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METALLI C ALLOY COVPCSI TI ON AND PROTECTI VE CQOATI NG
BACKGROUND OF THE | NVENTION This invention relates to

w@e@vmelBve coatings and, nore particularly, tPCHUS2008/066027

protective coating having a nmetallic alloy conposition

- St aEedC R b eiaPPt QR SBIRRG TR R S Lric

tenperatures, such as gas turbine engi ne conponents
typically include a protective coating system havi ng
one or nore cAACKGREYNR OFSHEKRWENTIONIr bi ne

bl a . tur outer air se

typl cal't ;)“Yeﬁlél%or%ﬁg” t8a1?r°ﬂe§g§§/§%t o &%Etpal"tﬂ%lﬁ"}ﬂy’ toa
BRI @Nco®ink datin@n nmnm&mcgnc@ﬁpdshﬁml fhk€inctuded h@oBRYmetal
enhance their ability or maintain efficient operation
f@fe@hﬁéc@r@il%lon@ﬁ%St@We of typical coating system

i ncl t [

o a%*&ﬁg&gﬁgsl @ge a?e %Q s%@% ﬁglg h[er% er%t %C?bgiﬁ} %Qaggs rbine

fmg[r&moﬁlﬂoﬁﬂﬁﬁ) atpicalllp endliﬁtead ﬂ)ﬂofécﬁ@@tdalﬂlgg Keaeh hawing one or more
é gen to form an adherent oxide that protects the

GpaleE 1ayPitg Fos srtnRlat turkingblades SubiR vangsy pslipiade outer air seals
I o) t
e R R A RSP G TP D GPour e e Safion o
thorlikesitorthgriot echinon. thénexbgdity posmdinsoh utffiaanti sparatians ef the
additive elenents to control oxidation. However, sone
s of additive elenents may diffuse and react with
el emephs tfe0in tyPRar eFRRABERLtehPincAIIEY hNhehTRE éﬂa'tlh% such as
phases that degrade the nméchanical integrity of
Menpbh epatingr a thiansl-lpiee” oitdieg Pior ¥ eidgoahive a@f:ratrh@tOpcoat
oat n there| a need for a. tective
EBEP e CBRRE 4 ot bR 1 P ML Pl SR BlarbE e
m@bﬂ?ﬁqg QdniRakst fomecardidnhaflthoash Rerce®@N@MhISa il Yesirable to
manu tured. SUMMARY OF THE | NVENTI ON An exanpl e
C@ﬁ&pbetrat@e)fﬁaciamg ofthe Mﬁ:ﬁ/ﬂé( ERPEBE 40 PHPISS ephapged corrosion

u f.
70, ol 40 Sl ST 200 TRt i,
Ha\fvmeumon@rtypmgﬂ edditiie eRbeuts MayO&ifi2seniid ehctavitl deipedtBirom

Peri odic Table el enment, a _non-zero amount |ess than 13
the sompongnt flpam %WgnﬁtaEFé)hﬁgis 4hat degrade the mechanical integrity of

the component or reduce the oxidation resistance of the coating.

Accordingly, there is a need for a protective coating having a composition
that provides effective oxidation resistance and that can be economically

manufactured.

SUMMARY OF THE INVENTION
An example protective coating system includes a composition having about
5-40 wt% of chromium, about 5-35 wt% of aluminum, about 0.1-9 wt% of at least
one of silicon, hafnium, or magnesium, about 0.05-2 wt% of a Group IIIB Periodic
Table element, a non-zero amount less than 13 wt% of at least one noble metal
selected from platinum, palladium, and gold, and a balance including at least one of

nickel, cobalt, or iron.
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selected fromplatinum palladium and gold, and a
bal ance i ncluding at | east one of nickel, cobalt, or

W0 e@n/0d8dne exanpl e, the coating may be for neRCTUS1908/066027

the desired conposition by diffusing a |ayer having

t he bl e net into anot her |.ayer, or by usi .

t her A OTE 5T AYP g herESR RS it e, o ¥ ides B cympgyition by
dTBYsikg ol 1276 RaREMVERY nSIETRASI MG @Rothéd RYelC QMRS hdih®Mhermal
that s nomnally equivalent to the desired o
wonpusi Fpoexapiple,Hbe cramahgprapre ERyDESCRI PRFOWOIerQPMpHBING an

