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a first age at [erf] chifer dashiyrs followed by a secgrpéjmfl,Sst@gy;mﬂt [err]og 16
hours. At this stage, the coatings are referred to as "as-deposited"
coatings. The struct PredepffeedivateN- t ype substrat e fol(100bshg 4.586 ket ng
treatnments i s one recipitates in ay matrix. Table resents the
results of cyclic %‘ﬁﬁpﬁﬁ tests on pin-like speci ﬁ@%?eﬂbh&r@té‘ammbe the

condi tions sghown i n tchgng@lgtgswl ng a nat uraI gas f(éoa.[xs t&t, 3t1he.5yglhe5:| tijes
shown in the tabl el o+ 28 3

cytted out of the flane once per hour to cool the specrnens to SO about

[eqr]. Fail ur RN P Rigpefien el thepubpirstassall conted sybgire Retagdy PR“‘?‘??&%'“g"
hake el oA eza%réatﬁ’? P G

conduct ed at [ e btructifd 6T@heaN-thh: tbb@ folidvrr hé agiigRredinichits & dAR B3 BJeEml ¥ Matrix.
t he conbusti on piadeIdt mresefits ehes edus (3 n\s:lwx@n@tmmtaatsem n‘imﬂke spedroenscenducted) wader the
and were cycl eﬂ“‘!ﬁﬁ"s %ﬂqa‘w‘h? raa sipghratyigl @ HE@?"‘G %'3“’5 in the tEPS (hespgdmens

o1 TanLE 1oL R A :;rtzvsrﬁ Lo it ens e o

n ase metal

Cond' tions (substrate) oxidation begins to o ft8rrosion testing was cogﬁf %70 a JP-5
1.0) 331 m's él-Eadridng with 5 ppm salt acﬁﬂﬂ) e combastibi YrodGyL IT speclmens were rotated for

GME uniform @PBsutgand were cycled; qut [oé the] flagyecamtd every hour. 6MY
500
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vel ocity, cycled 6M ' 160 to [err] once/hr (é
6MY . 195 6MYSI 195 In the above-identified and

crosssreferenced application, "N ckel-Base Superalloys especially useful as
20 GQ,n'patl bl e Protective EnvironndiPa0 18%39hgB1for Advanced Superal | oys,
filed concurrently herewi th, the invent 'ﬂ'ﬁu? v truly conpati bl e superall oy
coatings for eu - ttype)
was disclosed apd clainmed. As epiicleNidsteh tb@I(N&EaEbsratel)y the smal |
I nteracti on zone of
eutectic and N-'d ni CF - base superal | oys, e 6Mtype“@5§}£’r’fg'§ welr e
physi cal Iy and V?,sormatlble wi th t ho®8%"peral | oy strategs. It
as now been 25 d| ﬁgguqioegbp,t Mdch tlvp agudRlst | onN;@f,c,ﬁﬁ«r efully ceggrolled
mount s of yttrilunGarvelvciy, dyce®d Of yttrium and eml i con markedks i nprdve upon
tihhe ot herfi se exfcetol4266CIRA0FhNHrr esi st ance MY he 6M t ype 560 | oys wi t hout
dversely affecting the physical and chenical ®%patibility5f thosd alloys
i th nickel - basé¢ SHPELET - 2%FS ascf’ T 851 mANe ,g? Aanf Table TV show tHat the
ddition of yttni usds eloy, ey us'silicon, é.a resi stanceqgf the glloys

f this ifiventi ¢n baesC snmpoandethrl nproved ovesmvt hat of the16\type jal | oys,
y about 50% and 20% at [err] (2075F) and [errgM¥Séspecti vel y95 and i § about
tihe sane as that—ofThe Dase-rine N COO Al Y coating. Inm The not corrosion

fests, on N tYpRe SRS Ideiines and'c erdbh SR RIn, GREELHMESS @Q idy x&,%c.m, uldi Y
8 and 1290@0%%‘51& ProteBtiid ERidoNa Mal Codiings foif dviYRSd pefaftoVar: ffed rrénthPherewith, the
Nt ai Ni ngenGoAY S tn.(bpa:tmnatjplémdsemudyl doetingh 6t teutdBR0agad siagie brykthaﬁ.kélkbaie sperbilogs
IW coati ng(GMMnehw ed and deems*r As evidentedforexamplachy tbewmailsmenactton aenes formed

