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*159159* M XTURE AND TECHNI QUE FOR COATI NG AN
| NTERNAL SURFACE OF AN ARTI CLE TECHNI CAL FI EL
The present disclosure generally relates to teEMWMﬂmmwmmmmm
for coating an internal surface of an artic
BACKGROUND [0002] Nickel - and/or cobalt- based *159159*
superal | oys effective for use in high tenperature
envi ronnents are comonly used by the aerospace and
MIGASYRE AN TECENIQNE FORSOOATINGOVS INBERNANSURFACY OF AN
strong, they are general ARTIGLEparticul arly resistant
to corrosion by high tenperature gases. Corrosion and
oxi dation-resistant coatings are therefore often
applied to the superm@dHRYBCAD FIRRDOVE COrr 0si on
or oxidation resistance. [0003] Internal coatings
joopf ﬁ?eoﬁfsséf“ ﬁ&ogwaﬁf‘é% " giFs %Wf@'%hfobéoaéfﬂ% PR BErRAY surface
of geare¢lal different nethods. For exanple, chem ca
vapor deposition (CVD) nmethods using a reactor to
generate a reactive A]-bearing species, or CVD nethods
t hat use above-the-pack technol ogy, have been used.
Bot h nethods are Gener BACKGRP ve, but require a
[0092ZRRkE- bty B TbPBIMaséd sup&alh RTBRL VB R WL H Jhlﬁgm erature
Moreover, in the case of above-the-pack processes,
enyifoamgnts §r3§0m§10@h| wethanihe agrpTnace ak parstindugeiver Bhdd such alloys
arel ifMekdhAl RBorzOE P fie EnBARAR %m&m&w& gt%t %&g&j}%@%l‘ By hidn
capture active species and/or convert
leMN§FHEe 8p8S. draegion gnd WWeSl{tmmmgwrg&m@ﬁaé pfiénhepplied to
the(ihﬁe@zlilgﬁ E‘fo%’n'p?ovg 'cBr‘?gsqcﬁ‘ldanEBr 6')(1[%3&1%5?& arllged techni ques for
coating an ‘internal cavi 0 cle. In some
[008 Abnékirmed ncoa;t,l,nsi loepreiedt trmlsesuwaxyallomparus dan la: dppidai m&evaﬂeilﬂﬁerrent
melHdGOT AR e?elnﬂgce chémlgalr\(ﬁ Qrteig (Is oﬂ?# f) methdd u%llrnag a reé/ctor to
substrate conpri sing ? he artic
geTieratt utactn é\lxbparmrseecwwrtqw metitoid g thatnmay alﬂlVe-ml’Eeypaabtechx&)lom,
n h enera
e e B G FRR ke B G PR et
equapm¢nd ed thpdike. Wdatebvay. in ihe caset Qf(abeveahe}'paba\prdcyssesThﬁre isa

f
sngﬁ%gﬁuggﬁéf gfgst!le Qeng.FaIYedpl%%@Sr ng rcc?rrr% rve ggsf%‘%vwlﬁ cgﬁ@%}?

CMEW1nwn@ﬁp@mumc@oawmvahmgnganmouhadmﬁambon activator
When heat ed, the organo hal ocarbon activator may
deconpose and release a hal ogen species, which reacts
with alum numin the al SiM¥MARYUrce to form an

[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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al um num hal i de. The al um num hal i de may then diffuse
to a surface of the cavity, where the alum numreacts
with and is deposited on the surface. [0005] In one
aspect, the present disclosure is directed to a nethod
including introducing a mxture conprising an

al um num source and an organo hal ocar.bon acti vator
into an internal <cavity of an article, and heating

alunfieunahilide) Ehaglminhe HElidd MEE tHeR dATEERIRELALIY E the cavnt\' where the
suff|C|ent@%aw$orn1 an al um num hal i de, whi ch deposit

alugnum Eqaets & isdRRPSiFA A thaPuTéeity to form a coat ed

[0@05} ircdrR.aspeb QHGlesti daBRERETs ARPESLo a %Hﬁocplth@l*ﬁ@lﬂt introducing a
disclosure is directed to a nmethod incl uding

MIYUIEFOMPISGS A URMUBLSOBICR AN & prEaodalstarhen mﬂwted igtogen internal
cafitylcFtan h@d¥ Rl ard MR g Shd Giflt anSihe nﬁlﬂgreq? Eﬁ?rﬁ)teb}ﬁ?igjfﬁzgg Yo form

selected fromthe group consistin
an gluminimyhaligfyy rieh deppsits op e sudice of Fthlmtmiellmawgf @ forimd cnesd
anQanr|S|ng al um num and an organo hal ocarbon acti vat or
nto an internal cavity of the article, and
W‘H‘ébB’sﬂ“PFhﬁ'gaSaeCééh@ﬁdseh%dﬂwosemdurs;tqdgo Ametind ﬁritt&:dfnord‘eposmno

on aﬁ‘gﬁEmElQurfgégromiﬁ"Qm llelacﬁ)fst Irpvgl;]g I ngm%é"{l a,\fgaxiresacnve element

phase constitution, where econ
selg@esisom e FpuplFotiging ofHAY. hal @ﬁch bmﬂc@@ﬁmzﬂlﬁﬁmere{)ﬂJOOﬂ

] ; Of Anre e i

niRATT B SonBly R ARy PR o aninie

intemal catiey Qf@lmﬂlcpt Iaomdd{peblomg a Gdchadt laf/@ablhibﬁﬁno Akjnakd ﬁrst laver to
fr om

v 0 " inyention wll be apparent
off AR IRIAPER - PO h yte hh
deBRitddFw iDESCRIgRTd mo@%oa%mwes [0008] FIGS. IA-IC

t 4V QL pus Vi ews of an | e turbine bl ade,
[O(ﬁlﬁfﬁ'ﬁe ?exc udoense 08|: mor %erac' r{lents al\l)iv?qtlggare[sgd@@l] ml—_qléG 2

acqowpamﬁrhgxima‘dmggmdnha dfeatnpﬂeplbetbs @he@ XANPEColj QG B B antaces
ce, of an internal ~

(]
of Ihg qnvgr?tpoo fw1al be qare&l gomqgeo%g?rlqaﬂp%%cgﬁfigmgs ppq)fxpraltk&gqleaw}s

that deplets an exanpl e technique for introducing a

Cr oss- sect | onalRULL RESERIRIGN GRBAWING e bl ade.
OdRAEH, T S  Ha s L SR s
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 cavitv of
the article. '

[0013] FIG. 6 is a side view illustrating an example article immersed in an electrophoretic
bath.
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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 viewillustrating an
‘exanple article inmersed in an el ectrophoretic bath.
[0014] FIG 7 is a side view illustrating an exanple
article immersed in an el ectrophoretic bath and
coated with a laver including a Pt-group netal. a
reactive element. and Si. [0015] FIG 8 is a side view
[00iL 4]l KISt T &taishlg vaaw Bistrping aaéianqiltearﬂdaﬁrﬁﬂer\ébd i ad ele@¥dPhoretic

. active elenent. and
bat% |°r(r)1§r§fiset§a l?rveég?g}éghf é1°é%‘tpr“6eﬁﬁoar BRFY e Slsmsnt 9L 6]
[OOH]G?IGQS ls& sajeS/hdi’&lMlst&anQ lah ebdnipdd Arfigle 3Bht@XAPA ﬁv@%ﬁﬁc‘hﬁihrﬁr a Pt-
el ect r%phoretl c bath coated with a

"“’f‘? P‘§Ea§ aé?i"éFVﬁ T ARG SAMPErgrddn g Seropd Flectepphersiig hajte

[00036]61?16@ is adid vidw ilaRehtiag af MMk ArBVIE immBGiidian gleﬁ*ophoretxc
% 017 FI%&I OA and I OB are cross- secti onal

layrg prcdydingreBirgrovrsmerpl. aregetivetelantsniend %) ande
seca,td wErmmqa,tAlng t hi cknesses were neasured for Tabl e
}% Jcﬁ FI GS. | A and 11B depict a heat tinted
wowr Cre! By ande! 03[@9&@}5 EFiEnal dagramgthey depist lbewstonoefal gas turbine

blaéYé eRW'thh c@ﬁknr%’iﬁ‘n@?ﬁe@se@ Q%Fé rﬂegisur\é@ FfRrafqus the
ostruct Ure of an al um ni de Coatlng on a surface of

IOOéS]CI%I@lSt YA pETABIdED cDESBRIMT @Nif002B] | n one aspect,
[00&&]9131@r £5€ @tcro% §e‘éh&¥a‘# (’1%“ of af? %\Ql 6@4 (!(%tllg w%?c‘i]esgo WS the

techni ques for depositing ting 14t of a
migesiiuetyresf amplupyinidetaatingprea w&m ofcp crmy\ be an aI um ni de

‘coating and nmay be deposited with an organo

hal ocarbon activator. In sonme enbodi nents. the coating

on the surface of DERAICER DBSGRIPONONarti cl e may be

5) plied substantially concurrently with application of
[0040]1clo@nt rrgeetothapressor é\Sﬁaiiur%l@ Hﬁm@lv(ﬁﬁretrh@toaecthnmhes for deposmno

d.t I
+ < . THRL08] L0 Yy B420Ph S04fnlle R o

mayg b@@qpaﬁitedvviéaramiocgaeg hilacdrbmhi aagvasbr. dmsbnSoembAdinghts Gé €oating on
the sme%cg f 9 AN of LV ?tncilé r%g)? he %Dé)HPcF Su %istgrkx)t,agv ]cgrgmrenlfllv \’\Sllth

i nc I ng, for exa aval
applibationpf Mavatieg tcaar(}omqmnal surBet bethelarticD, under the trade

OO?E ol Qn. M t hose available fro i:annon_
[ S't r!;g!ri]tmeon?a\ € aﬁ)/ﬁlg?(d tQ any arM;l ana HE%PCP%C‘EP riyquell suited for
appliemiog rwaism;mrallﬁwsb(rclks n@lhﬁ)ﬁ..m andd. tAheirtidid iﬁ@ludxﬁyﬂiv%hventlonal
erall constituents such for exanpl e

suplRST Gy RS qRARE T odRig: s ao ERGrEY et Corp.
Betogtih, cmal dn,ﬂerbtee &ddi&[éskrﬁatmh MPARSEIY7; thidsd 418i1bld P Cannon-
Mucko § (R/Eko n‘Eodlments the article ma

SRR e skt U e S e FoE AR M-+ )R and e
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 generaily includes an airfoil 102 attached to a stalk 104. Airfoil 102 includes a
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such as, for exanple, a turbine blade or turbine vane
that is used in a gas turbine engine. [0022] FIGS.

| A-]Cillustrate various views of an exanple turbine
bl ade 100 on which a coating nmay be deposited
according to the techni ques of the present disclosure.
Tur bi ne blade 100 generally includes an airfoil 102
attached to a stalk 104. Airfoil 102 includes a 3 f

| eadi ng edge 106, a trailing edge 108, a pressure

1eagmg edgl 10614 GaiAinedae $OKC b pss e RO 1 liladd a SREBESIESal 112,
S co ected to_suction sidewall 112 at

