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entitied "Article Having Corrosion Resistant Coating” by Allen and d son,
filed on even date herewith and expressly incorporated by reference herein
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efficiency. Accordingly, here n extensive deve pment of “Coatings
for gk turbine hardware. 25 Histori caI ly, these coati ngs have been applied

to inprove oxidation or corrggi LSt es exposed to the
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fatigue life, Gasturbine engines are well developed mechanisms for converting chemical potential energy,

15 in the form of fuel, to thermal energy and then to mechanical energy for use in propelling aircraft,
generating clectric power, pumping fluids etc. One of the primary approaches used to improve the
efficiency of gas turbine engines is the use of higher operating temperatures. In the hottest portion of
modemgas turbine engines (i.¢., the primary gas flow path within the engine turbine section), turbine
airfoil components, cast from nickel or cobalt based alloys, are exposed to gas temperatures above their

20 melting points. These components survive only because cooling air is passed through 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 cosling air reduces engine cfﬁci-cncy.

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 exposed to the highest gas path temperatures so that the amount of cooling air
required can be substantially reduced. Since coatings add weight to a part and debits fatigue life,

application of the coating is intentionally limited to those portions of the component for which the



application of the coating is intentionally limted to those. portions of
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20 SUMMARY OF THE INVENTION
According to one aspect of the invention, improved durability of gas turbine blades is achieved
through application of corrosion resistant coatings. A turbine blade for a gas turbine engine, typically
composed of a directionally solidified nickel-based superalloy, including an airfoil, a root and a
platform located between the blade airfoil and root. The platform has an underside adjacent the biade
25  neck, and the blade neck is adjacent to the blade root.
In one aspect of this invcntion,_a coITosion resistant ovérlay coating such as an MCrAlY (M
typically consisting of nickel and/or cobalt) is applied to the underside of the platform and portions of
the blade neck. To maximize corrosion protection, the coating should possess 20-40% Cr and 5-20%
Al The presence of this coating improves component life by preventing blade corrosion by the salt
30 accumulating on regions of the blade shielded from direct exposure to the gas path. An additional
benefit of the applied coating is the prevention of blade stress corrosion cracking. The corrosion
resistant overlay coating prevents corrosion and/or stress corrosion cracking by acting as a barrier.
between the salt and nickel-based alloy component.
In a more general application of the invention, the corrosion resistant overlay coating system

35 may include an aluminide or platinum aluminide coating layer either between nickel alloy substrate and
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single crystal or with multiple columnar grains oriented parallel to the direction of growth. Typical

20  compositions of such atloys are shown in Table 1. Exemplary U.S. Patenfs describing columnar and
single crystal and directionally solidified alloys include 4,209,348; 4,643,782; 4,719,080 and
5,068,084, each of which is expressly incorporated by reference herein. Cooling holes, which may be
positiloned 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.

25 TABLE 1: COMPOSITION OF COLUMNAR AND SINGLE CRYSTAL ALLOYS
Alloy Type {Ni [Co [Cr (Al |Mo [Ta [W [Re THf [Ti [nb
PWA 1422 | DS {Bal. | 10 [ 9 5 - - 12 [ - 1.6 | 2 1
DS R80H DS {Bal [ 95| 14 | 3 4 - 4 - 107548 -
CM247LC | DS | Bal. [ 92 [ 81 [56] 05 ] 3295 - 14 | 0.7 -
PWA 1480 | SC {Bal. | 5 [ 10 ] 5 - 12 | a - - L5 -
PWA1484 | SC {Bal. | 10 | 5 565 19| 87 135971 3 | 0. - -
Rene’ N5 SC {Bal. | 75| 7 [62] 15 ] 65| s 3 1ois ] - -
CMSX-4 SC |Bal.|{ 9 |65]56] 06 ] 65] 6 3 ] 01 |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

30  magnesium sulfates) can accumulate on regions of the blade outside of the turbine gas path. These