i CoCr Al'Y, coa 1 wer P t;a? (:‘liya@rél?iir g o tleegvffﬂin Ehﬁ‘gtngzg?l s#gggm’l?as now MLeg"

ica com
Or r 0Si Ores pg; &d tHak- the mﬁﬁ) gf Py @&Jt ures of yttrium and silicon
t al | ogr apib@édy ¥ngréveCioR the aﬁerwse é&wl&ﬂtoxﬂfatldml‘:eeiﬁﬁﬁ‘del A Nhd SRR NallbPE without
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he extent, s‘ﬁb?‘faéﬁﬁghedﬂa?ﬁ@bl}é EHSPE’ hay Fhfaﬁ iieregf attriyng g@' ﬁ'“iéﬁ , the reaistanogy
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ubstrate. tRedenset end patélstgfomesion zanes] tie sdnow Mlnett comprisdithe agers@po Soriecidliowing
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e hovev R AT e T R e el o P

type subshéoatpenb.ﬂﬁzi:amacfhetcaatﬁggauaeﬁe tean 6, and Tab -V, shows that
fter 375, hou tﬂsfeenme fiigeres 8 atDF Shiewi thet irhtbe esededasmed)mmaam than is vitt@ailp ot intamaciame

as formed \/\:/l??’g‘% % 'sggéggméi G d‘FW@H‘V 3‘0 r H&@Q’EFYP ﬁ'mat'etemfoenones
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f tine. "B5anghesk-type subsirategsvenithgugh the EMY(StEDe\AnAGMY Siftyproprif wefe testecofopattipash

one fol | oY dEFAdeehPeriad of figes Exposure Denuded Pl at el et
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wconbi natlon of Irrproved envi r onment aI resi stance and reduced *ﬂ,
Usional interaction, the alloys of the invention also possess hlé -
t elfperat’'ure strength superior to Ni CoCrAlY. Elevated tenperature tensile
te€ts on very thick (1/2 inch y-12.7 nm deposits of the N CoCrAlY, 6MY, and
6MYSi ~t ype al | oys showed that at 98EBCOA443911B1ulitimte tensile strength
(UTS) of the alloys was about 7,38, and 4%,Ksiy respectively, while at

[err] (20000F) the IS of the all QyS_\Was (-\\mlt 120496 .46 25 and 82 68 MrPa
(3, 14 and 12 Ksi) | respectively. A‘Féragehdgim stmemgtlmzomé the all oys of}] the
invention are expedted to result in giewirg gxidatpp dRpEYP r esi st ance to

t her mal / mechani cal [Fati gue Crackrng, oI nNce trbgm;ye{?oys Blielel© TNVERLT AN are
t hensel ves super al ljoygandgne differ qd’g@;y n the ppgffici p&.s,of t hegdagl :
expansi on (a) betvveersutd&exeal I oys of ﬁme mventma.n and nhmkel basenm
super al | oy substr atfe - et et-ee : atre—h
super al | oy s ubst r at é"'c"ﬂ‘rﬁ’v@‘nal I er“@ﬁ‘% rence (?E a redudg?s t he S‘S;é%s
i nposed on a coating alloy in serv’ d t he® y reduces the pr n
for coating spall atli Gmyand t her mal (sidorgiue cr agky ng. Thyg, the | o
propensity of the alloys of the inséewtiB®Hn to 6.038n i ntera¢ti on z®mn38), jand
particul arfy their |l owropenSI ty to formplatelets, plys their hi
strength and ther ngl Msi on con‘ﬁ%ﬁo@@ i ty wih 35 ni c,‘géel basq)1 pdr al | oy
substrat es makes tI en . 2

hewi cal |y and physi cal |y corrpatl ble with ni ckel base superal | oy subst rates
[ n dditioff to pradvlthh Cf;muenwb-mrnent«aipmve@mrmtal stamasdnti reduced diffgsional