W NGS The rious features and agvant ages of this
TS PR ct RSB SR BGPTSR R aotifo g e
@ating.rom the follow ng detailed description of the
currently preferred enbodi nent. The draw ngs t hat
acconpany the detail ed description can be briefly
descri bed aggdpld Bié@gﬁb%bgw 6F'f111§561[£§w?ﬁ~1é§ exanpl e
gas turbine engine. Figure Ir'lustrates an exanpl e
por t i The wfricas Ceimpenemnt adavitaggs af thiine@eitionewiibbddon® apparent
systemthat. includes a protective layer. Figure 3

tojthesst sil%ltleéisinatil?e %ﬁﬁmethﬁ rfglcl’%\gglgfcg:ltaﬂleé rdﬁﬁ{&)t}gn of the currently
RERHEELRERAANE! THEI G e uld: LUSSh 2 e Sn e ROLNG! JEXARR P can
T a "ayer. DETAI LED

process for formng a protective
EBERIlRIEb e s THEWRREFERRED EMBODI MENT Fi gure 1

illustrates. sel ected porfions of an exanpl e gas
tur by HEDE g eI, niaRP 2 CyBe R ne. engt no 10

used figfireP! ARMIrSEORn ekihlg)l_@ip%rt%?ﬁaﬂi Compbient HABhPQ protective
engine 10 is circunferentially di sposed about an

coagiyeysteanthet inclides 2 profeéive laybi-ne engi ne 10 i ncl udes a
fan %ﬂ a30ﬂn§r ssor secfion 16 3 conbust%oq.sgction
18, andVa tUMBIHE LeaPMBIs BECThiY PR B e EUPBiTRE™

bl adesigeid 4andstididshindthey &t@spl@ frocBlsaoefopmila @ofect@alayer.
segnents 26 (shown schenmatically) are di sposed
circunferentially about the turbine section 20 to

C PUbREALH) DRI DICPAEPR R ERRIZ) RATROTANEN T

As i sFikmewnjlhatrites aeipeted potions of he exanmpiegsoturisee thgine 10,
1008 e b 359 BUSES 1 SSTBUSL B e
dn ﬁletwgicﬂ%uﬁ?&éﬂtﬂm %Qspogécgwo%t dn e ifle SOEMMAAL 2. The turbine
sChemati c presentat?on for 1l1lustrative purposes only

engchei 1) indudes a fan 14, a compressor section 16, a combustion section 18, and a
turbine section 20 that includes turbine blades 22 and turbine vanes 24. Blade outer
air seal segments 26 (shown schematically) are disposed circumferentially about the
turbine section 20 to define a hot gas path between an outer structure of the gas
turbine engine 10 and the turbine section 20. As is known, air compressed in the
compressor section 16 is mixed with fuel and burned in the combustion section 18 to
produce hot gases that are expanded in the turbine section 20. Figure 1 is a
somewhat schematic presentation for illustrative purposes only and is not a
limitation on the disclosed examples. Additionally, there are various types of gas

turbine engines, many of which could benefit from the examples disclosed herein,

which are not limited to the design shown.
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l[imtation on the disclosed exanples. Additionally,
there are various types of gas turbine engines, many

W@R00sad2sB0 coul d benefit from the exanpl es di scPOBEESR008/066027

herei n, which are not i m'ted to the design

sho u | ustr at an exanpl ortion 44 of a

St e I S M i o 0 g LA R

ik QiR arlgudRas the QuibieiI R YaRE: @fbind DenblAde: BHEEHuter

air seal 26, or other conponent. Alternatively, the

aospebi@rr qtﬂwy Cb@lpanfmtm Adngiatieelyotip snepondng mawéf@ a mpraengme
i cat In t a

SuasBRETbr 1R o HiecBBRUEEN FBucd oy Tt Byif SEMGE nd Pifgponent

6Ot s ubySite o6 48vidi amgﬁalmﬁ@glsys@ﬁew Hﬁb@feﬂltﬁﬁeon The
coating system 48 includes a protective |ayer 50

RIP@E@‘Sf‘e@a@ﬁg f ¥iéers ¢B dnqlydes a47(§0tﬁ€)tl‘t§‘rlé¥f‘éc5@ dispesed pys the gplestrate
ég)gtggggﬂegtsﬁlﬁ gfgﬁsqﬁk e&?a afu%lE B&Mdggrn&higg@e %&th%ﬁl%l}% depending
wpadi the qrpal ofl c@n@bﬁermayndoer nnnﬂel atiﬂietebnah ldybe mpapbediduded in the
coati ng system 48. For examp t he conponen

RIAECHYERatipg FXyem 48. sFéarsxmlen@e CPREPRATE (&2 e%}eah%il% outer air
sttep%)%ay'igné#ﬁd%pQ%@ﬂamQ@t lpggatpfpaﬁ ¥ &nl t@)éﬁﬁoé&nteolayer 50 to

provide a relatively abradable s rface cont act
mbtide b hedatictlpbbradatleisbtace fiyl @dest h thddidtingrabine blades 22.

