OXI-DATI ON- RESI STANT COATI NGS BONDED TO METAL SUBSTRATES, AND RELATED
ARTI CLES AND PROCESSES TECHNI CAL FI ELD The invention discl osed herein
generally relates to protective coatings for netal substrates. Mre
specifically, the invention is directed to oxidation-resistant coatings
for high-tenperature substrates, and rel ated processes. BACKGROUND OF THE
| NVENTI ON Conponents forned of specialty materials |ike superalloys are

used i n varPUSTIONIRBSIIT ALTIRPATRESS BENDEDARS META YN SUBRTREITIY, operating
conditions. I'n many cases, the conponents are provided with coatings which

i mpart several charaAN&RELA&’EDABﬂ’HCbESA@HBPBQC&SSES&stance heat

resi stance, oxidation resistance, and wear resistance. Oxidation-resistant
coatings are often critical if the underlying conponent is exposed to an
.oxi di zing at nosphere for an extended period of tine. This is especially
true in the case of conponents fornmed of al um num contai ni ng superall oys,
whi ch argeefiNeNALUSBHD! N gas turbine engi nes which operate at el evated
‘tenperatures, e.g., 1000C-1150 C In the absence of a protective coating,
the oxidi zi ng atnosphere can deplete the superalloy of alum num _ Since
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coat i ng%pﬁlgmem{f&mw@bs@a%ﬁaha Rdatb@plotbaBgce, the increase may be
detrinmental to other pr opert| es. For “exanple, higher alum numlevels can

decrease coati n ductilit causing cracking in the coating during
servi ce BAGKER; @F TEBUINYENFIQNe | oss of the hernetic, protective
nature of the coating. 1 0 Many of the oxidation-resistant coatings for

super al l(?&ﬁ%po@lregtsf i rﬁ%g (gfr gﬁgcfa?&vﬁlq{en%ﬁahke superalloys are used in various

industrial applications, under a diverse set of operating conditions. In many cases, the
components are provided with coatings which impart several characteristics, such as

corrosion resistance, heat resistance, oxidation resistance, and wear resistance.

Oxidation-resistant coatings are often critical if the underlying component is exposed
to an oxidizing atmosphere for an extended pertod of time. This is especially true in
" the case of components formed of aluminum-containing superalloys, which are often
used in gas turbine engines which operate at elevated temperatures, e.g., 1000°C-1150
°C. In the absence of a protective coating, the oxidizing atmosphere can deplete the
superalloy of aluminum. Since aluminum can greatly enhance the oxidation-
- resistance of the protective coatings, the loss of aluminum can be detrimental to the

_integrity of the superalloy.

While increasing the aluminum content in the protective coatings often improves
oxidation-resistance, the increase may be detrimental to other properties. For
example, higher aluminum levels can decrease coating ductility, causing cracking in
_ the coating during service. This in turn results in the loss of the hermetic, protective

nature of the coating.




alloys of the formula MCrAl X, where Mis iron, nickel, or cobalt. "X" is
one of the elenents nentioned below, in a nore detailed description of the
coating. In many instances, the oxidation-resistant coating is used as the
nost external |layer of a conponent, e.g., a turbine engine blade. In that
case, the coating often has to be very snooth, for maxi num aerodynam c
efficiency. Sone of the thermal spray techniques are often used to deposit
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the t her mal spray processes are high vel 00|¥y oxy-fuel (HVOF) and vacuum
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VPS and HVOF. techni ques %08 sonetimes not effective for applying the
coat i ngsS‘PBOthegifH}?énB‘Fmée PG CHMYn are sonmewhat inaccessible. The
spray equi pment nmay be too large and cumbersome for such regions. As an
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fl ange of a turbine engine part. Moreover, applyi ng the coating to any
i nt.er nal caaings withi nddsired panfice dertuioe Hananipﬂ@nﬁtth@theﬁmltdp&tyrmoeassesrmc mal spray
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repairs té%hxﬁgYésﬁ?as HOBERS Shichl haRhRYLHaHIBYS: PEIRRRREAR,, IRAtexBRM L hOdS
for efficiently applying oxidation- resistant“coatings to a substfate woul d

be wel coWSi appiicaticast are Tifenndxdshraines sliwmu itdisberiticah piedd | the dinaprcoatirgdj hg a
sane quality as coatings applied by thermal

coating wi,ith s n 1y th
spray protsts EQPY#‘E%%%Q@P” P’Elg%ul d be desirable if the new net hods were
capabl e of applying the coating to inaccessible regions of a substrate.

Further nifiglc these types of thermal spray techniques are quite suitable for applying
- oxidation-resistant coatings under -many circumstances, they exhibit drawbacks in
other situations. For example, VPS and HVOF techniques are sometimes not
effective for applying the coatings to regions of a substrate which are somewhat
inaccessible. The spray equipment may be too large and cumbersome for such
regions. As an illustration, it can be very difficult to thermally spray a coating on a
flange of a turbine engine part. Moreover, applying the coating to any internal cavity

in the part can be problematic.

Furthermore, thermal spray processes may include one or more masking steps. These
steps can be very time-consuming. Thus, it is often very difficult to carry out local

repairs using the processes.

It should thus be apparent that new methods for efficiently applying oxidation-
resistant coatings 1o a substrate would be welcome in the art. The methods should be
capable of providing a coating with substahtially the same quality as coatings applied
by thermal spray processes. Moreover, it would be desirable if the new methods were
capable of applying the coating to inaccessible regions of a substrate. Furthermore,

the methods should be compatible with any other fabrication processes to which the
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t he net hods shoul d be conpatible with any other fabrication processes to
which the 2 substrate, is being subjected. It would al so be very
beneficial if the new nethods allowed one to readily change the
conposition of the oxidation-resistant coating, to satisfy the needs of a
particul ar substrate. It would also be desirable if the coating nethod
were applicable to local (small area) application, for "new nake" and
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al um ni de- or MCr Al X-t a)e coatings, discussed in detail below. Inh sone
preferr emeélwddwrﬁ@nplsca losal dstal arenp sppdication, domitiewgmalse”zand in-situ

"al um numri c ch coatl ngs often contain about 10 atomc %to
about 50repatr8 é%@;a%ﬂﬂ%tsmi‘f Sbondi ng agent is often a braze naterial .
Such materials usually include at | east one netal selected fromthe group
consi sti BUMNARY & THE oNgENTIONON, and a precious netal. Very often, the
braze material conprises at |east about 40% by wei ght nickel. The

oxi dat i on-resi stant coating can be applied and bonded to the substrate by a
variety Osecmbpdigest ISdtmﬁet@g dedap ﬁrtmw gouptising amedtalvhasethsubsiratapnéd an t he
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agent. As an alternative, the oxidation-resistant coating and t he bonding
agent cat detaikbelow. Ip spmepraferres %mbcshleemtﬂ,, the owidatien-tpsistant tegtingds am net al

foil. es 1Gan ica vari.et f tech S
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t enpor ar atbicedst ehieelnd 0 t he substrate. Sufficient heat can then be applied
to fuse the sheet to the substrate. In sonme enbodi nents, two separate

green sheets could
he bonding agent is often a braze material. Such materials usually include at least

one metal selected from the group consisting of nickel, cobalt, iron, and a precious

metal. Very often, the braze material comprises at least about 40% by weight nickel.

The oxidation-resistant coating can be applied and bonded to the substrate by a variety
of methods, discussed in more detail below. For example, the coating material and
the bonding agent material can be pre-mixed to form a slurry. The slurry can be

applied to the substrate by various techniques, and then heated to fuse the coating to
the substrate with the bonding agent.