Pr v ol SR MEe Aige alyL 201 o0z e iehding
edgntoedi ment illustrated in FIGS. Al C turbine bl ade
rst _cavity 114a, second cavity

so j ncl ude
[00%%(4)15‘ tL? ﬂP'i’Qﬂj“E%{Wlf‘?"%edl‘ﬂf IGHd LAolfr-terbing blags 1 0014 includes a first

cai®al h& Gédou@Lawi wlcpm/tmﬂd%ﬁ id 14 | Eoinyl ,
in, cooI|5é%tuF ine bladewioo éﬁ?gﬁgh§(g§3t%g% %“bvg‘

“capiss hiA i C ettt hgay aidat Fepding widiie bhide 10hdwingloperagon of blade
100 B &Fduin®feihiverieodiQf- thrbﬁbmﬁntdﬁm?glagg'mﬂs In Sobse OF

nore of cavities 114 is in conmuni cation with at
empediments o5e REMOHE Can}fesé%]stlhébllQMmunmagmnh at least another one

o1 o5 Taaor gl SRk 1P LY Bl Rk B g 140

fewey then deur lspides 1160, and nnre speC|f|caIIy alrf0|l 102
I |4 |I|n e exi
[od”iﬁymlbﬁ@ bldAE 16’@%@118 b cta¥1v fodf {@ gy glsq ‘8 Juge ao;?.lgraglfs of
tratlmgpqigemglt@@gel 16x At isdiegttsgen 1ﬂ1]}BGL 8B fdt wadloye Sﬂlmﬂﬁ@teﬁge &8t slots
g -edge it slots
118 Rl Eabid ¥, TR 2008 b5 TS prdice an exi
forfthmtwﬁy ow,cglalrftkauﬂo\hs theowih yommwm.S] Airfoil 102

IOnggkn'%{xl 1'09c%{g I“% mc%d urlLiara Q{Ingécl)lmg%Io%l i Fgr%{ fel?n cooling

rst m cool |
hObdﬁ&umumﬁumsmmmmuMmbnwsmfhaumvy\lm%awmwhk&ﬁd$ﬁﬁ6&ﬂmohok

b d fil | hol
PR REL e HER SR LRl LG PO L

andiﬁpd’d canirvd léavq:slpyctllvamc Th&‘ ;ﬁsqadmt d)ﬂ/fﬂiny:oolTrhﬂloms llllgﬂnh‘l; Ye Qf:ated
o BF54 ARUTE JLAG TN e LR oRESGAr Bty o
filmwbdtiereles $18 mh'ebepdrtan e uhtqugbéut af lehsih §6¥@bA BOLE Fé?@tﬁ r(])“-lgfml
e ar a ut at ast a portlon (0]

10 b 5B BrbaY e P9 W Yo ot i G apfniphates 115
In iﬁﬁtm‘agmbdaiﬁihemiﬁ thedTie cbbieng Holds 88 frial B fRREd St NB08T blade 100.
[m%%ﬁ ] ﬁe% ot her enbodi nts, the filmcooling holes

B1G0 S e o e 0ot shJPAEIRGO00. SR i
FIGI G, stalk liok |nih$t1ﬁ(ﬂﬁcﬁ$ fRstGle@SPuPRsid bpmali v ﬁWaQécoﬁﬁ ﬁleﬁzrmo

e 100. As shown in FIG IC

plait%ocrlfo picP (FPU?f‘Ver\?et%?t?rH@ AAte pefieesil 2y ééémem falmﬂtom surface 124
of 881k Q04l MEfeﬁﬁdr PW@te 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 descnbed 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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plate orifice 122b (collectively "netering plate
orifices 122") defined in a bottom surface 124 of
stalk 104. Metering plate orifices 122 fluidly connect
to one or nore 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 filmcooling holes 118. In sonme enbodi nents. stalk
104 may, include a single netering plate orifice 122
teiperiiffcndchaical WateFEbREd N MARES R o A
As descri bed brlefl%_above tJ?blﬁtghlﬁﬁm&%%%"ﬂhgg%MLbe
PTOSHE SHESIONGF oxidpiagh ht‘%ﬁ%@f‘&b@ﬁ@%ﬂh&mlg@ a mttemcoatmv

th&Wedic@Sor But@afitidl RGeS g #ﬁcts%?ﬂdﬂ%ﬁg &Jllro%lon ogl'glaée 100.
t enper at ure nmechani cal system ad 0"a

Foéﬁ’ﬁ?é?ﬂl%rl\"@émﬁ eggs l@éﬁﬁé‘#@tﬂdﬁ%éo%mwss‘myamalmﬂO)nmi duetion sidewall
1 10 B3 icBdle PRt X iHdakdl o bl .ade 100
include a prlct)t ect i veg%:]ggt%%%ﬁn { CS \O}%C u'éégororus Ceramit coating
thww%ﬁfhemﬁalynselawn feaedaeriar herf@‘fei eﬁiilzsiedf)o OXledBB(E @y 8¢ attached
BRAE o5 & eadi n
oS8 58101 OBy LBOR0 B BIATR iy b7 08s a1
+ g%ﬁl@hasgmquambn hitRe pragentaeppbioaioech yaNt A y'aNit AiesoBig refers to a

o o or ous ceramic
C"g@% i "%ﬁ“‘p‘g Sk Mblal BB et GRtRbr bt o
v'-SiipAf ah:ees ccmfstnbhml:enm@(m so'ﬁ’l'eQ)O'ﬁB(B dfehe dogrirat 1REHROmHoRiments, the

copéeﬂg‘gno:lﬂ QAk?Ys llmlpeg W rlltcf:llresaeﬂ éc\)l\gﬁeﬁoﬁe&rasigggf &%ﬁﬁhgﬁ%&p metal

sudothsttslubslﬂztdu@m nd &N‘ﬁzhlﬂahﬁfe@ﬁﬁ&hreaﬁr@fe'rébﬂt AN A phaddst tcture, is
é?“td? Al coating refers to a coating that includes a

Fime g the iiNi gvg Nl phase eonstifutien mommtcsatﬁxemplanf
allﬁ%cﬁdtcbﬁfngﬁw}fh Ny-NIM- N‘n %%h&gg&%ilﬁlpgﬁs;rle tdcle'ls:]%gegl H’zﬁ e§<ample

sone port i on of
v ?h*’é“e"é DAceht3 oL ‘es*ﬁcfb'ls "mornosawq by refeeknod henein erslpsemtlret\o

[0423¢ Vﬂﬂl@%ﬁﬁh{a%daﬁﬁhs%cl“m@d’l\dl\ﬂ h% ﬂzAgéh%y m%lon are oetr]lerall\
t hat substantially no R'NAl phase s ruct
PT?{F%?C’@th@p%hqeibdf(sgmtrqri,hprephagebesqspdjmm@ exuemal q@amge frtchiding up
bt 83 hiov, A12R / hase constitution
to o et L tn % elS ﬁlcﬂ Ir'ekg%l Sal{]\%l/ coz%tl F(_f}ygn%ans *{ﬁ“h gg&%l Pii;fas%lstructure.
Thys Nyhile tlys disgl@Gate ipHiaseddopst tdmbdwmoaﬁﬁmd%ﬁlﬁd@ﬁﬁjwhma v-Ni +
2, Whi chis
Y f\%éclﬁ%%?gdnggu (35/#1 rﬁg lglregtr'}%nels Agk lg’i‘lﬁe% t?]“icg SOBRE r ety
[0429D 28Yitigdhi 14 enayratse revauire pﬂmdcnmg&oﬂnmlduddd’kﬁld@r YorPNsiof. In many

ha nstit on are referred,
et A PGPSR L) B RSB, e P e
prasdatieoe alalmrodractoiamgﬁ whith |0Mdizﬁgtolf@rm biDalaR P o&&ie%t)atmv/oﬂﬁlt resists
a substantially

esults in a.c Vi ng
fuf REAFRRI0: kot S af SO R auh gy Cherp et dsinide
coatmc’dm?r\&ﬁtaﬁﬁheldmo Hakiirfdc® o PaOmis I ngb\elmr&fu@ﬁlr a‘;rg?tuengc?fudmo an
3Al phase constitufion, the

havi n
aluml ??%?g?rgorﬁ?ﬂo fﬁolcﬁ #)@Hactu&atghzzﬂq %Qﬂqlhggller[ngq)gg]cavmes 114

andhealtlhg BRde 100 aABYhedhiS@rd. QF Yorh@eBRARSGEd, MR nfik @M may be i drv
t| on.and/ or corrosion. |In many enbodi nents, the

poy ﬁ?rf Qe VhilE il emBediments el uitrarrics ey vmtherwwramda
suspaysidnstsRag. recei ve a

[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 FI1G. 2 will be described with reference to
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protective al um nide coating, which oxidizes to form
an al'um num oxi de coating that resists further

oxi dation or corrosion. As described in further detai
herei nafter, the alum nide coating my be applied to
the surface of cavities 114 by introducing a m xture
i ncluding an al um num source, an organo hal ocar bon
activator and, optionally, filler into the cavities
114 and heating bl ade 100 and the mi xture. In sone

turbifrd 6 AHTEOD, B will BEurterstdod ehaBrg di€lobite Bt thROMERED, BT Rkt the

odinments, a liquid carrier carr
tecwqguerﬁeﬁ‘frlﬁ’Fé‘WeéfGagb §’E>€ﬂ"’é’|‘% Aenrgpit %F%HP" o @0@6{ 'OFff‘@faCfZO%ther
artlcSes alriiadwafld &@loaiMyl, tHeWatfARK I iRESCANB Ray RGN PG OF).
03|t|ng a_coating on a surface of an i'nterna

Pf%?é fipR,ofdhe syrfagk e ngludsppeghanical or chiemigal prepasatins dior panple. in

sotié ERbddRh&RLRCOLTidh SrabAitREvHiRd Bcid A0 5dob wiel lnapﬁe applied to the
understood that the disclosure is not thus limt 3

SUTfcE tQ RO VE AW oxtdsdayisT athagéasmed prthe iswrface of caznwayl He

AlUsRAvdAP tldepdsdet of%eQ%ﬁ]hﬂQvﬁ?\nmg{]bé QLLE ﬁr ﬂc?é” - 3G€c1 Qhing
other “‘articles. Initially and optiona e su ace

(FI69. wiieh hait reflyrglane exifie inmergsepeonpthe pmfae@of(@@nzl)es 114,
[O(BrlFWﬁer @EHanﬁe @thhtepﬁlcl%%s 1@&&1u%¥ 'nngtlx}éqr%o% \‘FJ/‘I?lleqc ﬁ|4 oPhe

chem cal preparation. For exaﬁp e,
artisted@e) nd he mixtyre swl incluske applugbioun scE&% ani drszano halocatb@ndttivator

ancllsgf{ dé!}@p)e a fITRY I*H%orﬁ? Qllnk(?oqmgrg tt}he ?ulger lfn t%g%v gg‘vli'ne Whtle in

ayer that has forne Re" sUrT acl
othen eémbodishengs; thatmivereymant lbaecasrmdﬁlae quod cetrhe i nt er nal

e cl eaned f uor.i de ion [ FI C) .
(0653 i TBALRS oG ERRS ol LettEio8) SOBnCnGRI Ay o suen
as,dibr ecxampfbj (bs wmm) 3@@0@5& Ihe:40ee Vg UOAT:BOChether aGhiHERS

ntrod n xt.ure into the ies 114 of the
chromlum H fgiﬁnorg}llj.hmmum c?m?ounds ancs:tﬁclll[(]de an al um num

