OXI DATI ON RESI STANT COATI NG W TH SUBSTRATE COVPATABI LI TY BACKGROUND

[ 0001] This disclosure relates to the field of protective coatings for
use on netallic parts which are used at el evated tenperatures and
have particular utility in the field of gas turbine engines.

[ 0002] Current netallic coatings on hot section turbine engine
conponents provi de oxidation and corrosion protection and act as bond
coats for ceramc thernmal barrier coatings on parts or conponents
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turbine engines.

[0002] Current metallic coatings on hot section turbine
engine components provide oxidation and corrosion protection and
act as bond coats for ceramic thermal barrier coatings on parts
or components used in gas turbine engines. Both MCrAlY and
aluminide cecatings were develcped to ensure acceptable
performance on then-current base alloys used for part or
compenent substrates. More recent single crystal substrate
atloys, while providing improved mechanical properties, exhibit
oxidation debits and detrimental reaction zones with current

bond coats.

[0003] It is important for the turbine engine components to

have a coating which is compatible with the substrate material.

SUMMARY

[0004] In accordance with the present disclosure, there is
provided a coating which is compatibie with nickel- and cobalt-

based superalloys.

[0005] In accordance with the present disclosure, there is
provided a coating which comprises from 11 to 14 wi% chromium,
from 11 to 14 wt% cobalt, from 7.5 to 9.5 wt% aluminum, from

0.20 to 0.60 wt% yttrium, from 0.10 to 0.50 wt% hafnium, from



[ 0004] I n accordance with the present disclosure, there is provided a
coating which is conpatible with nickel- and cobalt-based

superal | oys. [0005] 1 n accordance with the present disclosure, there
is provided a coating which conprises from1l to 14 wt % chrom um
from1ll to 14 wt%cobalt, from7.5 to 9.5 % alumnum fromO0.20 to
0.60 wt% yttrium from0.10 to 0.50 wt% hafnium from 0.10 to 0.30
w%silicon, fromO0.10 to 0.20 wt % zirconium and the bal ance ni ckel.
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provi ded,a part,.SUgh.,as a turbine engine conponent, having a
substrate an% an%ogrtﬁl ng applied to the substrate, which coating

conprises from1l to 14 wt% chromum from 1l to 14 w9%copalt, from
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cecating comprises from 11 to 14 wt% chromium, from 11 to 14 wi%
cobalt, from 7.5 to 9.5 wt% aluminum, from 0.20 to 0.60 wth
ytirium, from 0.10 to 0.50 wi% hafnium, from 0.10 to 0.30 wt?3
silicon, from 0.10 to 0.20 wit% zirconium, and the balance

nickel.

[0007] Other details of the oxidation resistant coating
having substrate compatibility are set forth in the following
drawings and detailed description in which like reference

numerals depict like elements.

BRIEF DESCRIPTION OF THE DRAWING(S)

[ogo8] The Figure illustrates a part having a coating applied
thereto.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

[0009] Referring now to the drawings, a part 10, such as a
turbine engine component, having a substrate 11 to which is
applisd a ceating 12 which imparts oxidation resistance to the
part and which is compatible with the material forming the part.
If desired, the coating 12 may be applied directly to a surface
14 of the substrate.



havi ng substrate conpatibility are set forth in the foll ow ng

drawi ngs and detailed description in which |ike reference nunerals
depict like elenments. BRI EF DESCRI PTI ON OF THE DRAW NG S) [0008] The
Figure illustrates a part having a coating applied thereto. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) [0009] Referring now to the
drawi ngs, a part 10, such as a turbine engi ne conponent, having a
substrate 11 to which is applied a coating 12 which inparts oxidation
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be a single crystal nickel-based superalloy.

