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 nmaterials |ike superalloys are
used in vagy nd | b i i operating
condi 1 one O AR B BB B A e ATE e wh o
impart several characA®ND RELATESARITIGEES @ND PRIOUTEISHS st ance, 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 atnosphere for an extended period of tinme. This is especially
true in the case of conponents fornmed of al um num contai ni ng superall oys,
whi ch ar erpéiRiicaAiSaf b gas turbine engines which operate at el evated
tenperatures, e.g., 1000C-1150 C. 1In the absence of a protective coating,
t he oxi di zi ng at nosphere can deplete the superalloy of alum num Since

al um num tlan imgrestioh isshisad derdin egeomiallptrelates toepiosdcting eoatingshfor pmetabct i ve
coatings, the |oss of aluymnumcan be detrinental to. the —integrity of the
Super al | PSP eVIoR RERLICHEY. dhe YRR S fiteEiRd e pidifiormssisiapt ein

coatings Rf hHM-teMPEANRS sutithiddldnd Pelhed g?&c@&%«:, the increase may be
detrinmental to other properties. For xanpl e, higher alum numlevels can
decrease coating ductility, causing cracking in the coating during

servi ce. FACKGROUNDhOFEE ISVENTION | oss of the hernetic, protective

nature of the coating. I Many of the oxidation-resistant coatings for
superallo 8 ar%mﬁorned fr§n1co% entkon Il.allogslof t he qunula. Al X,
where M i SOTPYR™SfERd b Pedgly materpls like ppeigloys, gre 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 period 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 defrimental 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.



el ements nmentioned below, in a nore detail ed description of the coating. In
many i nstances, the oxidation-resistant coating is used as the nost
external |ayer 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
oxi dation-resistant coatings with a desired surface texture. Exanples of
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desirable when it is critical that the final coating be substantially free
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VPS and Hyehpdreal) gl uesrbheerdnehlad® Sinthit casd, tlecédariag been appioyiengry he
coatings to regions of a substrate which are sonewhat inaccessible. The

spray equétpeathi fopmpxisenm gerofyraguc sHisiegiber sone for such regions. As an
illustration, it can be very difficult to thermally spray a coating on a

|1 ust rat “can be | mily s coa
nornal S0ur ) Pl Rfad chniolBl B2 Fen, AR ' ol xR RLATY

pr ocessescddtyigs Withuddesived safacois@uren TeanplsStofpbe thEhRsaprai@pseseamnmrde very
time-consumng. Thus, it is often very difficult to carry out |ocal

repai rs uBighg/lordlyppiocliss €4VOR) aghovACHUmMMRISS AR SEigyaVER)- t Reah Abieset hods
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coating WPR giphisiteonsi @t |ofichhdesialite whea it @ficabaidt nes fmaplcbg&ehg by t her mal
spray processes. Mreover, it would be desirable if the new nethods were
capabl e oﬁuta@ptl@liw@eqqfén@aai P’ﬁée&-o i naccessi bl e regions of a substrate.
Furthernore, the nethods should be conpatible with any other fabrication

processesyhfeMesd t&]ﬁ% 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 to a substrate would be welcome in the art. The methods should be
capable of providing a coating with substantially 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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2 substrate is being subjected. It would also be very beneficial if the new
nmet hods allowed one to readily change the conposition of the

oxi dation-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 make" and in-situ
repair of oxidation-resistant coatings. SUMARY OF THE | NVENTI ON One

enbodi nmen, : i RV i i i . rtic nprising
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subst r at eallywed oneandesdilyagange thEhentposidiahi cfrithe esidatiemntestshat icogingteri al s
are often alum nide- or MCrAlIX-type coatings, discussed in detail bel ow
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braze materjal conprises _at |east about 40% by wei ght nickel. The

oxi dat i onSYMNARINPF ISHE MWYENIHONe appl i ed and bonded to the substrate by a
variety of nethods, discussed in nore detail below For exanple, the
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slurry. urry can be “applied to the substrate by vario ni ques,
and t hen inetat-batet gubstine: drddearcardtiativg-reaistahthepating dbndddetowhd butishetednnali ng
agent. As an_alternative, the oxidation-resistant coating and the bondi ng
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descri be el ow.""The s t can then be cut to a Ire Sl ze, an

t enpor ar i thy oxidatioheekidtanttdoatisg ks i dalemiBuhdich? eadtinge aSuchacoatingn ofien appl i ed
to fuse the sheet to the substrate. In so enbodi ments, two separate
green she®rdaie gy 10 glomye &pyte ahoybsSY alpmie "ot VB dat i on-r esi stant coati ng

material, and the other fornmed
The 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 slury 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.



