-6 JUL 2005 02 - 218 OXI DATI ON AND FATI GUE RESI STANT METALLI C COATI NG
BACKGROUND OF THE | NVENTI ON The present invention relates to an oxidatiaon
‘and fati gue resistant nmetallic coating for protecting high tenpeﬁaJtUlhrzﬁ%gas
turbi ne engine conponents. Various metallic coatings have been devel oped in
the past for the oxidation protection of high tenperature gastarbine

engi ne conponents. 'These coatings are often based on different aluninide
composi tions wit %x&mwow%%%ﬁé@?3&@@%@%@@@& gbhetnatively,
they are based Mis

ni ckel, cobalt, iron or conbinations of these materials. These coating
systems suffer from shortcom ngs that recI ude thelr use on newer advanced
t urbi ne conponents. The di fEASEEREPHR ! HVENTAGEsessing  good fati gue
resi st ance, < 95PE, y i high..t e

resi stance (Z%ove Zoégﬁ%ebéggétglg%h?%%ﬁ%ts thﬁg %\B/Egr%ll gy%ﬁh}aa%th%?ealﬁ?lﬁgs
‘tend to ravessant oustalhbitcgueadebysithaprbtart infehigapplnpaiiaonse e
addition of . active elements to the MCrAl'Y coatings not only provides

excel | ent¥iod Hatonl 1o sF STaMReR But mekes them good candidates for
bond-coat s fogatlerdmhe OR111 1 c68E MEC 6oL BISn WBLLSDRLN s paliyy nides and
MCr Al'Y coatings have w despread appltfcations, a new coating that Could
conbi ne idwe testopragperen gsrdtent bob hof wougd hamgenfmdleagesampﬂrﬂ:aalta on on

advanced_turbi ne component s ,wher e fatigue. pull el ot . and odati on mist

-aluminide compositions with nickel or ccbalt base metal
materials. Alternatively, 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 posséssing
gocd fatigue resistance, are generally lacking in very high
temperature oxidaticon resistance (above 2000 degrees
Fahrenheit). The overlay MCrAlY ccatings tend to have seriocus
fatigue debts that limit their applications. The addition of
agtive elements to the MCrAlY coatingsrnot only provides
excellent oxidation resistance, but makes them good candidates
for bond-coats for thermal barrier ceramic cocatings. While koth
aluminides and MCrAlY coatings have widespread applications, a
new coating that could combine the best properties from both
would have immediate applicaticn on advanced turbine components

where fatigue, pull weight, and oxidation must all be minimized.



| & J UL 2005 02 - 218 SUMVARY OF THE | NVENTI ON Accordingly, it is an

.obj ect of the present invention to provide a netallic coating conposition
whi ch provi des excellent oxidation and fatigue resistance propertré%le5 is
anot her object of the present invention to provide a coating conposition
whi ch reduces the thermal expansion m smatch between thé&2cceatdlii)y and conmon
turbine alloys. The foregoi ng objects are attained by the coatings of the
present invention. |In accordagneezwit Brt hgrpresentrigwention, a nmetallic
coating is provided which has a composition conprising up to 18 w % cobalt,
3.0 to 18 w %clrowingdy 510 tie BR wiwbhesturdhupfe opieseatl I0V@n oy 8 um  up
to 0.6 VW‘Zé"vQ fni_um -up t.% 0.03 twt% Silli con, . 3n0w1'glo 1'110 wt%oit ant ael %@lluﬁl to
9.0 mﬂ@§%ﬁng eff, "t-6 9& 66 W (AU ﬂ% 910 mP@?nDﬁybdeﬁUnl S0 the
bal anceoxidekebn The ¢edtighe cemesdiens@pdheipsesent invention also
have a total ampunt of tantalum and tungsten in‘the range of 3.0 to 16 WM %
O her det ai | $tofist Raocokiedarbircandf atliggueressilst apvenferal kioc peoatidegs of

t he preggn%.invention.tas weéy S ogafr 3B{ects and. advant ages atten%a?t

t her et 0-Car&78efFBPER St BE FoliF TS deti ad: GescFipeon  DETAITED -
DESCRI PEEENeER tHE PBEEERBERAEVBERIMMENH D)L iJuirdl neyengi ne conponents are

formed from ni ckel - based, .
The foregoing chjects are attained by the coatings of the

present invention.

