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STAND ALONE COATI NG AND AS BOND COAT AND COATED ARTI CLE BACKGROUND OF THE

| NVENTI ON 5 The present invention relates generally to oxidation and
corrosion resistant coatings, and relates nore particularly to al afnfki 08
coatings containing one or nore active elenments and i nproved oxi dation and
corrosion resistance. Overlay coatings are widely used in high tenperature
and/ or corrosive environnents, for exanple in gas turbine engines, as a
stand al one coating, e.g., to provide high tenperature corrosion 10 and
oxi dation resistance to the underlying substrate, and al so as an adherent
bond coat for a subsequently-applied ceramic thermal barrier coatings. A
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coating disclosed in commonly-owned U S. Pat. No. 4,585,481 and Reissue
No. 32,121, both to Gupta et a]. The Mis selected fromthe group including
ni ckel, cobalt and iron or conbinations of these elenents. The Y typically
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necessarily, applied by plasma spraying. See, e.g., U.S. Pat. Nos. 4,321,311 and 4,585,481 and
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Reissue No. 32,121. Application of overlay coatings by other applications, including but not limited
to, electron-beam physical vapor deposition, chemical vapor deposition, cathodic ar¢ and
! electroplating are also possible. While the bond coat tl{ickness may vary depending upon the
20  particular component and application, the illustrated bond coat typically has a thickness of less than
about 5 mils, although thicker or thinner coatings are also used.

Aluminide coatings are also used in high temperature and/or corrosive environments, for
example in gas turbine engines, as a stand alone coating, e.g., to provide high temperature corrosion
and oxidation resistance to the underlying substrate, and as an adherent bond coat for a subsequently-

25  applied ceramic thermal barrier coating. Some aluminide coatings also include one or more noble
metals, which enhance erosion and/or corrosion resistance. See, e.g., U.S. Pat. No. 5,856,027 to
Murphy. Aluminide coatings, including those containing noble metal(s), are traditionally applied by a
pack process or by chemical vapor deposition {CVD). In a typical "in pack” process, the article to be
coated is usually initially electroplated with a noble metal, and is then placed n a pack containing a

3o source of aluminum, an activator, e.g., halide, and inert matertals, e.g., alumina. The pack and anicle



1 - 7 MAY 2004 are then heated, form ng vapors of the alum num which
reacts with the nickel or cobalt in the article to formthe aluminide. The
coatings may be further heat treated to obtain desired coating pr.o;pﬂmtmﬂp
In a typical CVD process, individual generators produce al um num vapors,
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al um ni zed, f afis another object to provide an aluminide coating, and a process for applying an aluminide,
20 having improved durability.
It is still another object to provide a repeatable process for forming active element(s)

containing aluminide coatings that produces high quality coatings more consistently.

SUMMARY OF THE INVENTION
25 According to one aspect of the invention, a method is disclosed for improving the corrosion
and oxidation resistance of a substrate. The method includes providing a superalloy substrate, and an
overlay coating including at least one oxygen active element is applied onto the substrate by an
overlay step. Platinum or other Series VIII transition metal is applied onto the overlay coating,
typically but not necessarily by electroplating. The overlay coating and metal is then aluminized, for
30 example by chemical vapor deposition. A ceramic thermal barrier coating may also be appled. A

coated article is also disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a photomicrograph of a coating of the present invention, including a ceranuc

35 coating.

FIG. 2 is a flow diagram illustrating a preferred process for fabricating the coating of the

present invention.



30 exanpl e by chem cal vapor deposition. A ceramc thermal barrier coating
may al so be applied. A coated article is also disclosed. BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG 1 is a photonicrograph of a coating of the prés‘éﬂt?ﬂﬂé

i nvention, including a ceramc 35 coating. FIG 2 is a flow diagram
iIIustrating a preferred process for fabricating the coating of the
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" Exenpl ar yoﬂrbsﬁm aRdbeidition resistance and durability relative to prior coatings. While the invention
20 illustrated below is used with a nickel base, cobalt base or iron base superalloy material, the invention
is not limited to use with these materials.
Typical compositions of such alloys are shown in Table 1. Exemplary U.S. Patents
describing columnar and single crystal and directionally solidified alloys include 4,209,348;
4,643,782; 4,717,432; 4,719,080 and 5,068,084, each of which is expressly incorporated by reference
25  herein. Cooling holes, which may be positioned on one or more portions of a turbine blade, may be
provided for flowing cooling air over the specific portions of the airfoil during operation, as is known
generally in the art.
TABLE 1: COMPOSITION OF COLUMNAR AND SINGLE CRYSTAL ALLOYS

