; QRe3e$F$C\ . 6TTO7 02 - 103 THERNAL BARRI ER COATI NG UTI LI ZI NG A DI SPERSI ON
STRENGTHENED METALLI C B GROUND OF THE | NVENTI ON The present
invention relates to IHM y or bond coatings applied to naterials
used in the hot section nodern gas turbine engines. Thernal barrier
coatings on a substrate alld Usual | y include a thermally insulating
ceram c | ayer deposited over a netallic bond coat. Tradi td2orall®g t her nal
barrier coatings use yttria partially stabilized zirconia on a bond coat
such as MCrAl'Y del i ver egigrmaa, Imwmmsw&@camw air plasm, or
physi cal vapor deposition nethod 1}{]gmcal thermal barrier coating for a
rotating airfoil anSBER$%QNF%%%EN@2 ED WEEALEIE| BONBnECABat over a
single crystal cast i ng of a nickel based alloy. On the bond coat, the
thermally insulating |ayer is deposited typically by el ectron beam physi cal
vapor deposition. The cer 8AGKGRINRIIEOFt THEhENWENT IEdat t hr ough t he

formation of _.a thin, thermally gro OXIde scal e of alum mOXI ring
engi ne operéctheoﬁ’retsr?éltt H&Vﬁﬁi%f%grr o8 & FRESVE ﬁatoé’r?d" Y % ﬁ)oﬂ?gd

gr owt h ofy ttil RIS MR dEeAsREd hel mald ndl @Mkt ie Jresiddidlin
stresses and coat creep. Thus, there is needed an overl ay bond coat

whi ch leas |t|mf|hNéi:l 31 iaTRgt -h, partl cuI arly creep strength, and which woul d

| ead to i npr th r l.g{\éM% uk ENTI ON
Accor di ngl y,ﬁl eﬂ?as g‘?larp%éolete?%tcro r%gsapr eseﬁJTufl nven i olﬁt ?:pr%\%l& a bond
coat i ngndlicle haaS:hermﬂ(adLqud istgudrgtingpraaemiicesayker ddpbsitHiB over a

metallic bond coat. Traditionally, thermal barrier coatings use

yttria partially stabilized zirconia on a bond coat such as
MCrAlY delivered by a low pressure plasma spray, air plasma, or
physical vapor deposition method. A typical thermal barrier
coating'for a rotating airfoil application consists of the
metallic bond coat over a single crystal casting of a nickel
based alloy. On the bond coat, the thermally insulating layer
is deposited typically by electron beam physical vapor
deposition. The ceramic adheres to the bond coat through the
formation of a thin, thermally grown oxide scale of aluminum
oxide. During engine operation, the thermally grown oxide
grows. Attendant with the growth of the oxide scale are
increased thermally grown oxide residual stresses and bond coat
creep.

Thus, there is needed an overlay bond coat which has
improved strength, particularly creep strength, and which would

lead to improved thermal barrier coating life.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to

provide a bond coating which has improved strength properties.
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1t is a further object of the present invention to provide a nethod for

" formng an i nproved overlay bond coating having inproved strength
properties. The foregoing objects are attained by the overlay coatings and
t he deposition nethod of the present invention. In accordance with the
present invention, an inproved overlay coating is provided. The overlay
coating conprises a deposited |layer of MCrAlY material cao® al niosg di screte
nitride particles therein. The overlay coatings of the present invention
may al so ingkude di $persed oxidetpakt takepraschel lirdertisRe e ritildee
particles. A nethod for form ng an overlay coating on a substrate material,
such ag metbedodent fosednionan hoprored onesflay R QAFHtIATAGVHESD br oadl y
conpri ses_depasitin ting on a substrate material and formng a
pIuraIﬁP§r8 ¢ i§%F§ 8%%P5?@%§I%Q%Frc|es in the coating. The nitride

particl es amgeprrefremaing obrjred susired a tedhkdo ye d Hentadveduety amaafimjd rogen
during the deposition step. After the overlay or bond coating with the

di sper §6n thgr eprsd tHeve M5¢dRY @fmide RTYERE i TSNS -coati ng may be
formed over ;LNe ueldade Oty N HeORlan Oigeralal | subfiddieyderml -
barrier coating through the application of dispersion strengthened netallic
bond, avemdlly asadgtimer icbjpectvsdamdd adbhanicaged agt cerdamg tdvenetisesaree set
forth in the foll.own i descri.pti on. BRI EF CRI_PTI ON .OF .THE

