nitromethane, and may include about 60
wt. % isopropanol and about 40 wt. % nitromethane.

[0080] Electrophoretic suspension 806 may further include an activating agent and an
electrophoretically active agent, including those described above. Suitable
electrophoretically active agents include zein, and electrophoretic suspension 806 may

include about 1 g/L to about 3 g/L, preferably about 2.2 g/L. Suitable activating agents
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45678 2.112.322.241.76170 internal Coating Thickness (mils) 9 [St 10 1.85 0.62 Example 2

include cobalt nitrate hexahydrate, and electrophoretic suspension 806 may include an
activating agent concentration of about 0.08 g/L to about 0.20 g/L. In some embodiments,
electrophoretic suspension 806 may include an activating agent concentration of about 0.14
g/L.

[0081] The electrophoretically active agent and the activating agent may form a chelated
complex which may surround the metal particies in the electrophoretic suspension 806 and
impart a slight positive charge that causes the encased particle to migrate to and deposit on
the negatively charged cathode (turbine blade 602/first layer 616).

[0082] The solids present in electrophoretic suspension 806 may include an Al source, an
organo halocarbon activator, and filler. In some embodiments, electrophoretic suspension
806 may include a total solids content (including the coating composition) of about 15 g
solids per L liquid carrier to about 40 g solids per L liquid carrier, preferably about 30 g
solids per L liquid carrier.

[0083] Based on presently available evidence, the organo halocarbon can act as an activator
for the Al. The use of the organo halocarbon activator is particularly preferred for the

electrophoretic deposition process, as conventional halide salt activators are not compatible

with this process, but may also be used for pack cementation.

[0084] Suitable organo halocarbons include, for example, fluoropolymers, such as
polytetrafiuoroethylene (PTFE), chioropolymers, such as polyvinylchloride (PVC), and the
like.

[0085] Suitable organo halocarbons can preferably be produced in granular form and are
compatible with the liquid carrier in the electrophoretic éuspensicn 806. One particularly
preferred fluoropolymer is polytetrafiuoroethylene (PTFE), which may be obtained from
DuPont Fluoroproducts, Wilmington, DE, under the trade designation DuPont Teflon PTFE
60, and the trade designation Dupont Zonyl MP-1200.

[0086] During the electrophoretic process, the organo halocarbon and Al are substantially
concurrently deposited on first layer 616, forming second layer 816, as shown in FIG. 9.
[0087] The Al source may include elemental AL, or may include alloy powders such as, for

example (by weight) 55A1:45Cr, 42A1:40Cr:18Mn, 70Al1:30Cr, other aluminum-chromium

alloys, organo-aluminum compounds, and the like.
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0.76 C 0.63 EFOH1K 0.600.760.550.530:61 0.72 0.60 0.40 101001 A turbine blade having part
number 23072440 was subjected to "pickling' for 30 minutes in a 50% nitri_c acid and_50% Watef
solution at approximately 150F to clean the internal surfaces of the_bladg in preparation for 'the internal
coating. The blade was coated with the same PtSilllf alloy as described in Example 1 z_;lnd d|ffuse_(_j at
2175F for 15 minutes in a vacuum. After a light grit blast, the blade was masked by filling the trailing
edge and film cooling holes near the blade tip with Testors cement (avail_able from The Te_stor _
Corporation, Rockford, IL). The excess Testors cement was wiped off prior to curing and lightly grit

blasted with 2P0sgitTakifilinurnOXidenafiesCHINGIAL BRIRKE A% SX08Snim hisxample, the surfaces