5,068, 084, each of which is expressly incorporated by reference herein.
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15 The overlay coating applied to the under-platform surface 18 and 19 is preferably an MCrAlY

coating, where M is cobalt, nickel, iron or combinations of these materials, although other overlay
' coatings such as MCr and MCrAl coatings may also be employed. Exemplary coatings useful with the
present invention include at least NiCrAlY, CbCrAlY , NiCoCrAlY and CoNiCrAlY coatings. The
coating may also include other elements such as Hf and Si to provide further improvements in oxidation
20  or corrosion resistance. MCrAlY overlay coatings for applications to regions under the blade platform
should have a composition (given in wt %) in the range of about 10-40% Cr, 5-35% Al, 0-2 %Y, 0-7%
Si, 0-2% Hf, with the balance consisting of a combination of Ni and/or Co. Preferred MCrAlY
compositions contain 20-40% Cr, 5-20% Al, 0-1% Y, 0-2% Si, and 0-1% Hf (balance Ni and/or Co).
Exemplary coatings for optimum corrosion resistance should contain 25-40% Cr, 5-15% Al, 0-0.8 Y,
25  0-0.5% Si, and 0-0.4% Hf with the balance comprised of Ni and/or Co. Each of these coatings may
also include up to about 20 wt. % of other alloying elements. A summary of typical, preferred and
exemplary overlay coating compositions is shown in Table 2.
TABLE 2: COMPOSITION OF PROTECTIVE COATINGS (w1%)

Coating Composition (wt%o)
Specified Range Ni | Co | & | a | v T s [ Hr
Typical Bal. 1040 | 35-35 0-2 0-7 0-2
Preferred Bal. 2040 5-20 0-1 0-2 0-1
Exemplary : Bal. 25-40 3-13 0-0.3 0-0.5 0-0.4
11 N The coating is applied to the blade under-platform and neck to a maximum thickness of about

0.005” (~125 um). For rotating applications, such as turbine blades, the coating thickness should be



the blade in these locations. Wile the present invention is illustrated_in
‘'FIG | as a turbine blade, the present inventionis not linited to &nyCT 2004
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an exemplary MCrAlY coating comprised of about 35 wt.% Cr, 8 wt.% Al, 0.6 Y, 0.4 wt.% Si and

0.25 wt.% Hf, balance nickel. Corrosion testing of the coated blade at 1350°F in the presence of

sulfate salt showed a 5 - 20X improvement in corrosion life relative to the uncoated blade as measured

by the relative depths of corrosion attack. Application of the same corrosion resistant overlay coating 1o

20 test specimens was also shown to prevent stress corrosion cracking of the single crystal alloy.

F1G. 3 represents an alternate embodiment of the present invention. The component includes a
metallic substrate 20, e.g., a superalloy material, an aluminide (or platinum aluminide) layer 22 and an
overlay coating 24 on the aluminide layer. Aluminide and platinum aluminide layers are known
generally, and the particutar composition and method of application is not described here in detail. See,

25  eg., US. Pat. No. 5,514,482, The aluminide or platinum aluminide layer may be present to provide
the coating with some desired property or may be pre-existing, e.g., where the overlay coating is
applied during repair or refurbishment of the component and a pre-existing aluminide“layer 1S not
removed as part of the repair or refurbishment.

FIG. 4 is another alternate embodiment of the present invention. The component (not shown in

30 its entirety) includes a metallic substrate 26, €g.,a superailoy material, an overlay coating 24 on the
substrate and an aluminide layer 30 on the overlay coating. The aluminide layer may be present, for
example, to provide the coating with some desired property.

In many cases, a portion of the article subjected to high temperatures is also coated. In the
case of turbine blades, the airfoil portion may be covered with a metallic overlay coating, such as the

35 types descried above, or with an aluminide coating, such as are described in the above “482 patent, or



to the fatigue debit associated with the presence of a coating.
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al um ni diustaiéed arddhotBf imitAiBRved as part of the repair or refurbishment.