DRAW NEBFERAE P Yo ot o SR ET L0 LRt E GO GRACBiF ot T eHeirm
barri epageatad dladediavi ngme kerg1egalkcodttihgs Imerd spessmn of al um num
nitride; 2 02 - 103 FIG, 1B is a photom crograph of the cross section of
a t her FEAVSBEidre Mado ALEP Hingdadea Aigpes sisch @*dodt RattHsesa a5 e ldi fFer si on
of al ung, ity de; . : is a graph showing a thermal barrier

coat i néals%b%ﬁyﬁcf ee“.rﬁ%;’éﬁ é‘?l%téfil LED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTSR Tieelrde st fiarweintg @m icsredhiLiagye toeeh ttigap raov iad isngpssrratregpr oved

overlay or hond coating of the MCrAlY type famly of qverlay. coatings which
s par MRy Rl PR ORI (15 Fhpb R, SRIH oI i at e ang
vanes, 458 e dritg ot 1eaddIgh ddmpriiged aeboraraus] &f MEelYoratadgregder n

gas turbine engines. The overlay or bond coatings of the present invention

have i mpravRst e mptepadpand dormgaa icc Mlamal idedf Sisarate nikodh the
! “Corpg{aaé A iarbdd@%o%d;g&%‘;“ Cet'nci'teﬁdeg gtr#‘?:i%ee@ %)%eo[ﬁlféﬁégcea%;ﬂ ! nos:

The particles may be nitri es or ‘a I mati on of
oxi de parrnes] essirdgn eacmortdaricleedMitrit dte qiriesemtt imverigeon ,dwanimgy ertleay or

bond coating having a desjrable . set of strength operties is.fqrmed by

T ovi SRPIE I (SheD e el & A, O B S ME R S S oat | ng
mat eri adi e A d¥esrs st ad e Tl BFd HeerdFb A R0 the¥nialddr ifr desrdaie
nitride particles in the coating. The coatings of the present invention may

be appliat ke fermed msienattdial U isse @t Pt Fsdihent s used in the hot
A Ut : . ( e,
section ( Urc?il{bejr a&@:afﬂ@‘iﬁf P{héeﬁ{é)ﬁ%ﬁ% _hgafr dﬁgl dt £ éH&chlgﬂ'F G9! ne

such as single crystal nicke or co ase oys. ‘The overlay coating
mat er i adpplol deet deposi tadidsans b comngaTicgdterad amt sl taldandCral Wecldatashg

where Mis selected fromt i sting of nickel , cobalt, iron, and
it ur G2 R rol 58 I N A P S RO ¥ TS ot o T8 et ed

on the the A towlldy detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a photomicrograph of the cross section of a
thermal barrier coated blade having a bond coat with a fine

dispersion of aluminum nitride;



'substrate material used for a gas turbine engine conponent is a Ni CoCrAlY
"coating. An illustrative N CoCrAl'Y coating which may be applied has a
conposition conprising from20 to 24 wt% cobalt, from15 to 19 wt %
chromum from10 to 15 wm% alumnum fromO0.1 to 0.4 w% hafnium fromO. 4
to 1.25 wt% yttrium and the balance nickel. The MCrAlY coating may be
deposited using either a physical vapor deposition proces® or 1®3 ow
pressure plasma spray process. Wien a physical vapor deposition process
such as cathadi.c 1@ cd @ ytedontilecgrepes ofi Theardrced euictimra atharber
containing the substrate material_ and the materials to be deposited at a

