; cde3eKH| (6T4: &2 - 2~.8 OXI DATI ON AND FATI GUE RESI STANT METALLI C COATI NG
"BACKGROUND OF THE | NVENTI ON The present invention relates to an oxidation
and fatigue resistant nmetallic coating for protecting high tenperature gas
t urbi ne engi ne conponents. Various netallic coatings havg bee@Jvaeloped in
the past for the oxidation protection of high tenperature gas turbine

engi ne conponents These coat|nos are often based on dlfferent um ni de
conpositions wtH HON; Eik! {'|vely,

t hey are based on overlay dep05|ts mnth NCrAIY foundatlons mhere Mis

ni ckel, cobalt, iron or conbinations of these materials. These coating
systens suffer from short coRAQYSROMED QFeTHEJAENVBEITIONSe on newer advanced
t urbi ne conpaonents. The diffused al um nides, while ssessi ng .good fatigue
resi st ance, éwef@&ﬁﬁ%ﬁ?ylmﬁﬁﬁFh@nlﬁe%%F§sh#@haPeﬁﬁggéF&P€ 8%@d§@F&ﬁue
resi stancss {abave w000 degregse fﬁ@rF&‘P%I’Q)tegb?ngvﬁﬁbﬁyty%éllXt‘ﬁ%t ! bags
tend to have serious fatigue debts that"limt theéir applications.

addi t i ot wfbiawt ievey Bleneomsorentfie MCr Al Y coatings not only provides
excel I ent oxi atlon reS|sifnce but makes then1goa% ndi dat es %fr

bond- coat s f of2 t ATl At +1ercear Hige La%ei hgs VF&CBEEN TR GAEnPEES and
MrAlY aeat ivlgs dands i SleSpreas-enph | At hogE, témpevaeqaki Ba st hakrpeee! d
conbi ne the best properties fromboth would have i nmedi ate application on
advance@ndirlsi momgsHpoteht s Tiese ¢eat Hi@s pue| ofeeghbasarddosxddatessnifust

all be @fﬂﬂyﬁgﬁé compositions with nickel or cobalt base metal

materials. BAlternatively, they are based on overlay deposits

with MCrAlY foundations where M is nickel, cobalt, iron or
combinations of these materials. These coating systems suffer
from shortcomings that preclude their use on newer advanced
turbine components. The diffused aluminides, while possessing
good fatigue resistance, are generally lacking in very high
temperature oxidation resistance (above 2000 degrees
Fahrenheit). The overlay MCrAlY coatings tend to have serious
fatigue debts that limit their applications. The addition of
active elements to the MCrAlY coatings not only provides
excellent oxidation resistance, but makes them good candidates
for bond-coats for thermal barrier ceramic coatings. While both
aluminides and MCrAlY coatings have widespread applications, a
new coating that could combine the best properties from both
would have immediate application on advanced turbine components

where fatigue, pull weight, and oxidation must all be minimized.
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02' - 218 SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the
present invention to provide a netallic coating conposition which provides
excel | ent oxidation and fatigue resistance properties. It is another object
of the present invention to provide a coating conpositionoghichiseduces the
t hermal expansi on m smatch between the coating and comon turbine alloys.

The foregoing objects are attannedh®Yof MeugodiipgeIel t he present

invention. In accordance w t h—thepresent—TnventTom, —a netallic coating is
provi ded whi chchagdangigpositt ien acojiesitng furHe e sBt cobakhyidnOtbo 18
w % chromum, 5.0 to 1? w%alumnum 0.1 to 1.0 wt % ttri,gm ug tg 0.6

wt % haf nPERY 166 BomEL3 1S SPRFASA, COMBPATG CREIWYIR + ANt Y Oty CBF £5°61 6 %

tPngStenox}dgtﬁgneagd“&%%ﬁgﬁgiEggi%Ea Rel Yymybdenum and the bal ance
ni ckel . The coating conpositions of the present invention also have a total

amount of tanital ue andthamgsbgrcitnotfthéheapge s@nt3. ihvtentibtont % Orheide a
details of the oxidation arid tahi%ug resistant ne;al:ic coat i ngs_of the]
present ?ﬂ@EﬁP?oﬁ?mBQSﬁéFPnaghéF el SGHESt $1 ¢! ageBeart 8 dgpgmatch
thereto, haf et char EBat%&%hﬁnﬁobbﬁl%ﬁg tdetailed deses i ption. DETAILED
DESCRI PTI ON OF THE PREFE D EMBODI MENTS) Tur bi ne engi ne conmponents are

formed from nThkefobagedhgcobakribasee, aghad inegh-thasae atdaysngbueft bhehe
extrene }ggeﬁgnygéaggre environments in which these conponents work, it is
necessar 0 prOVId% hewith a protective coating. The coatings nust have
a conposi ti onimhéeBoPtiahbezesthhehbapirgdenitnpasierat dine & unbtaglesgi ne
conponents to which they _are applied and at the sane tine provi de nmaxi num
oxi dat i ofPdtingoris pygvided which has a composition comprising up to 18

wt% cobalt, 3.0 to 18 wt% chromium, 5.0 to 15 wt% aluminum, 0.1

to 1.0 wt % yttrium, up to 0.6 wt% hafnium, up to 0.3 wt%

silicon, 3.0 tc 10 wt% tantalum, up to 9.0 wt% tungsten, 1.0 to

6.0 wt% rhenium, up to 10 wt% molybdenum, and the balance

nickel. The coating compositions of the present invention also

have a total amount of tantalum and tungsten in the range of 3.0

to 16 wt%.

