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- 5 MAY 2004 ARTI CLE HAVI NG CORROSI ON RESI STANT COATI NG CROSS REFERENCE TO
RELATED APPLI CATI ONS Sone of the subject matter disclosed herein is also
di scl osed in comonly owned pending applications Ser. Nos. enti-t§ Mg 2004
"Article Having Corrosion Resistant Coating"” by Allen, d son, Shah and
Cetel [Attorney Docket No., EH 10365], entitled "Article Having Corrosion
Resi stant Coati ng" by Shah and Cetel [Attorney Docket No. EH 10384] and
"Met hods of Providing Article Wth Corrosion Resistant Coating and Coated
Article” and by Allen, A son, Shah and Cetel [Attorney Docket No.

EH 10389] . BACKGROUND OF THE | NVENTI ON The present invention relates
generally to coatings for corrosion protection, and nore particularly to
an article having such a coating. Gas turbine engines arc well devel oped
mechani sms for converting chem cal potential energy, in the formof fuel,

to thermal energy andAtRm £ AMRGANORROSANE RESISTANTIEOATING Opel | ing -
aircraft, generating electric power, punping fluids etc_ One of the

pri mary approaches used to inprove the efficiency of gas turbine engines
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generating electric power, pumping fluids etc. One of the primary approaches used to improve the
efficiency of gas turbine eﬁgines is the use of higher operating temperatures. In the hottest portion of
modern gas turbine engines (i.e., the primary gas flow path within the engine turbine scction), turbine
airfoil components, cast from nickel or cobalt based alloys, are exposed to gas temperatures above

y 20 their melting points. These components survive only because cooling air is passed lhrough a cavity
within the component. The cooling air circulates through this cavity reducing component temperature
and exits the component through holes in the component, where it then mixes with the hot gasses
contained within the primary flow path. However, providing cooling air reduces engine efficiency.

Accordingly, there has been extensive development of coatings for gas turbine hardware.

25  Historically, these coatings have been applied to improve oxidation or corrosion resistance of surfaces
exposed to the turbine gas path. More recently, thermal barrier coating have been applied to intemally
cooled components cxﬁosed to the highest gas path temperatures so that the amount of cooling air
reqyifed can be substantially reduced. Since coatings add weight to a part without adding structural
strength; and can debit fatigue life, applicatidn of the coating is intentionally limited to those portions

30  of the component for which the coating is necessary to achi;ive the required durability. In the case of
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bl ade ne s a nt to e bl ade root corrosion resistant platinum
al um ni de coatlng |s applied to the underside of the platform and portions

of thg bl ade neck. To maxi m zeURRAIOE OFTHE RIVENTION the coating should
possess between about 30 - 45 wt. %.pl ati num . bal ancfe pri LIIX aI um num
and ni ckel . Tppéc?fﬂglgéq]@g a@lpec{qﬁtgemventlon improved durability of gas turbine blades 1

achieved through application of improved corrosion resistant coatings. A turbine blade for a gas
turbine engine, typically composed of a directionally solidified nickel-based superalloy, consists of an
airfdil, a root and a platform located between the blade airfoil and root. The platform has an
25  underside adjacent the blade neck, and the blade neck is adjacent to the blade root.
A corrosion resistant platinum aluminide coating is applied to the underside of the platform
and portions of the blade neck. To maximize corrosion protection, the coating should possess 7'
between about 30 - 45 wt. % platinum, balance primarily aluminum and nickel. The presence of this
coating improves component life by resisting corrosion by the sulfate salts accumulating on regions of
30  the component which are shiclded from direct exposure to the gas path. An additional benefit of the
applied coating is the prevention of stress corrosion cracking. The corrosion resistant coating
prevents corrosion and/or stress corrosion cracking by acting as a barrier between a salt and the

underlying nickel-based alloy component.
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20 TABLE I: 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 - - 125 - 1.6 2 1
DS R80H DS | Bal.j 9.5 14 3 4 - 4 - 0.75 | 48 -
CM247LC DS {Bal. | 92 | 81 | 56 | 05 | 32 | 95 - 14 | 0.7 -
PWA 1480 SC | Bal. 5 10 5 - 12 4 - - 1.5 -
PWA 1484 SC | Bal. | 10 5 {565 19 | 87 | 59 3 0.1 - -
’ Rene’ N5 SC [ Bal | 7.5 7 62 | 15 | 65 5 0.15 - -
CMSX-4 SC {Bal. | 9 65 | 56 { 06 | 6.5 6 3 0.1 1 -