of the bonding agent material. 3 Techniques for fabricating the nmetal foils
are al so 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 enbodi nent of the invention is directed to a
met hod for replacing an oxidation-resistant coating applied over a

net al - based substrate. The existing oxidation-resistant coating (or
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the form ghedarsl atiached tb desubstraté BY bariotkénda@wy Sofficienghedis thee Appidfivised to
the substrate. Further details regarding the various features of this

i nvent i onfuag therfail feithesubsieate.  emni nder of the specification, and in the
acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
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e.g., superalloys which typically have an operating tenperature of up to
about 1008bstratsoC, (The term "superalloy" is usually intended to enbrace
conpl ex cobalt- or nickel-based alloys which include one or nore other
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Superal | oys are descri-bed & n various references, such as U'S. Patents
5, 759, 932tentniBRD oBth3d speudfihtibh Gandan thesd deompagimpdratvirtys.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional photomicrograph of a coating system which includes an

oxidation-resistant coating fused to a substrate.
DETAILED DESCRIPTION OF THE INVENTION

As mentioned above, the article of this invention includes a metal-based substrate. A
wide variety of metals and metal alloys can be used as the substrate. The term “metal-
based” in reference to substrates disclosed herein refers to those which are primarily
formed of metal or metal alloys, but which may also include some non-metallic
components, e.g., ceramic sections. Usually, the substrate is a heat-resistant alloy,
e.g., superalloys which typically have an operating temperature of up to about 1000-
1150°C. (The term “superalloy" is usually intended to embrace complex cobalt- or
nickel-based alloys which include one or more other elements, such as aluminum,
tungsten, molybdenum, titanium, and iron.) Superalloys are described in various
references, such as U.S. Patents 5,759,932; 5,399,313 and 4,116,723, all incorporated
herein by reference. High temperature alloys are also generally described in Kirk-
Othmer's Encyclopedia of Chemical Technology, 3rd Edition, Vol. 12, pp. 417-479



herein by reference. H gh tenperature alloys are al so generally described
in Kirk- O hmer's Encycl opedi a of Chem cal Technol ogy, 3rd Edition, Vol.
12, pp. 417-479 4 (1980), and Vol. 15, pp. 787-800 (1981). The type of
substrate can vary wdely, but it is often in the formof a jet engine
part, such as a turbine nozzle or blade. Various types of

oxi dati on-resi stant coatings can be bonded to the substrate. Many of them
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range of about 100 hours to about 1,000,000 hours, at tenperatures in the
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aluminide; nickel- alurmrude; platinum-nickel- alurmmde, and mixtures thereof.

In some embodiments, the oxidation-resistant coating is an aluminum-rich material.
Aluminum-rich coatings 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



range of about 10 atomic %to about 50 atomc % Moreover, as described in
the Thonpson patent referenced above, the alum numrich coatings sonetines
forma discontinuous |layer of alum numrich particles in a matrix of
netallic alloy (e.g., a conventional MZrAlX bond coat nmaterial). These
coatings usually have a contiguity fraction of |ess than about 65% The
anmopunt of alumnumin the alumnumrich 5 particles usually exceeds the
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a service is desirable, for example, when the coating is applied to a particular turbine
engine component which requires aerodynamic 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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The techni que by which the coating is applied often influences the surface
profile or "texture". (For exanple, coatings applied by HVOF (high
velocity oxy-fuel) are often relatively snooth, but may be further

snoot hened by subsequent processing. Mreover, the particle size of the
material formng the coating can be the primary factor in determ ning the
surface roughness. In general, finer particles result in a snoother

o dat on 9 Sl PR E L LA ES RRRARLIBRLS ool OE B IE Mt B, e 75
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superal | oy, the braze alloy can be forned of a simlar 'nickel-based
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designated in weight percent: 1) 4.5 Si, 14.5 C, 3.3 B, and 4.5 Fe,

bal ance Nberve @ mglingpoingsEpB:ssisds.ance Ni; 3) 4.5 Si, 3 B, balance N ; 4)
4.2 Si, 7 G, 3 B, and 3 Fe, balance N ;