t enper &RGFEGr SR T £ dedesdryving & &oast Forso WHddiREs Fdhmshhei t
to 10091i%§@r%%%rf@¥ enhglitnund O cd-sldTe gigeater than 2 nminutes, preferably
in the range of 30 mnutes to 60 mnutes, at a pressure greater than 0.005
Torr, preferfdasl.y & rieme).d¥apho shodA rifprer .LHEhmngdr deessi emycdse igey raped lout i n
an argq_lrl&cont ai ni at nosphere such as a pure argon atnosphere or an argon
and heliuh dthdsher®s. Wien a | ow pressure plasna spray process is used,
the substrate and the materials used to formthe coating are again placed

in a chanber and the process is carried out at a tenperature preferably in
the range of REWRRLED gt GRIFTHON OFh TEh ARERERRED (EMBOIMENT(Sr der of 5
m nut es at vl YA f T NAGH In
order to st rafer%ﬁﬁen etqhée %ﬁé}jt\}%&gﬁ %,Ir a pedi u%eﬁ i%thy 0 (ﬁg}gs%:r{etle ni ?\{Qldde
parti cleeserdrey iox dsqpod atet inyg off hec 0BIMALY thivee Midaniilde qgfardventlesy ar e

preferably formed by introducing nitrogen intqQ the chanber. For a chanber
Ravi ng PV B OB 0LH (R CHAT G BT AHHAGEN SR o 11 ow rate
gr eat efedishehtE Crleh RS BiQiHes RIRS /ey, udbd A nlAhdNidonsedi8iohour .

The nitride particles formed in this manner during the coating 4 02 - 103
oper at i GrurEringrasyd ot oo |98t oot iadh MadsantygEs duniigie Grginess5. 0%

pref er e . Q% Y [+Z:€. | e range of
from O.alﬁﬂle%lo&'rl%ﬁoag}m% gél%r?é]gébeafocelr aéoﬁoyo]tfsrtglrﬁ J g%t‘%&o. n%%ctfl(;%ﬁ{sm he nitride
parti cliesprase=d ygioatdtyh umrdrsrrtd e s gEartsieth Tdwloughmdp tdtereamatt ng but can
be tailqred to have, gradi ent or other application specific mcrostructure.
If desi ,uqfhet%w?@mqwrh@? e ‘g?%ﬁﬁﬁ%héifs w#%&&%rﬁt ithe oxi de
parti cl e @apedt Bondiddd SRl t il pd I melAtdd1thi thhiggeconbi nati on of
nitride and oxide particles may be fornmed by introducing a gas contai ning
oxygen Rark it ledgen, a sembEREign f grb e b axidghamutiiglieke and oxi de
particles arg f Y. e i I y..di sper t_ hr aughout t he
coat i ng, butﬁ%a%é%;ggq%é%%r%#}% oé]%eg\})(eiaéél’ %}éejlgllge‘%{lmolrondt hag} °§§e§ﬂ atoll&gn

speci f isond ctast Yrugt hureind he dedirrtadel eantetoxs flesthesridtd esrcgaadt iagpiical |y
have aﬁéze c'b]gothe rapnge of frqmO0.1 to 10.0,851'5c2{fns, ,pr,eferaﬁl%lfro 0.3
to 0.5 THTIThs?Y We“htT17Ae® Wi Ut ces SALHesE 3 Shol

fracti ancfApm t&bat Naf watledtall 2P %nralyeRlve iammreat &nd han 0.5
to 15.0% Once the overlay coat has been deposited, the coating may be

sur f acef 3T i RGerl BIuBRbhey ¢b diriete Hel it Bamorrdl edatn rfde The overl ay

bond coat | S . 90% i g ' NS, known
in the gé%@%na% b%%e%g%{(;l p%’r/fcgf'remrksr?%3'§r',~:ét}!’r3 acelrf\%n?ﬁgh%lgﬁg r a%egarﬁgral%‘@sc% ep.
Prior tiosamyasebstnasdi ajloy yssdhity, fdie caspomsntve tueddel rditdperisead
nitride parficles or. the dispersed nitride and oxjde particles may be