In accordance with the present invention, a metallic
coating is provided 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%
gsilicon, 3.0 to 10 wt% tantalum, up to 2.0 wt% tungsten, 1.0 to
6.0 wt% rhenium, up to 10 wt% melybdenum, and the balance
nickel. The coating compogitions of the present invention alsc
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 ircn-based alloys. Due to the extreme high
temperature environments in which these components work, it iIs
necessary to provide them with é protective coating. The
coatings must have a compesition which minimizes the fatigue
impact on the turbine engine components tco which they are

applied and at the same time provide maximum oxidation



cobal t - based, and iron-based alloys. Due to the extreme high tenperature

. environnents in which these conponents work, it is necessary to provid
themwi th a protective coating. The coatings nust have a conpositf&duhﬁm@h
mnimzes the fatigue inpact on the turbine engi ne conponents to which they
are applied and at the sanme tinme provide maxi num oxi datdon 28 JUL 2005 02
- 218 resistance properties. The coating nust al so be one where the thernal

expansi pgsNksamtehpbebveencthe gpat kogrand hhetraldley e disedHa-d aria t he
t urbi ne engi ne conponents is mnimzed. This msmatch is_one of the causes
of the pooFmaht pYLBNBEPROMARMEE CHf PeMEEANY tEGattoRds N ik ddtdanc©Xms’h t he

oBr TR PomAeE el DENES ‘ . 3
Fher ol B AnEl chCERGC Bl CHE"BF By Fa RSy G PN A Sbl e QRTdATT e ard ot | que

esirablé oxi i‘on an ati gue

resi st ancemadbigses nehal bFcteeatkngssha¥i RgeapeeiPasitticer Wectohiaat] W f
consists essentially of fromup to 18 w%cobalt, 3.0 to 18 W% chrom um
5.0_to MEri Yo @Pamifgi 0.1 to 1.0 wt%yttrium .up to 0.6 wt % hafnium up

to 0.3 W% si]i o] % t ant al . .0 %-t S . to
6.0 wt%r henill{ljrriggﬁ%rg%gi% W%al)q%rrlﬁfgyg %ﬁﬁ#‘]@ éﬁ&e{%g(}%&l én\rgctealr%il{%ge%o%rhlrﬁq%ese
coat i ngsavé Neeeh UAgSE BBpaddwhhent aatiabentaee cpeesant miknd ticel alndruindh i n

the range of from3.0_to 16 % Wthin the foregoing broad coating
conposiRTYRsIe 22 fYREY deastpylef opafereaRarhy G36£G1CcERSIFFSTIG- t ur bi ne

engi ne Tpege metallic coatings having a composition which breadly
consists essentially of from up te 18 wt% cobalt, 3.0 to 18 wtd
chromium, 5.0 to 15 wt% ailuminum, 0.1 to 1.0 wt% yttrium, up to
6.6 wt% hefnium, up to 0.3 wt% silicon, 3.0 to 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. In these coatings, the
tungsten and the tantalum are present in a total amount in the
range of from 3.0 to 16 wt%.

Within the foregeing broad coating compositions, a first
family of particularly useful coatings for turbkine engine
components has a compogition which consigts essentially of up to
15 wt%, preferably 2.0 wt% or less, cobalt, 5.0 to 18 wtf,
preferakly 10 teo 15 wt% chromium, 5.0 to 12 wt%, preferably 6.0
to 10 wt% aluminum, 0.1 to 1.0 wt%, preferably 0.2 to 0.7 wt%,
yttrium, up to- 0.6 wt%, preferably 0.2 to 0.6 wt%, hafnium, up
to 0.3 wt%, preferably 0.1 wt%% or less, silicon, 3.0 to 10 wt%,
preferably, 5.0 to 7.0 wt$% tantalum, up to 5.0 wt%, preferably,
1.0 to 4.0 wt% tungsten, 1.0 to 6.0, preferably 1.0 to 2.5 wtk,
rhenium, up to 10 wt%, preferably 4.0 wt% or less, molybdenum,
and the balance nickel. The total amcunt of tantalum and
tungsten in these metallic coatings is in the range of 3.0 to 12

wt% and preferably, in the range c¢f 5.0 to 9.0 wt%.



conmponents has a conposition which consists essentially of up to 15 wt%
preferably 2.0 wt% or |ess, cobalt, 5.0 to 18 ww% preferably 10 to 15 wt%
.chromium 5.0 to 12 wt% preferably 6.0 to 10 w % al unmi num 0.1 &@ JL0N00 %
preferably 0.2 to 0.7 wt% yttrium up to 0.6 w% preferably 0.2 to 0.6
w% hafnium up to 0.3 % preferably 0.1 wt%bor less, silicon, 3.0 to
10 w% preferably, 5.0 to 7.0 wt% tantalum up to 5.0 W24~ pteferably,
1.0to 4.0 wt%tungsten, 1.0 to 6.0, preferably 1.0 to 3.5 w% rhenium up
to 10 wt % priefenabl yhds Of w26 of ahesg, ofiobybhdenum, aamcrttheiad angensd Ckel .
The total anmpunt of tantalumand tungsten in these netallic coatings is in
the rang@dFimd CBPADLIL WP GRESHERF ePabLY ; 5i WEFhET R ™df 5.0 %95 9.0 wt %