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

The components are designated in weight percent:

1) 4.5 Si, 14.5 Cr, 3.3 B, and 4.5 Fe, balance Ni;
2) 15 Cr, 3.5 B, balance Ni;

3) 4.5 51, 3 B, balance Ni;

4) 4.2 81, 7 Cr, 3 B, and 3 Fe, balance Ni;

5) 10 Si, 19 Cr, balance Ni;

6) 3.5 8i, 22 Co, 2.8 B, balance Ni;

7 3.5 Si, 1.8 B, balance Ni;

8) 4.5 81, 14 Cr, 3 B, and 4.5 Fe, balance Ni;

9) 17 Cr, 9 81, 0.1 B, balance Ni;

10) 2.6 51,2Cr, 2B, and 1 Fe, balance Ni;



5) 10 Si, 19 C, balance Ni; 6) 3.5 Si, 22 Co, 2.8 B, balance N; 7) 3.5
Si, 1.8 B, balance Ni; 8 4.5 Si, 14 C, 3 B, and 4.5 Fe, balance N; 9)
17 &, 9 Si, 0.1 B, balance N; 10) 2.6 Si, 2 C, 2 B, and 1 Fe, bal ance
Ni; 7 11) 15 G, 8 Si, balance Ni; 12) 10.1 Si, 19.0 Cr, balance N; 13)
4.5 Fe, 4.5 S, 14.0 C, 3.1 B, 0.75 C, balance Ni; 14) 4.5 Fe, 4.5 Si,
14.0 G, 3.1 B, balance Ni; 15) 4.5 Si, 3.1 B, balance Ni; 16) 11.0 P,

bal ance Nj4 17 ola: P .Cr, balance N; and 18) 19 C, 7.3 Si, 1.5 B,
bal ance kﬂl) Soirrseégrgélél?arlge%e%htkel -base braze alloy conpositions for the

present invention conprise at |east one of silicon, chromum boron, and
iron, w ti)thelhakano® OebagncaiNizkel . M xtures of silicon and boron are
soneti mes enpl oyed. As one particular, non-limting exanple, some of these

conposi tions conprise about 5 w%to_about 15 w%silicon or boron; and
about 15 Wos (o X5chb S84k 55cnk Br 4> RRERANe bal ance  bei ng ni ckel

Exenpl ary cobal t-base braze all oy conpositions (approximte) include: 1) 8

Si, 19 Cryg17 Nspeda ¥siOaf By, 0PhangsONi; and 2) 17.0 Ni, 1.0 Fe, 8.0 Si,
19.0 O, 0.8 B, 0.4 C, balance Co. QO her types of braze alloys could be

used as well. Non-limting exanples include precious netal conpositions
cont ai ni ntp)si | 4.81Si, JbBdbalamwt/Mir pal | adi um in conbination wth other
nmetal s, such as copper, nanganese, nickel, chronme, silicon, and boron.

16)  11.0 P, balance Ni;
17) 10.1 P, 14.0 Cr, balance Ni; and
18) 19 Cr, 7.3 Si, 1.5 B, balance Ni.

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 Si, 19 Cr, 17 Ni, 4 W, 0.8 B, balance Co; and

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

Other 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 metal braze compositions are available from vendors such as Sulzer

Metco, Vitta, and Praxair Surface Technologies, Inc.



M xtures which include at | east one of the braze alloy elenents are al so
possi ble. Mny of the netal braze conpositions are avail able from vendors
such as Sul zer Metco, Vitta, and Praxair Surface Technologies, Inc. 8 In
one enbodi nent, the bonding agent and oxi dation-resistant coating nateri al
can be applied to the substrate in the formof a slurry. For exanple, a
braze alloy and a powdered form of the oxidation-resistant coating can be
conbi ned i [ .. al i I | ent .
Convent i o]\'éca(%n%c? g}bgﬁﬂg&g’b% g?%@%g ! geeng Qg(} g}%dé@&s}%ﬁs teaél\%l|E°nat1\(i:}!l giliria(g%%? ¢ el?ié%/ ences.