Rt rmrpicoba eod” Bode iy SR o g A1CAbg 3 Ppticular

préteb @y BodindedyileaPds tihahowheitdis 56 RS BtHeLASP RS tRY isclosed
not limtedto the illustrated configuration and may

dxapipladeary aiot boytedddithe dharraleéy@nﬁgurm@lm ehdmadyl ipclude vagous

tdgéta)ng agglirsStg&gtl ilt Ethlg rtg tbgz:l{e t Ig%/o%g écﬁgteté g)(rr)otga}lvgbl%yer 50

MRONBe GRAtas hottafd-ARhet piveictive dhRing WP aS § BbRI &t FRYther layers.
i nclude any type of material that is suitable for

f or mi Hg Wherade 4o mey iedvgsoreriype eopatesialpatds syitgble for forming
tﬁy g§stlfe§tc%m%tgﬁéetﬁ FoPELKG e t}ﬁg, %sﬁja 1% i ?%CRC? b§§éhtaﬁgg?hat is

or use in as turbine engine rotectiv
Judtylele f&mshmtm@esmbneeenglmﬂ@ noble netals in an
anount that is suitable to provide con{rol of an

oxi dathorfotegtiy ayerHeingludeeets Uempigyropleggetalsdp an amount that
1§)§ﬁﬂlﬂl§ to i{%l&om ok %H HidBE ReArant ! Y@ceétﬁbéelﬁméow For

I ncl udes about 5-40 wt % of chrom um about 5-
cxlaonplen ulng calbpomtlm of ShenpBastivatlayee &6t inolndesofibait |5-4bmt% of

haf ni um about Ou&)-Z vvt%%f Goup . ..
BB oth £ T Ab e A aRERT: ORI 2EY Sriblrat! TBg siicon.
Rl 0m1 3r Ma%/ﬁ&furﬁtabbﬁta@ b5-ongmnebh €08} AlB $elisdit atbler Q&hent,
pl ati num palladium and gold, and a bal ance i ncl udi n%
nineketro godlttlessothan rignwt%hef at least one noble metal selected from
platinum, palladium, and gold, and a balance including nickel, cobalt, or iron. The
term “‘about” as used in this description relative to compositions refers to possible
variation in the compositional percentages, such as normally accepted variations or
tolerances in the art.

As can be appreciated, the disclosed composition of the protective layer 50

may be varied within the given ranges. In one example, the composition of the

protective layer 50 includes about 5-40 wt% of chromium, about 8-35 wt% of
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term"about" as used in this description relative to
conpositions refers to possible variation in the

W@ 09po8iesd onal percent ages, such as nornmal |y apCEPSHA8/066027

variations or tolerances in the art. As can be

reci at ed, e di s¢cl.osed caomositi on_of t
PBEGEE Abaito ) 2 Gl OB g Rite el ey apout 0.1-7
WD BESilico) 2068 EX2NPUE of hATRILGLTROZII-LED aﬁfouhhl%ss than 13 wt%
protective |ayer 50 includes about 5-40 wt % of

hatolens mneammh n&tQSSelﬁC%doframuniahuwn ahldndiurg, and gatdyoand a

of the .G ou Per i odi bleele

;%c%fof Jigke 128 bﬁgt u]?n %ET-E]? \m(%}:n%]fs dr?lnm%s#]f)ﬂ énélluges about
TR %% Qf ARDEbmbeS SibbbierD- 13wl %6rake thhlﬁﬁlﬁtan@rﬂ@e GekipaIIB
netal selected from pl ati num pall adi um and gol d, and
Reriodicabble dJempntdk#itrign. cobalt. In a further exanpl e,
the ¢ L t t
chr orgtano i bl & Tt A AR gr b Sorchhid e Mtpetudes abou
B0 wn%l\B dReomhiadh, abdialbl ) @t% g atunisunyi} doutin05{ Inweh of heium,
exa the conposition of the protective |ayer 50
'c}bﬁeinﬁae‘s wAffoett aigleat AREBloTlicHy SR AbBdenasivn Wi gogzero
aﬁ‘ﬁd{mt rlé'ép thaR Oft WQ%Oéf ]at Walp Qe X{otb[é & al ask%féﬁedofrgfm pMn{ﬁm
of [ east one of 't con, hafnium or nagnesium
puﬂadmer ancagqﬂdnabohles&@ lna o df31w]ste%anﬂ abtut|8eHswt% e cqshmﬂml e