As an alternative, the oxidation-resistant coating and the bonding agent can first be
formed into a "sheet", i.e., a green tape or a metal foil. Green tapes can be fabricated
by a variety of techniques, as described below. The sheet can then be cut to a desired
size, and temporarily attached to the substrate. Sufficient heat can then be applied to
fuse the sheet to the substrate. In some embodiments, two separate green sheets could
be used - one formed of an oxidation-resistant coating material, and the other formed

of the bonding agent material.




be used - one fornmed of an oxidation-resistant coating material, and the
other fornmed of the bonding agent material. 3 Techniques for fabricating
the metal foils are also discussed below. The foil can be sized and
attached to the substrate by various neans. Sufficient heat is then applied
to fuse the foil to the substrate. Another enbodinent is directed to a
nmet hod for replacing an oxidation-resistant coating applied over a

nmet al - bas st rate. . The existi oxi dati on-resj stant .coatin or
portions eﬂﬁ%ﬁ ‘%)efs)forif"lg’r‘fc%\tﬁg %WS\?JQQ’%‘E@W,@%H\‘}EH{SFE&%&IO“& g@ﬁfﬂﬂcﬁﬁﬁé‘? e new
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the formof_a slurry, tape, or foil. The new coating can then be fused to
t he subst rigY o thg sbsgirats 1 st aspect, there is provided an article conprising:
(a) a netal -based substrate; and (b) an oxidation-resistant coating bonded
Lo the Sulsbiial GulixfonP AiHeRdd (ABRR0d AR YRR h iR QoM C %00
about 50 atomc % alum num In a second aspect, there 1s provided an

articl e ceppied overg:metqldpsed snstrate. Brswiitisgpddation-essistanticoating @npationsi num ri ch,

oxi dati ongresi.st ant._coatj.ng bonded.t o the bstrate by a bondi ng agent

wher ei n sg}egeogdgaﬁlis{r\r m %er‘ffpbg’%gf%eﬁlg EeFI&rP%ueﬁ'?ﬁt‘?é‘ﬁ‘ﬁé’ﬁ’élﬁ?gﬂef@WP 8 conpri ses
- parti cl es ishedbhppicd imicneha lrarR Rt fonﬁ'&ﬂa%ﬂﬂﬂ?ﬁ?(é}tor (EiP-Thekies D
conprises particles of an alloy of the formula MCrAl X. where Mis selected
fromthe CoAUHEpICBeIshesfiipeddo Bre splstralgj . Co, and ni xtures of any of the
foregoi ng: and where X is selected fromthe group consisting of Y, Ta, Si,

H, Ti, Z L3 J . In athird aspect, there is
In a Bet agpelcéﬂfére%ﬁﬂahﬂ@d ArPé}?%? &Jgﬁ{nﬁgitﬂg.l ) p

provi ded an article conprising based substrate: and (b) an

oxi dati on resi(@ anamgghbisagsubstralednd o t he substrate by a bondi ng

(b} an oxidation-resistant coating bonded to the substrate by a bonding

agent, and comprising about 10 atomic % to about 50 atomic % aluminum.

In a second aspect, there is provided an article comprising;
(a)  ametal based substrate; and
(b)  an aluminum-rich, oxidation resistant coating bonded to the substrate
by a bonding agent wherein said coating comprising particle of component (I}, which
comprises particles of aluminum and a second metal, and component (ID. which
comprises particles of an alloy of the formula MCrAlX. where M is selected from the
group consisting of Fe, Ni, Co, and mixtures of any of the foregoing: and where X is
selected from the group consisting of Y, Ta, Si, Hf, Ti, Zr, B, C, and combinations
thereof.

In a third aspect, there is provided an article comprising:
(a)  ametal-based substrate: and

(b)  an oxidation resistant coating bonded to the substrate by a bonding
agent, wherein the oxidation-resistant coating has an average roughness value "Ra" of less
than about 200 micro-inches (5.08 micro metres).




agent, wherein the oxidation-resistant coating has an average roughness
value "Ra" of |ess than about 200 mi cro-inches (5.08 mcro netres). 4 1n a
fourth aspect, there is provided a turbine engine conponent conprising a
superal l oy material, and including an oxidation-resistant coating which
contains about 10 atomc %to about 50 atom c % al um num bonded to at

| east a portion of a surface of the conponent, wherein the coating

conpri 9B o1t avAest. dbeteniseptoaidedra aurbaid engind compenérr ey Al X, where M
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regardi n%‘the various features of the enbodi nents o S invention are
found oA terrompenentnberesr the geatingeronfprises arvalymanide imateriabomacallyarfyi ng

drawi n [P 787£-800 (1981). The, type of substrate
can va?@e ﬁ@gfﬁiﬁ%%%%x’ﬁgﬂe%@d&? tsgﬁdg(ﬁﬁtoﬁje AR PO 1S ogﬁ:ﬁi ﬁg ®xrt, such as
a turbiané mianréseodanp| dflthe MaddoRiss dnd PRRerel X OX1 SRl fibesS Rt gﬂ)hpcoati ngs
can be bonded to the substrate. Many of them conprise an alToy of the

f or mul SONEStRERE Yoiard, N B, ZeiBe&t end tombinatitmsghesenf, consisting of Fe, N,
Co, and m xtures of any of the foregoing. In that formula, Xis selected
fromthe group %onsistlng of Y, Ta, Si, H, Ti, Zr, B, C and conbinations
t here “.rthﬂlieg%ta’c § gegarsing ghei weydowy deajuresr af | theweinbodimesnts jof thie art, and

descr i; . f [ n 372,299 (Thonpson et. al ), which
is i nég§%5}05§t ge% ﬁ’g@gﬁlﬁ%gﬁpg@geé;@é& Sﬁféﬁ?f%@’t%@s@ tF?,E%S“@P’-‘%P% oys have a
gener alrawigposi ti on, by wei ght, of about 5%to about 30% chrom um about
4.5% to about 12.5% al um num and about 0.1%to about 1.2%yttrium with M
constituting the balance. O her types of nmetallic coatings can al so be used

as the oxidation-resistant coatings. Exanples include alum nide-type
coatings such as alum nide itself, platinum
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. alum ni de; nickel -al um ni de; plati num ni ckel -al um ni de; and m xtures
thereof. In sone enbodi nents, the oxidation-resistant coating is an

alum numrich material. Alum numrich coatings are known in the art. For
exanple, they are generally described in U S Patent 6,372,299, nentioned
previously. As used herein, the teen "alum numrich" generally refers to a
coating which contains enough alum numto conpensate for any |oss of

al um nunfIbBO aAME ob WSS bp. 8T 800 (1981)i tTheSPpe/bfCRibbtkdi® carl vard a%elﬁ%ﬁ@itof nmany
turbine engi ne conponents, the service life is typically in the range of
about 10 osuinsthedorpefia iet cogioe pat, svehuasa tubingonpde atblrds in the range of
about 750 C to about 1250C. (Usually, the service life occurs in 4
t enper at i PERN ¢ t erature.to.el evated fenperatures, an
pack 1o ¢St EhEr ofidhuipn’: 08T SHREL T8 pbul B 5 sl BT R Ch

coat i ngstheinh@nipisalanaiioy I tief fohulal MO X 8SRHE M $s édkc&éae&orhaw%o% about 10
ratomc %to about 50 atom c % Mbreover, as described in the honpson
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usual I'y thareef. aTE@R!tySes dB/coalin@Cdre PRn&hllYy SFH-Eddam LAY L0234 adlgpaount  of
alum numin the alumnumrich g%{)art i cl es usually exceeds the anmount of

al uni nunior gxamipdesindd Sy Relent§3ah2W (Thompson et &), %itlﬁisaibwpowmddtemihc % As
I d ' ' h t al h | um ' ati | S, soneti nes
formed. shohes MAIHAARe Bnedios ol Bt F dstial comomtionaBe sk oE es of
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particles of an MCrAlX alloy, as described previously. The relative
propor t i bh% tepbewpBaatiriym; withddopdtitting thie batlepend in part on the expected
tendency for al um num depl eti on and repl eni shnent for the coating, as