Alloy Type | Ni Co |Cr | Al Mo |Ta W Re | Hf Ti Nb
PWA 1422 DS [ Bal | 10 9 5 - - 12 - 1.6 2 I
DS R80OH DS | Bal. | 95 | 14 3 4 - 4 - 0.75 | 4.8 -
CM247LC DS | Bal. | 92 | 81 | 56 | 05 | 32 | 95 - 14 | 07 -
PWA 1480 SC | Bal. | 5 10 5 - 12 4 - - 1.5 -
PWA 1484 SC | Bal. | 10 5 |565| 19 | 87 | 359 3 0.1 - -
Rene’ N5 SC | Bal. ! 7.5 7 6.2 | 1.5 | 65 5 3 0.15 - -
CMSX+4 SC | Bal. | 9 65 | 56 | 06 } 6.5 6 3 0.1 1 -

30



describing columar and single crystal and directionally solidified alloys
i ncl ude 4, 209, 348; 4,643,782; 4,717,432; 4,719,080 and 5, 068, 084, q of
which is expressly incorporated by reference 25 herein. Cooling hoTZi’fA 2004
whi ch may be positioned on one or nore portions of a turbine blade, may be
provided for flowing cooling air over the specific portions of the airfoil
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yttrium '}1 SCon" o ars™ %%S%Eep N ed t he present invention

preferably i ne\lnwdasplany o@m@ty!cagumgméttscn@d fiarihienigy aa ekdmh;rbé(hm& wfictbet ivee nsedbout
;-.I -SOSbren {ﬁécc%ssfuﬂ 15 a_Ni%'oelofél coiltﬂfg)v.’rithaéld(tie%%{% a%g/%xt éingnsbl%gd t%t'nl?se {hetcgz!itﬁ]lé nsesses nmay
15 composed in weight percentage of about 5 -40Cr, 8 -35 AL, upto2Y, 0.1 -7 81, 0.1 - 5.5 Hf,
balance Ni and/or Co.

One or more Series VIII transition metals are then deposited on the MCrAl coating. We
believe that the final coating should contain in weight percent about 1- 30 of such metal, e.g., Pt, more
preferably about 5 - 20 and as described below we have obtained good results with about 10 - 11 PT

20  inthe final coating. Preferably the metal(s) is deposited by electroplating, in a known manner, but
those skilled in the art will recognize that the transition metal may be applied with the application of
the overlay coating. Plating the metal to a thickness of about 0.05 - 0.15 mils should provide a final
coating with the above-desired transition metal content. While we prefer to use platinum in
connection with the present invention, other metals may also be employed such as palladium, iridium,

25  rhodium, ruthenium and osmium or combinations of these elements. Plating processes are known
generally and are not described here in detail. Alternatively, the metal may be applied by jet vapor
deposition (JVD), see e.g., U.S. Pat. 4,788,082 and other patents assigned to Jet Process Corporation,
which are expressly incorporated herein by reference, by cathodic arc or by CVD.

Aluminuim is then applied to the part. While we prefer to use chemical vapor deposition to

30 aluminize the part, jet vapor deposition, physical vapor deposition or other suitable deposition may
also be employed. While CVD aluminizing processes are known generally and are not described here
in detail, a coating gas has a composition including some amount, in vol. % of a carrier gas, such as
hydrogen, and an amount, in vol. %, of an aluminum containing gas. The coating gas may be formed
by passing a carrier gas over a source of aluminum. The above process is adjusted as desired to

35  provide a given quantity of aluminum on the part surface. The coating gas is then impinged upon the
heated substrate, at a given delivery rate, with the substrate typically being heated to between about

1800 - 2200 F, and preferably about 1950 - 2000 F.