36JU 02, - /£ hin.thi irst famly | ngs, o

parti culééjf‘%g usef u '%%%%%Jéghdégﬁpg%?ﬂ%ﬁ’c%hgimsﬂi:sf gl%f%gﬁ%?'wt%%ocﬁ%toﬁi um 8.0
W% al wamadu®, 210 0¥ wSytén| um o Owds Weehatni, usndb . thaMia] draxd al um
2.0 wt% tungsten, 2.0 w% rhenium and the balance nickel. A second famly
of partirb“tHJ‘éﬁJIy useful netallic coating conpositions conprises 2.0 to 18
wt % preferably. o W 9 t 9 ref. to 6.5
wt % chrom ulr%n:l %Q%LQH% of%él%%fpé%%% ]fg;‘/rg}./SBtS%@}fy ﬁevt\ﬁ%%%é%%mné{utrﬁ%gg. l1to
1.0 wt Yconmrefiariahty dordotieds 72w Yo yid rivusn ppefer@ib8 ywa%0 preefler abid y,
from0.2 to.0.6 wt%_hafnium UIE to 0.3 wt%silicon_ 3.0 to 10 W%

pref er afiSPFrom 5. 0 F Wt 0P atRERIY 4:9 FB 6.8 Weoy chromium, 5.5

to 15 wt%, preferably 7.5 to 12.5 wt% aluminum, 0.1 toc 1.0 wt¥,
preferakbly 0.2 tc 0.7 wt%, vttrium, 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 2.0 wts,
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 tc 2.0
wt%, molybdenum, and the balance nickel. The total amount of
tungsten and tantalum in these coatings is from 2.0 to 12 wt¥,
preferably from 5.6 to $.0 wts.

Within thig second family <of coatings, & paxticulaxrly
ugseful coating composgition conesistg of 10.5 wt% cobalt, 5.0 wt%
chromium, 2.0 wt% aluminum, ¢.4 to 0.7 wt% yttrxium, 0.4 wt%
hafnium, ¢.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 cf 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 ¢.004 to 0.012 inches. Using cathodic arc plasma vapor
deposition techniques, it is possikle to apbly 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.
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preferably 4.2 to 5.8 wt% tungsten, 1.0 to 5.0 % preferably 2.3 to 3.7
w%. rhenium 0.2 to 4.0 % preferably 1.4 to 2.0 w% nol ybdenum and

t he bal ance nickel. The total amunt of. tungsten and tantalumin t@ﬁ%ﬁw
coatings is from3.0 to 12 wt% preferably from5.0 to 9.0 wvt % 9W% in“this
second famly of coatings, a particularly useful coati%ﬁ c sition
consists of 10.5 w%cobalt, 5.0 w% chromum 9.0 wt% alum num 0.4 to 0.7
wt % ytiRatan 0od. we 99 7hat Abunp, 032, W7%: siel.iCéén 826 ;0 SmP42 %Al tmd 5.0 wt %
tungst he 7 W % nol ybdenu and t e bal ance .nickel. A
drlverdgﬁﬁfﬁz%od? o° anggﬁé Bﬁﬁfépﬁﬁﬁégrag g&é@%§i oAt iR St ckness.
Typi cali d@ihods it depeshti agpeg%haﬁ ¢oRlLAgRY REHde diharmal spray

t echni ques such as | ow pressure plasm spray (LCPSS), which creates coating
th|ckdegma;hnvnPEECh@n@@e@fsOcﬁoastmagnelzomn@@@$tanmng;anﬁtaihatnmn:

pl as v osition,techniques, it Si ppl oatings with
e B Sl e S | GHEo AL PHE ek h e Hage or MGebos Tiihsed 1ado T Lo
for aBBhﬂéﬂiéfH%éXEB&rﬁEéé%nﬁhevafﬁéﬁatth@%%aﬁ'%@rgg reRadh G A8 Bl asma
vapor deposition are discussed in U - 218 Patent Nos.