descr! DS oTIRIPIRAL cSlaed M BBERS et B iSRS ) 5o
(11).  I|Exapiptdse isdtade HdQHini® e EdaEinkewakbh Ofs GAMPARRNGtsélE) plaBink-t he range
of abOUtaluSIn(y?n? ¢; nickel-aluminide; platinum-nickel-aluminide; and mixtures thereof,
In some embodiments, the oxidation-resistant coating is an aluminum-rich material.
Aluminum-rich c.oatings are known in the art. For example, they are generally
described in U.S. Patent 6,372,299, mentioned previously. As used herein, the term
"aluminum-rich" generally refers to a coating which contains enough aluminum to
compensate for any loss of aluminum from the substrate during its.service life. In the
case of many turbine engine components, the service life is typically in the range of
about 100 hours to about 1,000,000 hours, at temperatures in the range of about 750°
C. to about 1250°C. (Usually, the service life occurs in temperature cycles, e.g., room
temperature to elevated temperatures, and back to room temperature). In the case of
many of the aluminum-rich coatings, the total amount of aluminum present is in the
| range of about 10 atomic % to about 50 atomic %. Moreover, as described in the
Thompson patent referenced above, the aluminum-rich coatings sometimes form a
discontinuous layer of aluminum-rich particles in a matrix of metallic alloy (e.g., a
conventional MCrAlX bond coat material). These coatings usually have a contiguity

fraction of less than about 65%. The amount of aluminum in the aluminum-rich




vol'unme to about 50% by volume. Methods for preparing these and other types
of alumnumrich coatings are described in U S Patent 6,372,299. In
preferred enbodi nents, the oxidation-resistant coating has a snooth
surface. Such a service is desirable, for exanple, when the coating is
applied to a particular turbine engine conmponent which requires
aerodynam c efficiency, such as a blade. (Unlike sone of the prior art

coat i ngspartitiet ui@sly@kcdells thel At bOAuBIdAN CHB Shibstrdtcthyt bBuod @fomigoat i ng of
a part, e.g., without any overlying |ayer, such as a ceram c coating.) For

t hese enWo@iakewt4) atemic 6xi dati on-resi stant coating has an average roughness
value "Ra" of |ess than about 200 micro-inches (5.08 mcro netres). In

especi al r.ef . i ts,.the Ra is.less.than about 90

i er o- 1 i aBo St in AIBARAIRAE wf Mminydich B S REEE Ipetnour i ng
that -t hefig@atwo@sinfiieatsa dneflt @esiallPesGudes Pagid@CHMUIGHMulY ahCh the
coating is applied often influences the surface profile or "texture". (For

exanpl e, sasord Mot wehlas abkply Coaraporent gh aftshoontajnspeytidlescdf)anadvE€raiX en

rel ativel,y. snoot h.. t may . be-further snoothened by subsequ r.ocessi ng.
‘Mor eover?ly%yhgs peﬁ??]i’%pé'e‘élp'\é%y'oﬁ? Wia%tl)é‘?qoﬁﬁmr?gc?? r‘?f”f‘i‘\é("[‘ @)oq@ﬁn(ﬁ% B‘E@n be the
primary ddpeed o phit onethe reﬂbéﬂtélﬁtehﬂ@lc? Yo eifudH HPRESn ahd rgfaRHRhent f | NET
particles result in a snoother coating. Thus, in many preferred

enbodi el e qoating s desdribsd froFhathpsonek ald dnigenembk theslewsiof coapomegt Bave an
di t ss_than .about 75 mjcrons (-. 200 nesh a

By of o abi 1 TRecboph L oINS AR b g Pl 58t OmpoRETm N AFORDY above,

~ the oxi dmtpreferie@ thiboamhentd Fd RYICHTRDoALR! (EH ih thd RBcSUPMIRLE, By 2

‘variety of processes. Mst of theminvolve the use of "a bonding agent, such
as a bresteme Rp abeutn®i®érivavdumee Methbdk fovwreparinghtheser and athedr tipeenrfconpri se

at least ;one netal selected from.t u .sting of nickel, cobalt,
iron, a%?@&ugﬁgcﬁﬁ?%ﬁgsﬁﬁ os ﬁﬂ@f%q;\ﬁ?ﬁngﬁgﬁgép des at | east one of the
foregoing. Some braze conpositions are described in the "Kirk-Q hmer

Encycl opadirafeattd eh®oilieaints] e3laBot resisti Batidd Rid.a soMRth su | ccP@ags 342 et

seq. The conposition of t he braze all oy is preterably simlar to
a service is desirable, for example, when the coating is applied to a particular turbine

engine component which requires acrodynamic efficiency, such as a blade. (Unlike
some of the prior art coatings, coatings of this invention often constitute the outer
coating of a part, e.g., without any overlying layer, such as a ceramic coating.) For
these embodiments, the oxidation-resistant coating has an average roughness value
"Ra" of less than about 200 micro-inches (5.08 micro metres). In especially preferred

embodiments, the Ra is less than about 90 micro-inches (2.29 micro metres).

Various ways are available for ensuring that the coatings have a desired smoothness.
The technique by which the coating is applied often influences the surface profile or
"texture". (For example, coatings applied by HVOF (high velocity oxy-fuel) are often

- relatively smooth, but may be further smoothened by subsequent processing.

Moreover, the particle size of the material forming the coating can be the primary
factor in determining the surface roughness. In general, finer particles result in a
smoother coating. Thus, in many preferred embodiments, the particles for the
oxidation-resistant coating have an average diameter of less than about 75 microns (-

200 mesh), and preferably, less than about 45 microns (-325 mesh).
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that of the substrate to which the coating is being applied. For exanple,
if the article is fornmed of a nickel-based superall oy, the braze alloy can
be formed of a simlar nickel-based superalloy conmposition (usually
containing at |east about 40% by wei ght nickel). The braze all oy
conposition may al so contain silicon and/or boron, which serve as nelting
poi nt suppressants. Exenplary nickel -base braze alloy conpositions
(appr oxi KRbfehtidh&] MoQ¥ 'tﬁ@@xﬁ@dx%emsﬂﬁ?c@ﬁﬁg%ﬁ% @feﬁ 15 B &B%?g bgn el ght
percent: 1) 4.5 Si, 14 B, . ance N : ,
B, bal anz®atfigty Oﬁ)prfzbessea Mast B tixach ammedve\thie ub): of. a2bc&dmg7ag@1t, sBciBas and 3 Fe
bal ance Ni: bal ance Si, 22 Co, 2.8 B, bal ance
N 7) HeEcg ra? ’@a%ﬂﬂltlﬁaﬁraﬂtf‘él -Kgowrgin %‘esa@ andelﬂf@r comprise af Jgpsh oge Fe
bal ance il s téJﬁ&&l th@ Bndi t'ﬁ; Wit 2 B, and
1 Fe, bal ance I\ﬁ; gl%uP . §pp%alagn%e N’l}(q—) %T&éélf lggtapfgd
bal ance dNmixtsi})wHich méudes asleﬁst onbébf(ih@fqre@nﬂg BSofle BmzEcolpbsitios dxk ; 14)
4.5 Fe, 4.5 Si,.14.0Q ance 15) 4.5 Si, 3.1 B bal ance Ni ;
16) 11, ofepcribed infhe && Q&Wei%ﬂﬂiy opeflia eiN Bhemisa] Aechwolqey”, Fud Editoon, 19 o
7.3 Si, YoP 2B p % THE Wml 55{1815 Bleﬁlerﬂrgzl%efjlfogaqssﬁrepé’rﬁﬁf sihila¥o
conposi tions fo ent inv nt|

that of the substrate to which the coating is bemg applied. For example, if the article

is formed of a nickel-based superalloy, the braze alloy can be formed of a similar
nickel-based superalloy composition (usually containing at least about 40% by weight
nickel). The braze alloy composition may also contain silicon and/or boron, which

serve as melting point suppressants.

- Exemplary nickel-base braze alloy compositions (approximate) are provided below.

