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However, some types of additive elements may diffuse and react with elements from
20  the component to form intermetallic phases that degrade the mechanical integrity of
the component or reduce the oxidation resistance of the coating.

Accordingly, there is a need for a protective coating having a composition
that provides effective oxidation resistance and that can be economically
manufactured,

25
SUMMARY OF THE INVENTION

An example protective coating system includes a composition having about
5-40 wt% of chromium, about 5-35 wt% of aluminum, about 0.1-9 wt% of at least
one of silicon, hafnium, or magnesium, about 0.05-2 wt% of a Group IIIB Periodic

30 Table element, a non-zero amount less than 13 wt% of at least one noble metal
selected from platinum, palladium, and gold, and a balance including at least one of

nickel, cobalt, or iron.
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Figure 2 illustrates an example portion of a component having a protective

coating system that includes a protective layer.
15 Figure 3 illustrates an example process for forming a protective layer.

Figure 4 illustrates another example process for forming a protective layer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 1 illustrates selected portions of an example gas turbine engine 10,

20 such as a gas turbine engine 10 used for propulsion. In this example, the turbine
engine 10 is circumferentially disposed about an engine centerline 12. The turbine
engine 10 includes a fan 14, a compressor section 16, a combustion section 18, and a
turbine section 20 that includes turbine blades 22 and turbine vanes 24. Blade outer

air seal segments 26 (shown schematically) are disposed circumferentially about the

25  turbine section 20 to define a hot gas path between an outer structure of the gas
turbine engine 10 and the turbine section 20. As is known, air compressed in the
compressor section 16 is mixed with fuel and burned in the combustion section 18 to
produce hot gases that are expanded in the turbine section 20. Figure 1| is a
somewhat schematic presentation for illustrative purposes only and is not a

30 limitation on the disclosed examples. Additionally, there are various types of gas
turbine engines, many of which could benefit from the examples disclosed herein,

which are not limited to the design shown.
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30 As can be appreciated, the disclosed composition of the protective layer 50
may be varied within the given ranges. In one example, the composition of the

protective layer 50 includes about 5-40 wt% of chromium, about 8-35 wt% of
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includes the noble metal or metals is then deposited onto the intermediate layer 62 in
a desired thickness. For example, the additional layer 64 is deposited using vapor
deposition. The additional layer 64 is deposited with a predetermined thickness that
provides an amount of the noble metal or metals to achieve the desired amount of
25  the noble metal or metals in the composition of the protective layer 50 once the
additional layer and the intermediate layer 62 diffuse together.
After deposition of the diffusion layer 64, the intermediate layer 62 and the
diffusion layer 64 are heated at a suitable temperature to diffuse the diffusion layer
64 into the intermediate layer 62 to form a protective layer 50, The selected
30  temperature may depend upon the type of noble metal and the composition of the
intermediate layer 62. Given this description, one of ordinary skill in the art will

recognize suitable diffusion temperatures based upon their selected compositions.
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25  combination with a second powder 76 in a co-spray thermal process to form the

protective layer 50. For example, the second powder 76 includes particles
comprised of the noble metal or metals and is co-sprayed with the powder 74 to
form the protective layer 50. The feed rates of the powder 74 and the second powder
76 is controlled such that the protective layer 50 includes a desired amount of the
30  noble metal or metals. Given this description, one of ordinary skill in the art will
recognize that deposition processes other than thermal spraying, such as plating,

vapor deposition and the like, may alternatively be used.
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20  other example embodiments.
The preceding description is exemplary rather than limiting in nature.
Variations and modifications to the disclosed examples may become apparent to
those skilled in the art that do not necessarily depart from the essence of this
disclosure. The scope of legal protection given to this disclosure can only be

25  determined by studying the following claims.
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| ayer i s Whapeshim&Eiween the netal alloy substrate and a ceramc

t opcoat .