5, 972a$850W591§EiEEE 16,0362 828728, 392, HEPF dhdgh6yve24cl2§, caivi-fofelwhich are

incor t ed ref erence rein Al ternate nethods of deposition,
inclu 3 &ﬁﬁg% Pi3s i Vapot T 28@posi ti on techni ques such as magnetron

Sputterl Ng caaE 1QIRCIHLOM ndeadmpbasfBoNaPoh Hepesikhes WRYhbehds getesVARN

thICkggizntlon have demonstrated thermal fatigue resistance equal to
the best fatigue resisgstant diffused aluminide coating. The
following table illustrates the results of a 2100 degree
Fahrenheit burner rig cyclic oxidation test comparing

compesitions in accordance with the present invention with other

coating compositions.

2100F BURNER RIG CYCLIC OXIDATION TEST

Coating System

Candidate Thickngss Life Failure
# {(mil) (Hrs) CL ** (Hrs) SF **
701 2.95 2320 1573 2713 1839
702 3.1 4105 2648 6285 4055
703 2.7 15581 1179 19832 1431
639 3.3 3060 1855 3622 2185
700 2.15 1170 1088 1359 1301
697 2.4 SBe2 B18 1045 871
695 2.8 826 590 1315 2389
656 2.45 676 552 805 5§57
PWA 275 2 115 115 366 366

** Normalized to a 2 mil coating thickness.
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concerns are not present, various thermal spray techniques such as |ow
pressure plasnma spray and HVOF (high velocity oxy-fuel) techniques may be
utilized. Coatings having conpositions in accordance with the preggpt 2005

i nvention have denonstrated thermal fatigue resistance equal ;L% the best -
fatigue resistant diffused alum nide coating. The foll owng ¢abl e
illustrates the_results of a 2100 degree _Fahrenheit burner rig cyclic

oxi dati on t 83TPesAparrAGS EFMPosIatisdns® s n’ &k cltrdahceowPPAIERE DI esent

i nvent | L.Lh_qt her . sc@at iRg |.tians 0 ﬁmﬁﬁ G,C C
Xl DAT%%ﬁF#%E?ngcggt%%Q%S§gfeﬁﬁ'ggng#%aﬁgj%ﬁ%%gﬁgggy [ e’EgFﬁugglg'gnil)"
(Hrs) &ts*ye{Hian, SE.2* wiE0haZnQuml 320 LS5/ 27434838, 702 @:% 4105 2648

6285 4055 ~ 703 2.7 1591 1179 1932 1431 699 3.3 3060 1855 3622 2195 700
2.15 197053088, 1299 wid1rhenpr . 4 aggh tdes bplengy migosl 2. 8S8pBlss0 1315 939

390 2 $5,018, PO NG B5T 0818, W BHBIR BFor 1 00D LEototg 2 2
wt% cobalt, 5.0 wt% chromium, 9.0 wt% aluminum, 0.4 to 0.7 wt%
yvitrium, 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.

Samples designated 703 had a composition of 7.0 wt%
chromium, 6.0 wt% aluminum, 5,5 wt% tungsten, 4.0 wt% tantalum,
2.0 wt% rhenium, 4.0 wt% ruthenium, 0.5 wt$% molybdenum, C.4 wtg
hafnium, 0.25 wt% yttrium, and the balance nickel.

Samples designated 6%9 are NiCoCrAlY compositions with
rhenium and tantalum. Samples designated 700, 657, 695, and €96
are NiAl compositions with 2 - 4 wt% chromium, 0.2 to 0.6 wt%
yvitrium and 0.4 wt% hafnium. Samples designated PWA 275 are
conventional low activity NiAl aluminides.

The test conditions were 57 wminutes at 2100 degrees
Fahrenheit 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 environwment.

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
therecf, 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



Sanpl es fornmed frommaterial 701 had a conposition consisting of 12.5 w %
chromum 8.0 wt% alumnum 0.4 to 0.7 w%yttrium 0.4 w% hafnium 6.0
-w%tantalum 2.0 wt% tungsten, 2-0 wt % rhenium and the bal ance 1§ gkielil’
Samples formed from material 702 had a conposition consisting of - 10.5 w%
cobalt, 5.0 % chromum 9.0 wt% alumnum 0.4 to 0.7 %_ﬁ{%i um 0.4 wm %
hafnium 0.1 wt%silicon, 6.0 % tantalum 5.0 w%tungsten;-3.0 wt %
rhenium 1.7 wt % nol ybdenum and the bal ance ni ckel Sanples designated 703
had a cohp®si &ibArbRtIveswt WOCCHICHUMNSG. vk Y6l itk Frg 35 SEank DoYwiirgst en,
4.0 wt% ¢ al u 2.0 %t heni u . % r ut henium 0.5 wt % nol ybdenum
0.4 wt%hﬁgl%?ﬁ) 5%8695% %%Qcytet raiplgjn@ﬁndger?g Ctvfr?léL %1 ance ni ckel. Sanpl es
designated 699 are N CoCrAlY conpositions with rheniumand tantal um