[0011] The coating 12 comprises frem 11 to 14 wt% chromium,
from 11 to 14 wt% cobalt, from 7.5 to 9.5 wt% aluminum, from
0.20 to 0.60 wt% yttrium, from 0.10 to 0.50 wt% hafnium, from
0.10 to 0.30 wt$% silicon, from (0¢.10 to 0.20 wt% zirconium, and
the balance nickel. B2As can be seen from the above composition,
there 1is a reduced aluminum content which provides a reduction
in the formation of SRZ in alloys that are prone to it. More
aluminum in the coating 12 may create reaction zone problems,
while less aluminum does not provide encugh aluminum to maintain
a good protective scale. Less reactive elements (Y, HE, S5i, and
Zr) may increase oxidation kinetics, while more reactive
elements may lead to short-circuit oxidation. More chromium may
reduce the dominant phase, gamma prime and less chromium may
hurt hot corrosion resistance. A highly desirable composition

for the coating 12 lies right in the middle of the above ranges.

[0012] The coating 12 may be applied using either plasma
spray or physical vapor deposition technigques to the substrate
11 from which the part 10 is formed. For example, the coating

may be applied using cathodic arc deposition.

[0013] The coating 12 has particular utility as a bond coat.
In such a situation, the coating 12 would be applied directly
onto at least one surface 14 of the substrate il. A thermal

barrier coating (not shown} may be applied over the ccating 12.

[0014] The coating described herein shows much less formation
of a secondary reaction zone than with traditional MCrAlYs or

with a2luminide or platinum-aluminide coatings, particularly when
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nmetallic materials including, but not limted to, nickel-based and
cobal t - based superal |l oys. For exanple, the substrate 11 may be a
single crystal nickel -based superalloy. [0011] The coating 12
conprises from1l to 14 wt% chromum from1ll to 14 wt % cobalt, from
7.5t0 9.5 wt% aluminum from0.20 to 0.60 wt %yttrium fromO.10 to
0.50 wt% hafnium from0.10 to 0.30 wt% silicon, fromO0.10 to 0.20
wt % zi rconi um and the bal ance nickel. As can be seen fromthe above
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with traditional MCrAlYs or with alum nide or platinumalum nide
CoatingngéégtiCu$eﬁq%;gﬂﬁeﬁaving the composition described herein

exhibits corrosion resistance, high temperature oxidation
resistance, and mechanical properties similar to MCrAlY
coatings. The EB-PVD thermal barrier coating spallation
resistance for this coating is 8X that of the baseline coating.
A part having an oxidation resistant coating having a
composition in accordance with the present disclosure and a
thermal barrier coating was subjected to burner rig testing and
2050°F. It was found that the coating had an average thermal
barrier ccating spallation which was 864% of a composition
coating formed from a traditional NiCoCrAlY material with higher
cobalt and chromium levels. Burner rig testing showed the
coating described herein had an oxidation resistance which was
92% of the comparison coating (burner rig @ 2150°F), a hot
corrosion resistance which was 130% of the comparison coating
(burner rig @ 1600°F) and high cycle fatigue and thermo-

mechanical fatigue equivalent to the comparison coating.

[0016] There has been provided herein an oxidation resistant

coating with substrate compatibility. While the coating has
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used on higher generation single crystal alloys which may suffer from
m crostructural instability. The el enents which nmake these

superal | oys strong and creep resistant can nake them prone to
instability, especially in the vicinity of a coating. A um num
diffusion fromthe coating is known to exacerbate this problem This
i s because alum numfromthe coating nmay conbine with the alloy and
forma |l ayer known as the secondary reaction zone. This |ayer has
poor nedsani dakcpilegskrin dbcandntisxtasdopkat edulnit lembopoheyicalligreot,
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resi star%ée gg%‘?hlg%@ceog)tfi r%glei gp %?O[er:ragt(:lgfm? he baseline coating. A
part having an oxidation resistant coating having a conmposition in
accordance with the present disclosure and a thermal barrier coating
was subjected to burner rig testing and 2050F. It was found that the
coating had an average thernmal barrier coating spallation which was
864% of a conposition coating fornmed froma traditional N CoCrAlY
material wi th higher cobalt and chromumlevels. Burner rig testing
showed the coating descri bed herein had an oxidation resistance which
was 92% of the conparison coating (burner rig @2150F), a hot
corrosion resistance which was 130% of the conparison coating (burner
rig @1600F) and high cycle fatigue and thernonechani cal fatigue

equi val ent to the conparison coating. [0016] There has been provi ded
herein an oxidation resistant coating with substrate conpatibility.
Wil e the coating has been described in the context of particul ar
enbodi nents thereof, other unforeseen alternatives, nodifications,
and variations may becone apparent to those skilled in the art having
read the foregoing description. Accordingly, it is intended to
enbrace those alternatives, nodifications, and variations as fall

wi thin the broad scope of the appended clains.