4. The protective coating systemas recited in claiml1,

wherein the protective | ayer consists essentially of: about 5-40 wt

of the chponiqunﬁggg%C§ﬁ§@5y&m%Qg&P%Q§?aluninun1 about 0.1-2

w %of the Goup I11B Periodic Tab

Peri odi ¢ Tabl e pbisrév lagaheving ¢ compysition inpipding:

about 5-40 wt % of chromium,

about 5-35 wt % of aluminum,

about 0.1-9 wt % of at least one of silicon, hafnium, or magnesium,

about 0.05-2 wt % of a Group IIIB Periodic Table element,

a nonzero amount less than 13 wt % of at least one noble metal comprising gold,
and

a balance including at least one of nickel, cobalt, or iron.

2. The protective coating system as recited in claim 1, wherein the protective layer is

disposed on a metal alloy substrate.

3. The protective coating as recited in claim 2, wherein the protective layer is

disposed between the metal alloy substrate and a ceramic topcoat.

4, The protective coating system as recited in claim 1, wherein the protective layer
consists essentially of:

about 5-40 wt % of the chromium,;

about 8-35 wt % of the aluminum;

about 0.1-2 wt % of the Group IIIB Periodic Table Element, wherein the Group
IIIB Periodic Table element consists of yttrium;

about 0.1-7 wt % of the silicon;

about 0.1-2 wt % of the hafnium;

the nonzero amount less than 13 wt % of the at least one noble metal comprising
gold; and

the balance including at least one of nickel, cobalt, or iron.

%

enent, wherein the Goup II1B



about 0.1-7 wt %of the silicon; about 0.1-2 wt % of the hafnium
the nonzero anount |less than 13 wt % of the at | east one nobl e netal
conprising gold; and the bal ance including at | east one of nickel,

cobalt, or iron. 5. The protective coating systemas recited in
claiml1, wherein the protective |ayer consists essentially of: about
8-30 Wt % of the chrom um about 5-20 wt % of the al um num about

0.1-5 w %of at |east one of the silicon, the hafnium or the
magnesi u about 0.05-1 wt % of the Goup I1IB Periodic Table
El enent, wher eflis irpfectiyesaping sysemas resifed M simel . athsraim the pertedtive dayst
yttrlum ts el dARdIQ5ezer o amount [ ess than 13 wt % of the at |east
one nobl ecorrrlélfge co#rpfls;b5| ng gol d; about 10-60 wt % of the nickel; and
about 8-30 wt doufd-Bhwet Gobahe chrmﬁiunAn al | oy conposition conprising:
- 0 !
about 5-40 wt aﬁ Sg(pw?g/n %eﬁgﬁﬂfum? 35 wt % of al um num
about 0.1-5 wt % of at least one of the silicon, the hafnium, or the magnesium;
about 0.05-1 wt % of the Group IIIB Periodic Table Element, wherein the Group
IIIB Periodic Table element consists of yttrium;
the non-zero amount [ess than 13 wt % of the at least one noble metal comprising

gold; about 10-60 wt % of the nickel; and about 8-30 wt % of the cobalt.

6. An alloy composition comprising:

about 5-40 wt % of chromium;

about 5-35 wt % of aluminum;

about 0.1-9 wt % of at least one of silicon, hafnium, or magnesium;

about 0.05-2 wt % of a Group IIIB Periodic Table element;

a nonzero amount less than 13 wt % of at least one noble metal comprising gold,;
and

a balance including at least one of nickel, cobalt, or iron.

7. The alloy composition as recited in claim 6, including about 0.1-7 wt % of the

silicon and about 0.1-2 wt % of the hafnium.

8. The alloy composition as recited in claim 6, including about 0.1-5 wt % of the

silicon, the hafnium, or the magnesium.
9. The alloy composition as recited in claim 6, including about 0.05-1 wt % of the
Group I1IB Periodic Table Element, wherein the Group IIIB Periodic Table Element

consists of yttrium.