FIG 4 is another alternate enbodi nent of the present invention. The
conponent (not shown in 30 its entirety) includes a netallic substrate 26,
e.g., a superalloy material, an overlay coating 24.on the substrate and an
alum nide |ayer 30 on the overlay coating. The alum nide |ayer may be
present, for




exanple, to provide the coating with sone desired property. In many cases,
a portion of the article subjected to high tenperatures is al so cddt 86T 200k
the case of turbine blades, the airfoil portion may be covered with a

nmetallic overlay coating, such as the 35 types descried above, or with an
al um ni de coating, such as are described in the above 482 patent, or 6 26
OCT 2004 with a ceramic thermally insulating |ayer, or sonme conbination of
t hese coatings. In nmany cases, the airfoil portion will be coated with a
coating having a conposition different than applied to the underplatform

and neck tions, and in other cases the conpositions may be simlar or
t he same. %‘L‘Sém the airfoil surface may be covered with an
al um ni de while the underplatformsurface and 5 neck may be coated with an

MCr AJY overlay-type coating. Ot her conbinations of coatings, of course,
are al so possi bl.e andl tortheedriadeehot a igas/mriinoengise cronprismes septralloytsybstiatd t ed

he ohi o1 EGTEGROD) B krlaian loorrd BEviseR e AL ol G0t PB: tea
signifi Cag)tlzhtﬁfmf %%%%@rsi%la‘g cahtithd LeckOMET a bdiSosii 1REisRht overla§lcHating is

experienc as shown t hat es w thout coating in these areas can be
subj ect t apphsdodyoarselesiedpotitond afitgdlatierdomprsepthe endeagige of theipdatfooih a

metal lic overlay coating of the preferred cogpositions on selected
portions GMdae r’leF]éF-%dg?Fkﬂne@F%‘d?pof‘%orﬁiﬁlﬁhetéﬂ%}e)r atures, such as the
under-platform surface and neck of a turbine bl ade, provides superior

corrosion and stress corrosion cracking protection during operation. Wile
the present inventi cihdmmsbibebhdeefdrinbéowhdremdhé coatinges aeMi1AlYmyesavus

vari ations and 5 substitutions.nma . made W t_hout departing fromthe
spirit of %RBN§ g\}}éFRrieEﬁ?t’BS cp 1”?38%%"‘3?" Eﬁé‘“d)gﬁ)ﬁ:F wing clains. Accordingly,
it is to be understood that the invention has been described by way of

illustration and not by limtation. 26 OCT 2004 7 What is clainmed is: 1. A
turbi ne bl ade f8r a Thsturhinbblade efigame 1 cohgreindhagoating wpriais 1dy4Pakst F-at e

defini irfolil, , l.at f orm | d, b t irfoil d
oot the b st ¥oa %S nat it B diee 2 R SHUERCS TR AR boron
resi stant QuRLiAYadaRAINs REmpPising <20% of the total.

4, The turbine blade of claim 1, wherein the coating contains 20-40% Cr, 5-
20% Al, 0-1% Y, 0-2% Si, 0-1% Hf{, balance primarily Ni and/or Co with all other

elemental additions comprising <20% of the total.

5. The turbine blade of claim 1, wherein the coating contains 25-40% Cr, 5-
15% Al, 0-0.8% Y, 0-0.5% Si, 0-0.4% Hf, balance primarily Ni and/or Co with all other

elemental additions comprising <20% of the total.

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, wherein the coating has a thickness between

about 0.0005-0.003".