It was discovered that the alkali and alkaline earth sulfate salts responsible for elevated

temperature corrosion of turbine components (varying mixtures of sodium, potassium, calcium and
75  magnesium sulfates) can accumulate on regions of the blade outside of the turbine gas path. These

salts can be ingested with the inlet air in marine environments or form as a result of combustion

processes. Corrosion attack of the blade by these salts is typically very limited at temperatures below

the salt melting temperature (about 1100° F). With increased turbine operating temperature, however,

even regions of the blade shielded from the gas path can exceed the melting temperature of the sulfate
30  salt resulting in accelerated corrosion of the blade neck and underside of the platform. "It was also

discovered that at sufficiently high stress levels, the presence of these salts may result in stress
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preferred and as used herein is intended to include these other materials. The coating may also
include other elements such as yttrium, hafnium and/or silicon to provide further improvements in
oxidation or corrosion resistance. While the coating may be applied by various processes, we have
used application of the platinum layer by plating, followed by an out-of-pack aluminizing process to

25  cover and diffuse with the plated platinum layer, in the present illustration. The platinum may also be
applied by sputtering or other suitable process, and the aluminum may be deposited by in-pack
processes or by vapor deposition with other suitable processes. The out-of-pack aluminizing process
is typicaily also used 1o coat internal passages of components such as turbine blades and has also been
used 10 coat the surfaces exposed to the primary turbine gas path, e.g., the airfoil surfaces.

30 By way of example, turbine blades were coated according to the present invention. The
blades were composed of a nickel base superalloy having a nominal composiiton in weight percent of:
10 Co, 5 Cr, 5.65 Al, 1.9 Mo, 8.7 Ta, 5.9 W, 3 Re, 0.1 HI, balance Ni. The underplatform surfaces,
including the blade neck were plated with platinum by immersing those surfaces in a plating bath of
hexachloroplatanic acid maintained at a temperature of about 165 - 180°F (74 - 82 °C). Portions of

35  the blade root are generaily not plated, and these and other portions where plating is not desired may
_Be masked. The plating time will depend upon the plating solution concentration and the the

thickness of plating layer to be applied. For purposes of the present invention, platinum layers having
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25 The present invention can also be used in the repair or refurbishment of parts subject to siress
corrosion cracking, such as turbine blades. In some cases, the blade may have been provided with an
aluminide coating over the extemal surface of the blade. The aluminide coating on the underplatform
surface, or any portion subject 1o stress corrosion cracking is stripped of the existing aluminide, e.g.,
by acid stripping or other suitable process, and a noble metal layer is plated as described above. The

30 aluminizing step is then performed as described above. Alternatively, the noble mclal may be plated
directly on whatever aluminide layer exists on the surface 1o be coated, after the existing layer is
cleaned, if needed.

The present invention provides a significant improvement over the prior art. Field experience
has shown that blades without coating in these areas can be subject to severe corrosion damage during

35  service. Using a noble metal containing aluminide coating of the preferred compositions on selected
portions of an anticle subjected to high temperatures, such as the under-platform surface of a turbine

blade, provides superior corrosion and stress corrosion protection during operation.




