11 April 2005 PROTECTI NG A SURFACE COF A NI CKEL- BASELARFPELE WPPA A
CORRQSI ON- RESI STANT ALUM NUM ALLOY LAYER FI ELD OF THE | NVENTI ON Thi s
i.nvention relates to the protection of nickel- base articles with

al um num al | oy surface protective |ayers and, nore particularly, to the
protection of the internal surfaces of gas turbine airfoils. BACKGROUND OF
THE INVENTION In an aircraft gas turbine (jet) engine, air is drawn. into
the front of t hEREAEFRENG cln§HRISEE] OBy A aNE¢ERY ~BASENABREICEBNpr essor, and

mxed wih fuelrrdng ebiksfor REdEIRls ABRMDKAL MebyoxhagR! gases are

passed t hrough a turbine nounted on tﬁe samne ow of conbustion
-gas turns the turbine by inpingenent against an airfoil section of the
turbi ne bl ades and vanes, which turns the shaft and provides power to the
conpr essor FARED! @R, THR BVYENFEIOonpl ex version of the gas turbine engine,
the conpressor and a high pressure turbine are nounted on one shaft, and

the fan and | owrpE 8SSHKEnt UbRI PE1AF S NEYINtIRY SFbtGERAr ¥fe nizhalit. 1 n any
event, the hot exhaust gases flow fromthe back of the engine, driving it

and the ai besaf erebeles dith pRambpenallone Suphans PreReghies qKESnore
cerficient lgq ! heAPBLALL0H £1Y N4 d ThePBIbBECLIBESr Ithd MUk dRa1l neent | ve
to rai se the donbustfon gas terperature. "The naxi numtenperature of the
conbust i on.sugfsces abraas|tyurking eddfoylshe materials used to fabricate the
turbine vanes and turbine blades of the turbine,, upon which the hot

conbust i on GasesotB! HFCrut MGHNTEBl engines, the turbine 1

In an aircraft gas turbine ({(jet) engine, air is drawn
into the front of the engine, compressed by a shaft-mounted
compressor, and mixed with fuel. The mixture is burned,
and the hot exhaust gases are passed through a turbine
mounted on the same shaft. The flow of combustion gas
turns-the turbine by impingement against an airfoil section
of the turbine blades and vanes, which turns the shaft and
provides power to the compressor and fan. In a more
complex version of the gas turbine engine, the compressor
and a high pressure turbine are mounted on one shaft, and
the fan and low pressure turbine are mounted on a separate
shaft. In any event, the hot exhaust gases flow from the

back of the engine, driving it and the aircraft forwardly.

The hotter the combustion gases, the more efficient is
the operation of the jet engine. There is thus an
incentive to raise the combustion gas temperature. The
maximum temperature of the combustion. gas is normally
limited by the materials used to fabricate the turbine
vanes and turbine blades of the turbine, upon which the hot

combustion gases impinge. In current engines, the turbine




11 April 2005 vanes and bl ades are nade of ni ckel - bade@P&tiperaPPoys, and
can operate at tenperatures of up to about 1900-2150F. Many approaches have
been used to increase the operating tenperature |limts of the airfoi
portions of turbine blades and vanes to their current |evels. For

exanpl e, the conposition and processing of the base materials thenselves
have been inproved, and a variety of solidification techniques have been
devel oped haclakfia BI4BBLAMEE Ohagl! SR RLIL AlBh LA URipH@9 1838, and
single-crystal "structures. Physical cooling techniques may al so be used.
In one teehnpgesatenatr hanpevatings paf sap elo arkoylr esM-34PQ°He interior

of the turbine airfoil. Air is forced through the internal cooling
passages and oyt _openin h er C f if Oi renovi ng
heat fromthe ﬁﬁ?grigPpgéagﬁﬁ% g?gé%iHggﬁa,%#%L§Q§%9C§EQ§F%%$BVF an a
boundary bgﬁeétiﬁ§ aaaipRiraiureat fonkt s uof actheofai ol rportions odnbi nation
with the above approaches, coatings and fotective surface Iay%{s are used
to i nhi bi tuEdingsipdat arndi yaresn & FHQIEXFEFﬁﬁptaﬁfﬁé%%ﬂnal°§urfaces
of the tuLhingeal rf:ﬂ%' Scofifbs 8R! €and hgn?étrés@ﬁ'% ofoft he hel NtRsRAl
cool i ng passages nmay be protected with a diffusion™ alum nide coating,

whi ch oxi dizzesindsanhainssinem bavdebepnotimpriovedscand ehaarigliybiofs furt her

oxi dation of ,the, internal surfaces..,A nu r_of | gues. f or pl yi ng
the al urrisﬁar’nd&géf"ﬁﬁéo e PR . AR BEEn a4 TENGhAU R d O aR8
prot ecti vgdvayeagar efksewentedC bydi Ag stheicodes wadositefesicysal

vapor - phase al um ni di ng, and above-the- pack techni ques.
structures.

Physical cooling techniques may also be used. In one

technique, internal cooling passages are present in the
interior of the turbine airfoil. Air is forced through the
internal cooling passages and out openings at the external

surface of the airfoil, removing heat from the interior of

the airfoil and, in some cases, providing a boundary layer

of cooler air at the surface of the airfoil.

In combination with the above approaches, coatings and
protective surface layers are used to inhibit corrosion and
oxidation of the external and internal surfaces of the
turbine airfoils. For example, the surfaces of the
internal cooling passageé may be protected with a diffusion
aluminide coating, which oxidizes to an aluminum oxide
protective scale that inhibits further oxidation of the

internal surfaces. A number of techniques for applying the
aluminum coating that forms the internal diffusion
aluminide protective layer are known, including chemical
vapor deposition, vapor-phase aluminiding, and above-the-

'pack techniques.



2 11 April 2005 In the studies |eading to the presenafl PR¥&At 2BRS the

i nventors have recognized that it would be desirable to co- deposit other
el enents with the alum numto inprove the oxidation and/or corrosion
resi stance of the protective |ayer. The avail abl e deposition approaches
have the - drawback that it is difficult to apply alloys, containing

nodi fying elenments in addition to the alumnum to the internal surfaces

wi th good contr ver .t e co itions _of the allqg Cbnse ntly, the
avallgble proce g@e E%é%@‘lﬁgeﬂgﬁ$+%%t%% Eﬂ?rﬁﬁ%ﬁ?ﬁtt6§§? é%%1ywﬁb si npl e

di f fusi on imlantiolrsdRSve atdiRignt ba tRe-iconpliey sk ffdssirapial woi adde al | oys
t hat take advantage of the beneficial effects of alloying elenents

co- deposi t&PIFitth PHE Tl AT THE e §he (HeFEmsFe & nHRETGT & i nproved

approach t&lédﬁo%epé}ﬁiﬁdrngcd%fro%h%m NAELGRLRENIJ1] Prﬁé)t 5%%&&%@/“5 on
specific areas of surfaces, particularly the internal surfaces of articles

such as gasa¥as-bi Adeai ﬁﬁéitiléblq'hedem@é@qn i mpenthaohesul kdéve s thd s need,
and furthe vi,des . relat ed ady l.EF NNARY THE | NVENTI ON I n
dr b%é:lfk ﬁlat ?t: FLS : nvlg(‘.[rﬁlatgecso ta%?lg a§9 dalnlmg hod f or

one enbodi nen resent i on, rbV|
pr ot ect i ngneslirfiydces a:ﬂferr@mttlsclnes am:ilrticas gas thar bﬂlmlaumf oitles trade of

ni ckel - base superal |l oys. The ap perm t he conposition of a
protectlvé‘tiéaﬁﬁ gﬁﬁ%ﬁ%ﬁst?ﬁiﬂ(ééﬁéi Qﬁﬁéﬂa€§§rt5 BeCRUPAHt F MY by
varying ther ajHeon10eptentofiequeondgnsed RRASaBlboYrocéaddiernd#an rel ying
on the difficult-to-control properties of a vapor phase. Consequently,
conpl ex been directed primarily toward applying simple diffusion
aluminides rather than more-complex diffusion aluminide
alloys that take advantage of the beneficial effects of

alloying elements co-deposited with the aluminum.