8. The turbine blade of claim 1, further comprising another coating on the
airfoil surface, the composition of the another coating being different than the corrosion

resistant overlay coating.



applied only on selected portions of the blade conprising the underside of
the platform and bl ade neck and not on other portions of the blade., 2 The
turbine blade of claim1l, wherein the coating is an MCrAl'Y overl ay Zcﬁo%fETl
(M representing conbinations of Ni, Co and/or Fe). 3. The turbine bl ade of
claim1l1, wherein the coating contains 10-40% Cr, 5- 35% A, 0-2%Y, 0-7%
Si, 0-2% Hf, balance primarily Ni and/or G with all other el enental

addi tions conprising <20% of the total. 4. The turbine blade of claima1,
wherein the coating contains 20-40% Cr, 5 200 A, 0-1%Y, 0-2%Si, 0-1%

Hf , bal | th | t al
conpr ?s?2§e<g(r):%5§1[| t %ﬁ&?"f)agegghlén? dr B 5r0(bqn§?rfes Ifﬁgﬁnﬁg‘\ i lfjaq eéP& n the
coating C%E@hﬁ@ra&tﬁﬁc/é e 0@11&}5,0/9&4% ,onQh aRiRinide Pny@r.5% Si , 0-0. 4% Hf ,

bal ance primarily N and/or ot her el enent al addl tions
conpri sing <20% of the total 6. The turbi ne blade of claim 1, wherein the

ti h t bout 7., The turbi
bl ade of ‘ol ai m i wndPelRSERBTRE al Py Raa e st pBimun iy
0. 0005- 0. 0 "r on8lhe Illﬂ%txtaférslﬁi'fﬁ@e %eaéi%rlgf/ c&AtREBnthe pUiHBRIGRMRI 18}dtg anot her

coating on arrfoil surface, the conposi tion of the another” coating
bei ng di fferent than the corrosion resistant overlay coati ng 26 OCT 2004

8 9. Theturbin bIa of  cl h ri sing: an delayer
on the substra ?ﬁ%l%meﬁk’TS\?EF 3 g’étlhf’h W?ﬂéﬂhﬁﬂ%‘ﬁﬁ% Fayer.
The tur bi ngcgg@ggﬂggo\%ﬁ%%&mgf urt her conprising a platinum al um ni de

| ayer on the substrate surfacé, the overlay coating on the platinum

alum nide layer. 11. The turbine blade of claim1, further conprising an

alurrinidelayer Ioc ed on overlay goating. 12. The .turbine blade of
claimi, furtheb? ni ?Eifbﬂgeépaﬁpgﬁmxaﬁﬁﬁfm rising a platinum MinNe

layer located on the overlay coating.

13.  The turbine blade of claim 1, wherein the substrate is comprised of an

equiaxed nickel-based alloy.

14. The turbine blade of ¢laim 1, wherein the substrate is composed of a

directionally solidified nickel-based alloy.

15. The turbine blade of claim 1, wherein the substrate is comprised of a

single crystal nickel-based alloy.

16. The turbine blade of claim 1, wherein the substrate is comprised of a

columnar grain nickel-based alloy.

17. A superalloy gas turbine component which operates in an environment
with primary gas path temperatures in excess of 1000° C,, the component having a first,
exposed portion which is directly exposed to hot gas path, a second, shielded section
which is shielded from direct exposure to the hot gas path, and a third section between
the exposed and shielded portions, the improvement which comprises a corrosion
resistant overlay coating applied only to selected portions of the third section and not to

the other sections.



| ayer | ocated on the overlay coating. 13. The turbine blade of claima1,
wherein the substrate is conprised of an equi axed ni ckel -based all oy. 14.
The turbine blade of claim1l, wherein the substrate is conposed Of29UfTZW4
directionally solidified nickel-based alloy. 15. The turbine bl ade of claim
1, wherein the substrate is conprised of a single crystal nickel-based
alloy. 16. The turbine blade of claiml, wherein the substrate is conprised
of a columar grain nickel-based alloy. 17. A superalloy gas turbine
conponent which operates in an environment wth primary gas path

emerat oo T 96c 55, Ol 00 o6 1P cSARBRER N BRUIBE i ri oo

portion which is~diréec S

section Wunehd & £iffbR] HedirfaiDeovdiddasta RXPOSsHNE, the sédond peticeddniih and a
third section between the exposed and shiel de tgortlons, t he i nprovenent
C

whi ch conpiticsaad shebindssetinn formmiga piatforayand regk cbaimp vament euanmising & o