' perforned as described in comonly-owned U.S. Pat. Nos. 4,132, 816 =g5MAY 2004
4,148,275 both to Benden et al. Such an alum nide process has been used
for coating external and/or internal surfaces of airfoils. Oher roce ses
and equi pnent Wbt ragsens itnentiendus mnrde@q'b@d abgys ig spme deiail, pupergus variations
et al | mith@sHorURERbpddfated or m
surfacesgm%Bﬁﬂm n%&%Ehﬂﬂe&ﬁﬂhi%& %Pﬁhrggwggghgﬁ‘gbout 0. 005" (-125 um
to provi ﬂ!dalowmglcmm)rﬁamﬂrmﬂe W@%@“"‘@é‘? beoalatethover arRiifige panide a¥es, € grhe
final cogfl ngJe d%P'rSﬂfJ&%%%y%%Dﬁs %Pcfh M&.h.zhng NEURS PARaRY. t ARordidphys kneRDe Of
the initra e netal "plate er an he tenperatures and tines used
for the umlewstoodihal the Hp'lemmsilgs bastl deﬁwbqﬂdmwadd’&t'lllﬁ'gatm fpqagt &y lmitagon.
treatnents. For rotating applications, such as turbine blades, the coating
t hi ckness shoul d be adequate to ensure conpl ete coverage of the area to be
15 coat ed andWhehiselagmedng corrosion |ife necessary for providing protection
for a typical blade service interval. The maxi num al | owabl e coati ng
thickness nay be limted by the fatigue debit associated wth the presence
of a coating. Accordingly, the final coating thickness for rotating
conponents is preferably |less than about 0.005" (-5 mls) and greater than
0.001" (1 ml), and nore preferably less than about 0.003" (-3 mls). 20
FIG 2 illustrates the corrosion |ife inprovenent achi eved through
application of coatings disclosed in this invention. Corrosion testing of
the coated blade with the nost preferred range of platinumcontent at a
tenperature of 1350F in the presence of sulfate salt and SO2 showed a 2 -
4X inprovenment in corrosion life relative to the uncoated bl ade.
Application of the sanme coating to test specinens was al so shown to
prevent stress corrosion cracking. 25 The present invention can also be
used in the repair or refurbishnent of parts subject to stress corrosion
cracki ng, such as turbine blades. In sonme cases, the blade may have been
provided with an alum nide coating over the external surface of the bl ade.
The al um nide coating on the underplatform surface, of any portion subject
to stress corrosion cracking is stripped of the existing alumnide, e.g.,
by acid stripping or other suitable process, and a noble netal l|ayer is
pl ated as descri bed above. The 30 alum nizing step is then perfornmed as
descri bed above. Alternatively, the noble nmetal may be plated directly on
what ever alum nide | ayer exists on the surface to be coated, after the
existing layer is cleaned, if needed. The present invention provides a
significant inprovenent over the prior art. Field experience has shown
that bl ades without coating in these areas can be subject to severe
corrosi on damage during 35 service. Using a noble nmetal containing
al um ni de coating of the preferred conpositions on sel ected




* portions of an article subjected to high tenperatures, such as the

under - pl at f orm sur f ace _‘pf, a turbine blade, providés,superior cor r SsHBn0Bhd
stress corrosion protection during operation. 5 - 5 MAY 2004 \Wile the
present invention Wasrbyedirdd derorsabbubintxergineicomprsng aioperalloy sbstmicolefning an
variatio S t] | i t i . spirit
o the i Auan ool M itk BT BividEh RPIRALAIGN, EPRACA RE SIS BE

pl at i numadjzantske ot amth erwsion resistancnablegneid] wantpinghg alumjinide ceatigg on thgyndesgide
repair f uent alum ni zing over the plating |ayer.

Accordi ng lbgwgor%anﬁgﬁggﬁ&ghder stood that the invention has been described
by way of illustration and not by limtation, Wiat is clained is: 6 - 5 MAY
2004 1. A turbine B,aQehifla® #2Rint ¥ ieAfh G0 TuREnifORIihSis APlRinSH BREMiIOY
substrate defining an airfoil, a root, and a platformlocated between the
bl ade anebatemt, the platform has an underside adjacent the root, and a
corrosion resistant noble netal -containing alum nide coating on the
underside of the platformand bl ade neck. 2. The turbine blade of claimai,
wherei n the aBuni niThetugdne Ylads of slaim by wherahuthe spating sotangaepy Hy, 604t he

t ur bi neﬁh@%,%&umﬁe?hmﬂnya\fmmh_anm‘é‘nce@.oat! ng contains about I | - 60 wt. %
pl ati nu al ance primarrly alum num and nickel. 4. The turbine bl ade of
claim1l1, wherein the coating contains about 25 - 55 wt. % platinum

bal ance primagily ghe/mitidB1aRbs Riafik € wherein thB Godiivf Bbitinddbaee250f ss5Giarem 1,
wherein the coating contains about 30 - 45 wt. % platinum balance

pri mar i | patinumbalasee priman|yakgninug andpigkel- - hi ne bl ade of claim 1, wherein the
coating has a nom nal thickness of |ess than about 0.005". 7. The turbine
bl ade of claim 1, further conprising a platinum al uni.nide I3a}yer applied

over an existdng aThwivurtinebledsof clam T.gvhengigthe goating sontgingabort 30143i%h 1° wher ei n

the subsfih@luf, bSarRFRRRBA Mimiuflbhdkitkepnal |y solidified nickel -based
al | oy. |