There is therefore a need for an improved approach to
the depositing of aluminum-containing protective layers on
specific areas of surfaces, particularly the internal
surfaces of articles such as gas turbine airfoils. The
present invention fulfills this need, and further provides

.related advantages.
BRIEF SUMMARY OF THE INVENTION

In one embodiment of the present invention, there is
provided a method for protecting surfaces of articles such
~as gas turbine airfoils made of nickel-base superalloys.
The approach may permit the composition of a protective
'layer applied to protected surfaces to be established by
varying the alloy content of a condensed-phase alloy,
rather than relying on the difficult-to-control
properties of a vapor phase. Consequently, complex
diffusion aluminide protective layers may be applied to

protected surfaces, taking advantage of the beneficial




di ffusion aluminide protective |ayers may be appliedlt dprgloéfbed
surfaces, taking advantage of the beneficial 3 11 April 2005 properties

i ntroduced by the alloying elenents. The present approach may readily be
used to prepare both internal and external protected surfaces, although
its greatest benefits are realized when internal surfaces are protected.
According to one aspect of the present invention, there is provided a

met hod for prot cting.a, surfac f an, articlle.corrpr'sin t he steps of
g h ALY oo aRREC dontt  al 1o
; y

fur ni shi nP &I articel e 18F 8MURTEkerY badly &
conpri si Ngpredatit nappadetiat mhgaste0fic ot ber (&leeedd; @Rplapiengbétte  donor

all oy onto, a protected surface of the article, the step of applying

i ncl udi ng YHEDEeps2Ht ESHEERRET nTORESHEhorSUTIPFSY- t &‘]tt%@uglf‘otjé@c ed surface

of the artn%:?éeﬁaes‘@‘%"eﬁ:le@_i{:gearétE@aPifzéipmh%%t lingel-Agh udescides si/ps of
formng a foam conprising the donor alloy and conducting the foamto the

pr ot ect ed Bifffesde€d-and heating the article and the donor alloy to a
coating tenperature that is greater than about 0.7 of the absolute solidus

tenperature of PECQ% %qujlgr t l |<91¥e Qg e(i: %'fchthlr;[ehﬁrtshee tdOJQI?\Ere a‘HoOr}/ remains in
the formof a "condensed phase contacting the otected SUTTace ‘of the
article; arntrehdmseptbeidedterckfiasifig tthetdondngak| syrfat®o of hen prot ected

surface ofart he(:laertcjor%l e, ACCQCrdei ng to a o%hrer. spect _of 1Ehe resent
i nventi on,2T ¥'iare PEPHF SVt a STEPRoE f 07 b g’gt PRg? Js'ﬁ]r“t;)a‘:’c’% %f an
articl e caonpkedibgsédeastieps @roviidingshd ngoasdrardlilelye s&feriing
niCkel_ba%ﬁx&h%ﬂ% %ﬂgicggpﬁggg@gc%ugoo gggn%lg&egtga%pplying the
donor alloy onto a protected surface of the article, the
step of applying including the steps of contacting the donor
alloy to the protected surface of the article, wherein the
step of contacting includes the steps of forming a foam
comprising the donor alloy and conducting the foam to the
protected surface, and heating the article and the donor
alloy to a coating temperature that is greater than about
0.7 of the absolute solidus temperature of the donor alloy
but is such that the donor alloy remains in the form of a
condensed phase contacting the protected surface of the

article; and thereafter interdiffusing the donor alloy into

the protected surface of the article.

According to another aspect of the present invention,
there is provided a method for protecting a surface of an
article comprising the steps of: furnishing an article made
of a nickel-base alloy and comprising a component of a gas
turbine engine having an internal passage in communication
with an exterior of the article, the internal passage

having an internal protected surface; providing a donor




turbi ne engi ne having an internal passage in communiiéafpPsal ¥PPA an
exterior of the article, the internal passage having an internal protected
surface; providing a donor 4 11 April 2005 alloy conprising alum ni um and
at | east one other elenent selected fromthe group consisting of chrom um
in an anount of |ess than about 30 percent by wei ght of the donor all oy,
zirconium hafnium platinum and palladium and m xtures thereof;
appl yi ng tdE «donempalikOygoat anihiem rirer ral 1420t eekedtsdkf aten®it t he

article, the ste f applyin i ncluding the steps, of formng a foam
Compri 8| ngE LI HaNOF o At 1DyPRHE CORRKRILTHg SEhE TR 0™t RE FAPEHnal

prot ect ed oSUldsaCehag oatbaat 309 pkheetongs walibpy &9 de donber Aaloy prot ect ed
surface of the article, and heating the article and the donor alloy to a

coating t eP&CRttlte PRAPITE, BTt PR Patlsflivhe aBoMikBU%E i dus

t enper at urghfectcthe aﬁﬁﬂ@inf' l19)e bubnbs SHCiby haintthe tg@noknaktQy remains in
the formof a condensed phase contacting the protected surface of the
article; arPHERéPEarretarat &rfdi thesprEgieey déher StaPl o8 | APBLYH i nt er nal

prot ect ed sukagaqOlnt Necdsd Il Gorklify CRAELAD LAIMELARY nk Sag&f er abl y
from about = 1700F (about 930C) to about 2100F (about 1150C). The donor
alloy is tHeiwafarst genrduyciiing gmecofpsiret & y thentatdridlspdotetied he

prot ect ed sickage Obohfifdild Chfie Aol nterdl/ f usionyle gontlped for as
| ong as necessary to achieve a desired degree of interdiffusion, but
typi cal | y prsdegrsdoverfacperf othofarftriorheabentl hehbdinpothe 18rhiziress at  t he

coating teper Bhur Gonfie 2ffds! €60, thE D8] Qurrent inretgst i a
greater than 0.7 of the absolute solidus temperature of the
donor alloy but is such that the donor alloy remains in the
form of a condensed phase contacting the protected surface
of the article; and thereafter interdiffusing the donor

alloy into the internal protected surface of the article.

The coating temperature 1is preferably from about
1700°F (about 930°C) to about 2100°F (about 1150°C). The
donor alloy 1is thereafter partially or completely
interdiffused into the protected surface of the article.

" The interdiffusion is continued for as long as necessary to
achieve a desired degree of interdiffusion, but typically
occurs over a period of from about 1 to about 10 hours at

the coating temperature.

The article of the most current interest is a
component of a gas turbine engine such as a gas turbine
airfeil. While both internal and external surfaces may be
protected, the internal protected surfaces are of the most
interest because it is more difficult to protect them with
coatings and protective layers due to the absence of a
line-of-sight access to the internal protected surfaces

. from other types of coating sources.

da




conponent of a gas turbine engine such as a gas turBiln@prailr 80F. While
both internal and external surfaces may be protected, the internal
protected surfaces are of the nost interest because it is nore difficult
to protect themw th coatings and protective |ayers due to the absence of
a line-of-sight access to the internal protected surfaces from other
types of coating sources. 11 April 2005 The alloy of alum num may include

at | east one otTer aldlgneift alexanph esapeimg el @i Uepszi boenbtimgr haf ni um
yttrium Q%E%F%k pI%%gHngsaq%?pall%%%u and m xtures therepf. Sone
specific exanpled ars ZPum nuth Bi%us CHPB M FHEEH ERounf 268 %ss t han
about 30 pgrtodnin, bycaeight platheim,al kay; @ EdRUR) pldmsl phaktmes i N an

amount of |l ess than about 64 percent by weight of the alloy; alum num plus
o | adi um VIR AnSGHE . SPer U HATDABOUE B0 BEHILH FUyS GOIGRUTT t ho

al I oy; al WA rWMapbufit Z6f CRHsURhER &b BINber8ént 655 WhaRtabputhd0 percent
by weight of the allqy, alum numplus hafniumin an amount of |ess than
about 69 3 ¥éntPPIRENgRLVST PLREIEAPR o &Purdtnitplds 1RASS it n an

anmount of diess tdanpabeii 68y pecegnt By waidhiinfyt hgrumld@y:pand al uni num
plus cerium.in an anount of Yess than about 40 percent by weight of the
al | oy. MelR3IHGIpEMNED d@prameyant £Tsukgssastisin | dowtmelP apsirasd gl uded in

the alloyeilgntt Rg eage 10 ol hes PLRIRET ¢ uSi |i¢eBn I t { D930k ndepr essant,
the silicon content of the alloy i's preferably |ess than about 20 percent

by wei ght @f i@es athay. aroupartl aesrgerddviant agégiot vifie theesahtoxappr oach is
that “donore ) flihas palis MBEEHLRRN: £ V0, CLASRI S L L LAY RIGRATGY and

;
used, as distinct fromvapor deposition techniques
percent by weight of the alloy; aluminum plus yttrium in an

amount of less than about 60 percent by weight of the
alloy; and aluminum plus cerium in an amount of less than
about 40 percent by weight of the alloy. Melting-point
depressants such as silicon may also be included in the
alloy. In the case of the preferred silicon melting-point
depressant, the silicon content of the alleoy is preferably
less than about 20 percent by weight of the alloy. A
particular advantage of the present approach is that donor
alloys of more than two elements are readily prepared and
used, as distinct from vapor deposition techniques where
there is great difficulty in controllably depositing two or

more elements simultanecusly.

The alloy may ke transported to the surface of the
article to be protected by any operable appreoach. Examples

are slurries and foams.