[0®éhifh®or°am helogarhon dvaivaoamipostt acan acatadsr foraf€laluminum during a

sut%Q(Sueg eat tyeatmv\ateste;% g]ﬁhr%or ﬁéﬁ%fzﬁ‘%g?%gg chb t he m Xt ure

ﬂumhednmmtumenmaynbs adrthé Bct. in a liquid carrler. [0032]
n rce ude elenental. Al. or
0053 A Bl SR e S i S eitus Ve g e e
suspem@mta)'ld 55Aikef4151€rv beledkﬂ.lc&ﬂﬁTgrdnSquon;n %he plfdired (ﬂhb}@bolvmer is
al | oys ano u nun1conpoun S,
pol b e Pt TRt R AL ot BB PR
Wilayig@el DR Sindet tiCtdde dbDgnaliod's [blh’%m?_{] dfidh PURE do Ehc{‘gu%né Zonyl
equent heat ftr nt step e organo hal ocar bon
kﬂ%ﬁgﬁ)WEFE&@'“?UW”@EE&EE@O“d?Wuoropolyners
[0038PTRP@IxyIEMSy aldd thelue filiérK The HRO3AL bERGRTERNAR oxide powder,
hal ocarbons are preferably conpatible with the |iquid

SuGh 4 A[IBHUTHOX g ZircqpiiFR R IR E @Hdf. pafaivey aaisleyangehe like. The

sizPbPMEiREH paRticls aRYNAR {RMAy 6 (R ekeh e q/hfch Wrgﬂﬁllré/ ¥R lirates
etraf| uoroét hyl ene (PTFE), which

thecpéylgip(?ofg%et Friiden Dhgpdastof pi]etﬁjl‘ebpq;rb@gﬁcmg also mﬂuence the ease 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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W m ngton. DE, under the trade designati ons DuPont

Tefl on PTFE 60 and DuPont Zonyl MP-1200, which is a

m croni zed PTFE powder. [00351 The mi xture may al so

include filler. The filler may be a non-reactive oxide

powder, such as al um num oxi de, zirconi um oxi de,

titani um oxi de, hafnium oxide, and the |ike. The size

of the filler particles may van', and nay affect the

ease with which the mxture infiltrates the cavity of
smiahi@ filed pailces Mldy@mpiod € Hefeade f

flu #ze t he easg W th mhriﬁmgh§ﬁgg§? ?h?ﬁmga¥aW'?q]4

Ofi’g U@&O?’P*H R o iatiyebslanger #llgr pasticlesosysh et |f¢m:xaxf1plt ehen the

_caﬁﬁ@stlllm%cllfdgﬁg'rﬂbﬁ’éﬁvmggrsm%ﬁ%&er geﬁ%e%tlre paftl¥ ohcgt[ngr restrictions.

filler particles may facilitate re
For gamtsain avesegtipiee 9frtibmiilbes pitictss may4angstfiomeabioed lamicvel (4,000

gr@rf@lago‘ﬁf 1dol rhlt:l%hs {%%‘r)‘? R Waﬂ]@h%{ Z{)ag%}éé sna?sfr?z}vdﬂcﬁ pde apgut

residual m xtures Tromcavities
13§ mécronsE30 gnian dbout &) amicvanb Y1 B) mithlaheabdut 90 @fcr@(1d0ckes

ch the mxture
O0RY VPR LRGs BFRS  Rullfil l®a Beciparaan argtumy, e

liqpid|carievmyvarawigety oilérigens itpacomnptibt wBMHB s@lfis tHe®hin. In some
port i ons

cavities 114 jncl| ude
emﬁé@ﬁiﬁ{gg aan %Fulc sgl%ent { g}\turg glf Bwlicr%glvsgf ﬁ]av Bg ussg.nlwraddition,
ther lewidrdagter mag be eSEQ]’ﬂlaEk\‘l(aﬂTpHI@us dR.. OB YSehidi® FRE of Dier,
rtic range from about 1 micron

Préfk&éd)q(qyg%g%lers a?Sféﬁv%/ﬁit&e(ﬁBtg) e(0§6 hig spsm fiqgrRely a@@,a&gﬂdeelectrlc
coffistank. eTheplanltllcalir&Smﬁv mes)l\rmyi dld‘&%tﬂlﬂﬁetﬂ:@@@&ctwé—%n%&ﬂ NS
des(crlged t%fo“ é about Eons (150 grit ant out 90

T RETO Y %5) ag?anSntratlTrbqu ?UIW‘%]"I A9 ltlﬁpg{b it gay Qe preferred that

theclgguidi dattiet doed nbi b Ohith @k bdiRbtinS Mk, @%chi 0 tr%sé&é%é}ﬁ;% | oi%rther
detallbglurry the Iliquid carrier Ay vary w

Tt is conpatible with the solids thereln In sone
[O(Bﬁbﬁth]ﬁ’ﬂﬁcﬁud Sifri @ﬁﬂln@luﬂ@”‘dﬁé’ﬁan@[e H"t%ﬁlk'in%s %fcof?(flgg(mtacmmo
abou(g]\{ rbo té% he use Ogstajldltlon the liquid carrier
HEOBRAKRORe 3 %fﬁhy’eﬂ? and thedike. Pmsymb@més@mnmrs ahd Nquid
cathbaea\Olﬁclu&tﬁhmtur?bﬁi%@'répﬁdol'dn@hh'ltijon?éi‘ﬁarnla ﬁfasraﬁﬁﬁg RBYE 530kt o
iso %ast one . .Of %ﬁg Speci fic gravity and h
B BRioL 4 Vi By e hangfpoabioped Wt c/arspwrepann’ea]nd b 35 we. %

mtﬁime&iaﬁﬁt@&rﬂa%ﬁl&hﬂﬂﬂutdycaﬁffét‘ 4 iRGRRLapodMab GR ok 5o ropano} and
b g&rlgﬁd be up to a concentration of abou? B g}i.
ARG Ay ¢t

%\‘I"P?‘et f“fe may be preferred that the |iquid
[0038] Wiher thel @8SuRAS cdr8aCH aWqhid @RieRAGhd ﬂx?]gelb E‘i?ogrgs?ltradga]\]

s, those described in further det
ing Sﬁ?)f"lécqoipa‘?ﬁr(bcaaé ATtive pgenirghiap edinddiadih orynibxtanmdtiey | cellulose

andliht iRal KRRRS %@Ql\s‘ GRNRLN 19 about
nbacklbone Carg%;ﬁ{g Cg s %@htdfnll}%n]uﬁg%ﬂkv {h ang&tﬁgtm agent

may {5BLH Ghelated complex.w @i fegs a@at?mveecrharmyu ithiak aideiraintdostdd ithe
susBEnstoROMVHIR BRRLn: ANfle Qish&R &E?i ratl o m abouctr
Sg % ?sopr opano b gﬁ vﬁ\ t@e ae‘ithh%?tf‘fé ledqiiye agent
maé@@BTCSGG‘Sat\MCO“WFrStG{DrO(ﬁpMOﬂ gang aabadd ¢85 wsom&embodiments, the
electrophoretically active agent may be present at a concentration of about ] g/L to about 3
g/L, and the electrophoretically active agent may be present in the mixture at a concentration

of about 2.2 g/L.



ni tromet hane. One exenplary liquid carrier may include
about 60 wt. % i sopropanol and about 40 wt. %

ni tronet hane. [0038] When the mxture is carried in a
liquid carrier, the suspension or slum nay al so

i nclude an el ectrophoretically active agent such as
zein, gliadin, synthetic nethyl cellulose, and the

i ke. The el ectrophoretically active agent, in
conjunction with an activating agent, may forma

[0a39¢Ta¢ adp&ITRAloeXurrWibE Rirfhesi R0 Sh bdiNgikhalge n With
num sour ce in the suspensi on. °Mﬁen present

e"]tbﬂglfrﬁgtsghg pRNaingReght may ipqlyde 9 H@Séloemetad)plh@neél’avloah Hipalent

(+Bhbrge tREMfornBYheRfedRbADRAL
about | g/L ?g abgut 30ﬁ$ wﬁ%ﬂée%&ﬂghg&géﬁ\ g“w EHE In

SOF SRPOUHAYS erTerEd agtiviging @@nag@nmdmykebemme dasthraﬁe (&)balt
nitfRAkYdardid, ARd Ak 1RDOWhell prgééntglpth@plggérgl%n ogslu

el ectrophoretically active agent r eSerit G%WY%QD
gt K12y P& PEFCNA alcioionestratian afabowf0.@fbglLito ot (2 La/L 7anH GO e

embO&nRHS ARSI Bh b Ul PRl NLD 1} B! ude an

actlvatlng agen In sone nts he actlvatlng
[0049& NYherilie inbireid earsicd maanlzqmd oamarethalsugpertsroatoeslhav mAg irkiude

an@tovalk cobtdi@thnd t %ggmforn1a chel afed conpl e
SIS copd b BRAROE, £ 08y S Lispbh S6EEIe] ooy (2. o

COW}' ﬁ'@mlk)wspllreeﬂ‘lle*rwceduaemswmtol begnjagehing thmw@e For example,
ahvdr at e. nitra

R rg%[“‘:?‘dgaa"%%ﬁ 0 CR”‘e“‘\fﬁéﬁmﬁr S £0pds R fgpid carrier o

abgugpehs sadids per Lsliquid gametrhm s&ﬁ?d Mﬁbﬁddn&msa%ﬂ% 10r(m:ysopgS may be
L a concentrati of about 0.08 g/L to about’

n“%&§%%1§8§} 4 RG £5 9lyen t %ﬁﬁ@d?ﬂ@ﬁfs may be present at

[O(Ml]:iimmantvr thk Ipowd@fmlﬂbﬁubr the Ml(ﬁ/lrk-the E@gé@ion\é\hﬁﬂrr\t hﬁa\ include

id carrier, the suspension

ture,
ol D AR PR f dag ‘%ﬁ‘;‘ﬁ?‘&fﬁ%lﬁb%ll MY PPN Wihtof the

organ@haldmb(m asilwdryarﬂﬁheshawaed’lﬁl]@ﬂ 1950t RHnRAs, the powder
consi stency that allows the

onsi st en
g bR FaR ihon GG PR Bt e sabau g Ectombop 6 e %
of EFmrAlemﬂbm laBout 1 W% adout B) WBY. bk U%@n(ﬂ]aio‘&r@!)n §chIv5t915 and the
baSON fﬁ@ o%b 9 utt15 sol i ds B; L I'iquid carrier
R T1e5 0o adl e 5 oBapton olghi ep ikt e of iidsomehe
suspaih dIR S, thabﬂdktnesl(a@thg r&Qltnd ol op%e X d g%\ﬁ%s 114 may
qutlon to forma slurry. {

be %5038* 'SPF ef‘ﬂ’ép t alWpipty sourcs contes map Fasals inj athicker coating

on w?sﬂﬂ“ﬁt&lo@aa@ﬁessh HINGBle |6WBF al G iE SourdPRY
about 25 a%. %of the Al source, about %nﬁnﬁ §$ﬂ“ﬁzgmnnﬂ

coxPe 9p theuiipce Afgpiitigsdd4. or gano hal ocar bon acti vator,
[00RHOhBehd Aliane & hirbduRéd mld}héﬁ’m e%'ﬁ’ﬁ tl]}%ﬂl %1ad &0 blade 100