Sanpl es designated 700, 697, 695, and 696 are N Al conpositions with 2 - 4
w % chromum 0.2 to 0.6 wt% yttriumand 0.4 w % haf nium Sanpl es
designated PWA 275 are conventional low activity NN Al alum nides. The test
-condi tions were 57 minutes at 2100 degrees Fahrenheit and 3 m nutes forced-
air cooled, each hour. The burner rig used a supply of pre-heated,
conpressed air mxed wth JP8 jet fuel to heat the sanples in a dynam c
environnent. It is apparent that there has been provided in accordance wth
the present invention an oxidation and fatigue resistant netallic coating
which fully satisfies the objects, neans.and advantages set forth

herei nbefore. VWiile the present invention has been described in the context
of specific enbodi nents '



thereof, other alternatives, nodifications, and variations wl|l becone

. apparent to those skilled in the art having read the foregoing dgi@iizﬁﬁﬁi on.

Accordingly, it is intended to enbrace 6 6 J UL 2005 02 - 218 t
alternatives, nodifications, and variations as fall within the broad scope
of the appended clains. 7 fi JUL 2005 02 - 218 WHAT IS ANMEDZ IS 1. A
nmetallic coating for providing oxidation and fatigue resistance having a
CONpPOoSiWiAN TLONPLASKAY Dp:to 18 w % cobalt, 3.0 to 18 w% chronmium 5.0 to
15 wtw%alumnum 0.1 to 1.0 wt% yttrium up to 0.6 W% hafnium up to 0.3
w%silicon, 3.0 to 10 w%tantalum up to 9.0 wt% tungsten, 1.0 to 6.0 w

% r heni.um 9 b u ad.the I ni le. 2. metallic
coati ngij'acc%r ?%gl%gc\(lz\%ca{%?r?‘&% \g\ﬁgrglkﬁ@ggﬁggalogggﬁggﬁp gﬁ%ﬁé{laﬁgan al um and
sai d t ungsietehsei Baainangecbnpor 3t ont echPr@swhe up. tA Mt aldy Goedid ng
according to claiml, wherein said cobalt is Rres,ent in an amount |ess than
15 wt %3 s &P ch? ofit BinFiECmprBsent Oi AOah®anbEnt FréRS8. 003 & Wt-B aid
alumn i.S:..pr ng i from5.0.10,1 % id-t is
pr esen%enéﬁgrgéen%%n%olgé@%ﬁgﬁﬂg%u\}\ﬁ% 55. t Rétgamzi"c sgggtdl%?#d aE’c'(L?gr |§L£1b to
cl ai m Iyt whexetalsaj dugobal .0 wt% tungsten, 1.0 to 6.0 wt % rhenium,

up to 10 wt% melybdenum, and the halance nickel.

2. A metallic ccating according te claim 1, wherein a total
amount of said tantalum and said tungsten is in a range from 2.0

to 16.0 wt%.

3. A metallic ccating according to claim 1, wherein said cobalt
is present in an amount less than 15 wt%, said chromium is
present in an amount from 5.0 to 18 wt%, said aluminum is
present in an amount from 5.0.to 12 wt%, and said tungsten is

present in an amount less than 5.0 wti.

4. A metallic coating according to claim 1, wherein said cobalt
ig present in an amount from 2.0 to 18 wt%, said chromium is

o]

present in an amount from 3.0 to 10 wt%, saild aluminum is
present in an -amount freom 5.5 to 15 wt%, said rhenium is present
in an amcunt from 1.0 to 5.0 wt%, and said mclybdenum is present

in an amount from 0.2 to 4.0 wt%.

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

to 16 wt%.



is present in an anount from2.0 to 18 wt% said chromumis present in an
amount from3.0 to 10 wt% said alumnumis present in arlfgmu% from5.5
to 15 wt% said rheniumis present in an anmount from1.0 t . 5/\/t% and
"said nol ybdenumis present in an anount fromO0.2 to 4.0 w%_5. Anetallic
coating according to claiml1, wherein a total anount 0f< sai e ¥ ant al um and
said tungsten is in a range from4.0 to 16 wt% 8 6 JUL 2005 02 - 218 6. A
met al Fic EoBELAdLAavidvq e ndiposingon consostiitin exyentstiny of up to 15

wt % cobalt, .5.0 ta 18 w. % om u : t 2 W% al yrg 0.1 ta 1,0 wt%
VLT GREotE b 1Y, B Shdrhi Ui LpePaR0%s Wrdl S ittt R A w567