The present approach may differ from conventional
aluminiding techniques used for internal surfaces, where

the aluminum is transported over relatively long distances




there is great difficulty in controllably depositinglt#ral 2665e el enents
simul taneously. The alloy may be transported to the surface of the article
'to be protected by any operabl e approach. Exanples are slurries and foans.
The present approach may differ fromconventional alum niding techniques
used for internal surfaces, where the alumnumis transported over
relatively long distances 5 11 April 2005 froma source to the surface via
the vapor fiasea Ebharcyaper w&ruUrserfmye beisevreakappehemhazway fiom t he
surface to be protected, while in the present case the condensed-phase

donor al | oYPHYE PRUGFT S4Y By SPEEFatoMAES @Rt Sier gEetats IR

prot ect ed.bd igrotekatd v aiidleesnothy apisenitaBaper ¢ndfcondichbesgpasd ement s,
such as the alum_numand the alloying, element(s), is difficult to regulate
to achi evéiUEHsiAdtant 15 chpbisiRGtoREYS LAt e2RNTASK tRENpFRR et B} oach t he

donor al Iy oy ebetileTRl URd MM AND-4Re QRE VAL PDEEa I ON N
el enent (s) may be in_a condensed phase in direct physical ~—contact with the

surface t cHide PiedteCL B b of BiEDIAP ithe eHemisHm ahdatkem} FRIGNY or
di scont i nuOUshRYSS, gistchaasfi@fa@erta' Loy, it d he d%laﬁ%{r@t Eost 4 As used

herein, a "condensed phase" is a SO|Id% l1quid, or mxture of solid and
liquid, buwronpssizigaper Infheadstizaths subserintdpptoachaliheofdarve donor

alloy, 1ncludnaoRaeh bieal U HaNd N EneabhRY bPns &N (&g Ty be

diffused intothe protecte surface, soO anoun of the
el enent s telameatés) i my dekucid 4 ramddnsedxpbrpal isodicect spikyrsowalni t h

certaint y'colnttaic% rﬁ%?xgryh%eds&r}}%tcet hc%r Sd™8 rob‘éaecstoerae, preferably in
the form of a continuous or discontinuous layer of the
donor alloy on the substrate surface. As used herein, a
“condensed phase” is a solid, liquid, or mixture of solid
and liquid, but not a vapor. In most cases substantially
all of the donor alloy, including both the aluminum and the
alloying element(s), may be diffused intc the protected
surface, so that the amount of all of the elements that are
introduced from the external source 1is known with
certainty. It 1is recognized that there may be some
incidental vaperization and subsequent redeposition of the
donor alloy because there is a vapor pressure of the
elements at the coating temperature, but the dominant mode
of movement of the elements of the donor alloy to the
protected surface 1is solid-state and/or liquid-state
diffusion in the donor alloy, and solid-state diffusion in

the nickel-base alloy.

The coating temperature may be in excess of about
0.7 of the absolute solidus temperature of the decnor alloy,
but it may not be so high that the donor alloy is no longer

in the condensed phase. (The ratio of a temperature measured on




i nci dental vaporization and subsequent redepositionléfAprél dB8Rdr all oy
because there is a vapor pressure of the elenents at the coating
tenperature, but the dom nant node of novenent of the elenments of the
donor alloy to the protected surface is solid-state and/or |iquid-state

di ffusion in the donor alloy, and solid-state diffusion in the nickel-base
alloy. The coating tenperature nay be in excess of about 0.7 of the

absol ut e sat i gusoherperatier @ cofchieheocddadas akhpyratinyd of syandsy be so high

that the donor allJoy is no.lo r in the, condensed phase. (The ratio of a
t enper at ur& HBEE e 0A"6 %Oﬁg&ﬁ Ao aﬁsaﬁ§5‘leﬁtl@egcaﬁ%“te t e sol i dus

t enper at urendifolayoalsl MempRasur-ed, oxrn absehute cseal ecHes sofEingres terned

the "honol ogous terrperature"]C and in this case the coating. tenperature is
at a terrpe?%‘?ﬂﬁré‘tiuﬁee%ée?% Bf CHPRTAT B0 SFERpEr afupePBIROEPEHS 0. 7.) The

coating t efm@iatui@eBY BBout N0 EXCESMOf-dMangokbAPs rherPer@ip g of the
donor alloy, so that at |east sone |iquid phase is present. 1t may be

“critical tHateXCresdehorhalgodydrenbePpEtvEei Py The tdemorcepdensed phase

(i.e., a s@ldd afi qubdy QomBi X8 0fpHds@ui A Bpdsspl i dy i pgongact with
the protected surface being treated. O her features and advantages of the
‘present - iFRAdACRON At  ble agisacenta¥avm réeaiol bowrarikor én detai | ed

descripti aaknblie diekers od enbadi apnty s dakenor LLGRLUBET A PR M th t he
acconpanyi ng draw ngs, whic illustrate,” by way of exanple, e principles
of the i rmnentsohid)Thenscopeaot whehi mrentportdcsedotsutfeweydrging

treated.

Other features and advantages of the present
invention will be apparent from the following more
detailed description of the preferred embodiment, taken
in conjunction with the accompanying drawings, which
illustrate, by way of example, the principles of the
inventicon. The scope of the invention is not, however,

limited to this preferred embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of a turbine blade;

Figure 2 is an enlarged schematic sectional view
through the turbkine blade of Figure 1, taken on lines 2-2;

and

Figure 3 is a block flow diagram of an approach for

preparing an internally coated gas turbine airfoil.
DETATLED DESCRIPTION OF THE INVENTION

Figure 1 depicts a component article of a gas turbine

engine ‘such as a turbine blade or turbine vane, and in this




limited to this preferred enbodi ments. BRI EF DESCRI P¥| &RNrOF F9£5 DRAW NGS
Figure 1 is a perspective view of a turbine blade; Figure 2 is an enl arged
schematic. sectional viéew through the turbine blade of Figure 1, taken on
lines 2-2; and Figure 3 is a block flow di agram of an approach for
preparing an internally coated gas turbine airfoil. DETAILED DESCRI PTI ON OF
THE I NVENTI ON Figure 1 depicts a_conponent article of a gas turbine engine

such as a tdibsheablenie dif’-llttt}rﬂﬁ wdaggnal- anBhe ntyrpine blage R02H85
Cillustratiep.a. gur ngn 3%%1%%15”‘&1{&1@1”6 Bl,adeg 20 kéfelfarm@ed ,of any

~operable materral, ferabl ni ckel - base superal oy. The turbine
bl ade 20 | ncnlchdésbaﬂe mpémlllos/‘ect b 2erbga¢ nsladmizh inedufdegwasf hot

exhaust as_i.s. gl recérlctmal rf%?%l%& rlﬁuch,pq: asftlaowm ll?ort %pggg[:ance in

respect to ARECR sect 1 on, ypicall'y in es other end
structure tgassuppordlfdfte:ai I foi I(TheThtsmhmim nerahleadhaao a s sipahbbed to a

turbine disk not shown dovet a n down ly from
Lhe ai rf of FEBSeERicSighgeephel) 5 Ghe mREttorty iaheag. Seat Prh: PYFm 26
ext ends |0@%b&@d&m9| | CQuigear dbyhezr Oéhﬁh%tr&bearéh&rce bhgpaidt f @hk 22 is
joined to the dovetail 24. A  nunber of _internal agsages ext %nd t hr ough

“the interi@8réPile he &bef &qrbzge BA8ARg2Pn 15paRGEd280 A HEPLHPf ace of =

the airfoigigR2.(nDHr ERGaSEY GE dodethoW P AEQH BEtrahdsidowrlliaracied through
the internal passages to reduce the tenperature of the ajirfoil 22. The

airfoil 22fwep bhe aoefailo@d asdHeRFaNFsadr 40t GR W6 SHFREen il -t he
dovetai | A platform 26 extends longitudinally outwardly from the

area where the airfoil 22 is joined to the dovetail 24. A
number of internal passages extend through the interior of
_ the airfoil 22, ending in openings 28 in the surface of the
airfoil 22. During service, a flow of cooling air is
directed through the internal passages to reduce the
temperature of the airfoil 22. The airfoil 22 may be
described as having a root end 30 adjacent to the dovetail
24, and an oppositely disposed tip end 32 remote from the

dovetail 24.

Figure 2 is a longitudinal section through the airfoil

22, showing one of the internal passages 34 extending

i through an interior of the airfoil 22. The internal
passage 34 has an internal airfoil surface 36, and there is

alsc an external airfoil surface 38 of the metgllic portion

of the airfoil 22.

A protective region 40 is present at the internal
airfoil protected surface 36. The protective region 40 is
Aformed by depositing a donor alloy of aluminum and at least

one other element onto the internal airfoil protected




24, and an oppositely disposed tip end 32 renote frém BREi1dé06Pai | 24.
Figure 2 is a longitudinal section through the airfoil - 22, show ng one of
the internal passages 34 extending through an interior of the airfoil 22.
The internal passage 34 has an internal airfoil surface 36, and there is
al so an external airfoil surface 38 of the netallic portion of the airfoi
22: A protective region 40 is present at the internal airfoil protected
surface 36sublfecgr dectspvéhpbghohodp ¢f therakfdnl dSp@Esinviesgag donor al | oy

of alum nu?“%%QK%Eel gast g%r%f géce .eé%rgt eqn g%%ggej, nt_Lgr t&g[ada}tgf oi I

pr ot ect ed 005 S0 that a he ai rf oi
serves as dnddghbser at euntPace THatt @mhéprba@dmem wotaceédl@r dsedot o

i ndicate a,surfa tg E\Q&tdf't%e%o%&?&%fg[ﬁgé %éc?éjec%ruﬁet ﬁg&fmpeb;a%ot ected by

theforrratlbon b5P Ve re it is
prot ect ed. prike (i@nm;healthmg th&tthIEﬁ.|ﬁI}0t@epedLIedTh® ddreo @rlmogrf a solid