(gowder m xture, or the solids in't
andthe BUHUETeGE hegtey (9621 W@ée &@OMI'lShlm" Wt he b%utdi)vaino tkteoﬁ Wesen%'

avélifable RGidM ce SRINAER tha QUL athe Way
Jab orlgancg halaocarabon a%[tnl V%éa{yocr{?l}e%edg)gawo halocav%on actlvator to

decompose and release a halogen species. The halogen species may react with aluminum in
the aluminum source to form an aluminum halide, thus activating the aluminum. The

aluminum halide may the diffuse to the surface of cavities 1 14, and the aluminum may react
with and be bound to the surface. The reaction of the aluminum with the surface of cavities

114 liberates the halogen, which may then react with and activate another aluminum atom in
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bal ance filler. By adjusting the conposition of the
powder m xture or solids in the suspension or slurry,
the thickness of the resulting coating on the surface
of cavities 114 may be controlled. For exanple,
hi gher al um num source content may result in a thicker
coating on the surface of cavities 114, while | ower
al um num source content may result in a thinner
coating on the surface of cavities 114. [0042] Once
thetah&mmlmtswr& IThus, ke HREUEREMd M EE ENSifPME hiuBhudld ¢ surface of
ql ne bl ade 100. blade 100 and the m xture are
Ca"l‘\‘éeét &% [ty heappg blade, b0 gddhs Higtire M alou dmiymesiffuse into
thetstl@e\of cMiteseni | y avail abl e evi dence indicates that
t he heating may cause the organo hal ocarbon activator
[0044] Apleash pryersd t%/ﬁ’ﬂ:‘urf‘@ll@d@bd% fwmeégeﬁwesrp@@pegf thél'hzdoaen species
with aluafiin ﬁﬂﬁ@ﬁlﬁ&lﬂﬁﬁysoﬁl%@ﬂav%tprés&ltm rhgpr} ﬂgﬂse us  may facilitate
al um num source to formah alum hum h t
MOEECHIET Forying REtha purficn ahsavirise | k. tor numpﬂralca\deesrmy mak énclude
f 4
P ey ey r st st F3uEate Rkt Lapy pigh ¢
notFREe iR MRGoAct Wid thd wityrenm powdertsherys ar s‘uamsas]oiﬁ form In
4. e whi ch
cort b s L REY TaFD AR TR e Buasfthsrce O porgs. o
evenpme caaltwmlmthmesmm@e Hotversr., it tuehrh'm atcoeidm@Mie [&éﬁﬁt can
n 0.t he surfa cavities
d.sabm%m%%gﬁ nPV*’Bf” s Bk esm'%m'%mwag? gt gposite
on surfangsmieaidesdil # thasae it «mmatdae withi kfegerded sigay bi du@ﬁengiaﬁl
4 east so e al umi num hal i des_f or med
mip g Aeling €35 TS F&@@Wt dagreet e e b
denohleedajnmnnmum&busmﬁcﬂﬁﬁlcabmesprIQSﬁszhldetoﬂvéh@iQﬁH] ta@ﬂrﬂ§@es do not
uni. form coatin

deposxk ? géggx‘b; ggcgvor{aﬂ\ coiti%s Wd gxg\ﬁ'&c nlqgeé\ﬂfft]eézgrririgls[;'lﬁvre
may ha:xleuid'eore poifdrimahs ks than baviegsXosialbly cgh RS Rl Eec}ﬁrﬁ@les
estricted, and which do no

1003 87 Rhdes P aPRE b aBe N bh Tie s P i P SR e
ml)ﬂhr‘arﬂlytot:{b BmSlluﬁ péASi)cﬁmdft@mmsurﬁfde oA lMAﬁ'be controlled. In

ro ses ad to reduced coatin
son{i) enl| ﬁg&eggstumnet ﬂa(geel OS&PQ ﬂgxtu@rma}é};éﬁatﬁq)toca@alfq 1480 ro
abduh 6876°}Dfm tbaun $ houraweRIL 4 hbits b e iURSand heREAbdHhctifator and
sent discl asur the formation of vapor phase

dep&F Emgr i pryihg SuifacE RE Cayftisi! Hu i sempemiRsiyaaits. g¢ hean

treaBrlr:léfft&lr(’a@S)e Qhrrie@Witih @Sovehdinidtah iRk rARPh&E @L@}%%amﬂ ﬁ'essure
owdel; Hs:burry or suspension m xture

cf‘g‘éSWdPHﬁ Gh#i€AYs formed by the techniques of the

[OOQi{rlﬁl%Bﬂhe lens&inﬁ&uf e FYmAEm cHRREH ftuﬁger(?l@atmﬁ&:a ancﬁffgsfe the
the surface of cavities 114 on which conventi ona

alupRURLP RS SUacsRftcavitiespdi as veill dedesemipd imbiihei deteall Heyow with

respe@BloiFIGSs. fAQfdﬁ%ﬂathmtsBﬁlete%BﬂngM %agflesﬁllhg afelidaf after this
di scl osure )éo have a nore uni ormt i ckness

furthgriepiitratmest b éorisyarerimadhieh rypsshire tvatsh blaspu 8be resultm0 coating

may include a composition that results in a B-NiAl phase constitution.
[0046] FIG. 3 is a flow diagram illustrating further detail of an example technique for
introducing a mixture into a cavity of an article, step (204) shown in FIG. 2. In particular, the

technique illustrated in FIG. 3 describes the introduction of the mixture into one or more
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[0044] By selecting the heating tinme and heating
tenperature of turbine blade 100 and the mxture, the
total amount of Al bound to the surface of cavities
114 can be controlled. In sone enbodi nents, turbine
bl ade 100 and the m xture may be heated to about 1400F
to about 1975F for about 1 hour to about 4 hours
activate the organo hal ocarbon activator and deposit
the alum numon the surface of cavities 114. In sone

ca@i@0f ia MRBILS blali 6 e vald Sde TR didFYm BEFRAS LR He @e‘&r Hell with
f n gﬁ\éen under an inert at rmsfphere such as a parti aIl
”‘%Fé Uree “(‘é‘e Gross-septirne! views dh@@e%ﬁde apo slh*g@med ihGOAS A and

4Bl IFilSQ B/ & HRE bR ed b8 i S8 THURY ,
heét treated to diffuse tnﬁscla&ggl um %8?nﬁé| ﬂ??)(l)? Fmghm%ﬁm of

filgroglingihojead18may bemasked witha maskieg mpietali 4921312 himrsome
en®Bditchts khq?lld?\ﬂ‘levﬂ%rboolrrﬁ’%?e@tl 1§ ani:tl'a%no dog‘gﬂ{ 51& ?laé r!q \; be
sone enbodi nents, cavities 114 are eaned
mapkgds Wigy masking matesisd ﬁ@ntM@ymzfoéﬁweexmniptsd 1 6 anmﬁlgfnoolxno holes 118
e%@c%lrl{ | At &
P S SR 18 A9 roml PSSR WA 6O koo Igies a8
whep Auxtieddf srintrfdooiBhtoRh Gries3l lds a f | ow d| agram
[004|7i N/ﬁagl( ﬁJ b%é&{aﬁ[ Bllﬂggf t‘szﬁﬁxﬁ’l e!dgg x1%%lo?sxegpw$8% FChcrg)o ng holes 118
maardﬂsomlrfe/entsheeqiur(l®0m)hahdtammon ﬁorerdCE\ tRe rehdtiop @ the QHinAkum in the

almtﬁurrré g(ﬁlg{%rbgg %%folr%alﬁ glrogatrbeon alcuva[t%c‘rig) 3esg?epsf%¢agﬁ§s ”21 when

migtavg 404 @sd bladeal (IOwrebhdaed l()é adeeprootaf FinG. ne. vis ﬁlav PRGerk |YV6r
alu%? %mh of, tem en . be, des ?ﬁrl.bed with further

erence o % ev'écfngéeg AULPROHN ProYeaiAluBinum fFam hing deposited
onlteasief tifbtheiblidde 00 ahed alumifuh{Eepodhortildor dtBiredTblch s, f@NE

examplgq}gefsta?hl(SJ afjbla q{)ggg?ﬁa(lt slots 1 16 and/or one or

Iilig: }'m cool | ng hol es 118 may
[0(146] hasphedmhodinhneatsrraaskmggxatmhem?ahaxlliﬂaudie?é)t?&nnal & 0BG able
regmodinent s al | g’t %}? ling holes 118 and
trail rng redge exi ?meé’ yailaplpgr § PSR spBeratn Rockford, IL),

Dymees K061 (Eedilablie dfoniD2ma\Beisoragor Tortih@ofXA 1) o8 h RS (ﬂ{é&n
oles 118 prevents a m xture 404

and film cooli

Tegtgtigdurey PRsiR BkPE G Ty REPRIELp BilEss e ire e e exit slor
116 anad/orrmleoblag hbkS 11 8RR uRid XibiE ﬂ'neﬂgzﬂ ok §Vi dikf9duced into
0@33;#“ es é% r‘%0047 ski ng. of | east some of
f  ORg cBtgUmERiIEMmay s a6 ke ARSI rEastye some
forfrod fRfundidfin o BN mAieQ oMY W&mﬁd@i@rnélt%@cn la's”?h@s%' IIHQSQIIM%?JHB.]
40 rnaggd by .t he reaction “of the al um numin

a

fled 8iih@a alyinym eougieg d e 2 Malive By e rmtmqmeoﬁor
exzfrﬂ;ﬂéne%&ﬁﬂﬁl RYofaYy htRge Aibd pW@é}s sJE}& iég Y5 x%rgff_llhia(gg Wil ﬁ‘Se

are heate step 10

5B EABAN 8 O DAk s dbmamenccisprmader iy, romment
aludlIfinBYmRLR®, HEYE nlte aﬂh@ muermnf go%ge%zl\% I'Sliggﬂol% oa urrv

. areas of turbine blade wher e um num deposi t
ingludinggpasyiag inagsgial gq;eqtppi};gd tofa@]east some of trailing edge exit slots 116 and/or

film cooling holes 118, and cured. When heated, the aluminum from the aluminum 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



exanpl e, the stalk 104 of blade 100 (see FIG 1).
[0048] In sone enbodi nents, masking material 402 may
include a thermal or UV curable resin. For exanple.
Testors cenent (available from The Testors _
Corporation. Rockford; IL), Dymax 706-H (avail abl e
from Dymax Corporation. Torrington. CT) or a RTV (Room
Tenper ature Vul cani zi ng) rubber nay be applied to at

| east sonme of trailing edge exit slots 1 16 and/or

malvibe fouBA ok URY Pheh@so. § 5860570 tiieldofdnid SF Rlich BEN m@l-po?zfu;oLMrem by
0049] In some enbodinents, it nmay be desired

referﬁﬁ‘iquﬁlé?grr?ﬂg‘l? d areas al so receive some form of
[ouslop Maguum AateAhIUITD RHad Be Q]Stﬁﬁfedi l&gat 143t &%%ﬁ{rﬂﬁﬁﬂ éqné U188 116

, masklng mat eri al may be m xe
a“‘i{ T‘rﬂ?ﬁ{'%‘ﬁﬁl?ﬁé 18 7a0é thel suiﬁqﬁra af Bohincidaded PO amdeuureqmrmaoe

ex@?ﬂ@ﬁﬁh@ano%r%@%@kn#oies @T8 mb%g’sgénléggoﬁh %np RREEL masklmT

such as, for exanple, (by wei
magepiah4Rodask prmateriat2: rmen lost duegd Lalngrhmen uwwhammdmmmd the

sur@AcE@é’ﬁurbmemg'l o@éc}fz{@eﬁ‘t%@ &Qgprgy{ll\%% ma nal Ildj’emzl?\l bke

al um num source may be m xe o-a slurf nc?ICledli”?‘l with a
lightegik blagtingeobaving tha0are. Fppiritadastiog aky be]&t‘Sforrﬁm{Bleralummum

exit slots 116 and/or film cooling
OX;d(%g}eillsdoﬂ\Qr ng&\éf cured. When heated, the al um num from