Subj cctREETIFR FEAFPIPRatPR HOTRIS TerfRy SO ot POPIRIG e ¥
to 2100:ggpheesshaR’ £8hgihgiOrcAydi I hivitde- réngeowdl b Bsedh howrsys 5 02
- 103 After the overlay coating i1s fornmed, a ceramc thermal barrier

coat i ngfiaeyoverdepospaeingvisrteneabyiey |y deresHed Ty e aawx irgdredt
barrier at i ' | ier. ¢ ' 0 i.n. the
art andity P BEPalTs MEATY AR SR IR P G SRR ML T
shoul d bensbsetinghat hhekdi spesisabns for heapd esettutew ettd o oulal be
achi eved t hrough nechanipcal or_chem cal neans as |1 _as the techniques
descri eI BhoY ‘f"ﬂmeu?%hlﬁmk“l:ﬂue&amee ""v%%tldéqft(ﬁ\ri& qep 9t he

i nvention described herein. Several first stage high pressure turbine

bl ades were coated with a traditional lc)gnd coat as well as a dispersion
strengt hened bond coat forned using a thodi ¢ arc process. The turbine

bl ades were formed froma nickel based all oy having a conposition
containing 5.0 wt % chrom um 10 wt % cobalt, 5.65 w% alum num 1.9 wt%
nol ybdenum 5.9 wt % tungsten, 0.10 wt% hafnium 8.7 wt% tantalum and 3.0
wt % rhenium and the bal ance nickel. A coating was applied having a
conposition containing 15 - 19 w% Cr, 20 - 24 wt% Co, 11.8 - 13.2 wt % A1,
0,1- 04 wWm%H, 0.4- 0.8wWM%»Y, and 0.2 - 0.6 W% Si. The coating
process was carried out in a chanber at a tenperature bel ow 1000 degrees

LT r ~p—- oy e o Y ~ o~ A v P




6 .02 - 103 The mcrostructure of the.coated bl ades with the dispersion

" strengt hened bond coat produced by the nethod descri bed above is shown in
FIG | A and may be conpared with a baseline wi thout the dispersion in the
bond coat shown in FIG 1B. Analysis of the conmposition of the bond coat
shows that the dispersions are predomnantly alum numnitride. Hardness
measurenents indicated that indeed strengtheni ng has occwered10Bhe coated
bl ades were subjected to cyclic burner rig testing to sinulate engi ne
exposuggbstheteesdksiall LBedcyeli & Busneurbiget epliing COmponenes iish of | ame,
3 mnutes forced air cool) done w th maxi rum netal tenperature of 2100
degr eeNifaRradNecoashd® -t hAD fReéushEpiralVebdiCrErAddaciond IRNa Whilslh may

di sper 500, B9Rd oLl 00 AASLR:308L! bt LILoYerRND Of abgut,. 3 6X over

that wth I'Spersi o i gur 0 shows the spall life
of thectbalmal flrakr i1er teoabi kg sWehhrotti@mnofrdins per sicon sbhaitd eaiiimgrgnd
where bar 12 shows the spall life of the thernmal barrier coating wth the

di sper §¥6M Bord tCo&t-nytdt NEh8iFes &A™ QvéntPod.- 2Pt Wts XSF&AaRt et there
has beep.prayided il aegordance with the present invention a therna

barrier coating through the application of a dispersion strengthened
met al | i ¢ boAdewMCeilitulcoptdag shyedbet depolsjiicers usimgneithed advinytdiged set
forth hereinbefore. .Wiile the preseng i nventi on has _been described in the
cont ext’ 2BP s FEEFE TR BECTERTs OFhér e6t”, PECREN TSI are vEs A4t ons,
and vawheh anghyidilcaiecapprageposit ibh prese sskishiced ash daftdodilc had Ag read
t he foregoin% description. Accordingly, it is_intended to enbrace those