jC uosattiirr]lzide theogladie”,ncga%g o e,tgre hia nigi% g}l{l‘l’ fg,caen% (t)}get %Eef‘"@hg (s-)cc))Ililc’tnsgmh é)lleec?r(sgggrquve thin orno
suspension 806 may include about 0.5 wt. % to about 25 wt. % of the Al source, about 1 wt.
% to about 10 wt. % of the organo halocarbon activator, and the balance filler,
[0089] Electrophoretic deposition of the Al may be carried out for up to about 6 minutes at a
current density of about 1 mA/em” to about 2 mA/cm? between the anode and cathode
(article 402/first layer 414). Suitable voltages may range from about 35V to about 250 V,
and may be chosen to provide the desired current density. The necessary voltage may be
influenced by the composition of electrophoretic bath 808§ and the distance between the
anode and cathode (turbine blade 602/first layer 616). The suspension may maintained by
mechanical agitation including, for example, an impeller 8§10, as described above. Further
details regarding electrophoretic deposition processes are provided in U.S. Patents No.
5,057,196 and 5,958,204 both to Creech et al., which are incorporated herein by reference in
their entirety. Adjusting either the current density or deposition time, or both, may allow
control over the green coat weight. The green coat weight is the weight of second layer 816
applied to first layer 616 per unit area of first layer 616, and green coat weight affects the
total amount of Al available to diffuse into the coating during subsequent heat treatment
steps. Preferred green coat weights range from about 12 mg/em” to about 65 mg/cm’,
preferably about 15 mg/cm? to about 30 mg/cm’.
[0090] After application of the second layer 816, a mixture (e.g., mixture 404) may be
introduced into cavities 614 of turbine blade 602 (204) and turbine blade 602 and mixture
404 may be heated to activate mixture 404 (206), as described above in further detail with
reference to FIGS. 2, 3, 4A and 4B. While not wishing to be bound by any theory, presentiy
available evidence indicates that the heat treatment may cause the organo halocarbon
activator to decompose, releasing halogens, which may then react with the aluminum in the
aluminum source, activating the aluminum. When the aluminum halide compound diffuses
to the surface cavities 614, the aluminum reacts with and is bound to the surface. The
reaction of aluminum with the surface liberates the halide, which is then free to react with
and activate another aluminum atom in the mixture.
[0091] The heating of turbine blade 602 and mixture 404 may substantially simultaneously

activate the aluminum present in second layer 816. For example, the heat treatment may

19




[0101] With the masking in place, a dry pack mix consisting of approximately 1 wt. "A aluminum, | wt.
% fine polytetrafiuoroethylene powder and the balance 90 grit aluminum oxide was poured into the
blade cavity and vibrated until the dry pack mix was near the top of the two holes in the bottom of the
blade dovetail. As in Example 1, Dymax 706-H was injected into the two holes to seal off the internal
cavity and prevent gaseous aluminum-containing species from depositing aluminide coating on the
machined dovetail surface of the blade during heat treatment. As before, the Dymax 706-H was cured
with ultraviolet radiation. [0102] Following this, the XT-101 coating was electrophoretically deposited

onto the externakstifagesoidbeatadectinitiel difusion efdheNcartainipg. externalandipternal
coatings Wastﬁ))grafglrmed at %temgeé tur§ é)lféaitc))c%ut 1500F for about 1 hour under a -5" Hg partial

ing off the residual UndiFFaSEY BIRgH Hrorhthe Bxiamdiddfaces and

pressure of argon. ‘knf?é? rushing o
ultrasonically Bratiifig thetexterioresdfagdsyier Méthad didwicejaninfxampladl otheblagawas

subjected to theisAme.pOstHoALNE RN Heatment af.akaut2080F, for,akput | hour in a vacuum oven at
approximately 104 Torn 10103] FIGS. HA and ilg show p%o%’ggg%%%zgé# lgae/o%gg\%eside 1102 and

convex side 1THAHBSREARRR HRBIGD 1106 Rt EFHdateint tand stsond deyendefnal coating 1106 on
blade 1100 anebanisandesafieoatiog: 1kagentherstabkonifaces i Refrrense umerals 1112 and

1114 indicate the MG. 12.show ical mic re of an aluminide coating 1202 on an internal
surface 1204%?‘5% ?&8%5%% to?‘\?vgno,%ﬁ{é) g‘Fﬁr‘ﬁ%é?jg ﬁ%ﬁ@%ﬁd@ﬁﬁ%ﬁ?@ﬁﬁé&‘f%#&sﬁﬁﬁt 0.82 mils to