' The components are designated in weight percent:
D 4.5 8i, 14.5 Cr, 3.3 B, and 4.5 Fe, balance Ni;
2) 15 Cr, 3.5 B, balance Ni;
3) 4.5 Si, 3 B, balance Ni;
4)- 4.2 81, 7Cr, 3 B, and 3 Fe, balance Ni;

5) 10 S84, 19 Cr, balance Ni;

6) 3.5 81, 22 Co, 2.8 B, balance Ni;

7 3.5 S84, 1.8 B, balance Ni;

8) 4.5 8i, 14 Cr, 3 B, and 4.5 Fe, balance Ni;
9) 17 Cr, 9 8i, 0.1 B, balance Ni;

10) 2.6 81,2 Cr, 2 B, and 1 Fe, balance Ni;



conprise at |east one of silicon, chromum boron, and iron, with the

bal ance being nickel. Mxtures of silicon and boron are sonetines

enpl oyed. As one particular, non-limting exanple, sone of these
conpositions conprise about 5 wt%to about 15 wt%silicon or boron; and
about 15 wt % to about 25 wt% chromum wth the bal ance being nickel.
Exenpl ary cobal t-base braze all oy conpositions (approximte) include: 1) 8
Si, 19 Q1) 1710Cr, #SiV%althd?d N§; bal ance Co; and 2) 17.0 Ni, 1.0 Fe, 8.0 Si,
19.0 G, 0.8 B, 0.4 C, balance Co. O her types of braze alloys could be
used as well. Non-linmiting exanples include precious netal conpositions
cont ai ni Ky si 14&5L 1§d) dt, balsageoNi;pal | adi um in conbination wth other

- nmetals, such as copper, nanganese, nickel, chrone, silicon, and boron.

M xt ur eSIWL/E%.giF%ﬂ.?%Z, quéq gﬁ%§f BO@_%@‘ b%ll?iﬁ e%laze all oy elements are al so.

possi bl e. braze cor’rposﬁfl ohs are avail able fromvendors
such as Sul zer Metco, Vitta, and Praxair Surface Technologies, Inc. 8 In
one embotd)mend.5 Fehv 5180 ridihGr, 3geB] balmtbe 0¥} dat i on-resi stant coating nmateri al
can be applied to the substrate in the formof a slurry. For exanple, a
red formof the oxidation-resistant coating can be

braze al] .y ang a . powd )
conbi rned{ﬁ/i t b+ Sbi%ﬁ@rbﬁﬁ%%\hi al, and optionally, at |east one solvent.
Conventional details about slurries are described in various references.

U S Patggjts f @Bopalmtte N7, 759, 932; and 6,451,454 are illustrative, and
~incorporated herein by reference. { A variety of binder materials may be
used in the slurry. Non-limting exanples include water-based organic

“mat eri al ¥)sucH).hE, bbb Fethaldnea®imadde and various acrylics, or

sol vent - based binders. The slurry nmay al so contain various other additives,

as desclgggbe '@@ﬁ@;%g%ﬁfaﬁ?ﬁatents ref erenced above. Sel ection of one

or nore | vent the slurry depends on various

Some preferred nickel—Base braze alloy compositions for the present invention
comprise at least one of silicon, chromium, boron, and iron, with the balance being
nickel. Mixtures of silicon and boron are sometimes employed. As one particular,
non-limiting example, some of these compositions comprise about 5 wt% to about 15
wt% silicon or boron; and about 15 wt% to about 25 wt% chromium, with the balance

being nickel.

Exemplary cobalt-base braze alloy compositions (approximate) include:
1) 8 8i, 19 Cr, 17 Ni, 4 W, 0.8 B, balance Co; and

2) 17.0 N1, 1.0 Fe, 8.0 Si, 19.0 Cr, 0.8 B, 0.4 C, balance Co.

cher types of braze alloys could be used as well. Non-limiting examples include
precious metal compositions containing silver, gold, and/or palladium, in combination
with other metals, such as copper, manganese, nickel, chrome, silicon, and boron.
Mixtures which include at least one of the braze alloy elements are also possible.
Many of the metfal braze compositions are available from vendors such as Sulzer

Metco, Vitta, and Praxair Surface Technologies, Inc.




factors. One factor is the capacity of the solvent for solubilizing the
bi nder and dispersing the braze powder and coating powder. Another factor
relates to the technique by which the slurry will be applied to the
substrate. The braze material can wusually be dispersed in either an
aqueous or organic solvent. Exanples of possible solvents include water,
et hanol or other alcohols; ketones, nitrile solvents (e.g., acetonitrile);
ket one- t ipencsohbidithént) thk oAdial ap&it 200 SxOFRdsttaR b¥AHeSnhtbka Lrlbeene,
xyl ene, or xylenol; as well as conpatible m xtures thereof. A variety of
t echni qu@%?h@érﬁo e shstratednatpp fome 0é assluryy Rop exhmpleubshrazat elloyEmadpl es
i ncl ude i, i shi ainting,. dipping, fl.owcoating,
roll - coaﬁ(lwr/l&g)e,r&gg%ﬁr}p%g oﬂg{ ?’ﬁg’l,aag%"&%é%ﬁy‘i"ﬁ@f}g i%u‘%"‘?@?‘?ds ! airlﬁ’é‘%qructi ve in
this regmattriak afd opfidiRllyatikast Ghd §8veEN QYsveREHiad d&hil CasH: GRImdeghnol ogy”, |
4th Edition, Vol. 5, pp. 606-619; as well as the "Technol ogy of Paints, |
Var ni shedesgibred iavguersseferenges. od. P aentsveI1 6T, 5,7R@j9alhmrnﬂd634ﬁik4fg§0a:rpoL ati on'E
1968. Th illed in th rt . wll be able to readily eterm ne the nos
appr opri@Iﬁguﬂ%ggh%nﬁdﬁ%or?%ﬁgg%ﬁﬁeﬂ%%ﬁqurren%q‘urry conposition. In general, use
~of a slurry conposition containing the bonding agent and oxidati on-

resi stanA eorty 0f bifRlee iabdrialS nRGVEO LG R thd Aud3 | RUR-lidlitiHa ek ARBtes FOT
exanpl e,. when the substrate surface is irregular, or contains pits and
cr evi cesinciufe waternbpspd osganicnpissipisvsutly as pdlyethﬁ@saeom@irmimrr]ioﬂs ll—:wrybmsef erred
enbodi ment r..all of.the volatile conponents in the slurry are
renoved be (%‘f%e Séegfbﬁ%liesg I gpﬁu]ﬁ%%?ya?ls%fcof‘ Vo Ut ?tgercﬁ pBKENPE at this
. stage cadescritediiin bévepdl Y @RtpatttitdreRPEiRg abdilel Stering, and sinilar problems.

The volatiles are wusually renoved by heating, as described in the

- above-referenced patent, U. S. 5,759,932. Those skilled in the art can
sel ect tHdecHss tofedneeer mpee prixents ¢ whewingedit for whe oty dnﬁxstuésbeﬂ]tmmgs The i
bondi n t/ pj afi.n eri.al ¢ ngnt . the . f.used to the
subst  at 2R, S e B blse Rl o b SRBR G ap it Beobindiaiey sel ect e
accor di niyspersing the braze powder and coating powder. Another factor relates to the

technique by which the élurry will be applied to the substrate. The braze material can
usually be dispersed in either an aqueous or organic solvent. Examples of possible
solvents include water, ethanol or other alcohols; ketones, nitrile solvents (e.g.,
acetonitrile); ketone-type solvents like acetone; and aromatic solvents like toluene,

xylene, or xylenol; as well as compatible mixtures thereof.