tant akgm zUReB0aB LR, tungsiem 4. r&0y8+Q Mo rRLHAIOE widhd G {48 W %

nol ybdenum and the balance nickel. 7. A netallic coating according to

cl ai B, tahér i Wt tsetadlcorancut of 3@i wtkafealtyhuvand waitd tanigstteén is in a
range_of from 3. 0 12 wt %, 8.. A netallic_coating accardi to cla mb®,
V\hereTi-f‘ﬁn%S%SFal §grr%ﬁ’n36 - -wéza"i'd*l?%fﬁjt%rpuﬁgnaosgiod wt%tfnérﬁqé%dpegni% &Fange of -
fromcBe0pt0:8-0 Wi%:9.. A netallic coating according to claim®6, wherein
said cobalt is present in an amobunt less than 2.0 wt% said chromumis
present in an anmount from 10 to 15 wt% said alumnumis present in an

0 ; : ; ;
amount Trem 8911912 M % S ALK AYM LS RLERCR LhS0in & toral
amount of said tantalum and said tungsten is in a range of from

3.0 to 12 wt%.

8. A metallic coating according to claim 6, wherein a total
amount of said tantalum and said tungsten is in a range of from

5.0 to 9.0 wt%.

9. A metallic coating according to claim 6, wherein said cobalt
iz present in an amount legss than 2.0 wt%, said chromium is
present in an amount from 10 to 15 wt%, sald aluminum is present
in an amount from 6.0 to 10 wt%, sald yttrium is present in an
amount from 0.2 te 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, whersein said
chromium ig present in an amount of 12.5 wt% and wherein said

aluminum is present in an amcunt of 8.0 wt%.

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

hafnium is present in an amount of 0.4 wt%.



amount fromO0.2 to 0.7 wt% said hafniumis present in an amunt fromO0.2
to 0.6 Wwt% said silicon is present in an anount no (greater than 0 iJV\{ fﬁﬂﬁ
and said tantalumis present in an anount from5.0 to 7.0 Wt %

metallic coating according to claim6, wherein said chromumis present in
an anount of 12.5 wt % and wherein said alunminumis predent iZd%n anount of
8.0 wt% 11. A netallic coating according to claim9, wherein said yttrium
is present in an anount fromO0.4 to 0.7 vvt%and said hafniumis present in
an anount o % 9 6 JUL 2005 2 - 2. A_nmet Ilrc coat,i

accor difg t @ﬂ%ﬁ#]@cvﬁr‘e@%%gs%ﬂor hedi Eﬁt Fiappeéenf" =h=an ﬁﬁﬁﬁnt from1.0

to 3. 5I\Me{9119t'i ef £rShl Yend. rm@naen@rr@uneff%@ﬁ W B0 432 A pRkal bk@f%?@‘b'l?g
according to claim®6, wherein said nolybdenumis present in an anounf no

gr eat erir lsan ama@@ivit %f 240 wwemetallic coati ng consisting essentially of up
to 2.0 % cobalt, 10 to 15 wt% chromum 6.0 to 10 wt% alum num 0.2 to
0.7 WMt%yttrium 0.2 to 0.6 hafnium 0.001 to 0.1 wt%silicon, 5.0 to 7.0-

w % t antal um el tio 4. Qa 2ad U@S@é?@lné O-te13ip W‘Vmébe@hug}alep to 4.0%
nol ybdenum and the bal ance nickel. 15.7 A netallic coating according to

cl ai m 1l vidarainn 1%|R¥G3ngsllenalan@tn®lam ahangaeatpresban énlawtétal anount
inarange of 5.0to 9.0 % 16. A netallic coating consisting of 12.5 wt%
chromum 8.0 w %

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% vyttrium, 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 £42.0% 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 cof 2.0 to 18 wtk
cobalt, 3.0 to 10 wt% chromium, 5.5 to 15 wt% aluminum, C¢.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 wt%

rhenium, 0.2 to 4.0 wt% molybdenum, and the balance nickel.
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alumnum 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 bal ance nickel. 17. A rret_géwt:ms
coating consisting essentially of 2.0 to 18 wt% cobalt, 3.0 to 1 "%
chromum 5.5 to 15 wt%alumnum 0.1 to 1.0 wM%yttrium up to 0.6 wt%
hafnium up to 0.3 wt%silicon, 3.0 to 10 wt%tantal um®?1. 04 9.0 w %
tungsten, 1.0 to 5.0 wt% rhenium 0.2 to 4.0 w % nol ybdenum and the