[005hEOntaatilqastrrome gftr;almgmige ebnt flose 16 andidneilis usdlmg @olef 1 tdhive

ed on t a form.n
bem%ggdt ?3‘39‘% Eurt hs ‘“'egte{? ef%ﬁa?sdn%@% 4 ﬁ'@%@wﬁ . 4B.
ASrﬂatcelbccmbo&lé)meutehfloamnal mmud&wm&muﬁmﬁ schiBceNBrgardhal R RN
the contents of which

sct ok IS PRy b o) 2 T RBIRC QN g be nected

mte nztwntleetly4 vx[a&%@ilno W&&Mrff@eﬁﬂi’ﬁfnhﬂ&av&@? 1 NBrye Q}%St@rﬁ%lllk @fed. For
| ea

at S e exit slaots
e by B e BByt B9 B a7 hoe Sl g cpprmerwie
agitawedop lﬁmlbhtade 1ﬂrﬂﬂuadnjnaif @iitruter4dH lided gnyerd@eicte E3driions loPLsvities

| eaned to
D Ao Pt o g i
of ot @ i omd oﬂc@QmHﬁyMt trahe hie. cured usi ng heat or WV

urf of, turbi ne bl ade 100
[“‘{égf qu‘n%tHréq@“ fseca"lfraéfk? ﬁ?g“ ATHFT 4R SUPNSHPRPT Bl cawitiet! 14
mawibk lnig pa}tiaghﬁllgf \Ivith thk asheRRbnf P |siuﬂWaHd3thE Bﬁd@ 0Gmay ltkerotated or
it ti perf ormed using al um num OXI de
a"'gi’edafﬂ 8‘1?"1%343 SyBpcss P%‘é‘v'tfbblél]Tha%féSSaﬁtusneea@rt orgbimey oy then be

alldwell tb riIgo @ @ Rri8X plateDriBit & 1226 TAR qr{aQ rre(fulcé ik Qrggl!lﬁt Ggmm?urgim
118, hav been masked, a mixture 404 is injected in

requifed '839/”‘1 fhg Soajing op s 4yriacgsof qaiiiss |k dejother embadimenss, caABles
114@8¢hd BctaROY Eilledvith HiBurd A4 WRYn nflGdH Q@4 ?P?rﬁédr'lﬁq aﬁﬂgl} ’

source, organo hal ocarbon activator and
Cargghvder formor in a liquid carrier. Mxture 404 may be

[OdSBj ©hdeaflixture 404 has been introduced into cavities 114, metering plate orifices 122
are masked with masking material 402 (306). Similar to masking at least some of trailing
edge exit slots 116 and/or film cooling holes 118, masking metering plate orifices 122 may
prevent the aluminum halide vapor formed by the reaction of the aluminum in the aluminum
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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into cavities 114 via netering plate orifices 122

until cavities 114 are substantially filled. For

exanple, mxture 404 may be injected into cavities 114

and bl ade 100 shaken or otherwise agitated to

facilitate the introduction of m xture 404 into any

restricted portions of cavities 114, such as, for

exanpl e, serpentine portions of one or nore of

cavities 114, narrow portions of one or nore of
extéaml éﬂv&‘énrﬂxéﬁﬂ,an@ fnal BiBo bick&nt al MR rYRGRINTRXEILNE& § 4‘?4ee{s%f

ed in aliquid carrier as a suspension or slurry,
tur 5‘\9| k%d%éool‘mefe HEpIngB d5POSjtiqBis npiepipedf juch exd fasiexamplietalk 104
ofsua@emﬁ@@ﬂqgrnslurry and the blade 100 nay be rotated
or agitated to coat the surfaces of cavities 1] 4.

106344 Innsasesanbedigisaisanasking matdrial #92 mawyintindaa thermabt GWedrable
redi FdfRxMPI i

G R Y g T LR SR A
or DyHex A80-Briavafeble frph dbvemx Sorpergticni ﬁczrnﬂgtdn dm nay e sed to mask
m&dFRe AV Subs ntlaII fi

R TR gt e ured b R BT itk gombition
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[00:7] FIG 6isa blocI\ diagram illustrating a sxmphﬁed exemplary electrophoresis bath

apparatus 600, which may be used to apply a first laver 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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[ 0055] Once netering plate orifices 122 are nmasked,
turbi ne bl ade 100 and m xture 404 are heated, as
descri bed above with reference to step 206 of FIG 2.
[0056] FIG 5 is a flowdiagramillustrating an
overvi ew of an exenplary technique of depositing an
internal coating to a surface of a cavity of a turbine
bl ade and an external coating to an exterior surface
of the blade, which will be discussed with further
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t hey contact turbine blade 602, are deposited on the
exterior surface of turbine blade 602, and are bonded
onto the surface of turbine blade 602 in a first |ayer
616, as shown in FIG 7. [0058] The solids in
suspensi on 606 may include a Pt-group netal such as,
for exanple. Pt, Pd. Ir, Rh, Ru, and conbi nati ons
thereof. The solids in suspension 606 may further
include at |east one reactive elenent such as, for

alscem&ﬂmlce smhl amYuntd & imberitiedlinta i 2OV padkibrORRich HAGKRAke. for
?% Qbodl nts he Pt-group netal may i ncl ude Pt
exag}%e and QRrmardy iy th Fﬁ”’f ’?P include Hf. The addition
[0061] BhecHloyiindeeis BlfsrBIN SubbRRGEIyIRe SE ﬁrh:ﬁulnhgse bbtHy¥nclude up
phase in the  final external coating conposition.

t0 PRt reimpurities, fline alieyse Powerise Eratgiebly clides less than abou 3

wt. IR0 TRk deBdmbititRs cbHSine¥ite Emgacgoélélérﬂgmmgﬁd\t 5ifR ps Hf,
t he resu1t|ng phase constitution may be predom'nately

the Hf maygyot esfully ynegrporageq infg et Subsirate dysing élffua@n heat tre@gment.
Spe%'ﬂﬁ Pl%ga?ultlgns s@gﬁamnoaalﬁbéxn&ltHQQh hntv[a%gﬁ%lxrléﬂhﬁ?ggarauon of
mbodi ments. the solids may be "prepar et
theallmofgmtwe | rugrsing therpdloy Prixtgre oip aigemadct. or perdrining tied alvping in
extﬁ:ﬂgl\sﬂlr-u%?urﬁécle‘?lyat Wm‘é@?ﬁlacgg %foU ddr HL ﬂle%llg\gwg;ocespgave
deposited in the suspension 06 al
bee@&b@éqt@éambegfrﬁcwdnrngocrmywraésyb@wciem mntaainigdy Slpmddla‘r
j ' i.tion of
AJBRNIS, B SRE haR ot SVRARTERN R TRAR Y pBBuie o
hom@$md&w@0nay result in an alloyed powder that includes
i.th a size stribution. t is, not all
10083 e EEodlinPrico i Syred Sbtureneal Bodibease aliey § miber 16
thesalms m: bEPens(08.606 madl i IRE @bdut 87 R, %Itd B0 PGB IR metal,
bd Wt at;e!?,lyg % Mﬁdg tqngg Eartch$ S|ze§
@ &éﬁen Ko o0H" Phet guraffsi?Bey H8 2B L opREMER] (gast one
readﬁ[&&&nte!nobgsl,aﬁ 06 @&Sotal WeigiR ot 8d11ds iredtlop@bioRpls, the size
B, B P T S o P s
liqydd eirﬁEtab lab(OLft nograakQulidspetiitet Bquadeddtier Iftefefibly @b AD Bims

| é 3 so introduce small anounts of inpurities into
soljds m'FF V@@‘ﬁﬂ%ﬂer whi ch may include, for exanple.

[006Y4)] Bl iddid mmdm{ buspenkion 6OEmEP wm Hfided 5o l@'icr as il lQiQ@(;praTlBﬁm

| o owder is preferably substanti al ree of
wi ﬁliﬁﬁ‘/’(fgﬁ tE%femb%nd IR 19E PigaRIC aﬁve%ma\b?mtse% Tite liqyid carrier may
be bgIBHHaIIY brSdrolifg.c2klaP ¥ tksRRAWHE Fre @b SWatl ﬂe@ér%llﬁﬁund carriers also
i ncludes less than about 3 Xvt. %02. |If oxyge

haye ah [sAft Nl b srseifigiceanity el ¢ bigh ficlestrie censtant. Hrﬁertrwehquld

carfibls Qo dR4HE zﬁlselé?.'ﬁro hordiRallRf a oy aJk‘H{ u a CUJIJC tration of bout 5g/L.
? he substrate during usi on

[ ncor@emat ed into
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[006Binamt ,embqbdlplentfugcﬁtﬂ fogmekiag alNigyi MNgsAlmlloys, 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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extrenmely air-tight furnace that elimnates traces of
oxygen during the alloying process have been shown to
be beneficial in producing alloy powders contai ning
Pt, Si, and HE Additionally, a stepped heat treatnent
used during alloying is useful in producing a _
homobgenous al l oy. [0062] In one enbodiment, to provide
a Pt-group-netal nodified y-y' alloy in first |aver
616, the solids in suspension 606 may include about
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clefefl ?'}daﬁg)(hiﬁ éa"'i‘g"‘f‘gﬁ@” to sh%géﬁgwaﬁ aeeeurrﬁaydmuf\t pfesbout 1 to
aboun@ |nlﬁdem‘dlfkt\eéeﬁiﬁﬁef RBOs R daghalid (Sfur%ﬁk ip}aRe é@@%m%fé%ﬁ%es may
nthetlc met hyl cel | ul ose
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desgyxti)_e abotfeo Persiféablé f@p@wmtrmreﬂmdpmmon noicesdes aagprovided
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transition netal nitrates having
hergig by refeisngedp el eatisiyaflieg weight of ﬁrst ]aver 616 deposited on the exterior

surface of turbine blade 602 may range from about 5 mg/cm? to about 30 mg/cm?, preferably
about 10 mg/cm” to about 20 mg/cm?.