A variety of techniques can be used to apply the slurry to the substrate. Examples.

include slip-casting, brushing, painting, dipping, flow-coating, roll-coating, spin
coating, and spraying. Various texts are instructive in this regard, e.g., the "Kirk-
Othmer Encyclopedia of Chemical Technology", 4th Edition, Vol. 5, pp. 606-619; as
well as the "Technology of Paints, Varnishes and Lacquers”, Edited by C. Martens,
Reinhold Book Corporation, 1968.. Those skilled in the art will be able to readily |
determine the most appropriate technique for a particular sturry composition. In ' -
general, use of a slurry composition containing the bonding agent and oxidation- |
resistant coating material is advantageous in various situations. For example, when
the substrate surface is irregular, or contains pits and crevices, the slurry can

effectively fill those regions.



to'the nature of the bonding agent. Wen the bonding agent "is a braze
material, standard brazing techniques are enployed. Brazing tenperatures
depend in part on the type of braze alloy used, and are typically in the
range of about 525C to about 1650C. In the case of nickel-based braze

al l oys, braze tenperatures are usually in the range of about 800C to about
1260C. When possible, brazing is often carried out in a vacuum furnace. The

amount  oh préREYY BribolimARN&the & ﬂ%&’ tl?é‘vélQﬁ'le%ﬁHﬁ%bﬁtls 9 tRd shule heaze

alloy. Usually, the vacuiumw Il be in the range of about 10-1’torr to
about 10egovet befoiefthe Aesingnsicy. nBemagdruf/th vlatilé compomeptnattbisistdgeicant o be
applied. to an area_.whic ﬂ%g Iend |t If t t he yse of f ur nace,
ot her - hidfh i TFeERHiE pel lemy. s e wolatifes age U, <

pat ent  Gystiaby 4%0%%5705@&1}1%9 ak's&eseﬁbe%l tiﬂ“tﬁul“ véﬂ%}‘?r Aledt E&ei?tf kl?rs
| ocal i zed héating neans eral exanpl es 1 nclude |n§uct|

t echni qLﬁe‘éSQ 932nf ?Fhmsdsldnl@i imthe( &R)can acldctt the rhodt exffebtivebeatingcregimdat azi ng
situation coatin OXI dation should be prevented during fusion. This is
usual l'y including a flux in the coating m x, or by

enpl oyi ng an inert cover gas. As an alternative, two separate slurries can
be enpl opRdpoddise i n&)‘nﬂﬁ] h a nt
‘coating parti c%@g “ g&{r)bﬁlgdé\f\{c?é{u%grzgh%?ndrlrore o?leﬁt garp)(gll[l)% %ﬁgﬁsiﬁﬁiﬁ?tﬁuent S

di scuss euibsitate eFusmgtcphranhnsrmie knoWhen thecot)dnd hrer uspallp sdlectédadoortbng t he

bondi ng .a al o it h._any othep _appropriate additives. The slurries
coul d béd® qﬁ‘? QMHP%P mh%‘iﬂ‘?%&g?rﬁdi WE&[“?@’ &é‘g agpRt 1§ FF2gtmatedy, Anot her
techniq i r ARk t; trate
“utili zelsé@anP%rg %Rﬁ%; co o%?%%: %ﬁﬁ és}iérlﬁﬁdza“ga%}n 5 asglgaééthd Pepﬁgfoe casting
process.thé typerd brestdidyneed, axtdhﬁestypwetlw mGﬂB@mg‘el ainbohit 20 tegabwat eri al |

braze, and binder is tape-cast, produce a free-standi ng sheet or tape
Tape- caéﬁﬁﬁ& micthe erse of Bickplobased hfa?ﬁéll%fst brazeyfeenpgeaberes pedisuglbrindhanpl e, i n

t he refef 0?%]3([){“%005’@‘%& %gg?a)]aCAM Usually, the slurry is tape-cast

onto a re FoVaBl e suppor stich as a plastic sheet fornmed of a

When possible, brazing is often carried out in a vacuum furnace. The amount of
vacuum will depend in part on‘ the composition of the braze alloy. Usually, the
vacuum will be in the range of about 10-1 torr to about 10-8 torr. If the bonding
agent/binder/coating material is to be applied to an area which does not lend itself to
the use of a furnace, other heating techniques may be used. For example, the
referenced U.S. patent 6,451,454 mentions the use of a torch or some of the other
localized heating means. General examples include induction (RF) techniques,
infrared heating (IR), and the like. In non-vacuum brazing situations, coating
oxidation should be prevented during fusion. This is usually accomplished by

including a flux in the coating mix, or by employing an inert cover gas.

- As an alternative, two separate slurries can be employed. The first slurry would
include the oxidation-resistant coating particles, along with one or more of the
-optional constituents discussed above, e.g., a binder. The second slurry would include
the bonding agent, along with any other appropriate additives. The slurries could be

premixed or applied individually over the substrate.
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. material such as Mylar(r). Substantially all of the volatile material in
the slurry is then allowed to evaporate. The renovabl e support sheet is
then detached fromthe green braze tape. The resulting tape usually has a
t hi ckness in the range of about 1 mcron to about 500 m crons. Braze and
braze/ base-nmetal tapes of this type are commercially available. The
free-standing, green tape can be cut to a size appropriate for the site on
the subsnotieeteshsifee fitappBatd the okRladesidsRehnt V@aungttg theGibRIrAE @BlERN be used
to terrporarlly hold the tape in place, prior to fusing. As an exanple, an
adhesi vetheasiuise cemppeiiien deswb@daﬁbhé%mﬁep&gupf alippe tastingtracdss.ngntdne tape to

t he subs uld be bIe ided that.it conpletely
vol atili %@gsgﬁgﬁ{ﬁg{?%wgp%ﬁ%% co V’Bg]ioﬁfﬂz oS @RS Ehment i s
used in sopRdSEOHEEBRLSIng Fhest OF e8R. a?é-%astfn%ﬁﬁetﬁ@db Q@lcﬁb@ﬁ%ﬁ’ﬂ%'a:@ sel ect ed

portion of the substrate, and then contacted wth a solvent that partially
di ssol veanddescibedtfot iezamplehin ﬂlenwéaren@ddé En@‘atente614éﬂ)é:5ﬂo Gonllpy e and
surfac ene, eto e_.or anot her

adhere t ubst r at u

or gani ¢ @o{x\%%%p%(%ﬁt&n e SR AN glc? S&PP‘HF ﬁ%?ggﬁ%}hf‘% l?ét“bﬁléefé ngit er the
tape is malefaPehcRAs MiBaS! b§ﬁl¥s?énﬁall§ Qﬁ oE‘ tEthvo e IAfiaPf SR %Jthteﬁe
substrate as descri bed previously, raz ng. As an alternative, |
t wo sepa@lhlveedgpe@apmra@eﬂhmnntwabibmhpm&d she'Ehm them dbtatl&pleﬁom theereed of the |

bondi b ta Th d t f d of th
ot dat | O tebr S reBlie e WD baf 5 GiheRbs BormasaiobeICLRIE ant | or
provi di ng B8t stRShiceshs, %}Qiédiﬂﬂilﬁagagﬁsbgr?%E%E?%Qﬁfgh?é{aﬁga%@%rﬁéﬁ?ﬁﬁecond

~ t.ape al so 1 ncludes a bi nder bove one or

nmor e sol axarelde. The tapes can be fabricated as 11 described previously,

e.g., deposition onto a renovable support sheet, and detachnment therefrom -
tacked qver the desired area on the substrate. LBuaIIy

The tap can be
t he _coameg e?fﬁ‘iagﬁ?lfl& Eto5P 4% Y gﬁeﬁu&(ﬁo @ Y& apPP1oprists fOE i 16,08, théhi | e t he
| bondi ng aneRitc YRR the coating is desired. Various techniques can be used to temporarily

hold the tape in place, prior to fusing. As an example, an adhesive may be employed.
Any adhesive suitable for attaching the tape to the substrate material would be

suitable, provided that it completely volatilizes during the fusing step.