net al ted fraom al | dlum and
b outIN DRGSR e e RLITOMA B B g0 it only the
&08altemdnfs, 3t Unb i Sihc RIS TR pRIritibh Qhaﬂ' 861 3 ela@NAINP| @fect the
conpositions include only the given el enents, but my
prnmrweOﬁ th@mqtetqtl@s layaad0 gioelpmentsitag ateamlnyeaafrﬁfé et undg¢ectable
glg ! ge e protective |ayer 50 or elenents that
}&r? 25U raé%f or undetectable in the protective |ayer
50. The pioelcacd iaer bayedy bO foraed g idodRel w&hﬂ@ adtydiffbrent
a variety of different manufacturing methods. ure 3
mpphagtaiedchnds. ekignyn & illstraies ong exanmle H@f&mpﬂé thig gxample,
0
dnr}b%thggctﬂg@ gatﬁ%ﬁéi { gleg%#g Pgtt%gﬁ Ea&bg?agrl% gglg zntﬁ%nrﬁdlati: layer
Gohpoai horpinal kampostienuledt i cecfuble tcdelse ldesiredomﬁ)msitmmn of the
of the protective Iga%\er 50 exc]| udi n%ét he noble peta

RIPteRtinyer Wrexsling BRArbleAyn! @anetplat Amddifipns! law 64 that
inoRb& HEhEble MetdTR: ?Ae%alé B tﬁéheéﬂ: gﬁ@é?isdntt@gleqmeﬂnéd@ce layer 62 in
Internediate [ayer 62 in a i red thickness.
aedwmpti ghickimeess.alddi ct)qarmvbel tlllfay@htlﬁthl layedépas |dt1eco$1ta@ jusigg vapor

ﬁ{ 319 Sﬁ@%léitfilgfoﬁﬁh%g& d]g ig:qégsg] %{1 mq?ry ae Ir)regetermmgc? ﬁlolgkntessdthat

prov1des an amount of the noble metal or metals to achieve the desired amount of

the noble metal or metals in the composition of the protective layer 50 once the
additional layer and the intermediate layer 62 diffuse together.

After deposition of the diffusion layer 64, the intermediate layer 62 and the
diffusion layer 64 are heated at a suitable temperature to diffuse the diffusion layer
64 into the intermediate layer 62 to form a protective layer 50. The selected
temperature may depend upon the type of noble metal and the composition of the
intermediate layer 62. Given this description, one of ordinary skill in the art will

recognize suitable diffusion temperatures based upon their selected compositions.
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provi des an anmount of the noble netal or netals to
achi eve the desired anount of the noble netal or

woreaoakeesin t he conposition of the protective |BYBEUSH08/066027

once the additi onal layer and the internediate Iayer

62 di fus Afte tion of the ff

Py eringiotieh SXHTRAIE Shsth it EiSas Br nb Y alpa e ProdpEird on

thé‘YS%Bstﬁﬂe a1r6eu§1§$tae %e@ltnala sﬁuyﬁngbl%césgrrp%ﬁfesaaﬁpko the thermal
di ffuse the diffusion layer 64 into the internediate

smafyy@rrg pcess rhay he anptlsreel sprayihaperces0thaThsesugtable dore tbrming

AR Lo B R e R e PG IR aCe ['aver 65 -

G venint fisSexdafpid, ithd klﬁiﬂmapglﬁaﬁfl% ?F@Ue@@[syccﬁlﬂh&tlsd iiM at fi6tective
art will recognize suitable diffusion tenperatures

%@Qﬁi&le@pé?}gt Wéwun@eﬁr@etleatcaoﬁwbgntlv%@ paweagiot/heto form the
[ el : tgc
or ne 133}3?\#66 Suri:iggt 2 ldfngl thé gb%v%’ep g Eeﬂrclr/rl.gil ?ﬁ%clés hb\%ng a

qmnqmeﬁnsn thar isexcaniphley et tb hke mlailreﬁlpcfcmypdsglomr @fC&ﬁSprﬂRytlve
any .t her mal Er a%gng process that is suitable

lﬁxlﬁrrﬁon gl herROvsien Y B &t the SPrayesh a6 SRR IFShY S F‘l‘l%’le {© at least
gﬁjngllt 5303 Cpo'v&ﬂe} %o ﬁféasﬁpétﬁvte Bf@?o fh&r R ro%&rt@% 'leﬂgr 50.Ina

proc ss Is conducted in a protective atnbsphere (e.