or liquid Iayer in ct mﬁt the rotected _surfage., The at ast one
ot her (al | oyt P dianidarepibed £r CBRagrE. SEnPorfcri O AdGH i

haf ni um  ytitahjddmi nCebhbtt Phdid HHE p2BfecHad | Agifdle , anthéiad ueastt her eof
or any other "operable _elenent that nmay be apchl ed by t he techni ques

di scussed Oiﬂﬁbé’é&&énl(ﬂllow)débﬁ@?*ﬁ’éd“ad’oﬁév ¥ Graplent R sed with

the materi az!u%fom% sut}ﬁﬂrﬁhﬁl 42 @ AR t heriprOt eGhia¢tenifgi 0Bnd0 I'yi ng
bel ow the i'nternal airfoil protécted surface 36. |n nmost instances, the

prot ect i ve Paldgiddmng0 and BixBHRSs| ERheread 4 hoX hantomsdssT AneFRbde
element that may be applied by the technlques discussed

subsequently. The deposited donor alloy is interdiffused
with the material of the substrate 42 to form the
.protective region 40 lying below the internal airfoil
protected surface 36. In most instances, the protective
region 40 has a composition with the concentration of
aluminum and at least one other element from the donor
alloy highest near the internal airfoillprotected surface
36, and decreasing with increasing distance into the
substrate 42 from the internal airfoil protected surface
36. The modified diffusion aluminide protective region 40
is typically from about 0.0005 to about 0.005 inch‘thick.
When exposed to a high-temperature oxidizing environment,
the aluminum-enriched region at the internal airfoil
protected surface 36 oxidizes to form a highly adherent
aluminum oxide (Al;%)‘protective scale at the internal
airfoil protected surface 36, inhibiting and slowing
further oxidation damage. The at least one other element
modifies and improves the oxidation and/or corrosion
resistance afforded by the protective regioﬁ 40. An

overlay coating such as discussed later and applied to the




al umi num and at | east one other elenent fromthe doRér AraiLoyCRPghest near
the internal airfoil protected surface 36, and decreasing wth increasing
di stance into the substrate 42 fromthe internal airfoil protected surface
36. The nodified diffusion alum nide protective region 40 is typically
from about 0.0005 to about 0.005 inch thick. When exposed to a

- high-tenperature oxidizing environnent, the alum numenriched region at

" the internadxtdrial |aiffcitiectadaser f38c el Smaxi wbete ort ocHeor tazettiaghl y
adherent al um num oxi de (A1203) protective scale at the internal airfoil
protected s¥t¥iRi %’E'Ot?‘?#ﬁeé ﬁ"z?&a&ﬁd 38 oWSTHFUSPUMPRER d%i &9 Wamage. The
at | east onguptdisre lepFRAt ioADERdHBiSnANd | nproves the oxidation and/or
corrosion ‘resistance afforded by the protective region 40. An overlay
coating such as discussed |ater. and applied to the 9 11 ril 2005 external
airfoil surface B% ieé‘tﬁSPaLs%’dff&’rlt ﬁ_BEF%‘f%rB‘r?aF“aYa?e]rq‘ooijqe @?8[“8%’% surface
36, becauseaﬁ@erfqgius:ek@V\mmastﬁalié@blo%edemdddm t eghnpgseectiie ext er nal
airfoil surface 38 may al so be protected, and Figure 2 I llustrates one -

approach. Acprbingt Ade ovadddiesg and orentRress atdec dHtteanglt iy nal

airfoil — suLf 83 TherRLOLeSt NE: COLLAY M LBShAs PL Obgstédeivd ayer. 46
overlying a%‘éﬁﬁ%%%a?é%i ng thebextern:?ﬂC Z{;rf.oillﬁ‘:fl surface 3%. The Bfrot ective -
| dyer 46 islpyefesd&bloyerdyind aofl cefitffaidingn Blunsxicinagr akhriRidr | ay
conposition, whe ed,.,th L .ony al um | ppladi ffusion
al um ni de o‘?ug@%%i 1 'ed &}ef %tfglhéﬁeg %r&%#eﬂtg’luc% sgfﬁg?ﬁlgi scussdgd above

i n rel ationofoat &ikf fusitectalueinéde oor48n overlay composition. When

used, the diffusion aluminide may be a simple diffusion

aluminide or a modified diffusion aluminide such as that
discussed above in relation to the protedtive region 40.
When used, the overlay protective coating is preferably of
the MCralX type. The terminology “MCrAlX” is a shorthand
term of art for a variety of families of overlay protective
layers 46 that may be employed as environmental coatings or
bond coats in thermal barrier coating systems. In this and
other forms, M refers to nickel, cobalt, iron, and
combinations thereof. In some of these protective
coatings, the chromium may be omitted. The X denotes
elements such as hafnium,  zirconium, yttrium, tantalum, -
rhenium, ruthenium, palladiuﬁ, platinum, silicon, titanium,
boron, carbon, and combinations thereof. Specific
compbsitions‘are known in the art. Some examples of MCralX
'éompositions include, for example, NiAlCrZr and NiAlZr, but
this listing of examples is not to be taken as limiting.
The protective layer 46 is from about 0.0005 to about 0.010
inch thick. Such protective layers 46 are generally known

in the art.
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When used, the overlay protective coating is preferabdl PP&E1 2885M0r Al X
type. The termnology "MCrAlX" is a shorthand termof art for a variety of
famlies of overlay protective |ayers 46 that nmay be enpl oyed as

envi ronnmental coatings or bond coats in thernmal barrier coating systens.
In this and other fornms, Mrefers to nickel, cobalt, iron, and _
conbi nations thereof. In sone of these protective coatings, the chrom um
may be onitted. OPhéodaliknot @scexdndreiiayesudh avehbies tand Aont@stem

yttrium tantal eni u heni um | agdi um. .pl ati,oum, siliccon,
titani um hc?roﬁi%té%% l‘ﬁ% ;ﬂn#%%n%?ﬁat [ oﬁ? t %%}‘é@}? S%%ié%]i C 8Scc%rsfposi tions
are known ipreifleeably. ySomba extoaipl Ezedf zMCeahXa, celmpasi 18 onbrdandumde, for

example, NNAL.GZr and, NLAl Zp, but, this |listin exanples is not to be
t aken as Ii%lgené"?ngaf’ﬁ’élﬁ?o%jé% | R4 aPe 48 ngf ?émw%%%rﬁgt"( BFPU63S 't o about
0.010 i nchrdFealabl PUddar Ohlesit Ve ltayeltowtt ar eeggher gelryeknpwaf in the

art. 10 11 April 2005 Optionally, a ceram c |ayer, 48 overlies and contacts
the prot ecttF&ivgy xifs . ThéheeFERPRLT a?@ye’ﬁ84¥s sy TR CRY from

yttria-stabiddiged.gbs copia coMibelici 6. o GaRhUAR GXi deraert gpidrd el rom about
2 to about 20 weight percent, preferably fromabout 3 to about 8 weight
percent, ofceramic] gatexiades TAE Berwrsd dnyerllus hen gikess ¢5f 86m about

0. 003 i nch ééaialﬂag\l;\%%ge%% J i ehbl Che GrioecOPRE alt?ig%r Q8 a8 CeiRigerial s may -

be used as we s no ceramc |ayer 48 present, the protective

| ayer 46 i sart éremydroamenealiceating’al Wberithpre WieR cABRBLG slayederani c
layer 48 preseplecddle PERLCHNELRYET 180ekS 462" {8 UcBrmbE"Y bona

coat”,

Figure 3 depicts a preferred approach for practicing
the present method. An article is furnished, numeral 60,
in this case an airfoil section 22 such as found in the.
turbine blade 20 or in a turbine vane. The article is
furnished by any operable approach. In the case of a
turbine blade airfoil, the turbine blade is golidified with
internal passages 34, or it may be solidified as a solid
piece and the internal passages may be machined into the

solid piece, or a combination of approaches may be used.