U.S. Pat esipticd tS 25 fitkirate, ifXf8e 920 o8AKGIO5 Foft e4ampR, aitrhdesdlloztdndea and

incorporated herein by reference. A variety of binder materials may be used
in the slpawderedNérrn iohithe ayideliethrisistant jogatingl camdie egomirinesld withgabinderat eri al s
such as pol yet hyl ene,.oxi.de and, vari qus .a lics [,..s0l,vent-based bi nders.
The ‘st ur roreisayn Ar€ SouRg: w6k 556 SUBNE C yifpl B RoeoHE LR RS
several Ofestiifediatvanbss leRr&lcesCES. PRRUS 4,55, B3t 5T50982.01ma 645 1F4ers0l vent s
(when use}_i%l for the slurry depends on various factors. One factor is the
capaci ty Blustraivessidvisenrpergicddgraimby refenepca he bi nder and  di spersing the
braze powder and coating powder. Another factor relates to the technique
by which reEy- Wl . e e Su at he,. eri al
can usua‘{xrgar%g}j 8??6@? gem igrhﬁgi e}?e télgec;aghu%ugﬁ%&' olr%a%:ril-llglgtn?%%%ﬁﬁ.%g Exanpl es
of possi binelude alaweased dignic mavwaR suclebgd1PthAbnbA1es al vetdh acryli@] ones,
nitrile solvents (e.g., acetonitrile); ketone-type solvents ,I_ir[ze acet one;
and ar ona®n soleent-pespdsbiniwe. tHreugHey mayy lspecontsin worieusopthern addisyds, 48

conpati bl @ mi.xt.ur t her-eof . var.i et t echni ques can be used to apply
t he sl ur r@es%g(etdﬂg%éﬁeﬁ@torfgkfee?at@%%ﬁr&%di%&% “de sl'i p- casting, brushing,

pai nting, dipping, flowcoating, roll-coating, spin coating, and spraying.
Various t®eft@iodr & bmsbf weire \e6lvienitst (When gy tbr e Glurrst depentls fok- vadoasrer
Encycl opedi a of Chem cal Technol ogy", 4th Edition, Vol p. 606-619; as

.5
vel | as tHetorste SHsofasigy infthesmcsy ofidhaisehvent Mrdsalubibiaiag dhe %E‘tﬂlie{ éadpy C
Mart ens,

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
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, Vamishes 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 shurry 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.



Rei nhol d Book Corporation, 1968. Those skilled in the art will be able to
readily determ ne the nost appropriate technique for a particular slurry
conposition. In general, use of a slurry conposition containing the
bondi ng agent and oxidation- resistant coating material is advantageous in
various situations. For exanple, when the substrate surface is irregular,
or contains pits and crevices, the slurry can effectively fill those
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conponent &nibred Beforstha Fesigstep. NREeMol4] of tiey@itil8 golapbidnts g thiblstagt €sid ng, and
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enpl oyed. Brazing tenperatures depend in part on the type of braze alloy
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range of abetwite8CAEnE echhigus &2&A6wn e H9251 blteusubllpzdloged scofdigg carri ed
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er
L eChni QUES; se of about 800°C to about 1260°C.

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 fumace, 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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infrared heating (IR), and the like. 1n non-vacuum brazing situations,
coating oxidation should be prevented during fusion. This is usually
acconplished by including a flux in the coating m x, or by enploying an
inert cover gas. As an alternative, two separate slurries can be enpl oyed.
The first slurry would include the oxidation-resistant coating particles,
along with one or nore of the optional constituents discussed above, e.g.,

ong i onal co . e
any. of her ARReE BN bR oL BEIGIERAbIP AR e YRl HRP Do e

i ndi vi duatteysloe lcoinpBsifio Sedciibed abOveAnRethaat off £eipd cHitng ProcRRP| ¥ Bget he
oxi dation-resistant coating to the substrate utilizes the slurry
conposi t i srbalisept, Bredslumosanpesiiopnicogingametapd, brase iand bindecis sape-4agt, one

eTbo0! T hes) LY OMROPL DS FREHARIG TR She Rl I o

et hods ahfd WeRYiBed, Yot Reamdple, in BRGetie&REd NEH, Phtehit 648MASL, Usiallylethe
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r enovabl eslstppolepe-shgento sasipvableguppart shest, sheees 4 plapiishset @rmedpbri al such
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t he range of about mcron to about 500 microns. Braze an .
br aze/ basbkragetape. (Tgassubiingt tapsusupe has e thickmess i the lrgngeanfabbuetl micrFhe