al t er n¥eedes Ehfo@TAeRS dfs Cagid ofaidt itng ChAMPRA ICORtERING Nch&hisr oad

scope %hb%@?a%@pﬁﬂﬂﬁﬂd%hagﬁﬁ:t%e 32 eritdd %@ABelge H¥%@.b§fa1' AN

overlay coating to be applied to a substrate material conprising a

deposi tetpEtaAiuY eo\gerdade rc caisinn grbdendl fiedg Fa , p bmedlerteylof 3diosdegireeasi tri de
particles. 2. An qverl oatin ccording.to_claiml, wherein said nitride
bar t | cFERrEEMSTYs & IRt FRITETT A& BA T es f05. Snt ol ar Coattiy 2
accor difighite G| Yrfleraber e t3Ri Gaide icde parntintites e 60 aSeRitdy) at
volunme fraction in an anount in the range of greater than 0.1%to 15.0%

pr ef er @b egreSe 9P ooy @ - P950%CTZ., RYedeaabdy daem fy fdcder di-g to
claim T her ey SAdLJYd fnlag/]? PRI Gie%Y RAXE i3 S’ Brdd FRedeangq f 0.1

mcrons to 10.0 microns, préferably’in the rang mcrons to 0.5
m cr onstnesphemy eddy scoat igeacogadi R riosptleaiemol;, avherrmgiom saidd coat i ng
further cantains axglurali of dizfersed oxi de.particles. 6. An overlay

coat i ngeAcdst 1% m"S S t&lh PEGSE Uics PAPSEF SRTEY PAAGc8Sed®
Conpri s ed,UHHE MubE A RAGNT k2% mbt Al 0Vellsy ¢RAlHJIh ate0lcdad i ¢l aim
6, wherein said dispersed nitride and oxide particles are present in a
vol une @re again placed in a chamber and the process is carried out at
a temperature preferably in the range of 1600 to 1900 degrees
Fahrenheit for a time on the order of 5 minutes at a pressure
typically in the range of 30 to 40 Torr vacuum.
In order to strengthen the MCrAlY coating, a plurality of
discrete nitride particles are incorporated into the coating.
The nitride particles are preferably formed by introducing
nitrogen into the chamber. For a chamber having a volume of 350
liters, nitrogen may be introduced at a flow rate greater than 2
microns per hour, preferably 5.0 to 100 microns per hour. The

nitride particles formed in this manner during the coating



+fraction in the range of fromgreater than 0.1%to 15.0% 8 02 - 103
"preferably in a volume fraction in the range of fromgreater than 0.5%to
15.00. 8. An overlay coating according to claim1l, wherein said deposited
MCr Al'Y coating conprises a Ni CoCrAlY coating. 9. A nethod for depositing a
di spersion strengthened netallic overlay coating on a substrate materi al
conprising: depositing a MCrAlY coating onto said substrate-nmaberial; and
formng discrete nitride particles dispersed in said coating. 10. A nethod

accor digr-4 01 §hah Pt praBehei inSal Goihé | 8828 bHCEBoHOEPERTe Bt ERaKOFPLI SES
I nt roduci ng nitrogen during said depositing step. 11. met hod according to
cl ai mi19, 1whet ei prefedalgly fnemogives hgr steancOnprfeessi Aty odndi hgvai &r ogen

at aflowrate_greater than.2.0 m crons. per hour ref er abl t flow rate
'n theStARgRtof e BaNoe, ST ERT PotirtrotioB MECFERE: pRFRSEFo Y oE TR not hod
accordyng t6 olsaimidrohdlt hehe COIPFigkNgat0ising axédeypachities as well as

said nitride gart[cles. 13. A nethod according to claim 12, wherein said
nitri denphprieyedhfnebRedetbapuolret f bhai AgatiegsPebnprisks Fattenadi ng 9

to have gradient or other application specific microstructure.