The article is made of a nickel-base alloy. As used
herein, “metal-base” means that the composition has more of
the named metal present than any other element. For
example, a nickel-base alloy has more nickel ‘than any other
element. The ni-ckel—base alloy may addit'ionally'be a
nickel-base superalloy, meaning that it is of a composition
which is strengthened by the precipitation of gamma-prime
or a related phase. A typical nickel-base alloy has a

composition, in weight percent, of from about 1 to about 25
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coat". Figure 3 depicts a preferred approach for pradtAerihdg 2PAe present
nmet hod. . An article is furnished, nuneral 60, in this case an airfoil
section 22 such as found in the. turbine blade 20 or in a turbine vane.
The article is furnished by any operabl e approach. In the case of a

- turbine blade airfoil, the turbine blade is solidified with internal
passages 34, or it may be solidified as a solid piece and the internal
passages nmpedEntackbadd, i irontdtutsdl td ghawe,2Drperceotbmaniom, of

appr oaches b ed. . Th igle ] : ni - e lQy. As used
herein, ™ rre&g -ba}s?g"% gegﬁngﬁg% Eh e%%enl{agg%ﬁfl?‘gﬁ%ﬁlés%%g{nepg‘fso %16 named '
" netal presemt péarersnynalrtensime ngirom BbouteXanpd eabautni tkegpedrssee al | oy has
nore ni ckel than-any_ot her I nt.. The .ni ckel - base al l.o additionally
be a ni ckelQ%%p@?%?‘l%?ﬁumgﬁpnab?‘ﬂ%tﬂi pergent %a%c?r%b‘ srﬁl%% which is
st rengt henegh bynéhie Br peirpehot ir@BafiugANTRoR! DMto bauy €t apebeapftase. A
typi cal nickel-base alloy has a conposition, in weight percent, of from
about 1 to EMUms5 fHrem 10 Ak | PPAPOSE pRPEISRT ORI W orht8Bolt P t o about
25 percent ghtom YMpe d-0m abosifh,t OrPUL & Peneent al WM pukBedy om 0 to
about 10 percent nol ybdenum from about O to about 12 percent tungsten,
from about @arkerabdyem1® freralmwt Pahf Banaentr BAron. tHrablute BB cent
titanium f ' o] {RET CeM o RENi f b ercent

rut heni um %gm%oéxggﬂleaggﬁtzlgﬁber cent0 Elsoéb?ﬂ&n% %_'%)nn%oﬂc%geag%%%ﬁlg% per cent
carbon, fromlanae alickelOand peeidentafoivpuritd®$0 to about 0.05 percent
yttrium fromO to about 1.6 percent hafnium

A ‘donor alloy of aluminum and at least one other

(alloying) element is provided, numeral 62. The at least
one other element is any element selected to improve the

properties of the protective region 40 in the final product

after subsequent processing. Examples of the at least one
other element of most interest include chromium, zirconium,
hafnium, yttrium, cerium, platinum, and palladium, and
mixtures thereof. More preferably, examples include a
donor alloy comprising aluminum and chromium in an
effective amount of less than about 30 percent by weight of
the donor alloy; a donor alloy comprising aluminum and
platinum in an effective amount of less than about 64
} percent by weight of the donor alloy, a donor alloy
| comprising aluminum and palladium in an effective amount of
less than ébout 60 percent by weight of the donor alloy; a
donor alloy comprising aluminum and zirconium in an
effective amount of less than about 50 percent by weight of
the donor alloy; a donor alloy comprising aluminum and
hafnium in an effective amount of less than about 6.9
percent by weight of the donor alloy; a donor alloy

comprising aluminum and yttrium in an effective amount of
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bal ance nickel and incidental inpurities. A donor allloypafilal@fSnum and at

| east one other  (alloying) elenment is provided, nuneral 62. The at | east
one other elenent is any elenment selected to i nprove the properties of the
protective region 40 in the final product after subsequent processing.
Exanpl es of the at |east one other elenment of nost interest include
chromum zirconium hafnium yttrium cerium platinum and pall adium
and m xt urksss hehaofabouly & Qrasfraeall Py aedgbbesfi nbeudenar bk al | oy

conprising alum.n d r.om i f j.ve : l.es han about
30 per cent By whi ghrear ey e 1sifg, SIMEELKD B M SRS PO
and pl ati nefffigatiare efrtbent i o l@amsunhanfabess 40hparednutbycdepehtterft by

wei ght  of the dgnor_al a don allo conprising_ al um num and pal | adi um
o N eff ectit e SBRBEntLLY - eS8 PhaRC aRtarsED Bhf cERr et DR P he
donor al |l oygage, daner BbheyoganPr tenpgratwrénurrandedsd r deni uapi rbean
effective anount of |ess, than abou 0 percent b j ght _of _.the donor
alloy; a dofgrPafiky? (‘:"EJﬁBr'iB%‘? H&C%Iegﬁgﬁﬁ% %&F&trﬁﬁgn‘?‘ M m 18R Qi ve

amount of |gssrt haRe2OEtuSDn REITePhe DpowBiBNIi10f £her doneifalday; a donor
alloy conprising alum numand yttriumin an effective amount of 12 11

April 2005 ¢@EROHRGS PouthB PRI 1O TR FF B MORGICM 1¥y; and a

donor al | oyy co0PEhskog gl YRLDEM @chCef i ddy afy efdRGhiy iy of |ess
t han about 40 percent by weight of the donor alloy. If these anobunts are

exceeded i rmedtfyinmseclansatighol 6g6as thApepurfaes. are EoRR | JPED be

conpati bl e w1 1oy i ckelnBase SURLER! & Aldo@¥r | £PAIPIcbRprising
aluminum and chromium in an amount of from about 2 to about
30 percent by weight of the donor alloy; a donor alloy
comprising aluminum and platinum in an amount of from about
4 to about 64 percent by weight of the donor alloy; a donor
alloy comprising aluminum and palladium in an amount of
from about 4 to about 60 percent by weight of the alloy; a
donor alloy comprising aluminum and zirconium in an amount
of from about 0.1 to about 50 percent by weight of the
donor alloy; a donor alloy comprising aluminum plus hafnium
in an amount of from about 0.1 to about 69 percent by
weight of the donor alloy; a donor alloy comprising
aluminum plus yttrium in an amount of from about 0.1 to

" about to about 60 percent by weight of the donor alloy; and
a donor alloy comprising aluminum plus cerium in an amount
of from about 0.1 to about 40 percent by weight of the
donor alloy. If the amount of the additional element in
the donor alloy is less than that indicated, the amount of
the additional .element is so small as to have no
substantial beneficial effect on the properties of the

protective region.
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poor interdiffusion and the possibility that undiffddedprrédng8fénts of the
donor alloy remain at the surfaces or that there is insufficient transfer
of alum numand the nodifying elenent(s) into the surface. Even nore
preferably, exanples include a donor alloy conprising alum num and
chromumin an anount of from about 2 to about 30 percent by weight of the
donor alloy; a donor alloy _conprising alumnumand platinumin an anount
of from about Zheodgbeut ablopdraemorhaipeinghe shar hengoddfitdlangyl: a donor
al | oy conpri,si a ' ; I | | u f r ; ut 4 to
Sbout 60 pereaRRepEY P AR o e i e 2g. al um num
and zi r conimuhtileospoarntntommfs iftriom. abByt cOnpantisoabodt SapPermB@se by wei ght
of the donaor_alloy; a danor _all oy,conprising_ alum pl af pjum in an
amount of FORCAS6Gr O°1 Yo 4BbYt %Je)%ucl%nt g%y tl{\r/\glenlr%hr(I‘Jtr o?%?%eo Gnor al | oy;
a donor al lxeydicdmmailsigigmenlcurfivamm fheiSsylitde utei mhan coaminty, ofark om about
0.1 to about, to about 60 percent by weight of {he donor . alloy, .and a
donor al | oy*idigiRgi MYl BiRAA ﬁ@ﬁ%b%ﬁ%a%é%ﬁﬁm$PFﬁ %ﬁrQﬁﬁﬁiﬁtlmB?s & about 0.1
to about 4GQenERNoD¥HeeidaREepént Meapsionaitiahl ayd Vhpbhedafmisilonof the
additional elenment in the donor alloy is |less than_that indicated, the
anount of uAakesa@di thendl L Eexaiinte liegelbs s el Pr £5BLRavenfo- YR ant i al
beneficial gff,ed Qfed h@npg,g?gft essal FiRGinRROhECbVad egi @inukd 11 April
2005 The donor all oy may contain nore than one additional elenent by

form ng t heclooiigd@ddoval buy wheh veperdeseeewre nef « FRepivoie mP¥Enposi ti on.

By Conpari%QﬂﬂliQnV%HQBypq§§ehegligibly small compared to that of

aluminum with the result that almost no chromium is

transferred through the vapor phase from the source alloy

to the deposited coating.

Melting point depressants may also be added to the

donor alloy to lower its melting point. A preferred
melting point depressant is silicon in an amount of from

about 2 to about 20 weight percent of the donor alloy.

The donor alloy is preferably furnished in a finely

divided form, such as a prealloyed powder of the indicated
composition. Two or more types of powder may be mixed
together to form the donor alloy. For example, the donor
élloy may be a mixture of powders in which one type of
| powder is aluminum alloyed with the additional element(s),
and the other type of powder is pure aluminum or another
prealloyed powder. Wide ranges of compositions may be

obtained in this manner.