fuetberu axanaplgothe ed)mht)oranﬂ)ruthlefmalkys sprapm‘@déue Fewdao Tdorinalude

o RS L SFBFOREFoo oo

RO hAlVivh & Mnaﬁ %rﬁﬁo’%ér%gttﬁg@@% H008mph. AN@rst feed gas

protective |la owder 74 is then sprayed, at

o arganpie ae\ud atrﬁanatq of 2§u$2 i Ilémimangt a pasgnd fq@érgas af hydrogen

t& o ont g. t he 6r

IE’ ng%Vé%et I%} d m gIL/I%lHI Ihﬁ S b§ra % LP heatgﬁﬁ %ter}l%eéature Cof at least

L0k tain @ @Sloﬁﬁﬁaltdﬁ‘s%rf&@ bbb ttv 2R i/ hdelet dFehPMERA] spthy gun and the

i ncl ude feedi ng the powder 74 at a rate of 35- 4% g/ mn

suhsteate 40 gfc&bouh}?rme]neSgas at a rate of 3-5 std L/min

Wi th t her ower_setti.ng_ o 00-,70.

e, ARy, 3 HerBaD PR aRSRL 700 sk 21080y apy-fuel
O VZ® 321epmludd pﬂoees@nﬂatalssﬁﬁmgeﬂ @tem(ga;s 20 pdiy, dxggenat 165
is provided at 7-11 std L/mn. The substrate 46 is

Hea? @dizapnchh YRRy &t idet/of0 @pig) ckistPoroiso s infrgl 4 a rate of 35
I8 PRl oS A B R 5 B S5 AT nches

Al t er Aladrnameleyy, theh@otvhar wahn sitlica\ofthe absw pmc@ssdsn gliay include

veIOC|ty oxy-fuel (" deposi ti on process  that
W%Vﬂl%fg%ﬁmﬁ?osi%ﬁl thf"tt 18219 %g cayxyigehe desregsomposien of

tﬁé' ote@f‘@e hé/ﬁ'foﬂ?réx@ltudﬂ%5th'5/ nol REfad-or THROWHE  is " hsed in
Is fed at a Trate of

combination with a second powder 76 in a co-spray thermal process to form the
protective layer 50. For example, the second powder 76 includes particles
comprised of the noble metal or metals and is co-sprayed with the powder 74 to
form the protective layer 50. The feed rates of the powder 74 and the second powder
76 is controlled such that the protective layer 50 includes a desired amount of the
noble metal or metals. Given this description, one of ordinary skill in the art will
recognize that deposition processes other than thermal spraying, such as plating,

vapor deposition and the like, may alternatively be used.
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g/mnin a nitrogen carrier gas of 150 psi with a
spray di stance of about 10 inches. Alternatively, the
w@odeo2680t i n either of the above processes naRCI/H810081666027
particles having a conposition that is nomnally equal
to t desired conposition of the protective.] ayer 50.
excl TGS HE HOBF&eraven Loty MstiariSpiyins gk Y pereti of
&%&Bﬂﬁ?t ek i HEGRBRE RRWIGHat7R hRda F&- SRIndle, in other
thermal’ process to formthe protective |ayer 50. For
regthnagd eycht dre vame alegopbomierappdzédheddities ejpareniscé@slense on the
conpri.s of .the noble netal or netals and i
GRS Ao S AERp SuE g ey TFuPhte R sk, Thy ggt ot of
dnayetial Smouhb o f fieeddditl e 2lcplentN @Podiedd drtoame thldet substrate,
second {)owder 76 is controlled such that the
yhich exstity i loayefr theglemsat eiadifficaltyds reckdmiigptha elegrent frs reuse.
: t G.ve [ cr i Pt i on 0 -
QRIS BB T8 ens o) ML SRR o R0 Lo
tlepasl t Juoh apmobkesaeialsahiebe hlvad ek fracival Termyli pepyisdaliows
as plating,. vapar. deposition and the |ike, may .
erirefetadinrelipnid hseePlEata! vgta fe saP%ﬁa_éfc%@ be 2imipg thesgozzle
Pind hféfrﬁgll Séﬁzw RAnPLELIRSd tlaere@tﬁ:@%ek)gsi@(gn of the noble metal
controlling the amount of the noble netal that is
arsectals Boto axamphe thannthetitetraeetch®blis pserdthesamhmapdcontrol over

eposition, vaporiz addj tive el ements condense on
R BoR IR ot 8 A1 BT TRED IS GrGF Agpeme of the
ﬁ@fé@&dréﬂa?’& spqui pnrent. Thus, not all of an initial
anount of the additive elenents is deposited onto the

t ar gehlthangbtareombinagionet featengh tssshiopn|ingke diustrated etxaspplen, not

pfficulty. . in reclaimng.t | epent . for reuse... For
FLor o ot e DehBid Bl e SRR b Ll HYiBoiidhs of
thiRSdigiddut Al othEIOWBKBY a s ggérh Aefigh@t &icbalige tSMEBmBSdiment of
nobl e nmetals nmay be nore expensive. Thermal spraying
this| dbssdoseisnv Hlonqt decegewidy includs aBof thecfepig s shonsk &) ayrgns of the