If desired, the MCrAlY coating may be strengthened by
incorporating oxide particles as well as nitride particles into
the coating. The combination of nitride and oxide particles may
be formed by introducing a gas containing oxygen and nitrogen,
such as air, from the chamber. When nitride and oxide particles
are formed, they are typically uniformly dispersed throughout
the coating, but can be tailored to have a gradient or other
application specific microstructure. The nitride and oxide
particles each typically have a size in the range of from 0.1 to
10.0 microns, preferably from 0.3 to 0.5 microns. The nitride
and oxide particles are present in a volume fraction from
greatexr than 0.1 to 15.0%, preferably from greater than 0.5 to
15.0%.

Once the overlay coat has been deposited, the coating may
be surface finished or peened to smooth the overlay bond
coating. The overlay bond coating is more than 90% dense as
deposited. Any suitable means known in the art may be used to
perform the surface finishing or peening step. Prior to surface
finishing or peening, the coating with the dispersed nitride
particles or the dispersed nitride and oxide particles may be
subjected to a heat treatment at a temperature of 1900 degrees
Fahrenheit to 2100 degrees Fahrenheit for a time in the range of

1 to 4 hours.



02 -"103 nitrogen and oxygen from a chanber where said form ng steps occur)
14. A nethod according to claim 13, wherein said gas introduction step
conprises introducing air fromsaid chanber. 15. A nethod according to
claim9, wherein said depositing step conprises depositing said MCrAl'Y
coating using a cathodic arc process carried out at a tenperature greater

t han anbient tenperature for a tinme greater than 2 m nuteg andoa pressure
greater than 0.005 Torr in an argon containing atnosphere. 16. A nethod

accordi ng tﬂfﬁbaiehé50vé@@é9ieoge&ﬂgtegpeb@haag hSckRalie taBemadf 300
degrees Fahrenheit to 1000 degrees Fahrenheit for a tine in the range of 30

to 60 hinuiers gpahipgemsur bei Acprheitadgever dbheloverday2cPeringi7. TAenet hod
according_to claim9 erein said.depositing e IS siting
sai d NEF%P@lgogﬁthal ggrr%e coaglg§ 83&pke aﬁ§ guggggﬁgh%ﬁeg%ge.

ng usi'ng-a ow pressureé’plasima’spray “method carried out at

a tenppaatrtiee tbathagr aneenofinl60e hetl1906 fegr besdEpbeenkd tisfiay anti me on
the order of .5 mnutes at_a pressure of 30 to 40 Torr. 18. A nethod
accor dFRgteBLel SPANYLAHGr KREFIcdRpEESi A§Csurface fini shing said coating to

oL e TP Aol S CahROatpod, ooty gL o 2

Fahr enhieventdpnacbuid be tkéipgedothobught medhhodrslprirochenisaildnsankace

finishiog, s0ep. 10ne 0Bchntlled el AbhoLE GQMPr i sing: a substrate

The following example was performed to demonstrate the

invention described herein. Several first stage high pressure
turbine blades were coated with a traditional bond coat as well
as a dispersion strengthened bond coat formed using a cathodic
arc process. The turbine blades were formed from a nickel based
alloy having a composition containing 5.0 wt% chromium, 10 wt$%
cobalt, 5.65 wt% aluminum, 1.9 wt% molybdenum, 5.9 wt% tungsten,
0.10 wt% hafnium, 8.7 wt% tantalum, and 3.0 wt% rhenium, and the
balance nickel. A coating was applied having a composition
containing 15 - 19 wt% Cr, 20 - 24 wt% Co, 11.8 - 13.2 wt% Al,
0.1 - 0.4 wt% Hf, 0.4 - 0.8 wt% ¥, and 0.2 - 0.6 wt% Si. The
coating process was carried out in a chamber at a temperature
below 1000 degrees Fahrenheit for 65 minutes at a pressure of
0.01 to 0.02 Torr. During the bond coat process, air was
introduced at a rate greater than 2.0 microns per hour for a
chamber having a volume of 350 liters. After the process for
forming the coating with the dispersed nitride particles was
completed, the blades were surface finished and a ceramic
thermally insulating layer was formed over the bond coating.
This layer was deposited by Electron Beam Physical Vapor
Deposition. The coating was a 7 wt% yttria partially stabilized

zirconia coating.