[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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conplex with the el ectrophoretically active agent. In
sone enbodi nents. the activating agents may include
ni ckel nitrate hexahvdrate, cobalt nitrate
hexahvdrate. and the like. The activating agent may
be present in the suspension at a concentration from
about 0.08 g/L to about 0.20 g/L, and a concentration
of about 0.14 g/L is suitable. [0068] The chel ated
conpl ex formed by the el ectrophoretically active agent
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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 1 wt.% Al about 1 wt.%

to about 5 wt.% organo halocarbon powder, and the balance 90 grit aluminum oxide.
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at nosphere, such as under a vacuum [0071] Fol | ow ng
the heat treatnent step, first laver 616 may include

| ess than about 30 at.% of the Pt-group netal, |ess
than about 2 at. % of the reactive elenent, and | ess
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chagqdriopnaat e ack cenmentation tinmes and tenperatures,

ntrolling the conposition of the pack. In
[0@ gﬁ%hey %HBP‘PPéﬁtCsSugﬂeﬂ-“é%%oék“%vlvqﬁféph@ea Lpsdieargersangtanys,
nedeSsaBly@uitives, Wich % Mtiva@RQME the (Wt . % to about 5 w. %
[mﬁpﬂﬁ$o hal ocarbon powder, and the bal ance 90 grit

Bl Gid sarrigrs ipedyeste myroxlipnsis radcapls dents0 g iRbat Ui ¢ atgut 6
bacﬁcbér&tca}b@}lﬁblv@&é a0 thetifke, aﬂ@ﬁhxt@(e?oftl }Qﬁ@it ?gx}gl%ﬁéx,hane are

nperature bet ween about 1400 F to out
P“’é%@dt I sop sMbpeimspls the Uqwbhearder comprlses about 55 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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whi ch causes the coating materials in the pack to
deposit on to first laver 616. [0076] Additionally,
one or nore reactive elements may be included in the
pack m xture in anounts up to about 5 wt. % if
desired. The inclusion of one or nore reactive el enent
in second |laver 816 nmay increase the concentration of
the one or nore reactive elenent in the fina

external coating. [0077] Alternatively, the deposition

mdhfde semtmtirdt@lvethy@ife, BRY elB8r HHO RGP |sﬂ1s5&%ﬂm%5 'Prﬁlv ?nclude an
econd electro horetlc deposition system 8
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causing a current to flow, and a
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arged netal chel ated conpl ex second
[O(BGhBaseg op pnfp@xsllv hvdablk @videRestht ofAnd REoARBALAYVEL ¥s an actlvator

N ogd fir | aver 0078] The el ectrophoretic
fo gﬂes'%eﬁfgll on %(5 Organolhal%feﬁ & %%V%"ag's particylanly erefeged fosfhe

eleainephamyic derpeelesn;abyesadd bdrive@iSonaBhttide & RE1NRER NSt c%pnq)atlble

079 itable liquid carriers include
Wltth tﬁls Brofisanb[élgma\ %léosﬁoll'sg P RES TRTEGtEEBUt | to about 6
[ou@ab&mbke ottzambhﬂScar@inymhﬁe fanekatip@, NidtBpol ARG TheH T es
thane are preferred. In

ol itro
po@é’%ﬁép B rﬂ?@%t OTPRAUYIETS-SHF} 25t lvipshioside (PASuand the
lik&5 wt. % to about 65 w. % isopropanol and about 35
45 wt. % ni tronet hane, and may i ncl ude

% b
[Oﬂgtgl'oaltl%a%% o?:‘ﬂl(r)mo Bg}o&:aglb%l? Sijlaqﬁgfpragiyobegﬁwedm@ gyanulapgorm and are

corfipdtibRnEitaa Bquid 088 in BlertfropltpsiRLl, s y
pregarégf urther | ncl ude an act ,rvgl{b?r:%:aﬁgﬁstr@g&ﬁ)g bﬂ@pﬁ%@ular,

{goRal e 8 apivipraliaresthvigne (P nehigt mag bé higsieed from
DuQSr&@ldob@ﬁocﬁlb@V‘WilmﬁWtJnabbEeund%} ﬁlgttxraﬁ &girtJﬁ&tloﬁ %uPXnt%horY Frre

gnts include zein, and el ectrophoretic susp
6O=8’G thedipde designarn Lawront ZanyyVip- -@Oabout 3 g/L,

[Odfgﬁb@xﬁ@kkhé' el@&%ﬁor@tu?—prgéelss: tlé%rgﬁglhglo@a%énvﬁtdlﬂ e sgbstantlall\/
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, 70A1:30Cr, other aluminum-chromium

alloys, organo-aluminum compounds, and the like.
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i nclude cobalt nitrate hexahydrate. and

el ectrophoretic suspension 806 nmay include an
activating agent concentration of about 0.08 g/L to
about 0.20 g/L. In some enbodi nents, electrophoretic
suspensi on 806 may include an activating agent
concentration of about 0.14 g/L. [0081] The .

el ectrophoretically active agent and the activating
agent may forma chelated conplex which may surround

[008BE THetidr np@ bk laGlof Seak fivel Sx@ieqloRGitr QRAAS AbinthuRRNSI@Rium
art a slight positive charge that causes
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thefirl enoregp (NdyeranSelt}&uthb c@Sent Pesity 6t de@f)illhkﬁftﬁﬁé BYbRREnay aliow
such as $0IVV|

rE B\/&)/e)r ’thecorgee?]rcggt vrey%rlgr ?T%geg] cogtu‘i\ éle %thg% Hrld)ofrs!econd layer 816
apiigt echrsbleys 6¢élperpmefae:|a abfixst h@erﬂ’ﬂﬁdd.ﬁd&ebeh Body hpHt Afects the
h the idcarrier in

t u
o AR AT b iaFE T B muaa e St e e e et
stepy. d?reﬁerrﬁﬂoréérimopﬂh})ﬁﬂ&hoet ﬁror’ﬁgb%{dtﬂt W&nﬂé@& tﬁlﬁ)tuhyﬂ B8Rm”,
t ai ned from on

éﬁmm %%?%Eﬁgﬁ@"‘ QﬁyhgyBﬁcmDE under the trade

[OMGBA@EkaipthIW bouRE se_Eerﬁd l@ﬂer%TEEa mﬁ@xre @I’hd rﬁllﬂﬁretéfoagﬁlav be
nation. on { JgD 1200. 086] EUrlng

e P e LS B B sk 1603 A WERISn 6 ansmingr
40@imey seubﬁteamds hc&l\ht)é mi@RRCANL (B0 | ¢ ddRPO&] 4680k RTurtHel §éta||G with

| aver rn1n second | aver 816. as shown in
fefge""e[t‘bg@ﬁ 2Thé AA%" &BuMthilengy wishing ieike quadayany thexry, pasently

avdille leidéred ehdidaked YhaPOWHES: Sre st ht APy cafu&r the &%Q{Maﬁ)cé‘ In
wei ght) 55Al :45Cr. 42A1:40Cr: 18wn. 70 er

TP HFRTERASE T IGRAIN Zaloggs; Wércga?i%I%ﬂnumcrmwnﬁ\ &éﬁ‘p'oumds in the
aluffiflint ;hﬁrde,i zi%@lvating 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



18 [0088] The filler may be a non-reactive oxide
powder, such as al um num oxi de. zirconium oxide.
titani um oxi de, or hafniumoxide, and the |ike. The
solids in electrophoretic suspension 806 may include
about 0.5 wt. %to about 25 wt. % of the A source,
about I w. %to about 10 wt. % of the organo

hal ocarbon activator, and the balance filler. [0089]
El ectrophoretic deposition of the Al nay be carried
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about 2 mMmd cnm between the anode an

‘he ?’H'&H‘E in hﬁﬁf‘i"&iﬁ @ fzrc?iﬁf“? fosm anahapinum hylide Skhe albménum halide
may Qilﬁflﬁg asmawfa&@amstﬁmm ahau th§§luM dufh rﬁ!ﬂ%Sct%ﬁ& ad be bound
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[5 r application of the second |aver 816, a m xture

g., mxture 404) may be introduced into cavities
lomnw tutbireilavie 602 antemBA2e §@Dhhy MBSl ukdeFddialtthabhRRe80%¢ L (506).
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°FER&P% gH r§ it ﬂsor¥ %Presently avai | abl e
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beised. or gano hal ocarbon activator to deconpose,

e i n al.ogens, which may then react with the
IO@FLE‘?} r‘{% H % Pf’g e3k UGS BT dRe 6&4 mar prtipaaliyriey cidased to remove
anyadxdeds M Riure\W0@ N For ek amp id M RME Qﬁbb(ﬁlﬁelﬁ&mﬁg rrPlcé:ss‘Mef \(/é‘[g’rensf st may

to the surface cavities 614, the alumnumreacts Wt

be Used 19 EMOYGIHY THAUNKE ISSiflUeace. The reaction of al uni num
[0006 Whilb e SethhiaceilliReliah €, 5hes hahiade,; béﬁfuufrhh!e Siepd1E0

free to react with and activate another alum nim at Biie
OCqUH“}c{»{g op§ Yy iBe 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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[0091] The heating of turbine blade 602 and m xture
404 may substantially sinmultaneously activate the
al um num present in second | aver 816. For exanple, the
heat treatnment may 19 cause the organo hal ocarbon
activator to deconpose and rel ease hal ogens. which
react wth the alumnumin the second | aver 816 to
forman al um num hal i de. The al um num halide my
diffuse to the surface of first |aver 616 and the
al um num may react wth and be bound to the surface
E ‘&M%LE% | ayer 616. Further, the heat treatnent step
)? y facilitate interdiffusion between turbine
Exagdkel 602, first |aver 616 and second | aver 816.
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(XBT]%)SWW@CWOWGJ‘W%WBPHW th thecd xécamee durfaoey @ b@UiAg &'ymethod
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. . ine blade € be ultrasonically
g%w&c%@ Q({MD(%:@WH %S anoquor a% urPy! 'Oﬁl“ﬁﬁlir‘é‘?ted[”ﬁ@g‘&]

inthinel qavinbifiiee tbtbauté)lz@i@.analnhie stuncy vorepodBidn aa;ed&}harhuumdahgo
I tr 5 fi A
op@n IIA‘ m fhn%g&mo h%fgawetﬂé [g Ptﬁéplaa? WG Ol&f ort W@ bettom ?fﬁbe

tment Tacrli urt
blasile émwbveamﬂn@r\@dubamm%m #&vallgbié ﬁbrmmqahwtg)rpom%n

T ARG LE R

thdyugss . aIthough any convenl ent terrperature rmy be
nal heat treatnen

0835 s Lo Sy SHEHA T bPobEotenet dbt P PErovel hatngnder o

-5’eMg easalprestuite ef a4=§l#1 UaEOUp@mﬂﬂﬂle&}on loPthe RER weARest RS A
ssure be used to renove any

oihup i eﬁ‘&flag%‘égc‘tsd’ég@]b“\ﬂﬁﬂaé "4 eq B WEprquiebrushing with a

soft |bh$1&tblhﬂ;h €Holiowild s, the BREe WELHa@RCE bLRE WhihfinkRSthanol and
hni que occurrlngyln one order, the steps of

e
“ltfaﬁ%’Pfaé'éﬁ%Fflfﬂ orakgutpamigutes. oFheatirasanip elsatingwesaereatef o fresh

methanol for about 5 minutes. The coating was further heat treated at about 2080°F for about
I hour in a vacuum at approximately 10 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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exanpl e, in some enbodi nents. the m xture may be
introduced into the cavity (204) prior to deposition
of the second | aver of the external coating (504). 20
EXAMPLES Exanple 1 [0097] A turbine blade having a
part nunber 23072440 was el ectrophoretically coated
wth a PtSiH alloy including about 91.6 wt. % Pt,
about 3.5 m. %Si and about 4.8 w. % Hf and

di ffused at 2175F for 15 mnutes in a vacuum The heat

bofide &b dTREs Jf heVtAddd WiAIKTBY high §Féssurre,e§lhltlert blés‘i‘ “\é H‘ B r%k?@é‘sﬁ@
surfaces of the internal cavities of

remAINing frsidye fomy the intepmabcayityph the hlader ﬂl?rhlml\\@esmlomd@ut
ap;ﬂ‘@mhﬁteiwl5{9@'30‘7@n@%9%%ﬂhqun2‘ﬁp9fr tﬂé(blg@etﬁ Fcu@ne\ﬁ{ rhe&(é ing
alumnum 3.5 w. %p gtetraf uor oet ené and the
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aécofdlng to a method descfpgngmﬁm %ﬁgﬁG%]O% pa T8 Rlustrate
theApgatiprsat Whish Geerthigknesomeab e @B BLs 246 colfdiet. t he
el ectrophoretic deposition. a conposition including
approximately 6 wt. %alunminum 3.5 wt. %
pol yt et raf | uor oet hyl ene aiidbkeHe bal ance 1 m cron
al um num oxi de f d wt in a 60 w.
% i sopropanol gkf%nm a&nﬁ§§“$ﬁ§§ﬁgﬁ vehicle in the
appr oxi nat e ratlo of 109 gr@ns oy solgds t® S0
Ll ze ution, The conposition was
Pécteg?éntgg? i1 nt%fﬂaIZE%V|% ?PF%e t-8F bi h8&S

blade until the slurry conp03|t|on exited the trailing
edge opening andg filmcooling holes at the tip of the

bl ade. The two hdPMEENabfopting Egtckws GrilYhe bl ade

doyetarTgWerecT111gd Wg M Dvprax 7906 {avaratte—frot

DYNMAX Cor por at i on, Torrlngt%ﬁ é# a&% cur%d fg} L

a3t oxi Wét el Y65 ne-put €$7Undes> an0-6d t r&gl ol ®72 | i gea t @40

harden the plugs. [0098] The conposition was

activated by a heat treatnent at 1500F for about |

hour under a -5" Hg partial pressure of argon gas.
ExMppR conpl etion of the heat treatment, undiffused

bi sque | eft on the external surfaces of the bl ade was
Wlﬁ@hé\mréms;blaw byt partmu b 2367340 hwaa subgeter! (hipicding” for 30