Another simple means of attachment is used in some embodiments. The green braze
fape can be placed on a selected portion of the substrate, and then contacted with a

solvent that partially dissolves and plasticizes the binder, causing the tape to conform

and adhere to the substrate surface. As an example, toluene, acetone or another
organic solvent could be sprayed or brushed onto the braze tape after the tape is
placed on the substrate. The tape can then be fused to the substrate as described
previously, e.g., by brazing,

As an alternative, two separate green tapes can be utilized. The first tape is formed of
_the bonding agent, e.g., a braze tape. The second tape is formed of the oxidation-
resistant coating material, and has a thickness sufficient for providing the desired
coating depth, after the fusing step. The second tape also includes a binder (as

described above), and optionally, one or more solvents. The tapes can be fabricated as
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applied on top. (In one enbodinent, the two tapes can be attached to each
ot her beforehand, to forma free-standing bilayer. Attachnent neans are as
descri bed above, e.g., adhesives or plasticizing solvents). Wen the two
tapes are heated, the bonding agent tape will nmelt and infiltrate into the
oxi dation-resistant coating material. Thus, the bonding agent nmaterial,
e.g., braze, serves to densify the. coating,, while also fusing it

secur el y déseribiEpra\idatly ad 8, dédoRitRAtE I RAUVIBIY Sippdrd ShddP Shll defAchentt N T WO
tapes could be switched, i.e., with the bonding agent tape closest to the
subst r at Bleredigen-t he coating material tape on top). The use of the two
separate tapes has advantages in sone instances. For exanple, it can

epar tages in st anc: . c
- anc e e AL SO el vl e s Bia 8 Saing MesuBndoelE g Gbeor

appl yi ngmafealbipdait i Mated SdlsdediNio ARANIREaEOWHE HBERfiRkeadthi 'taigé%% a met al
sheet or "foil". In this technique, powlders of the oxidation-resistant

coat i ng #lied joal topnd(in ipae roriwidimenigthet twousped kan be httactedpoveiel Jotlar e
conbi ne nd sited onto uppprt sheet. Varjous thernal spra
t echni qgtégorg};l%l%ggﬁatfow %ggﬁ's?a&ﬁlrpggglﬁ@@f‘t i‘gtﬁacgﬂ’teBt MBS 3 6 tdeehibed | such as

vacuum pitasepe. e paisdsives br pYEEZ{0d @ivenks! A9h of i Fpp! asma
(AP) spray. O her despgsi _tripon tlg((g%ni ql?gs?coul%jnygl(e%Wvgrr%?é?)sg/aéraq’l(%last@ljlvﬂetlh , €.g.,
sput t er i brpding i @pe widb oreld@pdsintiltonte (iRWDyhe Dhilatioppesistant stvaehgi s t hen
removed,_ | eavi the desired metal fail. Foils of this type can also be
pr epar eam%tffn%lt %usn@feﬂ)g&gmgsag%t! 1pate o8y DR eSeResAniepHb e vaRtiNg4 | bbon
~ techni qUEhiItARLs® EusBER se@iel 88 Hid KBdrid ﬁn%onPeaérﬁEBdiﬁeé@ K803sitibRpe et al),
t her to nmake coating

which is incorporated herein by referernce. Ano met ho
foils ishehwo igpes cqwdd hiengpvitehedhne.queth thieebamiding hgerpriapd olesésytdaker i bed

t ' ially fired. (off th t), tof talli heet .
050§t Bl o] B P ol e e o e
SO b L OB B S LRt

spot - wel di ng, "tack-wel di ng, use of 1 %31

and sur ritatiatiickgwhich soinstites ncdue dueth inelanetshrinkrgatdwriag heating steps.
Still another technique for applying the oxidation-resistant coating to the substrate
utilizes a metal sheet or "foil". In this technique, powders of the oxidation-resistant
coating material and the bonding agent (usually a braze powder) are combined and
deposited onto a support sheet. Various thermal-spray techniques are usually used for
deposition onto the support sheet, such as vacuum plasma deposition, HVOF (high
velocity oxy-fuel), or air plasma (AP) spray. Other deposition techniques could be
employed as well, e.g., sputtering or physical vapor deposition (PVD). The support
sheet is then removed, leaving the desired metal foil. Foils of this type can also be
prepared by other methods as well. For example an amorphous metal ribbon
technique can be used, as described in U.S. Patent 6,468,669 (Hasz et al), which is
incorporated hercin by reference. Another method to make coating foils is the "pre-
forming" technique, wherein the previously-described green tape is partially fired (off
the part}, to form a metallic sheet.

Prior to the fusing step, the foil can be temporarily held in place on the substrate by

various techniques. Exemplary techniques include spot-welding, tack-welding, use of
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.sufficient to fuse the oxidation-resistant coating to the substrate
surface, as described previously. Another enbodinent of this invention is
directed to a nethod for replacing an oxidation-resistant coating
previously applied to a nmetal -based substrate. The periodic replacenent of
t he oxi dation-resistant coating (or a portion thereof) is often critical
in high tenperature conponents, |ike turbine engine parts. Very often, such
a coati ngp, t fgpak | ' turhine is in service,
et ranBs Bl R8RS dof pnd SRIARAM £ dhdbltith Wplales

di scl osedufeiaitro fese\thel esidatiormesitant osatingftb dhy/ sulRBate sLificeOhs AQRHB&I NY

sel ected areas,of an existing coating system wthout having to conpletely
remove t HESEBEY ng fromthe entire part. Thus, the process is very
suitable for replacing the coatings on relatively snmall sections of the

part, e.mn ' : eJr.s t xi dati.on-attack.
Mor eover , torﬁ}éérg‘?%goe(ggﬁitlﬂs gnglgg%?%rﬁﬁé %sglir %Cltéﬁ gos%r gl%g}%?ii ﬁ’é rgglg?lflﬁgaél whi ch
are situaxeiitionresigas oetingagielipuslgcamipiibie at enchillbased e@Rihtel €Y ques.
The steps f.or. repl aci ngﬁtaﬁb oxi dation-resistant coating usually conprise
the foll é\ﬁf‘ﬂ‘é}? TeRlpyemes, PRPoprrYstaricogling fer onctier itharend) iscefteni ng from
a sel ect i i {. - ating is worn or damaged
(e, o qra i &BergRifbSbBh sy lick g SRFh iy Reortn uch?

oxi dat i oxeatawj kdsatot be caphired) ot peplivedfwiiile fe @righdlid ¥ Qfrvide SNECifidrGts t he
substrate;..and _then (I11) fusing the new oxi dation-resistant coating to the

subst r at SeRyeH Famyhednanytaciying sites(Ihe nregess diselaped kedein provigescomeanst | onal
-met hods, £&- 9w e Wl I ng.the. .like..ln regard,tq step
(1), t hgﬁnlgg\lldggfleg%w? g%§ %%%I%égﬁ?&%:éga ?a%go(}iag Bllngc aﬁmgr%s%'ﬁ’ YHEOUcoat i ng
mat eri al badeg ¢o icheglopgvimosd the dobtigRfrohetRRRkitEParly THES, Y Drdc8&hRI ques

(al so. descri bed1 bove)[, ,e.%, inthe formof a slurry, foil, or tape. For
step (11 V5 sujap ﬁgf%%ﬁ ACHe g repplaaesou refiivebnieall sestiahs ofthmiagues..(e. 9., a
f urnace) g,ok0VEY; | be npr ited to a particular
si tuation, e. g.l,%ﬁ ‘gfr?)ts?%%vg%s%@h%tf&ge%fbgn%ﬁéa%%agpﬁﬁ M?f?over’ o Brdcess 15

especially useful for repairing coatings which are situated in areas not easily

accessible to other repair techniques.
The steps for replacing the oxidation-resistant coating usually comprise the following:

[4)) removing the existing oxidation-resistant coating from a selected area on the

- “substrate, if such a coating is worn or damaged (e.g., oxidized, cracked, or eroded);

()  applying a new oxidation-resistant coating in the form of a slurry or a sheet to
the substrate; and then

Iy  fusing the new oxidation-resistant coating to the substrate with a bonding

- agent.