Other details of the oxidation and fatigue resistant
metallic coatings of the present invention, as well as other
objects and advantages attendant thereto, are set forth in the

following detailed description.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

Turbine engine components are formed from nickel-based,
cobalt-based, and iron-based alloys. Due to the extreme high
temperature environments in which these components work, it is
necessary to provide them with a protective coating. The
coatings must have a composition which minimizes the fatigue
impact on the turbine engine components to which they are

applied and at the same time provide maximum oxidation



resi stance properties. The coating nmust al so be one where the thermnal
expansi on m snmatch between the coating and the alloys) used to formthe
turbi ne engi ne conponents is mnimzed. This m smatch is one of the causes
of the poor fatigue performance of MCrAlY coatings. In aggordange with the
present invention, netallic coatings have been devel oped which reduce the
t her mal __p] a i ovi.de a very desirable. oxldat] d fafllgue
resi st aﬁgéeig?%gﬂsa & ﬁ;grto%rﬁg e?:ét’)'at ilﬂqges Oaa\‘(itl ynn aﬁ%%tnp%]gsl :(%% (\g/\lllklfig')gﬁﬁglr %a%%/
consi st shesnat eaplyisdforf maABat o Pt wédde aahal doaBiky ténd St Mé Ya Thepa um
5.0to 15 wt%alumnum 0.1 to 1.0 wt%yttrium up to 0.6 w % hafnium up
to 0.3 WEeKlstPi éeFm Ihe ttariong ndmal wiPUpenis 919 e Tuagdt efhid. 0 to
6.0 w9 i up to 1 % ol ybdenu and_t he | ance ni |._ Tn these
Coat | ngit SFRELT 10k Bt TR B B e 8 105 B S g
the rangermivyfeos3ngst.o 16 ww% Wthin tile foregoing broad coating
conpositions, a first famly of particularly useful coatings for turbine
engi ne conpohBnBSCRAS R CEoMIGET tHeh RMA K te oHvTRIt s Fes dif T at 1 §C€ oFORip B9F 15

W% prel et aplyn2 oQvWh Bl d W r 204 Yyt 0 15
wt % chrom um 570 to lébwt %IW?%%& era éye 6‘5}) t%&l%n%v&t ‘%@a?ntjgn%e%llgrr%p%%&t% 1.0
wt % prefevadéyalvertyo desi ratfhe yitirdamoruminid htGiouhresefeamddy 0.2 to
0.6 Wt%. hafnium _up to 0.3 wt% preferably 0.1 wt% qr less, siJicon, 3.0
Lo 10 w96 SprBFEPLLES, S676 1065 T WER (hR HIRATL G Vb & vie9po %¥f erabl y,
1.0 to dofs¥EPat BBEEHRA 110 Jf0 foocdth Y &ferablut el QLB 03, 53 v %o rienytm up
to 10 w% preferably 4.0 w% or |ess, nolybdenum and the bal ance nickel.
The tot@rranbumt b&f Ot &ot dlSumténad lvmmigsien G tiresle hettad | Wit cbani nge 1S in
t he range. of . 3. : % and pr.ef er.abl.y). in t f 5 0 wt %
3 02”@%%&twﬁﬁ}fﬁltﬁﬁnl‘;‘%é r%s%t Of'é'ijm'fwl%f ?ﬁﬁclc():laét]?'nrggg,d g&gglr i“(’:tg? atrﬁ/lcaalse ul
coat i ngueongposi i en%consigstengf 112. T omébooc wtdmimni8in, wiotad und nur®d 0.4 to
0.7 vvt%%/:&#éum 0.4 wt% ha&ni um 6.0 wt%tantalym 2.0 V\/t,%tungé%en, 2.0
wt % r hef Y™ ha" a!tjé‘_ﬁc PcKE R Sdeond Tt dM9SF SOHEHITUIETy usef ul
et al | itukPat ERYa88MPASH theRs 1SRRI @ bdhtt Ol MIaPrafdiabl in & e to 12
w% cobalt, 3.0 to 10 % preferably 4.0 to 6.5 % chromum 5.5 to 15
w % predrgabby fremtg.92t5 wEoAlRumi num 0.1 to 1.0 w% preferably 0.2 to