10.  The alloy composition as recited in claim 6, consisting essentially of:



about 0.1-9 Wt % of at |east one of silicon, hafnium or magnesium
about 0.05-2 Wt % of a Goup I11B Periodic Table el enent; a nonzero
anmount less than 13 wt % of at | east one noble netal conprising gold;
and a bal ance including at | east one of nickel, cobalt, or iron. 7.
The all oy conposition as recited in claim®6, including about 0.1-7 wt
% of the silicon and about 0.1-2 wt % of the hafnium 8. The all oy
conposi ti on ass-A@eit teef thaoiclabmiuvm;6, i ncl udi ng about 0.1-5 wt % of the

silicon, the h iu the magnesium 9. The all oy conposition as
recited in claiagwwi?ﬁﬁ%ﬂ]?ﬁ@%out 0.05-1 wt % of the Group I11B

Peri odi ¢ Tabl Q)'EHQ{,}{B/@Bfth\éﬁgﬁfcgh;n the Group IIIB Periodic Table El ement
consists of yttrium 10.The alloy conposition as recited in claimb®,
consi sting esskhfivdl% pf tiehafmdard0 Wt % of the chromium 8-35 wt % of

t he al um num 1-7, % of th Llicon, .0, 1-2 % of the hafniLum
015wt oot e bbstbrahnln? bR TaRe def el b GraiB
G oup || | Beriddici Tubleccldadit eomsdig@nftiiriomasi sts of yttrium the nonzero
amount | ess th'ﬁm 13 Wt %of the at_|east one noble netal conprising
the nonzero amount less than 13 wt % of the at least one noble metal comprising
gold; and

the balance including nickel or cobalt.

11.  The alloy composition as recited in claim 10, further consisting essentially of 15-

25 wt % of the chromium, and 10-20 wt % of the aluminum.

12.  The alloy compositicn as recited in claim 6, consisting essentially of:

8-30 wt % of the chromium;

5-20 wt % of the aluminum;

0.1-5 wt % of the silicon, the hafnium, or the magnesium;

0.05-1 wt % of the Group IIIB Periodic Table element, wherein the Group IIIB
Periodic Table element consists of yttrium;

the nonzero amount less than 13 wt % of the at least one noble metal comprising

gold;
about 10-60 wt % of the nickel; and
about 8-30 wt % of the cobalt.
13. A method of manufacturing a protective coating system, comprising:

forming a protective layer having a composition including about 5-40 wt % of
chromium, about 5-35 wt % of aluminum, about 0.1-9 wt % of at least one of silicon,
hafnium, or magnesium, about 0.05-2 wt % of a Group IIIB Periodic Table element, a
nonzero amount less than 13 wt % of at least one noble metal selected from platinum,
palladium, and gold, and a balance including at least one of nickel, cobalt, or iron, by

thermal spraying a first powder having a nominally equivalent composition to the



gol d; and the bal ance including nickel or cobalt. 11. The all oy
conposition as recited in claim 10, further consisting essentially of
15- 25 wt % of the chromum and 10-20 wt % of the alum num 12. The
all oy conposition as recited in claim®6, consisting essentially of:
8-30 Wt % of the chromum 5-20 wt % of the alumnum O0.1-5 wt % of
the silicon, the hafnium or the magnesium 0.05-1 wt % of the

G oup || | Bnifekitiodiof thEgadtectil ¢iRNbut HEIBHIAL Thel MR aSFRYRbIE hBtdand @di C
Tabl e el ement consists of yttrium the nonzero anpunt |ess than 13 wt