: : i m 7

08:5U0 S D2 BB LTI AR DT Sy OB e
felraren adfl enenedaalplo emiedialeat anycbeac@abined dth tdiatted features of
substrate 46. This provides enhanced control over the

YBHSHABPICGIEMEBSs of the noble metal to thereby
reducgyd B?ec@?ﬁﬁg U%c%ti&nh?s RE&h I’}’ \thhEIaxl@‘fn ﬁglitin in nature.
Al t hough a conbi nation of featUres Is shown I n the
Yadagons aneé dneditegiioss to il daklosaf exdmeptenerny hegolne apparent to

onbined to yrealize the benefits of varjous .
ERtoth Miht® b dnat 4Pl der Ty Il ORolgsessepee of this
F¥ 3o degieonede atCREA! NBtekBo i RAPRAHIR AiscRisulehéah only be
di sclosure will not necessarily include all of the

Jetcaminreddysttesiying the deljovong clafms. he
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Figures or all of the portions schematically shown in
the Figures. Mireover, selected features of one

we@pdwsenbodi mrent may be conbi ned with sel ece@dUS2008/066027

features of other exanple enbodi ments. The precedi ng
description is exenplary Gﬁé&@éﬁthaﬂ limting in
nature. Variations and no i ions to the disclosed
exanpl es may beconme apparent to those skilled in the
art that do not necessarily depart fromthe essence of
thi s Aipsgedbaceatinthystsgopenpisiigegal protection given

to this disclosure,can onl he determ ned b t in
Lhe 1hirabetRE ReS HE0Re of il PosiShPhiafie, BodLil M of
GYShRIFA, GBOWI-S5 RI% oF apireingsl hv&ut 102y e fvtdtadfi A Peadt one of silicon,

conposi tion including about 5-40 wt % of chrom u
habum, St BgengsigBabapuP Prdnyt%aebaCrovn 1198 Kegipdie Taple element,

[l : [ nesi b
AR5 ahy M BT A Bl G R rom
plaivae, padadivint anegsdt didm Hadanst nadfidiag al leas bnebeniokd| balt,
netal selected fromplati num palladium and gold, and
A 158t ance i ncluding at |east one of nickel, cobalt, or
iron. 2. The protective coating systemas recited in
Caim1, wherein the protective layer is disposed on a
Iret al Thal projec8ubstatimgeyst8m asheciprdoineClinin d , edateim theggotective
1rec:i.t&.d in . Caim2 wherein the protective layer is
YL podishessd PRA AR RIREONSERNTALS | oy substrate and a
ceram c topcoat. 4. The protective coating system as
recited in Caiml1, wherein the protective | ayer
Tonsi Biespretpse edting asfrecigdonClEmAd, whesiofthe peotective layer is

hr om about 8- 35w % of the al um nu about 0.1-2
G b TelEimsiinty pials B e s Bl wher e n
the Goup I11B Periodic Table el enent consists of

ttrium about 0.1-7 wt % of the silicon; about 0.1-2
% % ofhet PreteRHY hFRANNS e Mot ZEPiEdaitdulatm | le 8dierefifn heqgotective

1%@4)(:8}‘181&@@88@&141@3&; one noble netal selected

about 5-40 wt% of the chromium;

about 8-35wt% of the aluminum;

about 0.1-2 wt% of the Group IIIB Periodic Table Element, wherein the
Group IIIB Periodic Table element consists of yttrium;

about 0.1-7 wt% of the silicon;

about 0.1-2 wt% of the hafnium;

the nonzero amount less than 13 wt% of the at least one noble metal selected
from platinum, palladium, and gold; and

the balance including at least one of nickel, cobalt, or iron.
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fromplatinum palladium and gold; and the bal ance

i ncluding at | east one of nickel, cobalt, or iron.5.
wab@opewsect i ve coating systemas recited i n OPGI/ISA08/066027

wherein the protective | ayer consists essentially of :

bout.. 8-30 w.% of the chrom uny abouyt. 5-20 w % t he
&1 i ROtk Sop2gytiEa, Brreated Gaspire e W ichge protective