0.7 WM% yttyr] U o] .0 ref Y t.0 %. ni um
up to 0.3 M@%gﬂpcgﬁg §g6g?\gaﬁg %tr%a%{orac% erlar{?{ ;’ligfm%&‘zsmj’aﬁooq}% \Q‘Q.Ofl\/\/t%

tant al umgmillY ¢6 Pabruwrif apief asaliiy 4c2ttionds Eomt Kurthingstemgirde 0 to 5.0
w% preferably 2.3 to 3.7 w%. rheniyn) .0.2 ta 4.0 wt% preferably 1.4 to
2 0 wh RO RS afd CRECBAE AfCe " BkoIc S Hoo GRS SHOU ot st an
and tamtzlwg j nptbeseabogt pNOS witd bromea ) @b twt % . qres erablyz from 5.0

to 9.0 wt% Wthin this second famly of coatings, a particularly useful
coat i n@*rfFFEPtY ohOcbRsiSt ¥E&f hFOsRY, Cotdaltte, 3. O’%'%Rﬁﬁﬁﬁ?ﬁﬂy P wt %
al um nwa & 4t 9 Q1 dnaYnyt bLhURL Q. 4 Wi, NYri AdBarfl L JUPoSd 1 CPNee 6, 0 Wt %
tantalum 5.0 wt% tungsten, 3.0 wt % rhenium 1.7 w % nol ybdenum and the

bal ancetfichkat. WedePver Softpoopredetiaig yf &t-i2gre Perd ottfandea fiwkcassi ve

coating th s. JTypical t hods of, .deposi ting querla i,ngs. | de
Chor it o {EEhmt HUBETERAR Bs 1t S5 Slaai e i dond <Shlay’ (LIS Wirth
cr eat eprefadnaigl ¥ hi skoesses . bnwthe ceangd vof, (@4 o OWEE2, imecdhbscally ng
cat hodi_.c arc pl asna vagor deposition techniques, it is possible to apply

coati nds &itth 4 h@ WF&r E¥REETEBMPEst fon$ -Rav g IETEMokiess & b DOF =
i nches  pkgehng ques £0r I@pQEW, ngrteﬁ‘ér%%qér' 39% Qfe st ke F?Lréasssgntn}ldlrp@cﬁgrﬁ&ﬁ‘, by

cathodic arc plasm vapor depoSition ar i scussed in

and the balance nickel. The total amount of tantalum and
tungsten in these metallic coatings is in the range of 3.0 to 12

wt% and preferably, in the range of 5.0 to 9.0 wt%.



02 - 218 Patent Nos. 5,972,185; 5,932,078; 6,036,828; 5,792,2G7; and

6, 224,726, all of which are incorporated by reference herein. Alternate
met hods of deposition, including other plasma vapor deposition techniques
such as magnetron sputtering and el ectron beam pl asma vapor depasition nmay
be used. Wen thickness concerns are not present, various thermal spray

techni ques suGhi@s | QWY essue ﬂoalr@i?rgﬁ SPr @5 EVOE ‘lsgi»e*ﬂcﬁ%qut Yiseful

oxy-fuel) techniques nmay be utilized.” Coati ngs having ctonpositions in
accor daneman ity tdvengErseiseidn iqorenitdton dfavie demorst elateditiher A0 vaki gue

resistan%&ne ual to the best_fatigue resistant dijfusgd,aluninide coating.
The fol | Gy T 8bl € 4 1555tG ot ¢ % RETENMt £ of B2 ot BiYPee FANPERNeI t

bur ner g aualkie oxXiglation deale &oMRAr] NG COMASILhonsykncAecetdance with

o0
the present invention with ot her coatl ng conpositions. B Rl G
CYCLI C OxlibXBE1ON TEST Candi date # Thi cknessCoating Life (Hrs) CL **System

Failure (Hrs) SF . , , )
*% 7012, 9&2322)%5?@?%@1@@?&2’3.%4%2@@8@?8@%5%@% 718934176169214896993. 3

306018553 1394002 LRlAQ10881,8399130169%2. 4982818104987 §952:8826590%3159
396962. 45676552805657PWA 2752115115366366 ** Nornmalized to a 2 m | coating
t hi cknessobslt, 3.0 to 10 wt%, preferably 4.0 to 6.5 wt%, chromium, 5.5

to 15 wt%, preferably 7.5 to 12.5 wt% aluminum, 0.1 to 1.0 wt%,
preferably 0.2 to 0.7 wt%, yttrium, up to 0.6 wt%, preferably,
from 0.2 to 0.6 wt%, hafnium, up to 0.3 wt% silicon, 3.0 to 10
wt%, preferably from 5.0 to 7.0 wt%, tantalum, 1.0 to 9.0 wt%,
preferably 4.2 to 5.8 wt%, tungsten, 1.0 to 5.0 wt%, preferably
2.3 to 3.7 wt%, rhenium, 0.2 to 4.0 wt%, preferably 1.4 to 2.0
wt%, molybdenum, and the balance nickel. The total amount of
tungsten and tantalum in these coatings is from 3.0 to 12 wt¥%,
preferably from 5.0 to 9.0 wt%.