hi gh pressur te’ﬁ‘l’t 9 ﬁlﬁs‘ pgrat ﬁ;agth% CoCrAIY
R RRL A Ige 17 o 2 i doposths Iiﬁé R anc

found t hat t §J"‘a, Wy

bpi I't-up dep@smhs 331% %p&@i fle 4t 9633 2000°FRhé UT fthega&,s 0€120.4, 96.46
ehgl ne conponreaiss.ss Mﬂ’ehsals ambezmspx pspettivels of rotating 40 bl ades or

stationary vaneEhe Imh SItrengtgﬂ ﬂ@ﬁysef the @pentph A eMpested tp resu'tdawaajbdrnwequcmstme

typical |y~ ocd®fthegpait irfoils |
o 158 | e LR S b b SR B 005

conponent ssaarbewm:daICoerAg( and&mda&kuﬁﬁl-auw subStragdat ﬂﬁaﬁfayerragfeah&eoya;eda thesbr@sses
i n the natur émpdsedorad qoags; a"d'mesameeragémetebq@dwcsdthe wopmntsffbrapsatmgsqallawnragd thermal
process to eff#tigte R | d- up ose

ve r thelr
coat s, ‘a pAiie SIS e n e SR P AR il
45 ski || edss Mhdkbitbabh 58 éranosarbayat&gnae;:ae al Qdfﬂ;ﬁ;l ent ne&mw idhQFe thuly chemically and
application tmysmaokedm;hasle withl piekeitbdse susardlisy sutisegtesCio REditdn ta grayfdjngliye mqu’m\qnﬂal
to 10% 50 cOksidtance Ge@meqm‘}%el',ﬂﬁ (bmh ssBetm'BMPfanWrﬁ"l? enyirareantsant al um

to 10%1 ungst en'teg 0 se CE%' stu’% engine arq)u5ffu{ o tglg)éeﬁ#wggmo?;?:;
0,005 to 0401 % réﬁef grﬁ &rm nmd{)& dimt%yzg(&'nk Eriyp%:}'@ oceur on
ba!w@nce ni Ck%hctﬁEUﬂndoﬂGdtﬂ@ﬂ'ﬁlﬁbnsl lﬁ)w’sl rb&p@& thd . alldy3of GRY1IPOSHibA B8 ridre G theMRature of a
consi sting ofsppésgllmogfwmchlcmoﬁémmbmang ed. tsouch@bbcg lveiii-carrying allays, 298 less in the
al uni num 4 tRtERRfcattngt IRt carepsrenuBedingth plassiaerrayios pocessfor g theril dun Bf ihicker
mol ybdenum, @ °30§4‘§ g,ﬁsg, ﬂgmgf S D5t Grego8istis B S teeper ey
carbon, 0.05 to /eyttrl u al ance ni ckel and incidental inpurities.
3. The conpodtiimen of cl aim-2 COI’ISI sting of, by wei ght, 3.8 to 4. 2% cobalt,

83t087%chromum 5.8 to 6.2% al um num - to 5.3%tantalu .
4 8%t ungsgo b ofvgo tnqg?nq\r‘rs‘ﬁ %o llckglbt 7%5‘%1‘:3;;56(% lstgg 9\‘ mt:‘ 1(())4;
haf ni um 0" 0G5 bt Lo dod (24 nat ‘59’“&%091 S‘too 5% cbrBob 0 Bk 0 mmn the

t he bal ance NHazk& nif@ ardNicitidnedl GRprabs. | Mpur i t | es . A conposition for
application to RAiTbkebmixasion stmmmalcba?@tlwaswmlm b@rﬁé’n ®bait tQ)TO% I:Iyorwem Ihto 7%