13},érlcggﬁstsg{g@nmlfyrufum or the magnesi um about 0.05-1
% of the Group Il B Periodic Table El enment, wherein

t he Gbous-BP vB%Reithodironiahl e el enent consi sts of

yttri anmpunt | ess than 13 wt % of the
at | eag)rébd ngﬁg%?ﬁﬁ%%alnu%,l ected from pl ati num

pal | agbouim0. BRdwgR| df aablest dife- 60 the %iRéor, NBe NhaFki@li, or the
and about 8-30 wt % of the cobalt. 6. The protective

BBl system as recited in Caim1, wherein the at
! eaStab%H{e 0139 bll alt‘?e&adhe C(?I%ﬁgslh rtlo[z%@t['aﬂlgﬁleglelit-r%erem the

protective Coati stem

GhapeilB RehledmtTalb&ﬁslémaneonﬁm ef ymtuah consi sts of

pal | adium 8. The protective _coating systemas recjted
in Qtf rﬁoﬁ‘z%é@@i‘lﬂt Jaia. g 18a8E0 ohlethiobl Eatagng noble metal

s%l%%'dsffém gfauﬁ an%durﬁﬂ aﬁh' 8. conposi tion conpri sing:
about chrom um about 5-35 wt % of

al umzﬂuom l(hbﬁ)mt%mflhegnmke%mfd at | east one of silicon,
haf ni bout 0.05-2 wt% of a Group
I11B %&W%ép %ts e‘é‘?bé’ﬁe a nonzero anount | ess
than 13 wt % of at | east one nobl e netal selected from

l'ati num palladium and gold; and a bal ance including
t | bt proigetivf caatioR eysterg @b agaited o Claimnl, Mhereph gheadt|leagt one

c osition.as recited in Caim?9, including about
IE?%E@W\‘I%%P%%@%W Mon and about 0.1-2 wt % of the

haf ni um

7. The protective coating system as recited in Claim 1, wherein the at least one

noble metal consists of palladium.

8. The protective coating system as recited in Claim 1, wherein the at least one

noble metal consists of gold.

0. An alloy composition comprising:

about 5-40 wt% of chromium;

about 5-35 wt% of aluminum;

about 0.1-9 wt% of at least one of silicon, hafnium, or magnesium;

about 0.05-2 wt% of a Group IIIB Periodic Table element;

a nonzero amount less than 13 wt% of at least one noble metal selected from
platinum, palladium, and gold; and

a balance including at least one of nickel, cobalt, or iron.
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11. The all oy conposition as recited in Claim?9,
i ncl udi ng about 0.1-5 wt% of the silicon, the hafnium
w@eoovleesgnesi um 12. The all oy conpositi on aRCT/E81008056027
in daim9, including about 0.05-1 wt% of the G oup
|1 B er| dIC Tabl e El enent erein.t

up LII
br i b o R e TEOHG, Baott O e gt Cripd Wi of

thk lsmyomﬁmmto.m "8% be HettRehitm. G ai m 9, consi sting
essentially of: 5-40 wt % of the chrom um 8-35 w % of
the alumnum 0.1-7 wt % of the silicon; 0.1-2 wt % of

tihe hefenAllyl cdaplsitiont Horeditddnia GaryD, Mchﬁngeabdm@I I0C1-5 wt% of
Tabl e el errent wherein the Goup |1 I B Periodic Table

tBe sikigpn. thehrniams opfheyPISESIM. t he nonzero amount | ess
than 13 wt% of the at | east one noble nmetal sel ected

fromﬁ% atinum palladium and gold; and the bal ance
i2nc1 uBhenlayi cormiosision @sedited in £1aimn inglpdipe @by dsd Tl ovi% of

e C_‘h%ﬁ%tlﬁ@ P&l(gl@'"l%ﬂsBEleﬁﬂéﬁl’é h@ﬁer&‘ﬁ”ﬁb%ﬁ W? ﬁﬁﬁ@@ﬁb@k I Dable
of 15-25 wt % of the chrom um and % of the