14SHa sl iPWL0F of

n“beake?Dcontalngna(ﬁgf g%%ﬁyﬁm A ’?%ggﬁﬁégf ¥t%F%ﬂH@8
int¢ragl switasgs ofShavpladetie greparhgonuot thasmucma:l codt@@aniThgbla@sSwas coated

& eReat, anegl ,ab
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in ypouem. Aftholighi glrlta)lasadu:mhadatwaamsl&)dibmlﬂig)the;l&iﬂng-re@&& and
filrd Pocflﬂ{v ﬂé‘épﬁea%& %[aga ip w1t{1_\|'fes%gr%tc!:rgg1t ?arll(ajil;bveefror% 'rllﬁee 'rfflr’]sﬁ)[;
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 polytetrafluoroethylene 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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[0099] After the post-coat heat treatnent, the bl ade
was heat tinted to denonstrate conplete coating
coverage on the external surfaces. The heat-tinted
bl ade showed the dovetail serrations were free of
coating per the design of the Dymax 706-H maski ng
plugs in the 21 bottomtwo holes of the blade stalk. A
hi gh pressure water blast was used to renobve any
remai ning residue fromthe internal cavity of the

of Bleadle holdhia tid wttemwd shesttie idonedil ahs irADRMBM ITBLBlaY 78R Wwas
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blexterna} and internal surfaces produced
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hop ija Mecugin ayyn a@pplr@smratd:bedm morExarrpI e 1 and diffused at
[Oﬁ):kgléfGSf ?LA ;:lig(? Wdé; toxexéjhﬁa "(agas {/:au(forrpf:e}v?ﬁxtélgﬁ Hg_ E{nl’dgplp\iehélde 1104,
resegtgneelapﬁblacﬁq 1160 eHel heatglnhah&shd’iﬁﬁf exidifal BbAEE 11 dPorVBiidR 1100

av The
o ERLRL 3 GO e Bl A0 By LR 1R s Lo 1114
indigses the pléd Ibﬁl’iowsral tppncetl migustrureiradthn diinghide Yoddihk 1202 on an

ri | umi_num oxi de after curing to
‘“tpg“gssb’g&éﬁnzég&%%@a‘g r“ﬁ P they WHIBH 96 CoFTHE g 4 dlesknesrsfom
aboLNQISQIentsm@alidual D3 mgs.edge and the i nsi de surfaces of
the filmcooling holes thus have thin or no coating.
[0101] Wth the masking in place, a dry pack m x

[0XWdh ¥ agdus leglbodnmamp bOkk iBeRion Havibeen YescBbdMTREB ank oMer %0

embo(ﬂ{neﬁ’t u%“ﬁﬂ"r‘ﬂt elch%rpgg thgfomtvempooclv\g% and the bal ance 90
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oxi de was poured into the blade cavity and vi brated
until the dry pack m x was near the top of the two
holes in the bottom of the blade dovetail. As in
Exanple 1. Dvmax 706-H was injected into the two
hol es to seal off the internal cavity and prevent
gaseous al um num containi ng species from depositing
al um ni de coating on the nachi ned dovetail surface of
the blade during heat treatnent. As before, the Dvmax
706eHAWS: cured with ultraviolet radiation. [0102]
Followi ng this, the XP-101 coating was
el ectrophoretically deposited onto the external
1. surAa,eee}%dQBmt,hgmbl ade. Initial diffusion of the
Al -cont ai ning external and internal coatings was
per MEPFHSHEAMIF U SEATMI NG a8 abimirsoAUrcEBOd M prgancaliatagarbon
acth/@ié)l:1H€J‘Qtelﬁteﬁtal‘@avanfarpQ'FtElbaJndpressure of argon. After
brushi ng off the residual undiffused bisque fromthe
ext ksapag the guicieape shegpigtusg toﬁagnmr@uielsyfﬁcleean ifergy dnraduminum

hatﬁ%teﬁltpaep%m o%es%rft& ﬁtﬁ] LS R foft¥a Lo kanml e 1.
bl ade was subjecte to t he sane pos -coat eat
treat ment of about 2080F for about | hour in a vacuum

2 oveﬁh%etg&o{%ow Qi at ﬁjr%ellc%#gbrllgg [0103] FIGS. I 1 A

and | phot ograp a concave side 1 102 and
condeprsigngen ahld3kmal sigfype of the edttylemfﬁrhllagdecohi;ﬁ@maﬁ’t &1, and a

i el 804 B B AR o GBP LR 20 P e R Eon
thesgf:ifaa¢es 1 110. Reference nunerals 1112 and 1114
[ nd| cat. 12 shows m crostructure of
an aﬁpom?‘ﬁx%sec%'gq?veﬁﬁonl’%r@“m&l (K%Re Tc‘isl’t layqs4¢ Torm 2p aHey ipelgging a
y-NaF- 12N A @Rase B6nsHROVA. wiehdn ke WeHoRd B9erGO@poitkd r\\ﬁmgﬁ‘éorb%o
b lth| ckness from about 0.82 mils to about 1.03 m |
AP GFIPR V4 ous enbodi ments of the invention have been
descri bed These and ot her enbodinents are within the
ﬁscoeof e followng clains. 23 CLAIMS: 1. A nethod
n‘ﬁlﬁ a§ h of Ctﬂ'ffl&dwt@?rﬁ@ d5PORILDE SRS Fampriging Al comprises
elealrd#ﬂbxreumnsqa;sd@ﬁmam REorANGR_NGMRMsPgabon  activat or
into an internal cavity of an article; and heating the
article and the mxture to a tenperature sufficient to

4. T or TheametBd N T2, BatiefGeaiMditbd PR &&t@@c@?pﬁggsf t%gt‘?‘nc the

of the internal cavity to forma coated arti
artipls sMRGTRJYStAIYeE i serond laysr torreempasipicisyffisignt i dgrosan dlymginum
halRf3 fdkh tﬁéﬁl@ﬁﬂﬁtm %FJe%ﬁ@ tthoréalﬂg h&bdak$ohGcvatdriSthe WG and

conprisin g Si,
from the Al and the 0r2an0 halocarbon actxvator in the second layer.

3. The method of claim 1, further comprising preparing the surface of the internal cavity

prior to introducing the mixture.

6. The method of claim 1, further comprising masking at least one of a film cooling hole

and a trailing edge exit slot with a masking material prior to introducing the mixture.

7. The method of claim 6, wherein the masking material comprises an aluminum source.
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reactive el enment selected fromthe group consisting of
Hf.. Y, La. Ce, Zr, and conbinations thereof, and
depositing a second | aver conprising Al on the first
| aver to forman alloy including a y-N + y'-Ni 3Al
phase constitution, wherein the second |laver is
deposited with the organo hal ocarbon activator. 3.
The nethod of claim 2, wherein depositing the second
| aver conprising Al conprises electrophoretically
depositing the second | aver conprising Al. 4. The
?E im2, wherein heating the article and
?‘8“ g ‘i‘%‘@s‘ Frether GogpEipiae masiing3 meteringeleie erifieq wish a
malslab@fnaﬁﬂd afeciantducav@fe hRufe.t enperature sufficient to
forman al uminum halide fromthe al um num source and
t he organo hal ocarbon activator in the m xture and
9. f r omhd Rehéd ofMdmish & ol QRGaLan ' LRk s
second | aver. 5. gghgaﬁgthodgﬁplc g?%ﬂ%?ﬁ%h¥?ﬁgﬁmﬁﬁumsoum°
conprising preparing the surface of the interna
10CaVvirhdmeREd Hcidif 1l Mg%ﬁl A%ng A&y m:é;nwthe ogted 08
nmet hod of claim 1, turther conprising® MRSkl NG At <1 east
one of a filmcooling hole and a tralllng edge exi t
slo N [ods du0| t he
]1n1x?ﬁ$g&n%ﬁm¥%§%&eg %?ﬁ;ﬁ#nﬁéé T Wﬁ Pﬁgmﬂﬁgkung
aluprdnuay. jth) Orwﬁﬁlﬂlos‘%!eoraa@tlmt@nwnarﬁl&our ce. 24 8. The
met hod of claim11, further conprising masking a
nmetering plate orifice with a mnasking material after
12§ nt T}Gﬂi!]@hﬂgoﬂdlﬁémrﬁlx\t’hﬂr@n tho dr\Th&rr‘f‘rBzirh;ﬁd;eQefboGﬂ 85 WM. 8 to about

75\\Re skln teri ri ses an_al um num
25 W% St e iGN EH) P SR AT apons U P dinapire ng
halhealontaceatarng t he coated article. 11. The nethod of
claiml. wherein the mxture conprises a dry slurry
i ncluding alum num the organo hal ocarbon activator
13.andTke méthddeof.clabild. 1 1 Thier¢ie thadidieoéontdraess pakicieMiRIog bouk M &icron
r ¢ conprises about 0.5 wt. %to about 25 wt.
tog?x%ﬁ%ﬁgmépunrﬁun1source and about | w. %to about 10
wt. % of the organo hal ocarbon activator. 13. The

met wher the filler conprlses a

14. par ?l% T%E%df%%laérf‘][éb%kﬂﬁe"iﬁ%?‘g lELEPMRTSeSABTCIBts ArRbUsRQ .

midrdns td humbdthadrak. cl ai m 13, wherein the filler
conprises a particle size of about 90 mcrons to
about 160 m crons.

15. The method of claim 1, wherein the mixture comprises a wet slurry including

aluminum and the organo hafocarbon activator in a liquid carrier.

16. The method of claim 13, wherein the wet slurry comprises solids including about 0.3
wt. % to about 25 wt. % of the aluminum source and about 1 wt. % to about 10 wt. % of the

organo halocarbon activator.

17. The method of claim 1, wherein the aluminum source comprises at least one of
elemental aluminum, an aluminum-chromium alioy, an organo-aluminum compound, or an

aluminum-chromium-manganese alloy.