a MIrAl'Y coating deposited on said substrate material, said coating having
“dispersed nitride particles therein. 20. An article according to claim19,
wherein said nitride particles are present in a volume fraction in an
amount in the range of greater than 0.1%to 15.0% preferably in a vol une
fraction in an amount in the range of greater than 0.5%to 15.0% 21. An
article according to claim 19, wherein said nitride partidd es l9ave a size
in the range of 0.1 microns to 10.0 mcrons, preferably in the range of 0.3
m crons to e niicyoanisuc2ireAr fanthec loeaaecotdiadg ¢ evidiaitnel 91 apfearsdion sai d

coating includes djspersed oxide particles.in additjon to said nitride
parti cPégensEhened,Hand @%&r@%%%& &t FELRTe AGST 905Gk 3POMS dises

are preseifn iih 0 Ui dHA OB bifdadeld. Qo LAl hd BidnRlune
fraction fromgreater than 0.5%to 15°0% 24. An article according to claim
19, whehe @ icgetyaigpre dnprtitse eandNicCeCr Ahvwrodn ffGnd Bai drsdivesis tafl de and

~n in e range of .int range of said Al Y.substrate mater.ial conprises
a mat e&?‘f] cé’é'&’é’cﬁlet&% 6%9 {HE %ro&lf{) C(:C’(?ﬁsisgt%lrwr?g \%]ra%n iscé??eld-elbgéjse&f 8% Sand
cobal t asRfhidldrayisy aliimirfidn nikQ3 5. Adrdnidsd encAGhafdidit d ardidiabekd,
further conpri S|e2$ a thermal barrier coating deposited over said MCrAl'Y

t

coat i nghates ingeed ttangidstidihdias adainred, wWhe gartasd Pladascwere

conpr | ;s%c%ggepcfcfésq)geg}s@yél% L3R WY R R %o Fhmd) I 14y formng an
exposure. The results of the cyclic burner rig testing (6
minutes in flame, 3 minutes forced air coocl) done with maximum
metal temperature of 2100 degrees Fahrenheit show that the
thermal barrier coating with the dispersion bond coating has a
spall life improvement of about 3.6X over that without the
dispersion. See Figure 2 where bar 10 shows the spall life of
the thermal barrier coating with the non-dispersion bond coating
and where bar 12 shows the spall life of the thermal barrier
coating with the dispersion bond coating of the present
invention.

It is apparent that there has been provided in accordance
with the present invention a thermal barrier coating through the
application of a dispersion strengthened metallic bond 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 those alternatives,
modifications, and variations that fall within the broad scope

of the appended claims.



. providing a substrate material; depositing a MCrAl'Y coating onto said
substrate material; and formng discrete nitride particles dispersed in
said coating. 28. A nmethod according to claim 27, further conprising
formng a thermal barrier coating over said MCrAlY coating with said

di spersed nitride particles. 29. A nmethod according to claim 27, wherein
said nitride particle form ng step also conprises formng2x ddarticles
in said coating in addition to said nitride particles. 12

. AF. Af by AR TATMEDA@S Ay & Ay{9. A L. AyL. AA& AL ,Yu5N b ¢
AFG~yt 0oj e_ZU| ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] c<a] ca] ca] c”a] ca] ca] ca] ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] c*a] cfa] cMa] ca] cRa! GUVI ") *

EF mhe - -
o) car cap e A aah AR B o Rl galer] cal cal e

ajcalc ] ] calca] al wx
" 8" 9" 27 HE %Nt (njox e idk pAtiad d & sl 1A josasrdalyc ajoza]ios] cajroad iaarea)aal cal cal ca
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in the range of greater than 0.1% to 15.0%, preferably greater

than 0.5% to 15.0%.

4. An overlay coating according to claim 1, wherein said
nitride particles have a size in the range of 0.1 microns to
10.0 microns, preferably in the range of 0.3 microns to 0.5

microns.