free-standi en ta can cut, to a size appropriate for the site on
the subsitratitht SHERE-RE B mipride hase il oa £F Bl SPe ooty e used
t o tenpor aydilayle. hol d the tape in place, prior to fusing. As an exanple, an
adhesi ve may be enployed. Any adhesive suitable for attaching the tape to

the substrate material would be suitable, provided that it conpletely
vol at i | i z&be dreeistapdinge sfeesi tape strepe hde Hesize iappioprintedios the sige vactheent i s

used in sone, enbgdi ngnts. . The gr.een braze. tape can be placed on g sel ected
por t1 on of MERGCSUIEY PR-De 1S PG COeRs ettty oo b oo 25 gty
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
tape 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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solvent that partially dissolves and plasticizes the binder, causing the
tape to conform and adhere to the substrate surface. As an exanpl e,

t ol uene, 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
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t hi cknessthexehibirci ent for providing the desired coating depth, after the
fusing step. The second tape also includes a binder (as described above),
and optionally, one or nore solvents. The tapes can be fabricated as 11
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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 herein 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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coating material and the bondi ng agent (usually a braze powder) are

conbi ned and deposited onto a support sheet. Various thermal spray

techni ques are usually used for deposition onto the support sheet, such as
vacuum pl asma deposition, HVOF (high velocity oxy-fuel), or air plasna
(AP) spray. O her deposition techniques could be enployed as well, e.g.,
sputtering or physical vapor deposition (PVD). The support sheet is then
renmoved, Al ik i) ol L s t-0i,.S.qt o be
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green tape is partially fired (off the part), to forma netallic sheet.
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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:

4y 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);

(II)  applying a new oxidation-resistant coating in the form of a slurry or a sheet to

the substrate; and then

(I}  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 (II), the new oxidation-resistant coating is based on one of the
coating materials described previously. It can be applied by various techniques (also
described above), e.g., in the form of a slurry, foil, or tape. For step (HI), 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
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especially useful for repairing coatings which are situated in areas- not
easily accessible to other repair techniques. The steps for replacing the
oxi dation-resistant coating usually conprise the following: (l) renoving

t he existing oxidation-resistant coating froma selected area on the
substrate, if such a coating is worn or damaged (e.g., oxidized, cracked,
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of this invention is directed to an article. The article includes an
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The article can be in the form of a variety of components used in high-temperature
applications. For example, the component 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 wt% Y.
The powder had a particle size of less than 45 microns (-325 mesh). The braze
material was a high temperature NiCrSi braze powder, with the following

approximate composition: 10% by weight silicon; 19% by weight chromium, base
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provi de the oxidation protection, while the matri x phase provides coating
ductility, as well as adhesive- and cohesive strength. The article can be
in the formof a variety of conponents used in high-tenperature
applications. For exanple, the conmponent can be a turbine engine part,
e.g., a turbine blade. These bl ades are usually nade fromthe superall oy
materials, which require a great deal of oxidation protection during their
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the solvent. A 20 m| (508. mcrons)-thick green (unfired) oxidation

coating t@pdatmgesm@ntqcapeg@aﬁte subgtate vefapg.xt ure. The substrate was a
coupon nade from a standard Ni/Co superalloy. Prior to use the coupon was
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m nut es, produci ng an oxi dation-resistant coating on the substrate
surface. 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, in the absence of the oxidation-resistant coating, severe oxidation

occurred within the upper region of substrate 12.

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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Furnace cycle testing (FCT) was carried out for the sanple, with one cycle
representing 45 mnutes at 2000F (1093C), with subsequent cool-down to
130-150 F (54-66C) in 10 mnutes. FIG 1 is a photom crograph of a
cross-section of the coupon, after 500 FCT cycles. 1In the figure,

oxi dation-resistant coating 10 has been fused to the substrate 12 on the

| eft side (marked as "Protected"). This netal |l ography denonstrates that
there was no excessive oxidation i@¥A Sbrazed coating at 500 cycles.
Thus, the substrate remained protecied. A contrast is clearly evident on
the right side of the figure (nmarked as "Not protected"). There, in the
absence oWHahi olwiinddt i on-resi stant coating, severe oxidation occurred

wi thin the upper region of substrate 12. Many nodifications and vari ations
of the present invention are possible, in light of the above teachings. It
is therefbre tOPBEIUHERIPRAYYE that, within the scope of the appended
clains, the invention nmay be practiced otherw se than as specifically