The donor alloy is applied on the airfoil internal,
protected surface 36, numeral 64. The application of the

donor alloy is preferably accomplished with two steps. The
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processes it is very difficult to transfer even onellad@iriilor&PSel ement
fromthe source to the coating, and wutilizing rmultiple additional elements
is nearly inpossible because of the different vaporization and
vapor-diffusion rates of the different el enents. For exanple, one type of
source used in vapor phase alumniding is an alum num chrom um al |l oy, but

t he vapor pressure of chrom um above . such an alloy is_negligibly snal

conpar ed t GOPREt dFloval dFi nEFRMFRIFENe Fesdihe t ABRECEMAbsPLASCEREBM um i s

transferred,traeddhst b6 Vapnie Riasdd HaReths] sopba-ld Qhreheet B deposited
coating. Melting point depressants nmay al so be added to the donor alloy to

| over its @Sl td nEPPOITHIOUSA §f efbPeeet invauE| AgVssi MY deprlean®fia silicon
in an anou Rhouts 2 11:0nAkoUna20, Ve O, RRICEIN: Yfapbipeogonor

al | oy. The% g%%?gé FE@ 'S ﬁibféggg]y ?u?nfshe i'n a finelyapggv?ded form
such as a gesableyephpdawary tdlatt hbei dcheataddoycdnpasiendansefivdoosn nor e
types of paowder. may, be mxed .together iq r e or all oy, For

exanpl e, t N égnS?Xt%§#d?éﬁhfhgegggﬁ¥§?%H%kgfgkéadgggg?REMHF% rgge type of
powder is @sum mha alktdyed awn@hthbeahbol taondieatleemiat (e, coandnghe ot her
type of powder is pure_.alum num or anat her real L oyed powder . W de ranges
of conposi tieBRETAEYE D DT htis ﬁE&aFﬁrtéh%PrﬂB#%ErS'#HégdgﬁbF‘§P98§eis appl i ed
on the airfwilkdust esmdratpiret o€t ek sivnbacel B6; butmesabuéy. chEte tapgpl i cation
of the donor alloy is preferably acconplished with two st The 14 11

§ ps,
April 2005998R%r 3} FemRIRHsHBr ttdt t OY’ﬁeo?fntaerﬁSPdﬁPﬁ?‘chE‘ase

contacting the protected surface of the article, numeral
68. The coating temperature must be in excess of about 0.7
of the absolute solidus temperature of the donor alloy to
achieve a sufficiently high diffusion rate. The coating
temperature may not be so high that the condensed-pﬁase
donor alloy vaporizes substantially entirely by boiling or
sublimation, or the advantages of using a condensed-phase
diffusion process are 1lost. For the protection of many
substrate materials, there is a further limitation placed
on the range of coating temperature by metallurgical or
processing considerations of the substrate material. 1In a
preferred embodiment, the coating temperature is no greater
than about 2100°F, and preferably in a raﬁge of from abhout
1700°F to about 2100°F, to be compatible with the aging
cycle of the nickel-base alloy substrate or with the
brazing alloys that may be used in some applications. The
steps 66 and 68 occur either simultaneously or sequentially

with step 68 following step 66.

The alloy must be in direct physical contact with the
internal protected surface 36 as a condensed phase, to

allow condensed-phase diffusion of the aluminum and other

15




surface 36 to reside on the internal protected surfadde?®8ilag0&5conti nuous
or discontinuous |ayer or coating of a condensed (that is, liquid and/or
solid, but not vapor or gaseous) phase so that the donor alloy in a
condensed form is in contact with the internal protected surface, nuneral
66. The article and the alloy are heated to the coating tenperature that
is greater than about 0.7 of the absolute solidus tenperature of the donor

al l oy but iSlEARES HHON Hée AN AHLBY rBRAI RBei AUPRETFtR Mof dfondensed
phase contggld ngehée anmegeﬂoﬁu&@@@sﬁs} hendr kbGlge RUMBLRl 1,68. The
coating tenperature nust be in excess of about 0.7 of the absolute solidus
t enper at ur edifeqthePlpRdFadl IGptest dtititeve #uwnfisdesi emndy 18 oPEtdinf f usi on
rate. The c ' r r e [ ggfxn_sed-phase
donor all oyé)%éép%rgi z%?%%b%%%ﬁt F%ygﬁ%t%eﬁ%%y%o}tﬁgﬁg%% ggu I mation, or
t he advant agesbef depdésited corbrese dhehasw fadef bysifdmspr vepssiziteg,| ost. For
the protectjon. of .man subst r at terl.al ere.is a further |limtation
pl aced on T%‘élr%%n%ye 1}(ga‘r‘pocroa‘;c’stllansge fte’%%éngfgr §°b§ ﬁe?grfﬁ?%ﬂ c%lrf&grfhenpr ocessi ng
consi der at | @fsoLift inkye caubBé r et st er ial sudhn aacape ef g ed eaghogliorent , t he
coating. ter eraﬁ)gre S no.great r djg%an about 2100F, fnd referably in a
range of fr¥ 8botY YPBOELIEE ABGutd2186R, % YeF¥ofphttHiY Wit he aging

cycle of theegiichkelobaserathDyy Swbsbrtksldnmghichl E&Bpoditashngr allledys t hat
may be used in some applications. The steps 66 _and 68 occur either
si mul t aneoU85R 163 s SGRORLEEA 9nEQi thHF SUEH2E8- f of I Fiih PTEEEPE 68 SCFhe al | oy

nmust be in did eGlrrRBYShCaE CRNtaAGhents NeAdie chienhish8Al a IR et S 1sir face 36
as a condensed phase, to allow condensed-phase diffusion of the al um num
and ot her substrate is by solid-state or liquid-state diffusion.

Diffusion rates of elements in the solid and liquid phases
are not identical, but they yield a composition reaching
the substrate that is much closer to that of the donor
alloy than achieved when there is a vaporization and vapor-
phase transport of different elements from a c¢oating

source.

The condensed phase donor alloy may be transported to
the internal protected surface in step 66 by any operable
épproach. Typically, the donor alloy is mixed with a
carrier, and the mixture is applied to the surface to be
protected. The preferred approaches are as a foam or as a
slurry. In a foam process, the finely divided donor alloy
is mixed with a foaming agent such as a polyurethane. The
foaming mixture is injected into the internal passages 34.

As the foam later collapses upon heating, the finely
divided donor alloy 1is deposited onto the internal
protected surfaces 36. In a slurry process, the finely
divided donor alloy is mixed with a liquid slurry-former

such as a liquid acrylic. The mixture is injected in the
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15 11 April 2005 elements fromthe donor alloy intolihépgibsZP8be 42. In
sone ot her application processes, the source is not in direct physical
contact with a surface, and is often several inches away fromthe surface,
so that the elenent to be deposited reaches the surface by first
- vaporizing, noving by vapor phase transport. to the surface, and then
depositing_on the surface. In_such a case, the elenents of an all oy
vapori ze ah#Qdiff §&etst 1psPy ther riditeRPalaiRassagesaditng e oY FFRYIty in
control Iingypgycepnesi then pebrbbeed MBheridds deposhhedrnat g1theysurface. In
the present case, the diffusion of the elenments fromthe donor alloy into
“the subst fareing ¢FrEer dssyaperiged pdi seurvace te Leass dhe deRPFusi on
rates of e t S i d | JOLL hase rggnot identical, but
t hey vyi el dggﬂggrr%%g?ﬁéﬁd %glgghlt%gdp%ﬂgé{%%bcgt rat éc?%af%'i s much closer to
that of the donor alloy than achieved when there is a vaporization and
vapor - phase tr&hepsrtiete dind ez By axadinintaigeda agosbeng§oasddce. The
condensed pUASE.dORAL Ald QY JURY oot MNP UL Bchc LIS ddioe! ARt opr of ect ed
surface in step y any operabl e approach.” Typically, the donor alloy is
m xed withaa tbardineernahdrdteated grefaseappl tedintendidfyaef 4ot o be
protected. The preferred appr hes e a f.oam or.,as . Ina
foan1proce§§? t%@OFFﬁé § d?@?gg%hdoﬁg%mgﬁﬁoy7ors ni;g' w%fﬁ§gy%%%ning agent
such as a pakywserbasitng Thse f7oathnghen cdatrimg semppeatiect ranget he i nt er nal
passages 34. As _the foamlater, coll apses upon .heating, the finel di vi ded
donor al | o} TP® &ﬁﬁﬁgﬁt%dt%nﬁgo?ﬁeg $8Pﬁ§r producing’'a protective’

region 40 as illustrated in Figure 2.

Optionally, the protected surface to be protected may
be cleaned and fluxed by a cleaning agent, such as a
halide-containing cleaner, that removes oxides and other
impediments to diffusion from the surface of the substrate
42. A cleaning material that is soluble, such as ammonium
chloride, ammonium fluoride, or chromium chloride in water,
may be dissolved in the solvent and the solution applied to
the surfaces, such as by dipping the article into the
solution and drying. The result is a dry film of the
cleaning material on the surface to be protected. A
cleaning material such as aluminum trifluoride may instead

be mixed with the carrier and applied to the surface.