Within this second family of coatings, a particularly
useful coating composition consists of 10.5 wt% cobalt, 5.0 wt%
chromium, 9.0 wt% aluminum, 0.4 to 0.7 wt% yttrium, 0.4 wt%
hafnium, 0.1 wt$% silicon, 6.0 wt% tantalum, 5.0 wt% tungsten,
3.0 wt% rhenium, 1.7 wt% molybdenum, and the balance nickel.

A driver of poor coating fatigue performance is excessive
coating thickness. Typical methods of depositing overlay
coatings include thermal spray techniques such as low pressure
plasma spray (LPSS), which creates coating thicknesses in the
range of 0.004 to 0.012 inches. Using cathodic arc plasma vapor
deposition techniques, it is possible to apply coatings with the
aforesaid compositions having a thickness of 0.002 inches.
Techniques for applying the coatings of the present invention by

cathodic arc plasma vapor deposition are discussed in U.S.

4



02 - 218 Sanples forned frommaterial 701 had a conposition consisting of
12.5 % chromum 8 0 wt%alumnum 0.4 to 0.7 wt%yttrium 0.4 wm%

haf nium 6.0 wt%tantalum 2.0 wt%tungsten, 2.0 wt % rhenium and the

bal ance nickel. Sanples formed fromnmaterial 702 had a ce@spasbhhigon
consisting of 10.5 w%cobalt, 5.0 wt% chromum 9.0 wt% alum num 0.4 to
0.7 wt% pum 0. % i 1wt % si Licop, 6. % ta 5.0 wt
% t ungs%é{r:l,gh%{ WO(? 'V\It% ’%?#f@ﬁﬁf@u’muén‘lggz 703\?%’ % hé))l%(g/b %%Omg’z,%g'éﬁg’bgﬂglnce

ni ckel . 6 Sappl, @z 6desilgnaifediylsh hatk ai 60oPESEAt88 B Yelevbbrehhemetm. 6.0
w % alum num 5,5 wt% tungsten, 4.0 wt% tantalum 2.0 wt% rhenium 4.0 wt %
r ut heni &kt eons tEt wekdIsdrd furdemo et W 98 hat AF Lngl 109 28t AE Y, PLEEMENY2RAY t he

bal anceynj 2| .. Sanml : i.gn 699 1 I TPQSLLi,on Lt
Chen onaSREE L T IR LA I 22 Bl S (RGO £ TR b 0BTt kD
conposi béanspMalsha? vapbMdérsdy 0t o méy Zbé oufed. W Biyht thiakasds0. 4 w %

haf ni um Sanpl es desi gnated PWA 275 are conventional |ow activity N Al
al umi ni @eBCETRE PESt NV AL THIL meYar 57U Hi Hldeeda bt SPIBY BEG§RBESUFEEhFBAREI t

and 3 nj Quj r Pl 500 C L The: bur kg.,u _ ply
of pre-heat g? Egg%%?lers?zé%aal r %d%ré%aw%ﬁq?\lé Fj Igl?l%e?gjt[%&%ggt 8t§ eggg?rgl es
i n a dybaohoigneisr owryeite dtiliszexpparent that there has been provided in

accordance wiith the present invention an oxidation_and fati ﬂue resi st ant

metal lic coatPRGRFSCAFUIY SAIRITT et he DbT eCrEI*REEnY  hitd“A8vEREE5BS

set forihvagtrebnbebele M S tdheeprasental nFeni&ea has;besncdesghbbedsi n
the context of specific enbodi nents thereof) other alternatives,

nmodi f i cEi¢ ohestafatigiicatiesisvant decoptedpphvehnide tpaténgki Fhéd in the
art havj t fQr i cripti r di ngl ht iLS..Lptended to
enbr acef(ggléggqg g%@%h%%@%%ﬁ%%i%és%%ﬁ ?c(g i%ng?ognaéég%?ati ons as
fall w fdahnetheibr badrscope ofcytdiel @ppentkedi ah at @8t domparing
compositions in accordance with the present invention with other

coating compositions.

2100F BURNER RIG CYCLIC OXIDATION TEST

Coating System

Candidate Life Failure
# Thickness (Hrs) CL #%* (Hxrs) SF *%
701 2.95 2320 1573 2713 1839
702 3.1 4105 2648 6285 4055
703 2.7 1591 1179 1932 1431
699 3.3 3060 1855 3622 2195
700 2.15 1170 1088 1399 1301
697 2.4 982 818 1045 871
695 2.8 826 590 1315 939
696 2.45 676 552 805 657
PWA 275 2 115 115 366 366

*% Normalized to a 2 mil coating thickness.