descri bedgélgu%ﬁal}/_@a %hbét?at&él?gﬁi%i 1. An article conprising: (a) a

met al - bas ate (12) and (b) an oxidation-resistant coating (10)
bonded to the substrate (12) by a bonding agent. 2. The article of claiml,
wherein te oxamatidaten-resistint nbatingal Onporcedye itsesibatate 412)dyy abotdiegf or nul a
MCr ALX, where Mis selected fromthe group consisting of Fe, N, Co, and
m xtures ®hny of the foregoing: and where X is selected fromthe group
consisting of Y, Ta, Si, H, Ti, Zr, B, C, and conbinations thereof. 3. The

article of clarRR hitRle 8f cMBR1CIWhetdi® tRX bk rdsR G Lo CQRAlIMEs 640) is an
al um numrich coating.

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, T1, Zr, B, C, and combinations thereof.

3. The article of claim 1 or 2, wherein the oxidation-resistant coating (10) is an

aluminum-rich coating,

4, The article of claim 3, wherein the aluminum-rich coating is a discontinuous
layer of aluminum-rich particles in a matrix of a metallic alloy, and the amount of
aluminum in the particles exceeds the amount of aluminum in the substrate (12) by

about 0.1 atomic % to about 40 atomic %.

5. The article of claim 3 or 4, wherein the total amount of aluminum in the

aluminum-rich coating is in the range of about 10 atomic % to about 50 atomic %.

6. The article of claim 3 or 4, wherein the aluminum-rich 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%.

7. The article of claim 3, wherein the aluminum-rich coating comprises particles

of a first component (component I) and a second component (component II).

8. The article of claim 7, wherein component (I) comprises particles of aluminum

and a second metal, and component (II) comprises particles of an alloy of the formula
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4. The article of claim3, wherein the alum numrich coating is a

di scontinuous layer of alum numrich particles in a matrix of a netallic
all oy, and the anobunt of alumnumin the particles exceeds the anount of
alumnumin the substrate (12) by about 0.1 atomic %to about 40 atomc %
5. The article of claim3 or 4, wherein the total amount of alumnumin the
alum numrich coating is in the range of about 10 atomc %to about 50
atomc % e el | , L e] . 1 i coating
1s7a o UG M et 6L b il Bloud oMU S RCHPCHIRIANEY 2

netal i c &ff dmgyof the thrégiing; e@dtwiege Nais selectod tiopy ieyerbiipedristinglof g s, t han
about 65% 7. The article of claim3, wherein the alum numrich coating
conpr i sesSipHitTicle B, Goendcgmbisptiensigseefnt (conponent 1) and a second
conponent (conponent I1). 8. The article of claim7, wherein conponent (I)

[ t4 f ' t (Il
Compr | ses” par 1 11 ERcfjor Htier itrsf i ol Bk 61 B AR ETRRRETY | 1)

selected fromthe group consisting of Fe, Ni, Co, and m xtures of any of
t he for eghd.ng; Thedrtisheeof clim S, 2ebed] ediefdimthd beidgiouEssrns csitingg(10) Y, Ta,
Si, H, Ti, Zr, B, C, and conbi nations thereof.. 9. The article of claimS8,
wher ei n t $ERTEED Admstial selssted Jrarp fBRiteredn cpasisiingyef alupgniden plaginymg| o of

ator al Sufinide SRELARROE LR AR AahRRA SRR ARl Lo oo

al um ni de; nickel -al um ni de; pl ati num ni ckel -al um ni de; and m xtures
t hereof . 1. ThHee aticlecdfeclaifn tloailf) Whereirlhe odidationmedistentacontiag (N -haesi st ant
coating (10) has an_ average rougf}riess val ye "Ra"

y of less t about 200
mi cr o- i ncHe&verageprughngss vais: Rag)of less thip qogypt ; é‘“BrP'IE?léﬁsrﬁg-%%,mWﬁ%rein t he

oxi dat i onmgﬁggastant coating (10) has an average roughness value "Ra" of
| ess than about 90 micro-inches (2.29 micro netres). 13. The article of
claim1l1, wherein the bonding agent is a braze material.

12.  The article of claim 11, wherein the oxidation-resistant coating (10) has an

average roughness value "Ra" of less than about 90 micro-inches (2.29 micro metres).
13.  The article of claim 1, wherein the bonding agent is a braze material.