The external surfaces 38 are optionally but preferably
protected, numeral 72. The external protective layer 46 is
first applied, numeral 74. The external protective layer
46 may be applied by any operable approach. For example,
the same approach as used in step 64 may be used in step
74. In that case, steps 64 and 74 may be performed

simultaneously. other known diffusion aluminiding
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protected surfaces 36. In a slurry process, the finélyApgiti d88>donor al | oy
is mxed with a liquid slurry-former such as a liquid acrylic. The m xture
is injected in the 16 11 April 2005 liquid state into the internal passages
34 so that the slurry coats the protected surfaces 36, and the slurry-
formng carrier is vaporized and renoved to | eave the donor alloy
deposited onto the protected surfaces 36. The artjcle and allqy are
mai nt ai ned BRCHHEVESa Ny Pa MRS allir 8EPBr 74: p&PFBd 26F BRI 9456 nit the
donor al | oya1.@iril8 nhNt £6HR - IHOLRCed 1 aMihAEI36 aha LtRéerdid fuse into the
protected surface, nunmeral 70. The preferred interdiffusing tine 70 in the
coating tengtatat Gaser angee | St oMtab®ay PRsFesiSout 2O ABUr OF pMSduci ng a
protective _sregi 4 r i,n Figure 2. Optionally, the protected
surface to sb]é“ﬁ%rt%t@lgétgggé%r%ﬂ; éJrgéte %e?ajlr?éd and fluxed by a cl eani ng agent,
such as a halide-containing cleaner, that renoves oxides and ot her
i npedi ments to dirf falisi efherofande Sivef gxEevRal heretatieg dlavgr. 4R cl eani ng
materi al t i g.soluble... h aoNi U | ard de, i fluoride, or
chrom.um cﬂﬁ%’?i ?fg iénﬁlmé)?grr?%na@&b‘%%ssom\?gggi (r)lﬁét € sg venmi@nlc%y:he :
sol uti on apptotetttioe flhpeswtd ace prefiechbay $F WieppCrglikheyreti dbe into the
solution and drying. The result_is_a, dry fj I terial on
t he surfacee’f%e%‘é—’lqplpgtogg éﬁYeAia%?:éa‘lrﬁgn%s réae ???g?&gﬁ%hggga%él}%ﬂr%m
trifluoridecemhniiquat,eaguche asxeghysidal heraparr i depasilt bppl | 6l d.0 t he
surface. The exter.nal surfaces 38 are optionally but preferabl r ot ect ed,
numeral 72, SE e n BBt e AT Ve SApErORoTan) oF thernal Tpray.”

The protective layer 46 is preferably from about 0.0005 to

about 0.010 inch, most preferably from about 0.002 to about
0.007 inch, thick. 1In this case, the step 74 may precede,

follow, or be simultaneous with the step 64.

The ceramic layer 48 may optionally be applied

overlying the external protective layer 46, numeral 76.

The ceramic layer 48 1is preferably from about 0.003 to

about 0.010 inch thick, most preferably about 0.005 inch

 thick. (Figure 2 is not drawn to scale.) The ceramic

layer 48 is preferably yttria-stabilized zirconia, which is
zirconium oxide containing from about 2 to about 20 weight

N percent, preferably from about 3 to about 8 weight percent,
f of yttrium oxide. Other operable ceramic materials may be
used as well. The ceramic layer 48 may be deposited by any

operable technigque, such as physical vapor deposition or

thermal spray. The step 76, where used, follows step 74,

where used, and normally follows step 64.

Although a particular embodiment of the invention has
been described in detail for purposes of illustration,

various modifications and enhancements may be made without
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first applied, nunmeral 74. The external protective Rdy@pPrid62aAfly be appli ed.
by any operabl e approach. For exanple, the same approach as used in step
64 may be used in step 74. In that case, steps 64 and 74 may be perforned
si mul t aneously. Other known diffusion alumniding 17 11 April 2005

techni ques may be used in step 74, such as vapor phase al um niding,
above-t he-pack alum niding, and the like. In that case, the step 74 may
precede, fqldpwtiny bfrodsi Gnet apdeds widd tbepst eff Ghe Oantrbge Déber hand,
the external protective |ayer 46 . may, be an ov%rlﬁg ¢oating. \Were used,
the over| ay*CPFGEEG Yy e thGy eRVARE 1D PrfitalCy P61 1EREEREr BRSCRY R The
external pngtegld wppkawes 4Paims deposited by any operable technique, such
as physi cal "vapor deposition (e.g., sputtering, cathodic arc, electron
beanm) or thermal spray. The protective |ayer 46 is preferably from about
0.0005 to about 0.010 inch, nost preferably from about 0.002 to about
0.007 inch, thick. In this case, the step 74 may precede, follow, or be
sinmultaneous with the step 64. The ceramic |ayer 48 may optionally be
applied overlying the external protective |ayer 46, nuneral 76. The
ceramc |ayer 48 is preferably fromabout 0.003 to about 0.010 inch thick,
nost preferably about 0.005 inch thick. (Figure 2 is not drawn to scale.)
The ceramic layer 48 is preferably yttria-stabilized zirconia, which is

zi rconi um oxi de containing fromabout 2 to about 20 wei ght percent,
preferably fromabout 3 to about 8 weight percent, of yttrium oxide. O her
operable ceranic naterials may be '
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used as well. The ceramic |layer 48 may be deposited1By2rayl gp€babl e

techni que, such as physical vapor deposition or thernmal spray. The step
76, where used, follows step 74, where used, and nornally follows step 64.
Al t hough a particul ar enbodi nent of the invention has been described in
detail forgjpUYKREses of illustration, various nodifications and
enhancenents nay be nade without 18 11 April 2005 departing fromthe spirit
and scope of the invention. Accordingly, the invention is not to be

i ted except A% chkat bie, appadedygl A1 Mhc,A8 31 Aprile2005 Claims: 1. A

met hod for protecting a sur ace o n arti conprising the steps of
furnlshlngxa@raﬁnn@IthQﬁStﬁpﬁleﬁel based aIon' prOV|d|ng a donor all oy

conprising al unn %H%ﬁgggur?alﬁgéﬁ O?ﬁeOtr%&eﬁeSggﬁ _ﬁ@plylng t he donor

alloy onto a protecte ce’ o H of appl yi ng

i ncl udi ng the sirepidohg & aivract ehfoy heongorieingl hbymiromt kedpeot ect ed surface
of the ar%gclebngm§%§gg1 s%gp of contacting includes the step of

form ng aJToan1conpr|S|n Fﬁgn onor alloy and conducting the foamto the
prot ect ed surfaxp@,lyaﬂd ﬂ@@.tdd’ﬂ@r’[ hBelay tarde a prdtébe=dianeraakl 6y to a
coating tgﬁpera ter than about 0.7 of the absolute solidus

ur re
tenperatur Bf "the® ﬁo S&Fgo9gﬁﬂ¥ﬂﬁ§n§uéﬂc ¥H% F8ed8heRS A9 oy remai ns
in the forgonghcaitgntenseaophasioE ait aeki pgotdrerddt @l.eehed of the

article, wherein the step of contacting includes the step
of forming a foam comprising the donor alloy and conducting
the foam to the protected surface, and heating the article
and the donor alloy to a coating temperature that is
greater than about 0.7 of the absolute solidus temperature
of the donor alloy but is such that the donor allcoy remains
in the form of a condensed phase contacting the protected
surface of the article; and thereafter

interdiffusing the donor alloy into the protected

surface of the article.

2. The methoed of claim 1, wherein the step of furnishing
an article includes the step of furnishing a component of a

gas turbine engine.

3. The method of claim 1, wherein the step of furnishing
an article includes the step of furnishing a gas turbine

airfoil.
4, The method of any one of the preceding claims,

wherein the protected surface of the article is an internal

surface of the article.
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surface of the article; and thereafter interdiffusidd #weidoddlsal |l oy into
the protected surface of the article. 2. The nethod of claim1l, wherein
the step of furnishing an article includes the step of furnishing a
conponent of a gas turbine engine. 3. The nethod of claim11, wherein the

step of fugni shing meRRArEECIE, Il Hees L Nes St ep of ‘Izﬁgrgéi%h'tﬂg a gas
turbine airfoil. 4. The nethod of any one of the precedi ng clains,

wher ei n t Hergesttect sdrsand ade the ahkicle ilsl eni extarnaidt épndhce suff f ace of the
article. 20,11 AgriL 2005 5. The nethod of any one of clainms 1 to 3,
wherein the . protected surface of the article is an external surface of

the article. 6. The nethod of any one of clains 1 to 3, wherein the

protected surfage. of t] onprises an internal _ surface of the
article an%' anafe:%( gnrer%pgs%’?fgan e%8 gﬁeCf%}F sicql éc.o gf '%heerer%élt ﬁ%ﬁ of any one
of clai s drdw@ec3edwherfaae tdfetharirtcic hasrpnised erndntpassage in

communi cation with_a exterior of the article dth otected surface
conpri ses %‘%‘aniaﬁteefjﬁaﬁh%ra}ﬁtéc?tlgda%‘ar‘:'fréce% n?heé’ilfﬁn enﬁ? P‘{ﬁssage. 8. The

met hod of adtdiabne?, wherein the article further conprises an external
surface, and wherein the nethod includes an additional step of applying an
external protective coating to the external surface.

7. The method of any one of claims 1 to 3, wherein the
article has an internal passage in communication with an
exterior of the article, and the protected surface
comprises an internal protected surface of the internal

passage.

8. The method of claim 7, wherein the article further
comprises an external surface, and wherein the method
includes an additional step of applying an external

protective coating to the external surface.

9. The method of any one of the preceding claims,
wherein the step of providing includes the step of
providing the denor alloy of aluminium and at least one
other element selected from the group consisting of
chromium, zirc¢onium, hafnium, yttrium, cerium, platinum,

and palladium, and mixtures thereof.

10. The method of any one claims 1 to 9, wherein the step
- of providing includes the step of providing the doner alloy
comprising aluminum and chromium in an amount of less than

about 30 percent by weight of the donor alloy.