6. The turbine blade of claim 1, wherein the coating has a nominal thickness of less than
about 0.005".

7. The turbine blade of claim 1, further comprising a platinum aluminide layer applied

over an existing aluminide coating.

8. The turbine biade of claim 1 wherein the substrate is composed of a directionally

solidified nickel-based alloy.

9, The turbine blade of claim ] wherein the substrate is comprised of a columnar grain

nickel-based alloy.

10. The turbine blade of claim 1 wherein the substrate is comprised of a single crystal

nickel-based alloy.




9 The turbine blade of claim!| wherein the substrate is conpri sed of

col umar grain nickel- based alloy. 10. The turbine bl ade of clai mTSMAY 2004
wherein the substrate is*conprised of a single crystal nickel-based all oy.
7 - 5, NAY 2004. 11.A Supserilioy QASH&}W@&Smﬁdmhi\ﬂﬁcmﬂi&&BﬁfKﬂ akirGimeap@itRpemadyn an

envi r onnent th pri g E@@ eratur gxcess o 1000 C,. the
conmponent®® fsgp raH"?sé%/e"c 86 W‘Wh’f ﬁ"’f‘%a fff FERASP ‘5'}%?5’0%'?—3‘8" ¥o hot
gas path ,d:recztyem;mdd oS0 gdsdﬁdz 5 6ebid) Eh:UlHEldOsbctioﬁ wihlithed slegldddriam airdcEdpofixsur e
to the hot hird section bet e exposed and shi el ded
bor t1 ons DRREER a0 1R el bt e et R BrrTP PEmRBvsset | num
al um ni da;hma:bmpgseaprabmmmesmmptahmrndalmhﬁdemaaunhznppfrdaeo theniianeaionof claim
11 conprising a turbine blade, the first portion formng an airfoil, the
section portion formng a root, and the third section formng a platform
the inprovenerd®. cdmpicospongnicofehain Obcamprising iadirbint bphamierﬁ:mmhimmmmdﬁg an
coating a t he ersi de

claim11’ EPV% l?le sec?i)lh%ortlon ormmﬁf'is I,SanE'l Enﬁdrsesa'cu%nrpgm‘ang eB‘h&% c lmprov?m%uf i ed
super al | oymprisirgra @Irrosnﬂmresfﬂam faimpmrebmiinidé caliag applidd mnlm:ﬂm:db Ioéthe eltformg has
a nom nal thickness of less than about 0.005". 15. The conponent of claim
11, wherein the coating further conprises varying | evels of hafnium

si licon and/ on3yt t rihaomidentidi elainu i hiwherchl theleongifonentsis rprhposedefr sdirectadnallpast
a portio has an applied coating having a conposition
differen d@r&%&?ﬁﬁﬁﬂgqﬁﬁgéh to the airfoil surface. 17. The turbine bl ade
of claim1, wherein at |east a portion of the airfoil is coated by a

di ffusion al unjnid face | . YW e
et al - cont ai nitkg. antgrameren fRURLEA 7 MHBIR B4 atifhash Bl ipkhispofteli i
coating about BOP5Sconpri ses yttrium hafnium and/or silicon. 8

15. The component of claim 11, wherein the coating further comprises varying levels of

hafnium, silicon and/or yttrivm,

16. The turbine blade of claim |, wherein at least a portion of the component has an

applied coating having a composition different from that applied to the airfoil surface.

17. The turbine blade of claim I, wherein at least a portion of the airfoil is coated by a

diffusion aluminide and the underplatform surface is coated with a noble metalcontaining aluminide.

18. The turbine blade of claim 1, wherein the coating further comiprises yttrium, hafnium

and/or silicon.