5



.02 - 218 WHAT IS CLAIMED IS: 1. A netallic coating for providing oxidation
and fatigue resistance having ‘a conposition conprising up to 18 wt % cobalt,
3.0 to 18 wt% chromum 5.0 to 15 wt% alumnum 0.1 to 1.0 wt% yttrium up
to 0.6 Mm% hafnium up to 0.3 wt%silicon, 3.0 to 10 vt %2antakleam up to

9.0 WMt% tungsten, 1.0 to 6.0 wt %rhenium up to 10 wm % nol ybdenum and the

bal ance ni ckelympd.e A BRI 16 HPRd G BEICOFEH Nohd O dShPodit ybgrein a total
anount of said fantalum and said tungsten is in a range from3.0 to 16.0

w % 3. cansstsdliicc afodtd .y vadc aidiong uno o A ity asheviiumsald d4 cobadt 7i s

present inp art anount |ess than 15 w% said chrom.umis presept in an
amount  PFSMYSIE 10 18 i G °s£’ia&n&1%“}ri rﬁrrﬂ i e YN an (gin‘ﬁ'ﬁﬁt from5.0

to 12 We¥ngardpsaixd d YRgsteRnitmPr @3RNt Hd 13N AU 4SS, t hgmB10sWm % 4.
A netallic coating according to claim1l wherein said cobalt 1s present in

an anoudrriedmfZon matE8ved Jdi2d heldr enmianmics igriewenton si sihi rgroaht 16 rom 3. 0

to 10 wt %,sai Lum_num is present in an amunt. from5.5 tp 15 W % sajd

r heni umwi{s° ﬁPg’E‘ng i5ri%aﬁ"ta°m§ S £ twgq%.aolwl%uné’noo 's‘girdon%?g{b‘ﬁgﬁum is
present yitAraRmamount wioMaGrnd vh) 4.0 W% sildicdh, M. vy coattaguaccordi ng
to claim1l1, wherein a total ampunt of said tantalum and said tungsten is in
a rangeVEfof IS tEH 16 Wk 9t 38 rhegdum, 2 g 76 WtA malaldenwhatang Ba%ing a
conposi . nsi:ski.Ag essentially of up to 15 w%cobalt, 5.0 to 18 wt%
chr om ujr%b?%.n%gt gll%?e\%t'% aluminum 0.1 to 1.0 wt%yttrium up to 0.06

haf ni um up t 8atp3 ewt Beilgneaared 308 tadl@ wdchiicanttalamofp7 1@ B9 W %
tungsten, 1.0 to 6.0 wtoo/orqeni,um up to 10wt % nol ybdenum _and t he ba\l ance

ni ckel . SATORINEY a0 "EGa ity 1288 6r &g TF LU Dwfer®iiE 5 135 - dHount
of sai dot antabumnand veai d URAst eltiheriind ARYEtaf anl%lchferQJrﬁP d2 V%E% 8.

A netallic coating according to claim®6, wherein a total anmount of sai
t ant al uRraRdUBai @ -2Enyétteytits 1M, a anghgércofoaflemass 1o ake 1. 0 wt %

Samples designated 699 are NiCoCrAlY compositions with
rhenium and tantalum. Samples designated 700, 697, 695, and 696
are NiAl compositions with 2 - 4 wt% chromium, 0.2 to 0.6 wt%
yttrium and 0.4 wt% hafnium. Samples designated PWA 275 are
conventional low activity NiAl aluminides.

The test conditions were 57 minutes at 2100 degrees
Pahrenheit and 3 minutes forced- air cooled, each hour. The
burner rig used a supply of pre-heated, compressed air mixed
with JP8 jet fuel to heat the samples in a dynamic environment.

It is apparent that there has been provided in accordance
with the present invention an oxidation and fatigue resistant
metallic coating which fully satisfies the objects, means and
advantages set forth hereinbefore. While the present invention
has been described in the context of specific embodiments
thereof, other alternatives, modifications, and variations will
become apparent to those skilled in the art having read the