11. The method of any one of c¢laims 1 to 9, wherein the

step of providing includes the step of providing the donor
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9. The nethod of any one of the preceding clains, WlePgirdalt BE0Step of
providing includes the step of providing the donor alloy of alum nium and
at | east one other elenent selected fromthe group consisting of
chromum zirconium hafnium yttrium cerium platinum and palladium

and m xtur I o - h ne. cl ai to-9 erein the
step of pér?%lvc%yg?r?g@{:ﬁ% dé;sﬂ‘l]'?ﬁg&tsnt%gd ﬁla%?é\#d?%géfﬁgﬁgéﬁogfaﬁ%%;

conpri si ngtikAurgibrum ahdatneot b veight afoshe dbndesdivlgan about 30
percent by wei ght of the donor alloy. 11. The nmethod of any one of clains 1
to 9, wherein the step of providing includes the step of providing the
donor 21 11z Aprihe 2@@bodl dDyargommel sf ngladmsmintim Andwhpd@tinnthei N an anount

of less than ahout 64.percen i ght of the donar al]oy. 12. The net hod
of any one" of SraPRRVIHE é?c\gkﬁgﬁ}’\ﬁhﬂgﬁéeps? PP ot 5T BI“ﬁgd(i’rhocq udes the
step of praMicdi rgmphis denelumahlmeyadmaiiladngn aludimamoand eal | adiumin an
anount of Iesg thanbabo 60 Eerc nt by wei aﬁt of the donor alloy. 13. The
met hod of Hif? R0 He 5 BEEHFRY QY LSt Gheths FPRE &ttpYof provi ding

i ncludes the step of providing a nelting-point depressant in the donor
alloy. 14. The nmethod of any one of the preceding clains, wherein the step
of interdi¥Fusi™hy PREPOUET (AW SPEpOhfthe MrECERLRUsT IR She donor alloy into

t he prot echedesur tR€estdplorappevi@thpfinknaarabamd skefooabout 10 hours. 15.
The net hod of any one of the preceding clains, wherein the step of heating

i ncl udes tAF®VdHdpIot HRdtinggrphet (fenrEseaahdin Hedslopprapl gyt o a
t enper at ure of

14. The method of any one of the preceding claims,
wherein the step of interdiffusing includes the step of
interdiffusing the donor alloy into the protected surface

for a period of from about 1 to about 10 hours.

15. The method of any one of the preceding claims,
wherein the step of heating includes the step of
heating the article and the donor alloy to a temperature of

from about 1700°F (930°C} to about 2100°F (1150°C). .

16. The method of any one of the preceding claims,
wherein the donor alloy comprises the solid state at the

cecating temperature.

17. The method of any one of claims 1 to 15, wherein the
donor alloy comprises the liquid state at the coating

temperature.
18. The method of any one of the preceding claims,

wherein the donor alloy contains at least two other

elements.
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from about 1700F (930C) to about 2100F (1150C). 16. IfhépwEtlh@®06f any one
of the preceding clains, wherein the donor alloy conprises the solid state
at the coating tenperature. 17. The nmethod of any one of clains 1 to 15,
wherein the donor alloy conprises the liquid state at the coating

t enperat ur 1 e n r i clhaiLgs, wherein
th(rarpdonor 1?I'I o% g-(%%t ggﬁéﬂg? %&gtax?%goﬁ]mg&%g{eeﬁ%ﬁ%g?giztz l%lfgipril 2005 19.
A gas tur binge sunéhedi pgptectendpbrnetrhe mmhed af dmasine ofietkerface protected
by the negj}q}@egg gncyl ng, of the preceding clainms. 20. A nethod for
protecting a surface of an article conprising the steps of: furnishing an
article made of a nickel-base alloy and conprising a conponent hof a gas

t ur bi ne engj ne jhavi a internal passa in comuni cati.on with an
exterior of ‘thé %\aéttﬁlgglg?rt ré’%eﬁt%érrlﬁa? Sp%gfsae?geeo avi nagrctdﬁlient ernal protected
surface; proowirdshgy atidorsarepal boy conprising alum niumand at | east one

ot her el enent |l ected fromthe group. consistin f chromiumin an anount
of less than a%e&ffuﬁ..g”ﬁ%r%rérﬁrt&ﬁe g%%tOf(S)F Pﬁgﬂﬁjo%i‘?rsealalléﬁy 234 coni um

haf ni um ploabiristhg antbrpahkadi sima ¢ FuxbUieSeridiereatviapplyi ng t he donor
alloy ontg the internal protected L surface of the article, the step of

appl yi ng iMEFaBfhgPF I I tBpSoB R GATAG Kithath SFvprist ngf t¥e donor al | oy

and article, the internal passage having an internal protected
surface;

providing a doneor alloy comprising aluminium and at

least one other element selected from the group consisting
of chromium in an amount of less than about 30 percent by
weight of the donor alloy, zirconium, hafnium, platinum,

and palladium, and mixtures thereof;

applying the donor alloy onto the internal protected
surface of the article, the step of applying including the
steps of forming a foam comprising the donor allecy and
conducting the foam to the internal protected surface,
contacting the donor alloy to the internal protected
-surface of the article, and heating the article and the
donor alloy to a coating temperature that is greater than
0.7 of the absolute solidus temperature of the donor alloy
but is such that the donor alloy remains in the form of a
condensed phase contacting the protected surface of the
article; and thereafter
interdiffusing the donor alloy into the internal

protected surface of the article.

21. The method of claim 20, wherein the article further
comprises an external surface, and wherein the method
includes an additional step of applying an external

protective coating to the external surface.
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conducting the foamto the internal protected surfadé, AP&dat 48€Png t he
donor alloy to the internal protected surface of the article, and heating
the article and the donor alloy to a coating tenperature that is greater
than 0.7 of the absolute solidus tenperature of the donor alloy but is
such that the donor alloy remains in the formof a condensed phase
contacting the protected surface of the article; and thereafter

i nterdi ffusng Threngshod af | Gpiimes ehe2intdregelin protsdepedfsurface of the
article. ’ f i , rein.the.artjcl her conprises
an exter né%ms":u![rIal gé“;%ﬁg% v%hce;t%%i %{%geo%t ﬁ%%al{iﬁc?%dggggg %%idéyti onal step of
appl yi ng awmpxtieinal alyrigtient pueé phetimg tio &hearexingr pdl lssw fdee 23 11
April 2005 . e had.of claim r 21, wherein the step of providing
i ncl udes t?ﬁ?ﬁ&tég %%F%ﬁékﬂq% Hﬁla%%(%gﬁbF éPP%§ aé%ﬁ%rising al um ni um and
platinumin an anount of |ess than about 64 percent by wei ght of the donor
alloy. 23.,.The t hod, of any one of clains 2Q _to2 erei,n the step of
provi di ng JHcl S“‘FEBO& B BPSV?gi%IQaWe%ao%%z' Yﬁ’\’fq'le&?lﬁo%‘?i si ng

al um num aneppalt! pdbeiding ahtlad®sirdheolstebess pharnidabgutndUdqrncent by

wei ght of tqg donor alloy. 24, The nethod of any one of clains 20 to 23,
wher ei n t fg-1°¢t EpMBFL PAPRYTR AW ES L RAELSR e SF lpABOTRE Rf a el ting-

poi nt depriessanhahNadie: GONPEraéh®by 22ighbesethodicabragyigne of clains 20
to 24, wherein the donor alloy contains at |east two other el enents. 24

24, The method of any one of claims 20 to 23, wherein the
step of providing includes the step of providing a melting-

point depressant in the donor alloy.

25. The method of any one of claims 20 to 24, wherein the

donor alloy contains at least two other elements.
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PROTECTI NG A SURFACE OF A NI CKEL- BASE ARTI CLE W TH AlC8RREEI RCRESI STANT
ALUM NUM- ALLOY LAYER ABSTRACT OF THE DI SCLOSURE A surface of a nickel -base
article such as an internal surface (36) of a gas turbine airfoil (22) is
protected wth a protective |ayer (40) of alum numand at .| east one ot her
elenment. To formthe protective |layer (40), a donor alloy is contacted to

the protected surface of the article, and simltaneously the article and
t he donor al | oy PROTECERENG el SERERGRD &F) AgNLERBLrBARF ARTHALE s greater than

about 0.7 of ‘iyiayaRsehiths Aol st SraNRCRALME Rularlsy dangk, all oy  but i's

such that the donor alloy remains in the for condensed phase
contacting the protected surface of the article. The donor alloy is
thereafter interdiffused into theEProtected surface of the article.

Figure 3 ABSTRACT OF THE DISCLOSUR

A surface of a nickel-base article such as an internal
surface (36) of a gas turbine airfoil (22) is protected
with a protective layer (40) of aluminum and at least one
other element. To form the protective layer (40), a donor
alloy is contacted to the protected surface of the article,
and simultaneously the article and the donor élloy are
heated to a coating‘temperature that is greater than about

0.7 of the absolute solidus temperature of the donor alloy

but is such that the donor alloy remains in the form of a
condensed phase contacting the protected surface of the
article. The donor alloy is thereafter interdiffused into

the protected surface of the article.

Figure 3
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