Step (I) is carried out by conventional methods, e.g., grit-blasting, etching, and the

like. In regard to step (I1), the new oxidation-resistant coating is based on one of the

coating materials described previously. 1t can be applied by various techniques (also

described above), e.g., in the form of a slurry, foil, or tape. For step (1), fusing can

be carried out by conventional techniques (e.g., a furnace). However, other techniques

may be_ more suited to a particular situation, e.g., for repairs at a remote site without
13




., 13 sufficient facilities, or repairs in relatively inaccessible |ocations
on or within a part. In those instances, a torch or other portable heating
apparatus (such as induction or IR heating systens) could be used to fuse
the new coating to the substrate, e.g., by brazing. It should be apparent
fromthe previous discussion that another enbodinent of this inventionis
directed to an article. The article includes an oxidation-resistant

coat i ng, sufigicHefeilitRshralpuss 1nVi@1 afilel§ b cCARHHR Ibc&‘?{%ﬂtdn :frl \¥1tﬂh912%elrp vel's of

al um num (The coating can also funttion as coa

situati obs Oseﬂh\tetan@rammgcll ¢r dtherdenitable heaﬂng sipasitusaachogs iaduchidaiof TR, e. g , a
braze majerial The &[ agent for continuous math phase, e.g.
super al | 85198 SYEems} £p dn‘%i i fonfisg ‘E:(S‘&W #Ritipg toithe subsirae, crbelivied. Thus
for manypgpedi ments, the high al um numcontent coatings provide the

oxi dation protection, while the matrix phase provides coating ductility, as
wel | as adhesi ve- and cohesive strength. The article can be in the form of
a varietl Sbﬁulddlmlv@rms fuogre thei pretibgh disempionahatr ottep phibedincan of HOr

exanpl e, onent can be a furbine engine part, e.g., a turbine
bl ade. TWé’S‘g““& 1@3&“& Lo #s gicley ﬁmﬂ&m lpdes a@@a&aapnﬁsslmépmgs whi ch

requiTe & daiRBid HBle, AfhiN IR bR IAARRY) BRNIMLLR G IGhInRET e |11 e

The coating itself can be ectlve y no I"ed in corrp05| 1on, % meet the

-parti cul exating qari alesrBmictiomhs 4 hend enabimemepdtubtion).gThe bcﬁhtmgﬁﬁsorﬂfed@d umi num

content,  surf 1.hpness.,..and the | i ke. EXAMPLES The follow ng exanple

is merel P ]i’f\%ré"fer%f & RF2EMoBBd % | tﬂ)%hoﬁding)ég%@th of
|Imtatléyﬁ'ﬁﬁbﬂs 5

De.Of t g;qg iy royl ded in
‘wei ght perfcent, -uni':ess---ﬁfﬁg \t/a\n%slgériﬁ?l gitef}é H%h-’fff'w-o'xrr At on- regt e lEnt coating

R dgdCr Nn‘l’s tfypmqnglvwkﬁro,duham Née allgmallﬂﬂmﬂhnié@ﬂ@ﬁlsbdahﬁgs as
X W%oNl Ww%nCr, 9 %A, and 1 w% Y. The powder had a
parti cl epng‘Q %Oﬁl%?ntmaﬁ?cw whileshe metrbomhage provideyweatingaduetility, as

well as adhesive- and cohesive strength.

e

The article can be in the form of a variety of components used in high-temperature
applications. For example, the comﬁonent can be a turbine engine part, e.g., a turbine
blade.  These blades are usually made from the superalloy materials, which require a
- great deal of oxidation protection during their service life. The coating itself can be
selectively modified in composition, to meet the particular requirements of the turbine

part, e.g., in terms of aluminum content, surface smoothness, and the like.

EXAMPLES

The following example is merely illustrative, and should not be construed to be any

sort of limitation on the scope of the claimed invention. All parts are provided in

weight percent, unless otherwise indicated.

The oxidation-resistant coating material was a NiCrAlY-type powder, having a
nominal composition as follows: 68 wt% Ni, 22 wt% Cr, 9 wt% Al and 1 wi% Y
The powder had a particle size of less than 45 microns (-325 mesh). The braze
material was a hlgh temperature NiCrSi braze powder, with the following

approximate composition: 10% by weight silicon; 19% by weight chromium, base
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material was a high tenperature NNCrSi braze powder, with the foll ow ng
approxi mate conposition: 10% by weight silicon; 19% by wei ght chr.om um
base 14 nickel. The particle size of the braze powder was | ess than 45
mcrons (-325 nmesh). A slurry was fornmed fromthe two powders, using

pol yet hyl ene oxide as the binder, and water as the solvent. A 20 m!| (508,
m crons)-thick green (unfired) oxidation coating tape was then tape-cast

f rom t he nidksl U paHi€le S0 TR Bra@5od GWRABs ML 45 LGRS g-tﬁﬁ%ésﬁ). Ni/ Co
superal loy. Prior to use, the coupon was grit-blasted and ultrasonically
cl eaned. ATHermy wad foinaed frewi the 4nic powdars) ngng palyethwiese tohile atthadheldr,to a

portion of .the substrate surface,. i,ng.braze adhesive. Th substrate was
t hen vacﬁlﬂﬂn“fa%r@a %S%ﬁﬁtc 62%86#5 ?fdérgwo?ﬂ%ﬁwagﬁreeﬁr &T@E‘F‘ﬁd’ tion

oxi dat i 0BodtRgitficais thQPlahEBas? RohiBe 8HPRIL at e surface. Furnace cycle testing
(FCT) was carried out for the sanple, wth one cycle representing 45

m nutes at 2000F (1093C), w th subsequent cool -down to 130-150 F (54-660QC)
in 10 m Abe swstrate@ash joypen phade virca stgndapd NoCoasupentisy.s Bribi orusof the he

coupon, after 500 F cles.. In the figure, oxi.dation-resistant coatin
10 has bﬁ%‘}P"f‘J%aé&ﬂE'g%Sf% aniiiprsgpisalls clspyikch o Th @flaatgqnar@&éwwwﬂag )
" Pr ot eCt%@EMasﬁi&h%ttH&ieﬁ't& Q%ﬁs%%f‘iﬁé@?ﬂﬁ&z{té%&%a&,r uléé E:%%@a ivdOThgXxcessive

oxidation in the brazed coating at 500 cycl es. ; e substrate remined
prot ect esibstate ovasrthe vasme-Gisad tp EA048€NR200PF) Her B0 ghihutes,dgrodfciigdhenf i gure
(mar ked as " Not .Er ot ect,ed"%. There in ﬁge absence oche oxidation resistant
coat i ng, OXAYIFeERRRLE0RHRE 0f e sHPERIGFERER t he upper region of substrate

12. Many nodifications and variations of the present invention are

~ possi bl epuhicd kgt @bidderCRPaY; | @S for! thd I ef 0 €uf0
under st ood t hat gé]vm t hiﬂnéqﬁ\e js)co%etc%?m?h@g gogpghrgdéé&lgﬁéie&rr@? ?li?ec?(%‘\:’/enti on
may be preaosénting 46trhinntes e 200080 (AE03SOROIiHE aitlsbyuentesstrdobado 136-150°

. F (54-66°C) in 10 minutes.

FIG. 1 is a photomicrograph of a cross-section of the coupon, after 500 FCT cycles.
In the figure, oxidation-resistant coating 10 has been fused to the substrate 12 on the
left side (marked as "Protected"). This metallography demonstrates that there was no
excessive oxidation in the brazed coating at 500 cycles. Thus, the substrate remained

protected. A contrast is clearly evident on the right side of the figure (marked as "Not

protected"). There, it

Many modifications and variations of the present invention are possible, in light of the

above teachings. It is therefore to be understood that, within the scope of the
appended claims, the invention may be practiced -otherwise than as specifically

described.
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CLAIMS 1. An article conprising: (a) a netal -based substrate; and (b) an

oxi dati on-resistant coating bonded to the substrate by a bondi ng agent, and

conprising about 10 atomc %to about 50 atomic % alum num 2. The article

of claim1l, wherein the oxidation-resistant coating conprises an alloy of

the formlaMdrAl X, where Mis selected fromthe group consisting of Fe,

Ni, Co, and m xtures of any of the foregoing; and where X is selected from

the group consisting of Y, Ta, Si, H, Ti, Zr, B, C and conbinations

t hereof. {3 Ehﬁeaéoklp?iﬁ&gf)f claim1, wherein the coating is a discontinuous

| ayer of alumnumric particles in a matrix of a netallic alloy, and the

anmount of(a)al metalrhased substrate;jpad t i cl es exceeds the anobunt of alumnumin the