bal ancel&i ckelme kol BIUI2pO5i ngacc@i 8. tA abeamhl L@, cvatinegracedrddi ng to
claim 197 V\aﬂlerei n sai d.dtantal umand said tu gstenngrg ﬁresent 1:' n_a.total
amount G THE™ ARG E DI B 2 O 13 16 W 5 19T AT nEPAR T ETEEA A &6or di ng
to claimdnke Jhenein sa dotent@dym and said tungsten are present in a total
anount in the range of from7.0 to 12 wt% 20. A netallic coating according

to claim17, wherein said tantalumand said tungsten are present in a total

t.qf 11 w %, .21, A netall] ting ding.to claim17, . i
o d dotial € FE S AT e AR DD, OLT 13 ok YRR GhYom um i s

pr esentt ainft zaM A RN ts fIIOM Ut Gfe WHhs St di gl ANt AURNT SmcRk@sert ¢ an
amount from7.5 to 12.5 W% said yttriumis present in an anmount fromO0. 2

to 0. 7w odi Fueaf m-Pntis 1Dresent in an amount from0.2 to 0.6 w% said
silicon is present in an anount no greater than 0.1 wt% and said tantal um

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 amcunt from 0.2 to 0.7 wt%, gaild hafnium is
present in an amount from ¢.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 frcocm 5.0 to 7.0 wtH.

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

said tantalum is present in an amount cf 6.C 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



i's present in an amount from5.0 to 7.0 W% 22. A netallic coating
according to claim17, wherein said cobalt is present in an amount of 10.5
W% said chromumis present in an anount of 5.0 wt% said alum rltb?lijsn
present in an anount of 9.0 wt% said yttriumis presegpt Jmgn anou { Lf?(@?n
0.4 to 0.7 wt% said hafniumis present in an anmount of 0.4 wt% and said

tantalLum.i.s. present_in_an.amount_of 6.0 w % 3. A tal l,i c _coati.n
accorf]cl%r%utugpc %igﬁﬁ%ng\hle?e?% E%{?Hngt gﬁé@t%ﬁgi 1s:OprB’re'r?er‘l‘rtt 5i'n 24 &fount from

4.2 t encavBadBam s ordde®e I 2008moQAt - £248 nhenikynpi g gr-gsent in an

amount from2.3 to 3.7 wt% and said nolybdenumis present in an anount -

froml.4to 2.0 wm% 24. Anetallic coating according to claim17, wherein
in an_ano sai d rhenium.i.s present

id . i ) f 5. %
o Cint Ot R T Ll Pt N ohe e et bdar et AR R AR o' 275

wt % EQngét@%t ald ixercatd N havi ogn€opPosi bi PR3 coBskE 8t i-Rgniggsertial ly of
8.0 to 12 wt%cobalt, 4.0 to 6.5 wt%chromum 7.5 to 12.5 wt % al um num
0.2 tbresznu Wytmdwm o 3B td 0% wd $atdi npfybpenom0is mressinki éon, 5.0
to 7.0nwt%tantal ? 74. ZEo,tO_-- 5.8 wt % tungsten, 2.3 to 3.7 wM%rhenium 1.4
to 2. B™wets Rbl ?gélj num" ahd the bal ance nickel. 26. A metallic coating
according to claim?25, wherein said tantalumand said tungsten are present

in atotal anmount in the range of from7.0 to 12 W%
23. A metallic coating having a compesiticn congisting

essentially of 8.0 fo 12 wt% cobalt, 4.0 to 6.5 wt% chromium,
7.5 £o 12.5 wt% aluminum, 0.2 to 0.7 wt% vttrium, 0.2 to 0.% wt%
hafnium, up te 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 amcunt in the

range of from 7.0 to 12 wt%.

27. A metallic ceating consisting of 10.35 wt% cobalt, 5.0 wth
chromium, 2.0 wt% aluminum, 0.4 to 0.7 wt% yttrium, 04 wtk
hafnium, 0.1 wt% silicen, 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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27. A netallic coating consisting of 10.5 wt%cobalt, 5.0 wt% chromum 9.0
w%alumnum 0.4 to 0.7 wt%yttrium 0.4 ww% hafnium 0.1 wt%silicon, 6.0
W% tantalum 5.0 wt%tungsten, 3.0 wt%rhenium 1.7 w % nol ybdenun§ J&nal05
t he bal ance nickel. 28. A nethod for depositing an overlay coating on a
substrate conprising: providing a substrate nmaterial foPred #£8m at | east
one of a nickel-based, a cobalt-based, and an iron-based netallic
mat eri al ; andeb2<=6tidg 200 £2d RBdeposid i ngaoitg kaivdngubstrate a
coating having a conposition consist] essentially of up to 18 wt % cobalt,
yt