1to 10% cobalaéum'wmdtaf%tsggc/ ¥hte yﬁﬁgrﬁ“/pngygfwgg%dnﬂwh ﬁdhe%nce b 1%{1

10% t ungst én,mc ‘gé i o 0805

to 0.1 % boron, 3 rIonQn &5Pa@n¢%dﬂ§]§hnggf gylw&@'lthﬁ%l.y%tcf)&d&m 3 td 8 9%l cRroi’(5.8 to

silicon, the dm&amaaumjcheb 3BNshtalis,iacend.sd ningRen, 1.2 toclsB% BBnium, 1.350 1.74 énolybdenum,

conposi tion &7 feIIdI’/nn?a:mlmrM%!q Qa@%olfororbSI 0Q6eto §i36, catbop.f. %I%Oé%b\éqﬂt'm the pajante gickel

chromum 8t 5;‘3 ntal impRrgesq 9 TABL V. Average depth of. interagtinon
for I t per. es consisting y weigh o

zone fol 1 owi ng, A BIERU! %ﬁf@tz@';ﬁ AR R

Total Coat i NG% molybdenum, 0.1 th BY% hoos to o 1% bb#dh) 0305 to 0. 25%(@% .01 to 1.0% yttnum 0.5

(m|s) subst rtat2es% silicon, the baiaficermidkel and incidental fmmurities.
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7




0 0.0381 15 6MYSi /N (47612075)
(0) (1.0) 476/1135 0. 0254 0
P ; In addition to the unique conbination of inproved
envitonmental resistance and reduced u teraction, the alloys of
the"’lr nventi on al so possess high tenpeggthféé?glngth superior to N CoCrAlY.
El eviated tenperature tensile tests on very taBigck (1/2 inch y-12.7 nmm

deposits of the N err]
the ultinmate tensil g strength (UTS)Avefage Heptinbf m}esacmzoabout 7,38, and |41
Ksi, respectively, vhile at [err]the ©fawipg oxigation tesfits was about

120._4, 96.46 25 and 82.68 MPa (3, I14ggnd, 12 KSiphnude@SPEChidRt Y- Thfoeli gh
strengths of the all py@oacmg/t he i nvenhiso® are expagted tqmigsul t igigreatly
| npt oved resi stance tosubkt&taml /[ mechannwt€al fati gme! cracki men Si nce mnne
al loys of the inventy themsetves aupen at VATE the r1 frerenc Tt he
coefficient Bf ther IN'gﬁ‘fféWé’f on (a:§37 en t ‘éoﬁ}F\I | oys Vihe | n(y%éﬁt iton
and ni ckel -base supefal |l oy substrates are | ess than that 30 between

Ni CoCr Al Y and the sanesmuger al | oy suhgtorat es. Ths) snal | eroydi ffereme ijn a
reduces the %tresses irrposed on a ccsa‘tlﬂﬁg al | 09031 servi c@ and t HB&LY,
reduces the Propensi r_coating tion and thermal fatigue crackl ng.
Thus, the | ow propen |?'§/&sdf‘ the all %@ ? t he b‘é}?}gntlon t(g) form |of§'2é4r gction
zones, and particulacly their | ow nronpn';u\z to formplatelets us tltheir -
hi gh strength and ther mal expansi on corrpatl bili ty wit h 35 nickel - base

super al | oy sMbst rimaddisiontktbe ;1;%5 failnblo s;r;@f %wmeh ng]femmeg{al @ga@'h;?%g’% eghs@ﬂ f{gggm
truly chemi calgg@ é@‘l W‘t ?? v
AL oo (7 Sheh el b B A e Sl oy and

in jsevere hi ghauanﬂswaﬂa 5i8s ewaemhusteoésmdtxmwpanymmmra &/sm)e§ aﬂaasuz@.h 96.46
begn found t2haandt82e58rw!ae(t3 W 4oy Ksf), tebpestivelyvent i on are useful as thicker,

buill t-up deposj t Jhapigh $t@09‘i‘%)°f§'1ﬁ a@etsetﬂthe@grpms argfexpecieg faPaultimareatiyritprayed resistance

engi ne conpon efft [%?m? llo gﬁe tﬁénpsgl%es stJrQFozéé\g glfféa%mgllr?tqg Soeflicient of thermal
stgtionary vanggansin )%tvdabl{ ﬂ@ﬁﬁﬁs 6¥ thed iNeAtidn HétFhtes 81430 thadl that
tydically oce unet\oansmamrmv) BRDAE §ints s@ferdlioy Eubisirates. The shhne& dme&aaﬁh a rddocesahd srgsses