about 1.03 migfodiouy driobesiarasodimeatshefdite énvention haveubéenndeseribedsphbese and other
embodimentssgeg W 'MJM@%&%%@ (Qfgt.hgbtﬁﬂqwmgug%§of M%&%:%blhéat treatment may also
result in thermal decomposition and removal of any masking material 402.
[0093] After heating the turbine blade 602 and mixture 404, the exterior surface of turbine
blade 602 may optionally be cleaned to remove any excess green coat that is not chemically
bound to the exterior surface of turbine blade 602. Cleaning may be accomplished by
ultrasonic cleaning in water or a solvent such as methanol, or simply mechanically removing
the residual unreacted bisque with a soft bristle brush, or the like. For example, the exterior
surface of turbine blade 602 may be ultrasonically cleaned twice in methanol for about 3
minutes,
[0094] The turbine blade 602 and mixture 404 may then undergo a final heat treatment (506).
The final heat treatment facilitates further diffusion of the coating elements and produces a
more uniform coating. The final heat treatment step is preferably carried out at about 1975
°F to about 2080 °F for about 1 to about 4 hours, although any convenient temperature may
be used.
[0095] Following the final heat treatment, cavities 614 may optionally be cleaned to remove
any excess mixture 404. For example, in some embodiments a high pressure water blast may
be used to remove any remaining residue.
[0096] While the technique illustrated in FIG. 5 has been described with the steps technique
occurring in one order, the steps of the technique may be performed in other orders. For
example, in some embodiments, the mixture may be introduced into the cavity (204) prior to

deposition of the second layer of the external coating (504).
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CLAIMS: 1.A method comprising: introducing a mixture comprising an aluminum source and an
organo halocarbon activator into an internal cavity of an article; and heating the article and the
mixture to a temperature sufficient to form an aluminum halide, which deposits on a surface of the
internal cavity to form a coated article. 102.The method of claim 1, further comprising: depositing
on an external surface of the article a first layer comprising Pt, Si, and a reactive element selected
from the group consisting of Hf. Y, La, Ce, Zr, and combinations thereof; and depositing a second
layer comprising Al on the first layer to form an alloy 15including a y-Ni + y1-Ni3A1 phase constitution,
wherein the second layer is deposited with the organ haloearbon activator. 3. The method of claim 2,
wherein depogwﬂgﬁtﬁ&econd layer comprising Al comprises eleetrophoretically depositing the

second layer comprising Al.
Example 1

[0097] A turbine blade having a part number 23072440 was electrophoretically coated with a
PtSiHf alloy including about 91.6 wt. % Pt, about 3.5 wt. % Si and about 4.8 wt. % Hf and
diffused at 2175°F for 15 minutes in a vacuum. The heat treatment in vacuum may also
result in vacuum cleaned surfaces of the internal cavities of the blade. After a light 220 grit
blast with aluminum oxide at about 20 to 25 psi, a deposit of approximately 6 wt. %
aluminum, 3.5 wt. % polytetrafluoroethylene and the balance 1 micron aluminum oxide filler
(XP-101) was electrophoretically applied to the external surfaces according to a method
described in U.S. Patent Application Serial No. 11/963.249. After the electrophoretic
deposition, a composition including approximately 6 wt. % aluminum, 3.5 wt. %
polytetrafluoroethylene and the balance 1 micron aluminum oxide filler was mixed with zein
in a 60 wt. % isopropanol and 40 wt. % nitromethane vehicle in the approximate ratio of 100
grams of solids to 50 milliliters of zein solution. The composition was injected into the
internal cavity of the turbine blade until the slurry composition exited the trailing edge
opening and film cooling holes at the tip of the blade. The two holes on the bottom of the
blade dovetail were filled with Dymax 706-H (available from DYMAX Corporation,
Torrington, CT) and cured for approximately 5 minutes under an ultravioiet light to harden
the plugs.

[0098] The composition was activated by a heat treatment at 1500°F for about 1 hour under a
-57 Hg partial pressure of argon gas. Upon completion of the heat treatment, undiffused
bisque left on the external surfaces of the blade was removed by vigorous brushing with a
soft bristle brush. Following this, the blade was placed in a beaker containing methano! and
ultrasonically cleaned for about 5 minutes. The ultrasonic cleaning was repeated in fresh
methano! for about 5 minutes. The coating was further heat treated at about 2080°F for about
1 hour in a vacuum at approximately 107 Torr to form the external PtA] coating and the
internal aluminide coating.