14.  The article of claim 13, 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.

15.  The article of claim 13 or 14, wherein the braze material comprises at least

about 40% by weight nickel.

16.  The article of claim 1 or 10, wherein the oxidation-resistant coating (10) is
applied to the substrate (12} by a technique selected from the group consisting of

slurry deposition, tape casting, foil application, and combinations of these techniques.

17. A turbine engine component comprising a superalloy material, and including
an oxidation-resistant coating (10) 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 MCrAlX, where M is selected from the group consisting of Fe, Ni, Co, and
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14. The article of claim 13, wherein the braze material conprises at |east
one netal selected fromthe group consisting of nickel, cobalt, iron, a
precious netal, and a m xture which includes at | east one of the
foregoing. 15. The article of claim 13 or 14, wherein the braze materi al
conprises at |east about 40% by wei ght nickel. 16. The article of claiml
or 10, wherein the oxidation-resistant coating (10) is applied to t he
substrate_( slurry
deposi &1 ofipies B al ¢RECT Buited BB rliRte XSt SR EBITLRMPRRE

t echni quey, T4,/8i, Af T i, Be Coagi aanknsmes @idreqfonpri sing a superal | oy
material, and including an oxidation-resistant coating (10) bonded to at

| east a portl on of a surface of the conponent, wherein the coatin

conpri seslé&n allberifwibie srginer rappeientpf slampyl lorwharen the oiseHONISSIBRE where M
i s select QDRI of Fe, Ni, Co, and 17 m xtures of any
of the fo‘?‘gaé‘fé‘éggg)tlgﬁ%g@vﬁ‘?@%ﬁ% scgéte ected fromthe group consisting of Y,
Ta, Si, H, Ti, Zr, B, C, and conbinations thereof. 18. The turbine engine
corrponent mf c11‘hé murbihe eree'combdmmnf dhltrn OFY; rvetsereih ahé oxladbn-pgistal®) s an
al um numri ch coating The turbine engi ne conponent of claim17,

wher ei n t fRAUGEI(HYtS B?Pqeéé‘? eRmPoREH Y 3T {zeoyatrdal g Hefe g atcﬁétl@%ﬁ’h‘ﬁ)onent by
b t ticl
2, br aze. TRRES! Mlesdl G BEARICE PO UANS o MBI kAR R pEgcper |l es

appl ying an oxidation-resistant coating (10) on a netal -based substrate
(12), conp@.i si Agmbﬁledffot bopliing it @qddatiopresiagapd yoaniggt(hé) oxiadatiabbaseési st ant
coating (1Q) e formof a skurry or a sheet to the substrate (12); and
(ii) fusi SF?‘F@ b eRpEng hsiflloyp2 8§8%i ng (10) to the substrate (12) with
a bonding agent. 21. The nethod of claim 20, wherein the

oxi dat i ongf esi glafihe @R iB&idnl@4istant coating (10) in the form of a slurry or a sheet
to the substrate (12); and

(i1) fusing the oxidation-resistant coating (10) to the substrate (12) with a
bonding agent.

21.  The method of claim 20, wherein the oxidation-resistant coating (10)
comprises an aluminide material or 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.

22.  The method of claim 20, wherein the slurry further comprises the bonding

agent.
23.  The method of claim 22, wherein the bonding agent is a braze alloy.

24.  The method of claim 23, wherein the braze alloy 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.
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conprises an alumnide material or an alloy of the formula MCrAlX, where M
is selected fromthe group consisting of Fe, Ni, Co, and m xtures of any
of the foregoing; and where X is selected fromthe group consisting of Y,
Ta, Si, H, Ti, Zr, B, C, and conbinations thereof. 22. The nethod of
claim 20, wherein the slurry further conprises the bonding agent. 23. The
met hod of claim 22, wherein the bonding agent is a braze alloy. 24. The

thod of ,gl ai ' i Ses:: t al
el octed From FREieuhasstiat 97 ob 230 6nels e SR erpBudl «f SR AR 0L @

met al , ang@l2a bymatxledsteonshiceimiiine belek@sd fitonl €S groapecopbisfie of alipgaitig, 18 25.
The nmethod of claim20 or 22, wherein the slurry is applied to the

subst r at ebrughing, najuting, digpive, dow-coaignrajeoadincpineepating mnd SRragNgup

consi sting of slip-casting, brushing, painting, dipping, flowcoating,

Il - t hHg, | tieneL: ' 6 : fecl ad ;20 25,
wner el RS oxd B PR SRn oo 2] Miehh fyordIRATER St ETiE o

(12) by afikedito theaibaRat (a2) By heivaetrodtihert &f a adiBpdratheS6F ikdbut 3bsUT td 650C.
27. The nethod of claim 20, wherein the sheet conprises a green braze tape.