An exenpl ary overlay coating (described further in an exanple bel ow) which
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1975 F f Ol'ib @ fegtuge]; nl(i:nu e, w:th the substrate heated to a nominal temperature of between about 1950 -
2000 F. Some of the samples were then coated with a ceramic thermal barrier coating composed of
yttria stabilized zirconia, as taught for example in the above referenced *311 patent to Strangman,

y 25 while other samples were tested without such a ceramic coating.
Coated anticles in accordance with the present invention have been tested in a burner rig
apparatus. Testing indicated that the present invention coatings, which tests included samples having
a subsequently applied thermal insulating layer, are about 2 - 3 times more durable than current
TBC's. The inventive coated articles were also tested as stand alone coatings, e.g., no overlying
30  ceramic layer, and also demonstrate improved protection and durability.

The samples were tested in high temperature burner rigs. The test cycles comprised_117

minute exposure at 2150 degree F followed by 3 minute air cooling per cycle together with standard

platinum aluminides. The samples prepared in accordance with the present invention exhibited
improved lives over the samples including the standard aluminides by a factor of about 2.5.

35 As a result of the testing, we believe that the composition of the final coating in accordance
with the present invention is, in weight percent, between about 1 -30Pt,2-4.55i, 13- 14 AL, 1-5.5
Hf, remainder Ni, Co, and Cr, and more preferably 10- 11 Pt, 2.6 - 4.2 §i, 13.4 - 13.6 Al, 3.9 - 5.3 Hf,
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Sanpl es were Mlepalnca!ie&qsu lmgznsmpl@ﬁatdnciymwbahom wsoma deiwd onvaivuevaniatidns e
present FJB%&GE&%% %@%ﬁg éﬁfd aftln g‘?m%ﬂﬁé &%Mfﬁﬁl@e%@rﬂmﬂedsco&' Jre@ni a
based col urmar cera ermal barrrer coat verlay coating as
descri bethimbingelams Apotdisgdy. byis fodw updeseuirthat ;ﬂieasvmugplnaa)beered@@brtbhbw whatfed
with,plat ner. The sanples were alum ni zed using a

coat ldﬁr?g glg]gtyéﬁr?l&{;ﬂ%n%%gbou 80 vol. %of a carrier gas, such as hydrogen,
and about 20 Whatisdgairoéd ign al um num contai ning gas, in 20 this case AlCl 3.
The coating gas was forned by passing HClI over a source of alum num at
about 600 C. The coating gas was inpinged upon the heated substrate, at a
delivery rate of about 224 standard cubic feet per mnute, with the
substrate heated to a nom nal tenperature of between about 1950 - 2000 F.
Sonme of the sanples were then coated with a ceramc thermal barrier coating
conposed of yttria stabilized zirconia, as taught for exanple in the above
referenced 311 patent to Strangman, 25 while other sanples were tested

W t hout such a ceram c coating. Coated articles in accordance with the
present invention have been tested in a burner rig apparatus. Testing

i ndicated that the present invention coatings, which tests included sanpl es
having a subsequently applied thermal insulating |ayer, are about 2 - 3
times nore durable than current TBC s. The inventive coated articles were
al so tested as stand al one coatings, e.g., no overlying 30 ceramc | ayer,
and al so denonstrate inproved protection and durability. The sanples were
tested in high tenperature burner rigs. The test cycles conprised 117

m nut e exposure at 2150 degree F followed by 3 mnute air cooling per cycle
together with standard platinum alum nides. The sanples prepared in
accordance with the present invention exhibited



i mproved |ives over the sanples including the standard al um nides by a
factor of about 2.5. 35 As a result of the testing, we believe that the
conposition of the final coating in accordance wth the present irryXW q@p
is, in weight percent, between about |I - 30 Pt, 2 - 4.5 Si, 13 - 14 , -
5.5 Hf, remainder Ni, Co, and Cr, and nore preferably 10 - 11 Pt, 2.6 -
4.2 'S, ]?: - 13.6 Al, 3.9 - 5.3 Hf. 5 -. 7 MAY 2004 remai nder Ni, Co, and
. O he‘l#éih%%si tional ranges should also provide for significantly