[0099] After the post-coat heat treatment, the blade was heat tinted to demonstrate complete
coating coverage on the external surfaces. The heat-tinted blade showed the dovetail

serrations were free of coating per the design of the Dymax 706-H masking plugs in the
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20 4. The method of claim 2 or 3, wherein heating the article and mixture comprises heating the _
article, mixture, first layer and second layer to a temperature sufficient to form a first aluminum halide
from the aluminum source and the organ halocarbon activator in the mixture and form a second
aluminum halide from the Al and the organ 25halocarbon activator in the second Ia_lyer. _ 5. The method
of any of claims 1 to 4, further comprising preparing the surface of the intern_a_l cavity prior to
introducing the mixture. 6.The method of any of claims | to 5, further comprising masklng at I_east one
of a film cooling hole and a trailing edge exit slot with a masking material comprising an aluminum

source prior todntiodusingdhermixiue il heimeatBrdafanyafsiaims 1ia 6 furher gem pf;ising

masking a meterinl% Iateéé)rifice Wéth a mazking&fmaterlal com;r)rlsmg an aluminum source after
’ I

introducing the Histure o8 “FHE ThEthBE SRR bf didfinblets 7T iakker eorisriimediiéat treating the

coated approximately 15%, 50% and 85% of the length of the blade to document the coating
thicknesses on the internal surfaces of the blade. Table 1 shows the coating thicknesses on
the external and internal surfaces produced by this method, and FIGS. 10A and 10B illustrate

the locations at which the thickness measurements were collected.

Table 1

External Coating Thickness (mils)

1 2 3 4 5 6 7 8 9 10
3.01 170 196 211 232 224 176 170 181 1.83

Internal Coating Thickness (miis)
A B C D E F G H I K L
0.62 076 063 060 076 055 053 061 072 060 0.40

Example 2

[0100] A turbine blade having part number 23072440 was subjected to “pickling” for 30
minutes in a 50% nitric acid and 50% water solution at approximately 150°F to clean the
internal surfaces of the blade in preparation for the internal coating. The blade was coated
with the same PtSiHf alloy as described in Example 1 and diffused at 2175°F for 15 minutes
in a vacuum. After a light grit blast, the blade was masked by filling the trailing edge and
film cooling holes near the biade tip with Testors cement (available from The Testor
Corporation, Rockford, IL). The excess Testors cement was wiped off prior to curing and
lightly grit blasted with 220 grit aluminum oxide after curing to remove any excess. In this
example, the surfaces just inside the trailing edge and the inside surfaces of the film cooling
holes thus have thin or no coating.

[0101] With the masking in place, a dry pack mix consisting of approximately 1 wt. %
aluminum, 1 wt. % fine polytetrafiuoroethylene powder and the balance 90 grit aluminum

oxide was poured into the blade cavity and vibrated until the dry pack mix was near the top
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10article. 9. The method of any of claims 1 to 8, wherein the mixture comprises a dry slurr_y including
the aluminum source, the organo halocarbon activator and a filler. 1510.The m(_ethod of claim 9,
wherein the dry slurry comprises about 0.5 wt. % to about 25 wt. % of the alumlnum source anql about
1 wt. % to about 10 wt. % of the organo halocarbon activator. 11.T_he method of claim 9, wherein the
filler comprises a particle size of about 1 20micron to about 160_m|crons. I2.Fhe method of any of
claims 1 to 8, wherein the mixture comprises a wet slurry including the_alumlnum source and the
organo halocarbon activator in a liquid carrier. 2513.The method of claim 12, wherein the wet slurry

comprises solidstinchading:ahatit Efowto Mntchalae w2 ewt. % af tieAminim souseand about 1 wt.
% t about 10,43, 4 o ARRR0c DR, actaton