WHAT IS CLAIMED IS: 1. An oxidation resistant coating for use on a
tur bi ne engi ne conponent conprising from1ll to 14 wt % chrom um from
11 to 14 wt% cobalt, from7.5 to 9.5 w% alum num fromO.20 to 0.60
wo%yttrium from0.10 to 0.50 wt % hafnium from0.10 to 0.30 W%
silicon, fromO0.10 to 0.20 wt% zirconium and the bal ance nickel. 2 A
part conprising a substrate and a coating deposited on a surface of
said substrate, said coating conprising from1l to 14 wt % chrom um
from1ll to 14 % cobalt, from7.5 to 9.5 wm% alumnum fromO0.20 to
0.60 % yttrium fromO.10 to 0.50 wt % hafnium fromO.10 to 0.30
Wt % si | i"EBR, L8rem BIELD 160 0. 20 wt % zi rconium and t he bal ance ni ckel .
3. The part according to claim2, wherein said substrate conprises a
ni ckel - basedagsuper@dioy. rdsidherpardataagofél Nngsd @nChatir2inhgrens
said substrate coggri se a caobalt-based superalloy. 5. The part
according to CCHPANSPEWRIIRGHF124i §reBatt g 1§ ¥ppl FePHiFectFI™t bt a
surface of saiub gubgteatssalb, Frempars wcoarndifmg &Dukd i Zrowherzd n
said part is a turbine engine conponent. 7.A process for formng an

oxi dation resi'$t dnfVctat i g dnTa part, O sdl FopPocksetEdfritsitng t o

steps of: 0.10 to 0.30 wt% silicon, from 0.10 to 0.20 wt$% zirconium,

and the balance nickel.

2. A part comprising a substrate and a coating deposited on a
surface of said substrate, said coating comprising from 11
to 14 wt% chromium, from 11 to 14 wt% cobalt, from 7.5 to
9.5 wt% aluminum, from 0.20 to 0.60 wt% vyttrium, from 0.10
to 0.50 wt% hafnium, from 0.10 to 0.30 wt% silicon, from

0.10 to 0.20 wt% zirconium, and the balance nickel.

3. The part according to claim 2, wherein said substrate

comprises a nickel-based superalloy.

4. The part according to claim 2, wherein said substrate

comprise a cobalt-based superalloy.

5. The part according to claim 2, wherein said coating is

applied directly to a surface of said substrate.

6. The part according to claim 2, wherein saild part is a

turbine engine component.

7. A process for forming an oxidation resistant coating on a

part, said process comprising the steps of:



providing a part having a substrate; form ng a coating on a surface
of said substrate; and said coating form ng step conprising formng a
coating conprising from1l to 14 wt% chromum from1ll to 14 w%
cobalt, from7.5to 9.5 % alumnum fromO0.20 to 0.60 w% yttrium
fromO0.10 to 0.50 wt% hafnium from0.10 to 0.30 W% silicon, from
0.10 to 0.20 m% zirconium and the bal ance nickel. 8. The process
according to claim7, wherein said part providing step conprises

provi di ng a partoiadiinggaapsibdtavane &oswedtfatem one of a ni ckel - based

superal | oy andfékﬂ¥%%agt599§f§£f%%p%r§LLPXCe of said substrate; and

said coating forming step comprising forming a coating
comprising from 11 to 14 wt% chromium, from 11 to 14 wth
cobalt, from 7.5 to 5.5 wt% aluminum, from 0.20 to 0.60
wt% yttrium, from 0.10 to 0.50 wt% hafnium, from 0.10 to
6.30 wt% silicon, from 0.10 to 0.20 wt% zirconium, and the

balance nickel.

8. The process according to claim 7, wherein said part
providing step comprises providing a part having a
substrate formed from one of a nickel-based superalloy and

a cobalt-based superalloy.