sel ected portions of. the third ,secti.on and.not..fo e ot her .sections. 26
oor 5004 SeresRettahl oot bopIRTh W B ESe dOpialditn B8 Rl BEARM; 12
first port &&ﬁng%ﬁﬁiﬁ% AGoRipositioh @ifferchtiBatahd EQhposabresfaRe Byeryfdohsitg. coat i ng,

the second portion formng a root, and the third section formng a
pl at f orm and neck, the inprovenent conprising a corrosion resistant

coating applied,to t under si de. of . t | at.f orm and neck, the fi.rst

coat | ng havi ng- B-Combge FRTERTR bf Srimh - Faeip e SRR s rodPosch et buer | ay
coating. 1&nxﬁhﬁmgaﬁmmﬂﬁm@up&aqbﬁhﬁm&ﬁL wherein the conponents i s conposed
of a directionally solidified superalloy material. 20. The conponent of
claim17, wherein the overlay coating is an MCrAlY coating (Mrepresenting

The coati ng i n A8 gnil apairpen Sk cidh iz WhefBTREs oim Goslhp A i 70,

Si, 0-2% Hoatingl(PNepregéntinrdombitdtioan 8f Hi, Co and/or Fe).

21. The component of claim 17, wherein the coating in weight percent
contains 10-40% Cr, 5-35% Al, 0-2% Y, 0-7% Si, 0-2% Hf, balance pnmanly Ni and/or

Co with all other elemental additions comprising about <20% of the total.

22.  The component of claim 17, wherein the coating contains 20-40% Cr, 5-
20% Al 0-1% Y, 0-2% Si, 0-4% Hf, balance primanly Ni and/or Co with all other

elemental additions comprising about <20% of the total.

23. The component of claim 17, wherein the coating contains 25-40% Cr, 5-
15% Al, 0-0.8% Y, 0-0.5% Si, 0-0.4% Hf{, balance primarily Ni and/or Co with all other

elemental additions comprising about <20% of the total.

24. The component of claim 17, wherein the coating has a nominal thickness
of less than about 0.005".

25. The component of claim 17, wherein the coating has a thickness between

about 0.0005-0.003".



Co with all other elenental additions conprising about <20% of the total.
22. The conponent of claim 17, wherein the coating contains 20-40% Cr, 5-
20% Al, 0 -1%Y, 0-2%Si, 0-4% H , balance primarily N and/or CQEV\Q](NthI
ot her elenental additions conprising about <20% of the total. 23. The
conponent of claim 17, wherein the coating contains 25-40% Cr, 5- 15% Al,
0-0.8%Y, 0-0.5%Si, 0-0.4%Hf, bal ance priigmarily Ni and/or Co with all
other elenmental additions conprising about <20% of the total. 24. The
conponent of claim 17, wherein the coating has a nom nal thickness of |ess
t han about 0.005'. 2 The conponent claim117.. wherein the . coati has a
i cknoss. bei el aBBEASTOPOBOB Bt s SSAREERmAHBHE Fh bRt EEE BB Ienc. of

olaim 17, §iskilebusREDIEShBleARhalhYBh Biclubi@s 1aga: the substrate surface,

t he overlay coating on the al'um ni ayer. 27. The conponent of claim 17,

further conprising a platinumalumnide [|ayer on the substrate surface,

the overl ay coati ng the platinuma i nide |layer. 28.. The co nent of
cl'aim 17, Fur ¢ hbt Sols FemPEPRhOMRIEN hh e emPhr e LG HHEDAG | ay

coating. 21%?@%?1% ormaa r&brtﬁée,?ﬁ@dd&}%} coafthﬁrgto!ﬂ%e FRIRAh SEinfeNb@y num

alum nide fayer located on the overlay coati ng.

28.  The component of claim 17, further comprising an alurmimde layer

located on the overlay coating.

29. The component of claim 17, further comprising a platinum aluminide

layer located on the overlay coating.