i nproved |ives over known al um nide coatings (wWth or without a thernal
barrier coating). The present inventi L:des. s L vant ages
over prior pr!ocess%éﬂ.m%ﬁé’?l%?vg{ﬁéat coggggrga;rmg\éé:ﬁ@% Zéssgl'?tfg ng?gjtgﬂ%?i on of
active %bﬁﬁﬁmg (heRiepd & ng al um ni de coatings having significantly 5 nore
consi stent conpasjtions, and thus significantly nore consistent properties
and i npr oved RIBYEHE PiSPRETPREOIRF i ty of the resulting coatings are thus
simlarly im%g#e%&-nn%t’hﬁ obdIRy PEBRERELBiAY R Mabiohe Biagenesie cttesmiohbed above in
sone detail, - ous variations and substitutions nay be made w t hout
depart i mgbshpiorhytoh@vepxsep: of the invention or the scope of the follow ng
cl aims. Accor.d] P ; Adenatipodediabainie i nvention has been
descri bed by ‘ 9'94&}6 Sé{%syﬂ 1&@??2??0% and not dg'y | Etl tation. What is clained
is: 6 - 7 MAYI@ODLInGIAE My coaingrend e s3PC | nprovi ng the corrosion and

oxi dation regiislahe ohlafccatiPShds @n6minalcdiipbdiSdniy weight feteemsof@bout provi di ng a
superal | oy substrate; apq{l éi ng an Mcr Al overl %% cdzat' ng i ncluding at )east
one oxy§er0&ei8 \a5 Al wnierkY. Bird S0 - 1BE blance e U Sverl ay step: appl yi ng
a Series VIII transition nmetal onto the overlay coating; alurrtinizing the

overlay coating and.metal ; and wherein the overl.ay, coat.in . qm nal
conposi tion ih wei ght msdeeehrzigd, Wistin hesiep %@p@’?gge ovexley %la?%}]@itﬂ% 2Y, 0.1
- 7 S, Wastone SygedciivOalbRaL & tia prides exlec@d fidm 1ﬁ'd‘@oxgmpmﬁdnm@f Wirakbm 1,
wherein the Step of applyin ,E}nlleler?n\é,egallha_'oxic(ﬂ\x%,aélécﬂgplmntgnnﬁ lﬂﬁysﬁgl vapor

spray, low pressure plasma spr.

- deposilion.

3. The mmethod of claim 1, wherein the step of applying the transition metal js performed
using a process selected from the grovp consisting of eleciroplating, jel vapor deposition, physical

vapor deposition, sputiering and cathodic are.

4. The method of ¢)zim 1, wherein the step of aluminizing is performed by a process
selected from the group consisting of chemical vapor deposition, jet vapor deposition, and physical

vapor deposition.

5. The method of claim |, wherein the Series VIl iransition metal is selecied from the

group consisting of platinum, palladium, irdivm, rhodium, ruthenjum and osnuum.

6. The method of claim 5, wherein the meia) is platinum.
7. The method of cloim 1, further comprising the step of heat ireating the anicle.
8. The method of claim 1, further comprising the step of depositing a thenmally

insulating ceramic on the aluminide.

The method of claim 1, wherein the ceramic is composed of a stabilized zircoma.
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| east one oxygen active elenent is by a process selected fromthe group
consisting of air plasma spray, |ow pressure plasnma spray, sputtering,

‘cat hodic arc, electroplating, and physical vapor deposition. 3. T mmw
of claim1, wherein the step of applying the transition netal is perforied
using a process selected fromthe group consisting of electroplating, jet
vapor deposi 10.0n. DPhY¥$LE 8 impHARRhedBRREO feCiRancs pLi fudsitakgc@ndismatiitodpe arc.
4. The method of claim1l, wherein the step of alumnizing is perforned by a
processofisel ected fromthe group consisting of chenmical vapor deposition,