¢ internal cavity and prevent gaseous aluminum-
containing species from depositing aluminide coating on the machined dovetail surface of the
blade during heat treatment. As before, the Dymax 706-H was cured with ultraviolet
radiation.
[0102] Following this, the XP-101 coating was electrophoretically deposited onto the
external surfaces of the blade. Initial diffusion of the Al-containing external and internal
coatings was performed at a temperature of about 1500°F for about 1 hour under a -5” Hg
partial pressure of argon. After brushing off the residual undiffused bisque from the external
surfaces and ultrasonically cleaning the exterior surfaces in methano] twice, as in Example 1,
the blade was subjected to the same post-coat heat treatment of about 2080°F for about 1
hour in a vacuum oven at approximately 10 Torr.
[0103] FIGS. 11A and 11B show photographs of a concave side 1102 and convex side 1 104,
respectively of blade 1100 after heat tint, and show an external coating 1106 on blade 1100
and absence of coating 1108 on the stalk surfaces 1110. Reference numerals 1112 and 1114
indicate the FIG. 12 shows a typical microstructure of an aluminide coating 1202 on an

internal surface 1204 of a blade. As shown, the aluminide coating ranges in thickness from

about 0.82 mils to about 1.03 mils.

[0104] Various embodiments of the invention have been described. These and other

embodiments are within the scope of the following claims.




14.The method of any of claims 1 to 13, wherein the aluminum source comprises at least one of

elemental aluminum, an aluminum-chromium alloy, an organo-aluminum compound, or an

0oL

aluminum-chromium-manganese alloy. 515.The method of any of claims | to 14, wherein thgﬂdr an
halocarbon activator comprises at least one of a fluoropolymer and a chloropolymer. 16.The method of
any of claims Ito 15, wherein heating the article and mixture  comprises heating the article and
mixture to a temperature of about 1400F to about 101975F.

10

15

20

25

CLAIMS:

1. A method comprising:

introducing a mixture comprising an aluminum source and an organo halocarbon
activator into an internal cavity of an article; and

heating the article and the mixture to a temperature sufficient to form an
aluminum halide, which deposits on a surface of the internal cavity to form a coated

article.

2. The method of claim 1, further comprising:

depositing on an external surface of the article a first layer comprising Pt, Si,
and a reactive element selected from the group consisting of Hf, Y, La, Ce, Zr, and
combinations thereof; and

depositing a second layer comprising Al on the first layer to form an alloy
including a y-Ni + y’-Ni3Al phase constitution, wherein the second layer is deposited

with the organo halocarbon activator.

3. The method of claim 2, wherein depositing the second layer comprising Al

comprises electrophoretically depositing the second layer comprising Al

4. The method of claim 2 or 3, wherein heating the article and mixture comprises
heating the article, mixture, first layer and second layer to a temperature sufficient to
form a first aluminum halide from the aluminum source and the organo halocarbon
activator in the mixture and form a second aluminum halide from the Al and the organo

halocarbon activator in the second layer.

5. The method of any of claims 1 to 4, further comprising preparing the surface of

the internal cavity prior to introducing the mixture.
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6. The method of any of claims 1 to 5, further comprising masking at least one of a
film cooling hole and a trailing edge exit slot with a masking material comprising an

aluminum source prior to introducing the mixture.

7. The method of any of claims 1 to 6, further comprising masking a metering plate
orifice with a masking material comprising an aluminum source after introducing the

mixture.

8. The method of any of claims 1 to 7, further comprising heat treating the coated

article.

9. The method of any of claims 1 to 8, wherein the mixture comprises a dry slurry

including the aluminum source, the organo halocarbon activator and a filler.

10.  The method of claim 9, wherein the dry slurry comprises about 0.5 wt. % to
about 25 wt. % of the aluminum source and about 1 wt. % to about 10 wt. % of the

organo halocarbon activator.

11.  The method of claim 9, wherein the filler comprises a particle size of about 1

micron to about 160 microns.

12. The method of any of claims 1 to 8, wherein the mixture comprises a wet slurry

including the aluminum source and the organo halocarbon activator in a liquid carrier.
13.  The method of claim 12, wherein the wet slurry comprises solids including

about 0.5 wt. % to about 25 wt. % of the aluminum source and about 1 wt. % to about

10 wt. % of the organo halocarbon activator.
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14,  The method of any of claims 1 to 13, wherein the aluminum source comprises at
least one of elemental aluminum, an aluminum-chromium alloy, an organo-aluminum

compound, or an aluminum-chromium-manganese alloy.

15.  The method of any of claims 1 to 14, wherein the organo halocarbon activator

comprises at least one of a fluoropolymer and a chloropolymer.

16.  The method of any of claims 1 to 15, wherein heating the article and mixture
comprises heating the article and mixture to a temperature of about 1400°F to about

1975°F.
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