28. The nehawbdoPF’Cel ai m 20, wherein the sheet conprises a metal foil. 29.
The nmet hod of claim 20, wherein the oxidation-resistant coating (10) is in

the for f arfi r . e n i LS| he formof a
second grn%gn tg%ée{n%g@.g 0('fzﬁfe?m};rlrgte h‘glc’igrg'?‘ t%?%e%?%&\%ﬁggg{%%n %’ ﬁaéze %p%St green tape
is applied to the substrate (12), and the second green tape is applied

over the 28.r st The eethodadelaithal] whadinklie sheeh@mfiprivgs 8 2l Whil.ch fuses the
tapes to the substrate (12) surface. 31. The nethod of claim 29, wherein
the first_and second taprefgq are initially . attached to each other ilo forma

bi layer, #hi chThemetod dsaimed: tiderai the pyidatignaesisiant coatipg G 0) Kelothe st green
tape cont gt &9 ABESPShE, 3h8 1R aES aeB]s I e $G6C5: REGRNEAPEpe.

30.  The method of claim 29, wherein the first green tape is applied to the substrate
{12), and the second green tape is applied over the first green tape, followed by a
heating step which fuses the tapes to the substrate (12) surface.

31.  The method of claim 29, wherein the first and second tapes are initially
attached to each other to form a bilayer, which is then applied to the substrate (12),
with the first green tape contacting the substrate surface, and the second green tape
lying over the first green tape, said application being followed by a heating step which

fuses the tapes to the substrate surface.

32. A method for replacing an oxidation-resistant coating (10) applied over a

metal-based substrate (12), comprising the following steps:

)] removing the existing oxidation-resistant coating (10} from a selected area on

the substrate (12);

(I)  applying a new oxidation-resistant coating (10), in the form of a slurry or a

sheet, to the selected area on the substrate (12); and
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| ying over the first green tape, -said application being followed by a
heating step which fuses the tapes to the substrate surface. 32. A nethod
for replacing an oxidation-resistant coating (10) applied over a

met al - based substrate (12), conprising the follow ng steps: (1) renoving
the existing oxidation-resistant coating (10) froma selected area on the
substrate (12); (I1) applying a new oxi dation-resistant coating (10), in

the form a rr - { o I t sfrate
(12): “anctny” fiite e deadoraikiesifinl, 2rehg. (0L FE A BBllel 1) BABSA L 51 e
subst r at ebdrd)g adehh a bonding agent. 33. The nethod of claim 32, wherein
the oxidation-resistant coating (10) conprises an alum nide material or an
alloy of the formula MCrAlX, where Mis selected fromthe group consisting
of Fe, Ni33-Co, Thhdnpthed wleslam 3Ry vereinetheo psigationgresistany sating o0 s

sel ected - - eonsi St f 1 N r . and
conbi nat i éé#s?ﬁ%%g?gg‘#l&“%}l& q]%{e&%ietg Egg aélgycqa}l%%mm%&r%}lr)\é t‘mae?eé Ih%rlﬁ y
further ceelgtédstesm thegoomdomisting@€RE,. Ni3Bo, dddaniveirbof Hify of e foreddingpher ei n

t he sheet conﬁrises a green braze tape or.a netal foil. 36. The nethod of
cl ai m 32, anghwhere K tsaelagtod fonm dha gronp cersistingaf Yook Shdf T0)Zn B, G esdd to the

substrateCIﬁghmﬁ%S%P (%ing heat at a sufficient fusing tenperature, by
means of a locallze eating neans. 20

34.  The method of claim 32, wherein the shurry further comprises the bonding

agent.

35.  The method of claim 32, wherein the sheet comprises a green braze tape or a

metal foil.

36.  The method of claim 32, wherein the new oxidation-resistant coating (10) is
fused to the substrate (12) by applying heat at a sufficient fusing temperature, by

means of a localized heating means.
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