% of the Wrondeytdepermpriingetheat aast ermintiemefgl fsludinglosnng20- 60 wt %
of the n'ﬁiﬁ%édi@t@qiagépﬁé{/ﬁr\lﬁaméQoﬁﬁ%os%lo%fextﬂﬁin%%ttleast nobteTdgiod of
t e coat ng:

manuf acturing a protecti ng system “conpri sSi f or mi ng
a pr ot ectdepesitiny adiffuaivhhayenor Srepasimddone laped wtemghadiffusionhlag&r wt % of

chrom um about 5-3 % of, .al um nu bout .0. 1-9.wt . % of .af | east
one of 51 TTBEHCS & priEime bheelEmHEL P epethe iegasitisiwri e o oup
|11 B Per i diffusiod Rigkiero @lifaise e at feaBUNE QOB e HB Mito kIRSisitetadiatd fayek to%oRh at
| east one_ noble netal selected fromplatinum palladium and gold,

and a bal BAP®OEHEE [3dfhg at | east one of nickel, cobalt, or iron, by
thermal spraying a first powder having a nom nally equival ent
conposition to the

14.  The method as recited in claim 13, including thermally spraying using an oxy-fuel.

15.  The method as recited in claim 13, including heating a substrate at a temperature
of at least 1200° F.

16.  The method as recited in claim 13, including thermal spraying under a protective

environment.

17.  The method as recited in claim 13, including thermally spraying at a rate of 35-45
g/min in an argon carrier gas at a rate of 3-5 std L/min with a thermal spray gun power

setting of 500-700 amps.
18.  The method as recited in claim 13, wherein the at least one noble metal is gold.

19. A method of manufacturing a protective coating system, comprising:

forming a protective layer having a composition including about 5-40 wt % of
chromium, about 5-35 wt % of aluminum, about 0.1-9 wt % of at least one of silicon,
hafnium, or magnesium, about 0.05-2 wt % of a Group IIIB Periodic Table element, a
nonzero amount less than 13 wt % of at least one noble metal selected from platinum,
palladium, and gold, and a balance including at least one of nickel, cobalt, or iron, by
thermal spraying a first powder having a nominally equivalent composition to the
composition of the protective layer but excluding the at least one noble metal and a

second powder comprising the at least one noble metal, or by thermal spraying a powder

10



conposition of the protective |ayer but excluding the at |east one
nobl e metal and a second powder conprising the at | east one noble
metal, including formng an internedi ate | ayer having the conposition
excluding the at | east one noble nmetal, depositing a diffusion |ayer
on the internediate | ayer, where the diffusion | ayer conprises the at
| east one noble netal, and heating the internediate | ayer and the

di ffusi ondvanpgarticdesdiitif kseng dxondihallyeamtvaRREcdRIsRioRRS He coRipBsitidiEof
intermedi ate layer to formthe protective layer. 14. The nethod as
recited ithe erosschve Byes, eludinaigermdly sanayipe sppispeengat 3P HE Gisib Ryysenet .
15. The ) regi I &1, fr ..including heating a substrate
at a tengggg?g?gﬁgfgggﬁﬁggg?m?fg%ﬂ%iﬁni6. The method as recited in
claim 13, including thermal spraying under a protective environnent.
17. The method as recited in claim 13, including thermally spraying
at arate of 35-45 g/mn in an argon carrier gas at a rate of 3-5 std
L/'mn wth a thermal spray gun power setting of 500-700 anps. 18.
The method as recited in claim13, wherein the at | east one noble
metal is gold. 19. A nethod of manufacturing a protective coating
system conpri sing: formng a protective |layer having a

conposi tion including about 5-40 wt % of chrom um about 5-35 wt % of
al um num about 0.1-9 wt % of at |east one of silicon, hafnium or
magnesi um about 0.05-2 Wt % of a Goup II1B Periodic Table el enent,
a nonzero anount |less than 13 wt % of at |east one noble netal

sel ected fromplatinum palladium and gold, and a bal ance i ncl udi ng
at | east one of nickel, cobalt, or iron, by thermal spraying a first
powder having a nomi nally equival ent conposition to the conposition
of the protective layer but excluding the at |east one noble netal
and a second powder conprising the at | east one noble netal, or by
thermal spraying a powder having particles with having a nomnally
equi val ent conposition to the conposition of the protective |ayer,
including thermally spraying in nitrogen at 130+1-20 psig, oxygen at
165+1- 20 psig, and hydrogen at 135+/-20 psig.
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