foregoing description. Accordingly, it is intended to embrace



. 9. Anetallic coating according to claim®6, wherein said cobalt is present
in an anount less than 2.0 wt% said chromumis present in an anount from
10 to 15 wt% said aluminumis present in an anount from6.0 to 10 Wt %
said yttriumis present in an amount fromO0.2 to 0.7 wm%)2sai d18af niumis
present in an anmount fromO0.2 to 0.6 w% said silicon is present in an
amount Bﬁogéeatl%rm%&v%sl W41 vk sk | aghal Yavistprasest falanwagmnynt
from5.0 to 7.0 w% 10. A netallic coating according to claim®6, wherein
sai d chkbsi bnrpasi presentof rklan appridedfcli2i®swt % and wherein sai d al umi num
is present in an anount of 8.0 wt% 11. A netallic coating according to
claim9, wherein said yttriumis present in an anmount fromO0.4 to 0.7 W%
and said hafniumis present in an amount of 0.4 wt% 9 02 - 218 12. A
metallic coating according to claim®6, wherein said rheniumis present in
an amount from1.0 to 3.5 % preferably in an amount of 2.0 wt% 13. A
netallic coating according to claim®6, wherein said nolybdenumis present
in an anount no greater than 4.0 wt% 14. A netallic coating consisting
essentially of up to 2.0 wt%cobalt, 10 to 15 wt% chromum 6.0 to 10 Wt %
alumnum 0.2 to 0.7 wt%yttrium 0.2 to 0.6 hafnium 0.001 to 0.1 W%
silicon, 50 to 7.0 wt%tantalum 1.0 to 4.0 wt% tungsten, 1.0 to 3.5 W%
rhenium up to 4.0% nol ybdenum and the bal ance nickel. 15. A netallic
coating according to claim 14, wherein said tungsten and tantalum are
present in a total anmbunt in a range of 5.0 to 9.0 wt% 16. A netallic
coating consisting of 12.5 wt% chromum 8.0 wt%alumnum 0.4 to 0.7 W%
yttrium 0.4 wt % hafnium 6.0 wt%tantalum 2.0 w% tungsten, 2.0 Wt %
rheni um and the bal ance nickel. 17. A netallic coating consisting
essentially of 2.0 to 18 wt%cobalt, 3.0 to 10 wt% chromum 5.5 to 15 wt %
alumnum 0.1 to 1.0 t%yttrium up to 0.6 w% hafnium up to 0.3 W%
silicon, 3.0 to 10 wt%tantalum 1.0 to 9.0 W% tungsten, 1.0 to 5.0 wt%
rhenium 0.2 to 4.0 wt % nol ybdenum and the bal ance nickel. 10 02 - 218



.18. A netallic coating according to claim17, wherein said tantal um and
said tungsten are present in a total anount in the range of from4 . 0 to
16 wt % . 19. A netallic coating according to claim17, wherein said

tantal um and said tungsten are present in a total anount g2n -ttwag ange of
from7.0 to 12 wt% 20. A netallic coating according to claim 17, wherein
sai d tanpglpmandraaufipt yagsten are present in a total amount of 11 wt %.
21. A netallic coating according to claim 17, wherein said cobalt is
present in an anmount from8.0 to 12 W% said chromumis present in an
amount from4.0 to.6.5 wt% .said alum num.is present in an amoynt from?7.5
F0 15, 5 ot 04 SEFHEYLE Fi G EADBr SOBnPT P BAP BN EorEGm 678 (5% o <aid
haf ni umss PEesgat th%ﬁgaQDé'BﬁquéQﬂgnzcERPQigi%%JpS%bd 131 Wic8oRdR 1t
present in an anmount no Qreater than 0.1 W% and™said tantalumis present
in an anbuhttdrbddn Bt® cbrImdumt 96 . 22t oAl fretvakl eduméauimng Oadcardilng twa3cl ai m

17, wherein said cobalt is present in _an anpun f 10.5.w.% sai.d _chrom um
s’ preseft Tiihn SRodntCof BLs GRERSH: dUAI M fum FS pPasart™n al Hfomi
of 9.0 W% sah€ayYbh!iup t& Preseps t0ngBrafount of EeMe004yi0 20 AWl %m,sai d
hafniumis present in an anount of 0.4 W% and said tantalumis present in
an anpurdP of°c 610 Wk % me3ybdenemnal #nd tbat baganceondickglto claim 17, wherein
said tungsten is present in an anount from4.2 to 5.8 wt% said 11 02 -
218 rheniumis present in an anount from2.3 to 3.7 % and said

nol ybderum iz meesebici boabiagodototdongltd t0a2Zm01wt Uhe2éinAamebalalli c
coating accordi ng to,¢claiml17, wherein said tungsten is present in an
amount GBI w5y SREF EFREAT BTh fRApPREENEVPHSERBUAE OF 3. B2RES AR Sai’d
nol ybdenumi s, pregsent in an anount of 1.7 wt% 25. A netallic coating

havi ng a conposition consisting essentially of 8.0 to 12 wt%cobalt, 4.0 to
6.5 wt% chromum 7.5 to 12.5 % alumnum 0.2 to 0.7 wt%yttrium 0.2 to

0. 6 wt %-haf nj % Si|j 5 0. Wt % . al iy 5.8
o 06 tung ok B Qode Yhdt SLLLERREGTd E0alryl WhbBOLA KAk ol Bkl

bal ance I8 gketse26. 1A art ahdbunt cbassnghancdsdwng, t pacBachradbhiuwhései n sai d
tantal um and sai d tungsten arg}/gresent in a total ar ugﬁui n the range of

from 7. CATHE wt B 3B 78MAREt HF PP c° cBat Pny® cBhEr sEfA TOPEMWi & cobal t,

5.0 Wt %A IM n %2R MhOuAt URLBMME . 0. dot 92 Oy s WM Sadt EEE M uBdswkdp haf ni um
0.1 m%silicon, 6.0 wt%tantalum 5.0 wt% tungsten, 3.0 wt% rhenium 1.7
Wt % nol AFRIRMS BRJEEhamparantesai Eken. 528. wiSnet hod for depositing an
overlay coating on a substrate conpri sing:

4. A metallic coating according to claim 1, wherein said cobalt
is present in an amount from 2.0 to 18 wt%, said chromium is
present in an amount from 3.0 to 10 wt%, said aluminum is
present in an amount from 5.5 to 15 wt%, said rhenium is present
in an amount from 1.0 to 5.0 wt%, and said molybdenum is present

in an amount from 0.2 to 4.0 wt%.

5. A metallic coating according to claim 1, wherein a total
amount of said tantalum and said tungsten is in a range from 4.0

to 16 wt%.



_providing a substrate material fornmed fromat |east one of a nickel-based,
a cobalt-based) and an iron-based netallic material; and 12 02 - 218
depositing onto said substrate a coating having a conposition consisting
essentially of up to 18 wt% cobalt 3.0 to 18 wt% chrom ums 5 Gt 15 wt %
alumnumO.1 to 1.0 wt%yttrium up to 0.6 ww% hafnium up to 0.3 W %
silicon.3.0,t 9% t I . . %.t ungst Q.10 6.0 W%
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chrom utings0eho 12 owtt% &l.wmwtymrHerdidm, lu wb %yt WERUMo 1y dedibh, 6 and%
hafnium_ up to 0.3 wt%silicon, 3.0 to 10 wt% tantalum up to 5.0 wt%

t ungst ek 1091856, B3 -heni um up to 10 wt % nol ybdenum and the bal ance
ni ckel . 31. A nethod according to claim28, wherein said depositing step
conprises depositing a coating having a conposition consisting essentially
of up t9.2. B we¥widbal tcoatlnop asavdbrodr ooi ahaib. 6, t gheéGenwtrYealtoriadum 0. 2

to 0.7 wt% yttrium .Q.2 t .6 W% hafnium up to 0.1 w%silicon,. 5.0 to
770wt oBTANELI i S2i6 470 R AT Nt DASBe 68 3551l g% FREFFUME &5
4.0 wt % nol ybdenugr¢and t he bal ance nickel. 32. A nethod according to claim
28, wherein said depositing step conprises depositing a coating having a
conposition consisting essentially of 2.0 to 18 wt% cobalt, 3.0 to 10 Wt %

chrom u 5,5 W % al ym : 0 Y yLtr] 0 02 -
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t he bal gnce ni ckel. 33. A nethod according to claim28, wherein said
deposi t n8 5?e8'80?¥ﬁr’°i'ses depositing a coating having a conposition
consisting essentially of 8.0 to 12 wt%cobalt, 4.0 to 6.5 wo chrom um
7.5 to 12.5 wt% alumnum 0.2 to 0.7 wt%yttrium 0.2 to 0.6 wt % hafnium
up to 093 wWRUstRiLédR, 930 e AAFSHDHIANE Al ThFin. 8/t ¥hsrgift fRrichGoben .

2.3 10 35 7pptnheniumy, Lodur@ 4. dMe a0 YOdeom <204 theohalangg nickel.

present in an amount from 10 to 15 wt%, said aluminum is present
in an amount from 6.0 to 10 wt%, said yttrium is present in an
amount from 0.2 to 0.7 wt%, said hafnium is present in an amount
from 0.2 to 0.6 wt%, said silicon is present in an amount no
greater than 0.1 wt%, and said tantalum is present in an amount

from 5.0 to 7.0 wt%.

10. A metallic coating according to claim 6, wherein said
chromium is pregent in an amount of 12.5 wt% and wherein said

aluminum is present in an amount of 8.0 wt%.

11. A metallic coating according to claim 9, wherein said
yttrium is present in an amount from 0.4 to 0.7 wt% and said

hafnium is present in an amount of 0.4 wt%.
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14. A metallic coating consisting essentially of up to 2.0 wt%

cobalt, 10 to 15 wt% chromium, 6.0 to 10 wt% aluminum, 0.2 to
0.7 wt% yttrium, 0.2 to 0.6 hafnium, 0.001 to 0.1 wt% silicon,
5.0 to 7.0 wt% tantalum, 1.0 to 4.0 wt% tungsten, 1.0 to 3.5 wt$%

rhenium, up to 4.0% molybdenum, and the balance nickel.

15. A metallic coating according to claim 14, wherein said
tungsten and tantalum are present in a total amount in a range

of 5.0 to 9.0 wt%.