5. An overlay coating according to claim 1, wherein said
coating further contains a plurality of dispersed oxide

particles.

6. An overlay coating according to claim 5, wherein said

dispersed oxide particles comprise aluminum oxide particles.

7. An overlay coating according to claim 6, wherein said
dispersed nitride and oxide particles are present in a volume

fraction in the range of from greater than 0.1% to 15.0%,
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8. An overlay coating according to claim 1, wherein said

deposited MCrAlY coating comprises a NiCoCrAlY coating.

9. A method for depositing a dispersion strengthened metallic

overlay coating on a substrate material comprising:

depositing a MCrAlY coating onto said substrate material;

and

forming discrete nitride particles dispersed in said

coating.

10. A method according to claim 9, wherein said nitride
particle forming step comprises introducing nitrogen during said

depositing step.

11. A wmethod according to claim 10, wherein said gas
introducing step comprises introducing nitrogen at a flow rate
greater than 2.0 microns per hour, preferably at a flow rate in

the range of 5.0 microns per hour to 100 microns per hour.

12. A method according to claim 9, further comprising forming

oxide particles as well as said nitride particles.

13. A method according to claim 12, wherein said nitride

particle and oxide particle forming steps comprises introducing
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occur.

14. A method according to claim 13, wherein said gas

introduction step comprises introducing air from said chamber.

15. A method according to claim 9, wherein said depositing step
comprises depositing said MCrAlY coating using a cathodic arc
process carried out at a temperature greater than ambient
temperature for a time greater than 2 minutes and a pressure

greater than 0.005 Torr in an argon containing atmosphere.

16. A method according to claim 15, wherein said temperature is
in the range of 300 degrees Fahrenheit to 1000 degrees
Fahrenheit for a time in the range of 30 to 60 minutes at a

pressure in the range of 0.01 to 0.02 Torr.

17. A method according to claim 9, wherein said depositing step
comprises depositing said MCrAlY coating using a low pressure
plasma spray method carried out at a temperature in the range of
1600 to 1900 degrees Fahrenheit for a time on the order of 5

minutes at a pressure of 30 to 40 Torr.

18. A method according to claim 9, further comprising

surface finishing said coating to smooth the coating and
subjecting the coating to a heat treatment at a temperature in
the range of 1900 degrees Fahrenheit to 2100 degrees Fahrenheit
for a time in the period of 1 to 4 hours prior to said surface

finishing step.
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a substrate material; and

a MCrAlY coating deposited on said substrate material, said

coating having dispersed nitride particles therein.

20. An article according to claim 19, wherein said nitride
particles are present in a volume fraction in an amount in the
range of greater than 0.1% to 15.0%, preferably in a volume
fraction in an amount in the range of greater than 0.5% to

15.0%.

21. An article according to claim 19, wherein said nitride
particles have a size in the range of 0.1 microns to 10.0

microns, preferably in the range of 0.3 microns to 10.0 microns.

22, An article according to claim 19, wherein said coating
includes dispersed oxide particles in addition to said nitride

particles.

23. An article according to claim 22, wherein said nitride and
oxide particles are present in a volume fraction in the range of
0.1% to 15.0%, preferably in a volume fraction in the range of

from greater than 0.5% to 15.0%.

24. An article according to claim 19, wherein said MCrAlY
coating comprises a NiCoCrAlY coating and said substrate
material comprises a material selected from the group consisting

of nickel-based alloys and cobalt-based alloys.
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26. An article according to claim 19, wherein said article

comprises a component for a gas turbine engine.
27. A method for forming an article comprising:
providing a substrate material;

depositing a MCrAlY coating onto said substrate material;

and

forming discrete nitride particles dispersed in said

coating.

28. A method according to claim 27, further comprising forming
a thermal barrier coating over said MCrAlY coating with said

digpersed nitride particles.
29. A method according to claim 27, wherein said nitride

particle forming step also comprises forming oxide particles in

said coating in addition to said nitride particles.
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