J et vapor de?P&J,&]},%{IS it & %Ecg%kmc%@gﬂEa%ﬂ%bﬂl‘lﬁ&sué&ra]@%a@%hOd of
claim1l1, wherein't erles transition netal is selected fromthe
group COI’]SI shpp}igmgfan pi/atay mllmg Flﬂallumagi aulenst dneicdyasnrpctivh elgmeRhontoubhwhiakhbANnd
osm um of claimb5, wherein the netal is platinum 7. The

met hod BOf“'EF%? ’rﬁrﬁﬂsn}aﬁﬂaﬁer conprising the step of heat treating the
article. 8. appleingetSaoek \ifl xmhamm betalfoprotthreubg prepyielscineplating st ep of
depositing a hernall i NS L, nethod
of claimi, R/EPRFRE 'Keeb de‘r:%lrh c]eﬂgon%go %&‘ng eg% 1éntaaa Iﬁe{?ﬁzegng%?t}eggﬁfa 7 -
MAY  2004apkh degafsitiofiai:h aglalofinidemnohe snbsitatee anki dat i on resi stance of a
substrate, co I’lS, g the steps providing a substra e co %sed of ni ckel
base and/or ®B6%M1H %fél%ﬁpaa%basayowmwmndﬁmegﬂilwger%?ﬁ ¥&™May coating

i ncl udi nga@tr, IgeaStAIONEQXY gEN 73510l V&5 SHE BRIk ce M bM/6® substrate by | ow
pressure plasma spray; applying a Series VII] transition netal onto the
substrate by electroplating; alumnizi ng the bond coat, at |east one oxygen
active el ene and.t he t n

al uni ni de onq:lhe SUS P O?f:}am lcfpwﬁée%]g%wv e ogggﬁ%gié%oégﬁaﬂég&ﬁgg&%om nal
conposi tafoiwm andéiwisdiben.per cent of about 5 - 40 G, 8 - 35 Al, upto 2Y, 0.1
- 7Si, 0.1 - 55 H, balance NN and/or Co 11. The met hod of cl aim 10,
wherein the overlay coating is al so conposed of-yttrium

12 . The method of ¢laim 10, wherein the metal is selected from the group consisting of

platinum, palladium, iridium, rhodivm, ruthenium and osImi M.

13. The method of claim 10, wherein the metal is platinum.
14. The method of claim 10, further comprising the step of heat treating the article.
15. The method of claim 10, further comprising the step of subsequently depositing a

thermally insulating ceramic on the aluminide.

16. The method of ¢laim10, wherein the ceramic is composed of a stabilized zirconia.




haf ni um and/or silicon. 12 . The nethod of claim 10, wherein the netal is

. selected fromthe group consisting of platinum palladium iridium

. rhodi um rutheniumand osmum 13. 14. The nmethod of claim 10, wherein the
netal is platinum The method of claim 10, further conprising the st&MAS2004
heat treating the article. 15. The nethod of claim 10, further conprising
the step of subseguent d. ikl : 1RERLL Y kRFtHnahd Bgroses am ¢ on t he
al um ni de. }Lﬁ Thnésur%ltahéydmgﬁgﬁ\gﬂlg%qufngmgrng?h tk?éiaceram' c is conposed of a
st abi | izBehnzé 5raQslAilin madd inded6r 200wilivihe Aepswper al | oy article having a
coating with inproved oxidation and corrosion resistance and durability,
made in accaoren é&a\‘/\‘;iPFﬁ”%%’b%‘faEbs of : providing a superall oy substrate;
applying an, WH A¥ SARY i Bink Heluerb Bl ok eRfEn aiee Cuygenmadtivisiat Birent
onto the sub ate by an overlay process; applying a nmetal on the overlay
coat i ngn ovalaynretest ng t he overlay coating and netal ; and wherein the

overl ay coating. has ] X ition in weight percent of about 5 -
40 Cr, 8 - é’@p%f“,g aunﬁg%lgﬂ%%%\llﬁ?@mg, 0.1 - 5.5 Hf, balance Ni and/or Co
18. The artimbminkingahadweilaycoageméatet Hf8dst ep of applying the at |east one
oxygen active elenent is.phby .a_pt : : consi sting
of air plasheeBytasoverlgy,Fo3 hsaa?39'%@23%‘3&]’5?%5‘g’g‘,”g‘é’gﬁﬁﬁi"g%@gat hodi ¢ arc,
physi cal. 15 2p.¥ - Fenosd toi20n0.2RA Sglodetsridif, balinegNi ag/orPhe article of claim 17,
wherein the step of applying the netal by a process selected fromthe