substrat e by abput 0.1 atom.c % to, about 40 atomc % 4. The artic|e of

ol i m 1, ot ofRtom s o Bongl fodB HvielS b 2 baylhe bacmi et aRASREG h

particl eabou 10 atdhii¢ Pato@bod SUREcMiL PEal@hlddh. and the coating has a contiguity |

fraction of less than about 65% 5. The article of claim1l, wherein the g

coating conprises particles of a first conponent (conponent |) and a |
)

second conpan %EIC(&Q:M”E Réhetein theCxidhBBn-Askstal g?a%g éc:}nglklt[ﬂé% ’a? \rﬁ'lg% tgtﬁlet he

oxi dation-resistant coating conprises a nateri € group
consi st i MRyt MCoid¥hivdhere Miinsclastedfesiouthie gralp; consistiog|of b, 0Nij Gb,ched mixtures

pl ati nu '&K&J 1.ni de; } Xt hereof . 7. The article of .claiml,
wher ei nnPﬂ!é br gf;éé‘%a‘#éagtog{r%‘? glild ‘?g%ﬁr&: fséesgle‘% d from (e ghoup %?Séﬁ%nggkg#%dﬁ IFl‘lp"om t he
group coisiZstB.(g aod combikations delxaft , iron, a precious netal, and a mixture
~which includes at |east one of the foregoing. 8 The article of claiml,
‘wherein the braze material conprises at |east about 40% by wei ght nickel.

16 9. Tha. @hd aaicle &f clgibail Mwhereith e @bainsNe aOXk@atihdds 8%k SF AMmikAAkicRY 1S
applied to .the substrate b¥ ) ) )
particles in a matrix of a metallic alloy, and the amount of aluminum in the particles exceeds

the amount of aluminum in the substrate by about 0.1 atomic % to about 40 atomic %

~ 4. The article of claim 1, wherein the coating is a discontinuous layer of aluminum-rich
particles in a matrix of a metallic alloy, and the coating has a contiguity fraction of less than
about 65%.

5. The article of claim 1, wherein the coating comprises particles of a first component

.(component I} and a second component (component IT).

6. The article of claim 1, wherein the oxidation-resistant coating comprises a material
‘selected from the group consisting of aluminide, platinum-aluminide; nickel-aluminide;

platinum-nickel-aluminide; and mixtures thereof,

7. The article of claim 1, wherein the braze material comprises at least one metal selected
from the group consisting of nickel, cobalt, iron, a precious metal, and a mixture which

includes at least one of the foregoing.

8. The article of claim 1, wherein the braze material comprises at least about 40% by weight

nickel.
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a technique selected fromthe group consisting of slurry deposition, tape
casting, foil application, and conbinations of these techniques. 10. The
article of claim1l1, wherein the oxidation-resistant coating is a bond coat.
11. The article of claim 10, wherein a thermal barrier coati gg Iibes over
the bond_ cpat. . 12. An article, conprising: (a).a netal-based substrate;
and () &nt 5 AHSIRGRERTL R hssERie 58 2QISTeS ARt ORI ARPLISE M1 SHRs by
substrat e tyhniqueondichd REENhe gr&ﬁ]f"c@ﬂs'fhti%?'&' 90 'd@ﬁosﬁﬁﬁprtdp%eéas@ﬁg,%fl' es of
component |, which conprises particles o al um num and a second netal, and
conponentPRLicpyon, apd cobivstions efdhesp tachnigress of an all oy of the forml a

MCr Al X, where Mis selected fromthe group consisting of Fe, Ni, Co, and

m xtures of any of the foregoing; and where X is selected fromthe group
consi st i h¢ Tdk axticle afglaingjl, whgreinthe oddatioB;regitard eoatogida badicoars t her eof  13.
The article of claim12, wherein the second netal for conponent (1) is
nickel. 14. An article, conprising: (a) a netal -based substrate; and (b)
an oxi dall.dheremilsdfaitimdOatvhergnhaitdmd] baoridrheatiighis badréhdBond cbandi ng agent,
wherein the oxidation-resistant coating has an average roughness val ue
"Ra" of |ess than about 200 micro-inches (5.08 mcronetres). 15. The
articl e of. A0 siiete, émpwkiag:ei n t he oxidation-resistant coating has an average
roughnes val "Ra" of |ess than about 90 micro-inches. 16. A turbine
engi ne ¢ Wﬁﬁ’aﬁgﬁbﬁt@ﬁeh@% superal l oy material, and including an

OxI dat | Oft) b BhufhAlH.-riE Al Ao ishnC QA A BihaBPRihe IBRHOBY £ vdhdufl ARALT SO
atom ¢ % _alum num bonded to at |east a portion of a surface O é
conponenthergiesaid goating comprisergparielap of §em3amﬁnalluwhmhh dempasey pa‘hglos: ofin a:c | oy
of the fgrml g ' | fromthe qgr nsisting o

Fe, Ni, %o and‘hﬁr d)?gteénél\ém %t? Egllr}\dy&og?ﬁo ?‘ ﬁlgfc(ﬁ r‘%lbl%l? %%@prgﬁﬁgﬁégseo X %llgyggl ect ed
f r om t hethg foumiz dHGIAIX] wherefM Ys sdlegtedSifromHhe ghoup Zimsisthag 6 Fandi, caghhdat i ons
t her eof

mlz%lrcs of any of the foregoing; and where X is selected from the group consisting of Y,
Ta, Si, Hf, Ti, Zr, B, C, and combinations thereof.

13. The article of claim 12, wherein the second metal for component (I} is nickel.

14. An article, comprising;

(a) a metal-based substrate; and

(b) an oxidation-resistant coating bonded to the substrate by a bonding agent, wherein the
oxidation-resistant coating has an average roughness value "Ra" of less than about 200

micro-inches (5.08 micrometres).

-15. The article of claim 14, wherein the oxidation-resistant coating has an average roughness

value "Ra" of less than about 90 micro-inches.

16. A turbine engine component comprising a superalloy material, and including an
oxidation-resistant coating which contains about 10 atomic % to about 50 atomic %
aluminum, bonded to at least a portion of a surface of the component, wherein the coating
comprises an aluminide material or an alloy of the formula MCrAlIX, where M is selected
from the group consisting of Fe, Ni, Co, and mixtures of any of the foregoing; and where X

is selected from the group consisting of Y, Ta, Si, Hf, Ti, Zr, B, C, and combinations thereof,
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OXI DATI ON- RESI STANT COATI NGS BONDED TO METAL SUBSTRATES, AND RELATED

ARTI CLES AND PROCESSES ABSTRACT OF THE DI SCLOSURE An article is described,
whi ch includes a netal -based substrate (12) and an oxi dation- resistant
coating (10) bonded to the substrate (12) by a bondi ng agent, such as a
braze material. The oxidation-resistant coating (10) material is often an
al um nide- or MIXAIX-type coating, and can be one which contains

rel atively hi ghWIQQRESQWﬁ@@ATﬂéGS:BﬁNmﬁDlm MEBALvery snooth, for
maxi mum aer odynani ¢ efficiency. The oxidation-resistant coating (10) can

lurrtes. brazd Papae B ARPEREEAT R AR LR A B0 ar e i so

described. Figure 1

ABSTRACT OF THE DISCLOSURE

An article is described, which includes a metal-based substrate (12) and an oxidation-
resistant coating (10) bonded to the substrate (12) by a bonding agent, such as a braze
material. The oxidation-resistant coating (10) material is often an aluminide- or
MCrAIX-type coating, and can be one which contains relatively high amounts of
aluminum. The cdéting is often very smooth, for maximum aerodynamic efficiency.
' The oxidation-resistant coating (10) can be applied and bonded to the substrate (12)
by a variety of methods, using slurries, braze tapes, or fneial foils. Coating repair

methods are also descﬁbed.

Figure 1
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