3.0 toCPBPRFIFIRFOMTRT B, 0'Y & SEERH R 2t it hup 8011 ¢ 0"170°@/P9 Cyt ErPum  up

to 0.6 wh% RafRiumy, dihiten 0.53 oMB Sid LoD, 3 Boyi @ 10p W pt angpal,um up to
9.0 wt% tungsten, 1.0 to 6.0 W% rhenium up to 10 w % ol ybdenum and the
bal anceynktckem, 2®. tA metthod ¥ drafdepos,i tupg@and overt Aystoatong accordi Aag to

claim 28, _wher e%ﬁ said deposjtjon step is carrjied out usiﬁgoar cathodic arc
process¥bf BEREG!Hes S éopl9asoné"tsﬁprt&£})jgl%tﬁ{h'i que’ ~30°- A WethbBEREEBr di'Rg t o

claim28, ywhegekn salfdepasi Wil 1l 6 G I $Es depositing a coating
having a conposition consisting essentially of up to 15 wt% cobalt, 5.0 to

18 % chromum 5.0 to 12 wt% alumnum 0.1 to 1.0 wt% yttrium up to 0.6
wt % haf nium _u 3 w%sili.can, 3.0 to 10 wt% tantalu to 5.0 mt %
b 56826 R e b PR cor g attordPnged

t ungst efi;
claim 28, wherein said deposition step is carried out using a

cathodic arc process or a low pressure plasma spray technigue.

30. A methed according to ciaim 28, wherein said depositing
step comprises depositing a coating having a composgition
consisting essentially of up to 15 wt% cobalt, 5.0 to 18 wt%
chromium, 5.0 fto 12 wt% aluminum, 0.1 to 1.0 wt% yttrium, up to
0.6 wt% hafnium, up to 0.3 wt% gilicon, 3.0 to 10 wt% tantalum,
up to 5.0 wt% tungsten, 1.0 Lo 6.0 wt% rhenium, up to 10 wt%

mclybdenum, and the balance nickel.

31. A method according to claim 28, wherein said depositing
step comprises depositing a coating having a2 composition
congisting escentially of up tec 2.0 wt% cobalt, 10 to 15 wt¥%
chromium, 6.0 to 10 wt% aluminum, 0.2 to 0.7 wts vitrium, 0.2 to
0.6 wt% hafnium, up to 0.1 wt% silicen, 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 according to claim 28, wherein saild depositing
step comprisges depositing a coating having a composition
consisting essentially of 2.0 to 18 wt% ccbalt, 3.0 toc 10 wt%

chromium, 5.5 to 15 wt% aluminum, 0.1 tc 1.0 wt% vttrium, up to
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nmol ybdenum and the bal ance nickel. 31. A nethod according to claim 28,

- wherein said depositing step conprises depositing a coating having a
conposition 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 w%vyttrium 0.2 to 066}l 285
hafnium up to 0.1 wt%silicon, 5.0 to 7.0 w% tantal um 21.‘04% 4.0 vt %
tungsten, 1.0 to 3.5 wt% rhenium up.to 4.0 wt% nol ybdenum and the bal ance
ni ckel . 938, wAnaehoduaccomditny & .63 ofed e 28l cather®i h &ai HO depbsi 2yl ust ep

conpri ses_ depositing.a _coating havi a siti.on .consjsting essentdally
of 2 0 Fo0 180 oRCaba Fa TRy 10 WY T o L 5 R0 45 k% 5l g o

0.1 to delyME¥ayht rbum iR te1k3hce G1iH#e12005 02 - 218 0.6 wt % hafnium up
to 0.3 m%silicon, 3.0 to 10 wt%tantalum 1.0 to 9.0 wt%tungsten, 1.0 to

5.0 % rhenium 0.2 to 4.0 wt % nol ybdenum and the bal ance nickel. 33. A
met hod cordin 0.claim 28 erei.n .sai.d depositin step_ conprises
deposi tﬁg agc'—S%ﬁ 38‘ A&V 1519\(,:\% ocs]jailimor?‘q3 ‘co sﬁxé%%%gsaelsée%?'%ﬁvrﬁ 8.0to
12 wt % cobal tomfrPste Bepoti%: GNOMIHRinG hadwin?. D Whpatiiswm 0.2 to
0.7 wt%yttrium 0.2 to 0.6 wt%hafnium up to 0.3 w%silicon, 5.0 to 7.0
W % t PR bt iag2eegeBtdanly dngstleto 2.3 WG P rhethitn 6 12 47t% 0 2.0
w 96”Qh%9%%9&ﬂ} QUQ Egelgqga%%% gfﬂ%%ﬁuw%4o.2 to 0.7 wt% yttrium, 0.2

to 0.6 wt% hafnium, up tc 0.3 wt% gilicon, 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.
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