Hemantraensistt Bf yitHemal | oy conposi ti on as reC| ted in
Caim9, consisting essentially of: 8-30 wt % of the
chromum 5-20 wt % of the alum num 0.1-5 w % of the
B3| i cBre alloyeomabsitionps weitechia Ghaign 8stonsisting esentially ¥ of

t he qg?lgjé%l)ﬁhg fnlo {1 .Tabl e el ement, wherein the

G ou erlo able el ement consists of yttrium
t he rfbﬁie«rt% ﬁnhﬂﬂdtlmlirems; than 13 wt % of the at | east

one ”(9?'7%@3%11}188?\/\? ted fromplatinum palladium and

gol d; "about Yo of the nickel; and about 8-30
wt % di. 142h7et%:ob1zhbﬂ1aftﬁ1mA met hod of manufacturi ng a

pr ot e(?i | vaét OP ﬁll QU Vg %[tﬂg B iGHIRY a‘b eleTgne | orhe&elg e gwroutp I1IB

pr ot ec f ayer ng a Cconposl
PeriddioMl #coélement consists of yttrium;

the nonzero amount less than 13 wt% of the at least one noble metal selected
from platinum, palladium, and gold; and

the balance including nickel or cobalt.

14. The alloy composition as recited in Claim 13, further consisting essentially

of 15-25 wt% of the chromium, and 10-20 wt% of the aluminum.

15. The alloy composition as recited in Claim 9, consisting essentially of:

8-30 wt % of the chromium;

5-20 wt% of the aluminum;

0.1-5 wt % of the silicon, the hafnium, or the magnesium;

0.05-1 wt% of the Group IIIB Periodic Table element, wherein the Group
IIB Periodic Table element consists of yttrium;

the nonzero amount less than 13 wt% of the at least one noble metal selected
from platinum, palladium, and gold;

about 10-60 wt% of the nickel; and

about §8-30 wt% of the cobalt.
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chrom um about 5-35 wt % of al um num about 0.1-9 wt %

of at | east one of silicon, hafnium or nagnesium
W@R@IN0WSO5-2 wt % of a Group |I11B Periodi c TabP&r/us2008/066027

el enent, a nonzero anount |ess than 13 wm % of at | east

| ected from.platinum palladium and
Bor o R s AR eI SR uTE: SRR
cobal formp a' ﬂr@t@emﬂeﬁaye}hﬁvﬁgta%ﬁlp%maﬁ e;ﬂcthﬁﬂng Rbofet 8140 wt% of
16, including form ng an internediate | ayer having the

C&m@rpmm,tab@mt SeXT @i dfglurhiouar aba St 1-9 ma%nefbit deateens] of silicon,

R S A b b 3457 SEp <y ETERAAE Gt clement

d @ssier®ngonabli®s meiml3 wivd dreatiedd deendbé endtidicaddc®ed from
| ayer and the diffusion |ayer to diffuse the at |east

R upialagramapng grld, anden hahanse pcdnding af 1ggsé pne of pigkeh cobalt,

(;rhe(mpr otective layer. 18. The nmethod as recited in
A'alm 16, including formng the protective |ayer using
thermal spraying. 19. The nmethod as recited in C a| m

i ncl udi ng formng the protective |ayer using

' r st Thsomae ﬁé\‘i‘?“#ﬁd thE BN o it i YRS EXET AR gﬁ@mﬁdg@e layer
ﬂa‘%ﬁfg‘the @&ng&%&l &&Lﬁhng @R RaSighO Aghie Wﬁrd%%mg $1dM%usion

he "at t one nobl e netal. . The metho
lamrldnettie ur[terﬁheahlm 8er, |vﬂmtmﬂh|er¢@ff1ﬁmrrﬂalygr ¢dveprpesthecitileast one

| ayer er _havin articles ¢ r|S|n
bselitioan nealte SR eidiite BSer el FE 4R Hidiy alfuse me
dt 'T@zﬂsf—’&ﬂerlﬁ)blenﬁétﬁﬁﬂnltd’ the Riftedahdaiehté! faly BStoFBrm@ ¥ie- friRbtivelgdyer.

The nmethod as recited in daiml18, including heatihg a

substrate at a terrperature of at Ieast 1200F 23 The

f;% r ayf ﬁl&é Irats ggcbl{e tlgc@I né ]1§h 1nc Ccfﬁ rtlgh ﬁle protectlve layer

using thermal spraying.

19. The method as recited in Claim 18, including forming the protective layer
using a first powder having the composition excluding the at least one noble metal,

and a second powder comprising the at least one noble metal.

20. The method as recited in Claim 18, including forming the protective layer

using a powder having particles comprising the composition.

21. The method as recited in Claim 18, including thermally spraying using an
oxy-fuel.
22. The method as recited in Claim 18, including heating a substrate at a

temperature of at least 1200°F.

23. The method as recited in Claim 18, including thermal spraying under a

protective environment.
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