16. A metallic coating consisting of 12.5 wt% chromium, 8.0 wt%
aluminum, 0.4 to 0.7 wt% yttrium, 0.4 wt% hafnium, 6.0 wt%
tantalum, 2.0 wt$% tungsten, 2.0 wt% rhenium, -and the balance

nickel.

17. A metallic coating consisting essentially of 2.0 to 18 wt%
cobalt, 3.0 to 10 wt% chromium, 5.5 to 15 wt% aluminum, 0.1 to
1.0 wt% yttrium, up to 0.6 wt% hafnium, up to 0.3 wt% silicon,
3.0 to 10 wt% tantalum, 1.0 to 9.0 wt% tungsten, 1.0 to 5.0 wt3

rhenium, 0.2 to 4.0 wt% molybdenum, and the balance nickel.
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18. A metallic coating according to claim 17, wherein said
tantalum and said tungsten are present in a total amount in the

range of from 4.0 to 16 wt%.

19. A metallic coating according to claim 17, wherein said
tantalum and said tungsten are present in a total amount in the

range of from 7.0 to 12 wt%.

20. A metallic coating according to claim 17, wherein said
tantalum and said tungsten are present in a total amount of 11

wt%.

21. A metallic coating according to claim 17, wherein said
cobalt is present in an amount from 8.0 to 12 wt%, said chromium
is present in an amount from 4.0 to 6.5 wt%, said aluminum is
present in an amount from 7.5 to 12.5 wt%, said yttrium is
present in an amount from 0.2 to 0.7 wt%, said hafnium is
present in an amount from 0.2 to 0.6 wt%, said silicon is
present in an amount no greater than 0.1 wt%, and said tantalum

is present in an amount from 5.0 to 7.0 wt%.

22. A metallic coating according to claim 17, wherein said
cobalt is present in an amount of 10.5 wt%, said chromium is
present in an amount of 5.0 wt%, said aluminum is present in an
amount of 9.0 wt%, said yttrium is present in an amount from 0.4
to 0.7 wt%, said hafnium is present in an amount of 0.4 wt%, and

said tantalum is present in an amount of 6.0 wt%.

23. A metallic coating according to claim 17, wherein said

tungsten is present in an amount from 4.2 to 5.8 wt%, said

11
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rhenium is present in an amount from 2.3 to 3.7 wt%, and said

molybdenum is present in an amount from 1.4 to 2.0 wt%.

24. A metallic coating according to claim 17, wherein said
tungsten is present in an amount of 5.0 wt%, said rhenium is
bPresent in amount of 3.0 wt%, and said molybdenum is present in

an amount of 1.7 wt%.

25. A metallic coating having a composition consisting
essentially of 8.0 to 12 wt% cobalt, 4.0 to 6.5 wt% chromium,
7.5 to 12.5 wt% aluminum, 0.2 to 0.7 wt% yttrium, 0.2 to 0.6 wt%
hafnium, up to 0.3 wt$% silicon, 5.0 to 7.0 wt% tantalum, 4.2 to
5.8 wt% tungsten, 2.3 to 3.7 wt% rhenium, 1.4 to 2.0 wt%

molybdenum, and the balance nickel.

26. A metallic coating according to claim 25, wherein said
tantalum and said tungsten are present in a total amount in the

range of from 7.0 to 12 wt%.

27. A metallic coating consisting of 10.5 wt% cobalt, 5.0 wt%
chromium, 9.0 wt% aluminum, 0.4 to 0.7 wt% yttrium, 04 wt%
hafnium, 0.1 wt% silicon, 6.0 wt$% tantalum, 5.0 wt$% tungsten,

3.0 wt% rhenium, 1.7 wt% molybdenum, and the balance nickel.

28. A method for depositing an overlay coating on a substrate

comprising:

providing a substrate material formed from at least one of
a nickel-based, a cobalt-based, and an iron-based metallic

material; and
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ybdenum, and the balance nickel

31. A method according to claim 28, wherein said depositing
step comprises depositing a coating having a composition
consisting essentially of up to 2.0 wt% cobalt, 10 to 15 wt%
chromium, 6.0 to 10 wt$% aluminum, 0.2 to 0.7 wt$ yttrium, 0.2 to
0.6 wt% hafnium, up to 0.1 wt% silicon, 5.0 to 7.0 wt% tantalum,
1.0 to 4.0 wt$% tungsten, 1.0 to 3.5 wt% rhenium, up to 4.0 wt%

molybdenum, and the balance nickel.

32. A method accorxrding to claim 28, wherein said depositing
step comprises depositing a coating having a composition
congisting essentially of 2.0 to 18 wt% cobalt, 3.0 to 10 wt$%

chromium, 5.5 to 15 wt% aluminum, 0.1 to 1.0 wt% yttrium, up to
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tantalum, 4.2 to 5.8 wt% tungsten, 2.3 to 3.7 wt% rhenium, 1.4

to 2.0 wt % molybdenum, and the balance nickel.
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