9]
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15. The nmethod of claim1l. wherein the m xture
conprises a wet slurry including alum numand the
organo hal ocarbon activator in a liquid carrier. 16.
The nmet hod of claim 15. wherein the wet slurry
conprises solids including about 0.5 w. %to about
25 wt. % of the alum num source and about | w. %to
about 10 wt. % of the organo hal ocarbon activator.

17. The method of claim 1, wherein the al um num source
conprises at | east one of elenental alum num an

al um numy chrom um al | oy. an organo-al um num conpound,
18, ?‘PF mn}‘?fﬂ?frﬁhﬂwc‘hr"s?f?'a eI gaRdesarkpn agfivatpBcongriseprae least
ond&td Mebrépoivilerba dehibI@hé. t he organo hal ocar bon
activator conprises at |least one of a fluoropolyner
and a chl oropolyner. 19. The nethod of claim1,
19WheTgrd MethBENBANO whaki | Y
pol vt et r af | uor oet hy I@rléﬂg@%&&%ﬁe&@%ﬁgﬁﬁ%ﬁp{ﬂ@?’%ﬁ.
polyictpdidRogidteng the article and m xture conprises
heating the article and m xture to a tenperature of
about 1400F to about 1975F. 21. The nethod of claim
2020, Thhaetbohofirdami lngyherbie haatirieghearsipld and witxure cdnipries heating the
F {QRoahout RF conpri ses
o RE S e EPRH o AB  R e JERE ST e o
about 1500F. 22. A nethod conprising: depositing on an
51 ext fo.an.article a first |ayer
2 ot B RGBT Bl o Pl P g aepmsgetre o
abdut A he apooul® 76T neimptisaaheatngtle Afticlk and Rturdio.a t&fpkrature of
ab&i? 'OQ tions thereof; introducing a m xture
conpri sing alum num and an organo hal ocarbon acti vat or
into an internal cavity of the article; and
depQsi ti a second | aver conprising Al on the first
221 av/grmettrbolgifgc())Fn antal |l oy including a y-N + y'-N 3Al
phadaposgiomsar :trl.lftxite(lzmb,l swrfae¢ ef a’mhdrilTkﬂe 8 660 Rflerl cOMBASIASPL, Si, and a
2p0Sit e i t he or gano al oc n activator. 23.
red R B sled e 590 SansBnp o Eisp e oz s tenseion
thekemier conprising Al conprises el ectrophoretically
depo i(tli ng the second. | av[er .conprising Al. 24. The .
met wifa GT=A B 2L RIS EE 81 P HB 286 0tErnP dglesarbag activator into
an thepods ichdd df ki@nridle; and

_ depositing a second layer comprising Al on the first laver to form an alloy including a
¥-Ni +v’-Ni;Al phase constitution, wherein the second layer is deposited with the organo

halocarbon activator.

23. The method of claim 22, wherein depositing the second layer comprising Al

comprises electrophoretically depositing the second layer comprising Al

24.  The method of claim 23, wherein the second layer is deposited from an
electrophoretic suspension comprising solids including about 0.5 wt. % to about 25 wt. % of

an Al source, about 1 wt. % to about 10 wt. % of an organo halocarbon activator, and a filler.



el ectrophoretic suspension conprising solids including
about 0.5 wt. %to about 25 wt. % of an Al source,
about I w. %to about 10 wt. % of an organo
hal ocarbon activator, and a filler. 26 25. The mnethod
of claim 22, further conprising preparing the surface
of the internal cavity prior to introducing the
m xture. 26. The nmethod of claim 22, further
conprising masking at | east one of a filmcooling
25hol @hamdthad bf @hihi g fuRElEr @ ofpriking h%barmgtﬂtb R8BS NG nternal
mat eri al . Péior to introducing the mxture. 27. The
AV G o tredugIngtREgNIXiier ei n t he masking materi al
conprises an al um num source. 28. The nethod of claim
l. fﬂrther conprising masking a nmetering plate orifice
26y ¢ Fhemethad R ¢lgjmrdR: Bithey compriaing maskinght dsastgnt héa film cooling
hoR¥iaX8 Wr@iling 8d G4 ALDAS oIS B b D Bie mix
Btk g bR SEOY ol M Ao DR bR e
The nethod of claim 22, further conprising heat
27t regthd LA T thod. of claim?22, .
wher 2% ﬂ‘gtthhggfmaﬁnujﬁé@g%%% Flllesrggg’k&%ﬁ gerté;‘f)cu"mp“is?f'cﬁ“d@"ﬁ@“m
SOFUmM num the organo hal ocarbon activator and a
filler. = 32. The nethod of claim 22, wherein the
m xture conprises a wet slurry including alum num and
28¢ he The gathed pldigwalr Butheamiripviaing masitinga k@t dple@IFiFes with a
mading TG D00 0h 6l 31 22, wher ei n the organo
alocar b TIvat

! e letUl‘%.
on activator comnprises
pol ytetraf |l uoroet hyl ene. 34. The nethod of claim 22,
furthe iising: heating the article and mi xture to
29 bol e DS SREP LU R P h uR et P riesh Srbhvssmeluminam
soured.i de. which deposits on a surface of the interna
cavity to forma coated article. 27 35. The nethod of
claim 34, wherein heating the article and m xture to
30abolibe hd®OFoft daim@NOfutthdr R smpricaat SQEnHBALIRE. t he
article and m xture to about 1500F. 36. A nethod
conprising: introducing a m xture conprising an
31al ulthamethsoolf damangwrdein tganixtrd@nieisdsReRy siaet iRl
i ntern and heating fThe

into | cavity of an article;

aluglrl?ulr%ﬁge %{%%iwﬂ%@”ﬁﬁ% W‘gat?r “g afli§perat ure sufficient to
forman al um num

32. The method of claim 22, wherein the mixture comprises a wet slurry including

aluminum and the organo halocarbon activator in a liquid carrier.

33. ‘The method of claim 22, wherein the organo halocarbon activator comprises

polytetrafluoroethylene.

34. The method of claim 22, further comprising:
heating the article and mixture to about 1400°F to about 1975°F to form an aluminum

halide, which deposits on a surface of the internal cavity to form a coated article.



hal i de, which deposits on a surface of the internal
cavity to forma coated article. 37. The nethod of
claim 36, further conprising: depositing on an
external surface of the article a first |ayer

33.COIME inftho@ ofHiaimSl, witddéln BearrRakd N8 §rldermé b§GL&6he
roup consisting of HE Y, eLa, H%re %ﬁb&g{r}g% Fro

b f rﬁrﬁp#he g P .

aDOULITHY NAPLTBHES heaHes B prticl3nd daipyss o pbayt A5®8Eond | ayer
conprising Al on the first layer to forman all oy

361 Nclhugdid sridne: T Y -Ni3Al phase constitution,
Meygﬁn ?%gon)s{per(l:sor%d | ayer is deposited with the organo
hal otmdbang actixustcmprid3Bg ahhtumitunaduet atd ah Bredfe halocarbon

wherein depositing the second | ayer conprising Al -
acr?&ﬁ’ﬁﬂrﬁ%&%"ﬁgﬁlcﬁaylﬁbﬁ&’bﬁqléﬁw deposi ting the second
| ayRéatie® Y drSd10 @ndhe maRurdHae: Hglb&%ré’éufﬁki@hmo%nﬁﬁn FRiminum

wherein heating the article and m xture conprises
halileawhish depasits ap e swiface ofithetintemal tavistto faryea caatel a€clend

| ayer to a tenperature sufficient to forman al um num

hal i de fromthe al um num source and the organo
37.hal Beambthnd at¢lhinad @rfuititer cheprtixgur e and from the Al

and, t he .organo hal ocarbon activator _in the second .

| ay%erppmgag gﬂ'ﬁ‘é em]g%xrfg%e %ﬁ e a.ftlciq afinsslager qompying Pt, Si, and a
reattivetelfient IR SHad thY @Bap baigidihg op ik Rae ek le? @nd combinations

internal cavity prior to introducing the mXxture. iy
theregk apdt hod of any of clainms 36 to 40, further

conpri si-ng ' | east e of a film cooling _

ol Sraflifga FRS) M Plon BBl 816 B otosveRlo @8R inghloy including a -
Ni ARUBEARDh& RPAYBIE, #erdinUtfE B4Bhd BOH S QeMisiel wi |

introBduc;i ng the m xture. 42. The ﬁae?t hlode}&ES anyl@fthe organo
haleqaghopsicBEteTo 41, further conprising masking a netering

plate orifice with a masking material conprising an

al um num source after introducing the mxture. 28 43.
38. Thelheemn¢ther! of claimy 33f widrein aep@#tittgthd BscofiditdyBetomprising Al comprises -

: LS heat..treatin he coated article. 44. The
elec%?ﬁégaﬁ%@gélﬁéo%tfngctﬁ%F’?"r:gg%E?y%wi@?”m]ei n the nixture
" conprises a dry slurry including the alum num source,

t he_orgapo hal ocarbon activator and a filler. 45. The _
39. rreteﬂ‘tﬁdg’ﬁgo%?fgil%ﬁn&ﬁ ONiie MBFTEIN hrating (hedrtiple yndcwipwicsemprises heating
the ARIG1! mBetBreMirst Pé?'&‘l%na Qeéﬂndzgyer Y a te%%f)gia\}'érg @%ﬁ%&% Eygf%]rm an aluminum

source and abou w. %td about
halide amdhtalpdrin senrcesand thaprgano Hflocafben aveiyoslinthe edigturs and from

the ég%mg %%agcr) é%l%f%t)!)rl &ivERBIR the $8c0ld Pae}l/%}. icle size of

40.  The method of any of claims 36 to 39, further comprising preparing the surface of the

internal cavity prior to introducing the mixture.

41.  The method of any of claims 36 to 40, 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.

42.  The method of any of claims 36 to 41, further comprising masking a metering plate

orifice with a masking material comprising an aluminum source after introducing the mixture.
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about 160 m crons. 47. The nethod of.any of clains 36
to 43, wherein the m xture conprises a wet slurry

i ncluding the al um num source and the organo

hal ocarbon activator in a liquid carrier. 48. The

nmet hod of claim47, wherein the wet slurry conprises
solids including about 0.5 wt. %to about 25 wt. % of

3.t i IS . % to.about 10 wt . .
B T R DA e g SRR g ipned arcle
of claimany of claim36 to 48, wherein the al um num

rce conprises at | east one of elenental alum num
44,5 TSRO B oo i ég|t%§}e= ‘ﬁhﬁr@flg%m@lﬁuwmommlses a drgfglurry
i SROUR Il SArel WP ST JRNEBIE,

organo hal ocarbon activator conprises at |east one of
51. The net hod of

s & gl e s gps e e TS 1
wt. Yadfdhérhbiniiien EQIFRE ArkBsboub akti NG bbsuta0tiAC l’/oi%%g 0%5 HiiGcarbon

. to a tenperature of about 1400F to about
activator.

46.  The method of claim 44, wherein the filler comprises a particle size of about 1 micron to

about 160 microns.

47.  The method of any of claims 36 to 43, wherein the mixture comprises a wet slurry

including the aluminum source and the organo halocarbon activator in a liquid carrier.

48.  The method of claim 47, 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.
49, The method of claim any of claim 36 to 48, 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.

50. The method of any of claims 36 to 49, wherein the organo halocarbon activator

comprises at least one of a fluoropolymer and a chloropolymer.

51. The method of any of claims 36 to 50, 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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