of [the inventi mosad@n Arogating giloy iheerwaet and theceby epducaptbe adobwltvffpmtm isedtiation and thermal

corponents ar efa kin str% }élg g A Ca” .g‘% a ul%ﬁythe'r
inithe nature Q,fﬂ 1afe t %%&’ 5% ibility with
process to eff Riﬁliel& Lg: ‘Iﬁ’s“&ta siﬁeesu EHQRi @nt.aa%oa.'aﬁmﬂé{ hemn'c'anvv:;d

coatings, are pm/sibalmcbhpa:btehﬁthktmwbeagepamdy sutpeated useddjfiortthmm:dhtgdhenmvurbrynemal
45 skilled in tesigtapdes %Fnyﬁ 'Qi'rnfsssu@l 'aiaw"meramre: ¢nvirenin

application to n il éla'l F'le Eg (ngtffﬁé (E %ﬁg}fg 5)(913‘4"@;11"?‘15"3
1tq 10% 50 Qpbg{L 6st§t?£n o s?)@'fﬁf@ gaz-és pre Qe Qs &1 5I|y'éé)3:rlgg
1 to 10% t ungs§wn ,coﬁpcirﬁn@ o, winthisDrebpect? FBD gébﬂ&ﬁHJMerﬂod.aEeOn&%tm&feWatlﬂﬁ of a
0.905 to 0.1 Ysuperathoy,fradn Gﬁﬁh tanidn@fid/are avadere,g. .(}tmuralcnryve@m-% ing aﬂnvs.tahé less in the

ballance ni ckel nﬁwa of mﬁlmnﬁhaphqn?ﬁqw%@ theyplasmaspray p of thicker

consi stin g Q; sn(mat ose qr? {tla)ln irt?%ns llg an exrgzrt{ss E?ose ordmanly
al um num 4t0 %ta 5%tungsten O0to 3%rhenium 0 to 2%
nol ybdenum O. 8lai 1. 5% 55 hafni um 0.005 to 0.025% boron, 0.005 to 0 25%
carbon, 0.05 to 0 5% yttri u t he bal ance nickel and inci dent al |

3. The conp |t| ¥ AP, P pigkel-base rate Slft ggf 1,0%
o 91ts & RS T  EASTA Gt

806 t ungst en, baanzemakelamnabmlu.ﬁbur&.ea to 1.7% mol ybdenum O. 7 to 1.1%
hafi‘n um O0.005 t@. Uneo:a%adwmomcIéInﬂO‘@nsmmﬁ)oiZ%wag!tJoWo6&»®balo7®om% Qmmmn’-ito 7%

t het bal ance n| ?,‘ i"“'Bo“ Ei’rﬁ?" ﬁa rhepiu g 0.5 to 1.5%
application® QVI %91% %éﬁrgﬁ"@%é‘f ﬁ&"‘b’f’ g 393'905913 Gigket and
1to 10% Cobal r fanmmrﬂmon&sﬁr@ oB %y RbigRY) 848,29 c0bak 8 th 8RYhidMiukn, 68 to
" 10% t ungst en, az%eluaﬁm N&NtolBIBRG tBnthiam 205tomBY nohgstentn .2 6 118% bertn NaBita 1. 2aamolyb8ham,
to 0.1 % bo ‘rgo 0 ngﬂ7 C!:ﬂogghilfw@( %Wd%%l%f/ohpro'ﬂ 0@9_5 @ 2% @%Oy't(?c?rfpl?tﬁ% arigmg the Pal&pg nickel
. silicon, thé&b r o
composi i on of c&g.a&m *°a1"f’"°"'r1%'>‘;ﬁ‘.’,,’;' o Bl o Petommpg e e
chronmium 5 t 029%%olybadab z&%f wtbummbofbnmmos%da%toadbum 0B, w/pytﬁ.uﬁi %.5
tungst en, 0 toto326% hfhcorume lance ﬂeléenwidylbddantamm@nﬁest o 1.5% haf nium 0.005