group consi sfd ng ?Eﬁ%’i%&ﬁ%‘?ﬁlﬁ,i@&ﬂ?ﬂ lﬁléstwgeplﬁgﬁmﬁiaztli:zﬁfbne@ﬂjihcﬁhkyﬁé cal

vapor deposition. e article of claiml erein the step ]of

al uni niezérgh isbypanrbessreldobd/frem Hreaews sonsisinet 28 8P PO R hi@™ T GEP° B8W8i sti ng
of .cheni cal vapor denosi L i AlysidflapkPlebsidBpAsdédepuingnd physi cal vapor
deposi t¥on: Spﬁ‘i}.g%ﬁhe lart% cl '3“?:’)? ClAimi7, wherein the metal is a Series V] 1]
transition netal selected

19. The aricle of claim17, wherein the step of applying the metal by a process selected

from the group consisting of electroplating, jet vapor deposition, and physical vapor deposition.

20. The article of claim 17, wherein the siep of alunminizing is performed by a process

selected from the group consisting of chemical vapor deposition, jet vapor deposition, and physical

vapor deposition.

21. The article of claim17, wherein the meta) is a Series VIII transition metal selected

from the group consisting of platinum, palladium, iridium, thodivm, ruthenivm and osyoum.

22. The article of claim17, wherein the metal is platinum.
23 The anicle of claim 17, further comprising the step of heat treating the anticle.
24, The anicle of claim17, further comprising the step of depositing a thermally

insulating ceramic on the aluninide.

25. The arlicle of claim 17, wherein the ceramic is composed of a stabilized zirconia.

26. The article of claim 25, wherein the zirconia s stabilized by yitria or by gadolinia.



fromthe group consisting of platinum palladium iridium rhodium

rut heni um and osmum 22. The article of claim17, wherein the netal is
platinum 23. The article of claim17, further conprising the stepg ToM ‘h@a{
treating the article. 24. The article of claiml|7, further conprising the
step of depositing a thermally insulating ceramc on the alum nide. 25.
The article 20t cl gheedidle NISHE] Mhirkia eeesaNing céasing basposethabongpogtiabn| i zed

zirconia. 26. The artlcle of claitn t.he zirconia,is bilized
by v Lt DB PP ARL A0 O -5 AR RO S TaTOSPREE PRt e T

wher ei ngthe. gﬁﬁgglglgdgghg%,l(ﬂg has a nom nal conposition in weight percent
of about 5°- , 5 - 20 Series VIIl transition metal, up to 2

Y, 0.1 - 7 Si, 01-55Hf bal ance Ni and/or Co. 28. The article of
clai m 27, whgyein J hi)RBmpdsidheUiboR ¢- 12 Pt,
13 - 14 A, 3.9 - Tt‘lgg”’ﬁﬁ%“ém’ﬂa %m@]emlqa?@aagmaggggpﬁ{n NS

met hod 62 Poliai id 3], Hheb&HH, 2.hed b 85 bpleicadh &saf kg has a nomi nal conposition
in weight percent of about 5 - 40 Cr, 8 - 35 Al, 5 - 20 Series VIII
transition netal, upto2Y, 0.1 - 7 Si, 0.1 - 55 H, balance N and/or
Co. 30. The Pkt hodl“lmfrnedioalofmlﬁgzl whhereai the mh:éung@aatma@amrsonan%wwalnlon m

conposi ti on %féceipdu outS 616%}% 351/§l 5. I séNes VBI Pansition metd, up o By-0. A PsiSl

bal ance ﬁlg
0.1 - 5.5 H{, balance N1 and/or Co.

30. The method of claim 29, wherein the coating has a nominal composition of about 9 -

12 Pt, 13- 14 A), 3.9 - 5.5 Hf, 2.5 - 4.5 Si, balance Nj, Co and Cr.
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