g 025% béf on, S0THBOBMpesitpn 26dFim:A 99B3isting o B wejal, 59,64 gopplty o P¥schremigmpdte 7%
n, the baI ance ni ckel and incidental |rrpur|t|es 6. The conpOSTtlon

im5 consisting of, by weight, 3.8 to74. 2%c
«um 5.8 to 5 6. 2% al um num 47t053%tant w M‘I’a‘
N, 1.2 to 1.8%rhenium 13tol7%rm|ybdenumc hafnlum

_oOOZ%boron 0.005 to 0.2% carbon, 0.2 to 0.4%yttrium 0.8 to




t e bal ance nickel and incidental inpurities. 7. A high I rA—
oxi dati on and corrosion resistant coated nickel -base superalloy article, -
characterized by high coating-substrate conpatibility, said article (g/
conpr.i sing: 10 (a) a nickel -base superalloy or nickel-base eutectic
supeq al | oy substrate, and (b) a cgpigwos3d4i @y at |east a portion of the
outer surface of said article, the co osition of said coatlrlja beln t hat

St SRR S ElR R A R Laet i e e

cast as a SI g dohnpad Matﬁl 5 c&%ishﬁmﬁ' by WRlght5.8 toiod BalE 0.9 & 1% &@orﬁiﬁm o
wei ght, 7 Ba%lkBititin,aTita83% thnthhr, 02 ©GsKalndste A 1.8% rieniufh 1.3 taTPamelyigietun, 5%

al um num ?qi?i%’%ﬁfwm ﬂ?‘?ég ; ngaZ'% %@% g}gﬁ@@t"é’ﬁ" cagbop - B0 rittEF MR8 9 112¢ siiF95.
rhenium O di 2% haf t

ni ckel and 4, é&ﬁh H%Eﬁe éoz:f% 0 ant Jaguq rﬁg%rryﬁ:tgnmgeslstg t cgaggaﬁg(glrg[aﬁe Igl?pega{ﬁ{)\agft%al
absence af Ca("ab@'ihck 5ser1upem y &t hickNbassleude béranoysavstra@, &g Al Ti ratio in
t he range of ®) Scdaﬂnglpmmlhgaammsm mnmnmg thelugteCpurfate ofzbid article, mheommgw offsaid. 5
to 4. 9. Tisesting bping éhabe enVaqrm hésai d substrate Qﬂ Sists o

i n le
REANPULL EE T i e e T

ni ckel and tandbingl @ Rd F0%% dhafpuﬁ IOttd) 2% niobim, FtoGEN26adidne 026 2% akfeiumf therbalatica citker and
conpri si ng mc(dpr)talammr@kaafunbewaar 'eeddllvlt upstantjal @hashcepd casbanyhaser, pnd zseaye'mame

substrate, 2igyha "Hﬂ;b'ab? '“ﬁ‘t%’é“gﬁl? fto 1b’£h"Ff“ %: ?{j i’ "%‘P%@F’" 5§°gnj/‘d
consi chr mlum
sugst rat g, .5 ;} mg SO SR AN
surface of paiah GncidefBl iFp I on o sal regl ons e| ng t at of “any
one of cl ai rrstolAtaonﬁosn&lamc'Ehﬁ uﬂernbfamhne afpddisg:m 10 wherein said substrate
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8% Abéia@éhlanBas Gevaiti, 11K A0%KVbER, 6 bik 12% Shrbhh)6 MOE% WAMiniGn i s ﬁﬂ)'ﬁhﬁﬂl HIB]
0 bis 2% MN% WdHram. O bis 3 @eﬂ%\l-talﬁlnm& rMols(bdmgﬂ bis 2 %(HatorB@%005 Bis 0.0% Bor, 9,005 bis

0, 25% Kofil &4 plens@pff@%%%lbés Zgﬁ{ dNPl&R% era ging % Kobalt, 7

Ver unr el ni ggqg,g@hm 5 10 bis 2%
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