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(57) A coated component and a method of preparing
a coated component are provided. The method compris-
es providing a substrate; and applying a dual coating
system to the substrate. The applying of the dual coating
system includes applying a diffusion barrier coating; and

applying a corrosion-resistant coating. The corrosion-re-
sistant coating comprises a greater concentration of sil-
icon and aluminum than the diffusion barrier coating, and
the dual layer coating system includes an aluminide in-
terdiffusion zone.
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Description

FIELD OF THE INVENTION

[0001] The present disclosure is generally directed to
a coated component and a method of preparing a coated
component. More specifically, the present disclosure is
generally directed to a coated alloy component and a
method of preparing a coated alloy component.

BACKGROUND OF THE INVENTION

[0002] Gas turbines for power generation systems
must satisfy the highest demands with respect to relia-
bility, power, efficiency, economy, and operating service
life. Modern high-efficiency combustion turbines have fir-
ing temperatures that exceed about 2,300 °F (1,260 °C),
and firing temperatures continue to increase as demand
for more efficient engines continues. Many components
that form the combustor and "hot gas path" turbine sec-
tions are directly exposed to aggressive hot combustion
gases. The use of coatings on turbine components, such
as combustors, combustion liners, combustion transition
pieces, combustion hardware, blades (buckets), vanes
(nozzles) and shrouds, is important in commercial gas
turbine engines.
[0003] Traditional oxidation coatings made of MCrAlY
as well as diffusion aluminides are susceptible to hot cor-
rosion in combustion environments. In certain coating
systems, in order to enable a better hot corrosion resist-
ant coating, the coating chemistry is adjusted to include
Si as an alloying element. However, the addition of Si
results in a coating that is brittle. Furthermore, known
coating systems that are hot corrosion resistant are not
always oxidation resistant.

BRIEF SUMMARY OF THE INVENTION

[0004] In an exemplary embodiment, a coated compo-
nent is provided. The coated component comprises a
substrate and a dual layer coating system overlying the
substrate. The dual layer coating system comprises a
diffusion barrier coating and a corrosion-resistant coat-
ing. The corrosion-resistant coating comprises a greater
concentration of silicon and aluminum than the diffusion
barrier coating, and the dual layer coating system in-
cludes an aluminide interdiffusion zone.
[0005] In another exemplary embodiment, a method
of preparing a coated component is provided. The meth-
od includes providing a substrate; and applying a dual
coating system to the substrate. The applying of the dual
coating system includes applying a diffusion barrier coat-
ing; and applying a corrosion-resistant coating. The cor-
rosion-resistant coating comprises a greater concentra-
tion of silicon and aluminum than the diffusion barrier
coating.
[0006] Other features and advantages of the present
invention will be apparent from the following more de-

tailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings, which il-
lustrate, by way of example, the principles of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 illustrates a coated component, according to
an embodiment of the present disclosure.

FIG. 2 illustrates a coated component, according to
an embodiment of the present disclosure.

FIG. 3 is a flow chart illustrating a method of welding
a treated component, according to an embodiment
of the present disclosure.

FIG. 4 is a flow chart illustrating a method of welding
a treated component, according to an embodiment
of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0008] The detailed description set forth below in con-
nection with the appended drawings where like numerals
reference like elements is intended as a description of
various embodiments of the disclosed subject matter and
is not intended to represent the only embodiments. Each
embodiment described in this disclosure is provided
merely as an example or illustration and should not be
construed as preferred or advantageous over other em-
bodiments. The illustrative examples provided herein are
not intended to be exhaustive or to limit the claimed sub-
ject matter to the precise forms disclosed.
[0009] Provided are an exemplary coated component
and a method of preparing a coated component. Embod-
iments of the present disclosure, in comparison to com-
ponents and method not utilizing one or more features
disclosed herein, enable the formation of a durable, gra-
dient dual layer coating system resistant to hot corrosion
as well as oxidation, thereby extending the service life of
the coated component without affecting functionality.
Without the dual layer coating system, the components
are limited in their operating temperatures and have in-
creased service and/or repair requirements.
[0010] All numbers expressing quantities of ingredi-
ents and/or reaction conditions are to be understood as
being modified in all instances by the term "about", unless
otherwise indicated.
[0011] All percentages and ratios are calculated by
weight unless otherwise indicated. All percentages are
calculated based on the total weight of a composition
unless otherwise indicated. All component or composi-
tion levels are in reference to the active level of that com-
ponent or composition, and are exclusive of impurities,
for example, residual solvents or by-products, which may
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be present in commercially available sources.
[0012] The articles "a" and "an," as used herein, mean
one or more when applied to any feature in embodiments
of the present invention described in the specification
and claims. The use of "a" and "an" does not limit the
meaning to a single feature unless such a limit is specif-
ically stated. The article "the" preceding singular or plural
nouns or noun phrases denotes a particular specified
feature or particular specified features and may have a
singular or plural connotation depending upon the con-
text in which it is used. The adjective "any" means one,
some, or all indiscriminately of whatever quantity.
[0013] The term "at least one," as used herein, means
one or more and thus includes individual components as
well as mixtures/combinations.
[0014] The term "comprising" (and its grammatical var-
iations), as used herein, is used in the inclusive sense of
"having" or "including" and not in the exclusive sense of
"consisting only of."
[0015] The term "essentially devoid of " means con-
taining less than 2 percent by weight of, preferably less
than 1 percent by weight of, more preferably less than
0.1 percent any weight of, more preferably less than 0.01
percent by weight of, and even more preferably free of.
[0016] With reference to FIG. 1, a coated component
100 is provided. Coated component 100 comprises a
substrate 101 and a dual layer coating system 105 over-
lying substrate 101. Dual layer coating system 105 com-
prises a diffusion barrier coating 102 and a corrosion-
resistant coating 103. In the embodiment shown in FIG.
1, diffusion barrier coating 102 is adjacent substrate 101.
Corrosion-resistant coating 103 comprises a greater con-
centration of silicon and aluminum than diffusion barrier
coating 102, and dual layer coating system 105 includes
an aluminide interdiffusion zone 104.
[0017] In one embodiment, substrate 101 comprises
an alloy including, but not limited to, cobalt-based alloy,
iron-based alloy, nickel-based alloy or combinations
thereof. In another embodiment, substrate 101 is cobalt-
based alloy. In another embodiment, substrate 101 is
essentially devoid of aluminum. In another embodiment,
substrate 101 is devoid of aluminum. In another embod-
iment, substrate 101 is cobalt-based alloy devoid of alu-
minum.
[0018] In one embodiment, substrate 101 is formed
from a CoCrMo alloy. In another embodiment, substrate
101 is formed from an alloy having a composition, by
weight, of: about 10% nickel, about 29% chromium, about
7% tungsten, about 1% iron, about 0.25% carbon, about
0.01% boron, and balance cobalt (e.g., FSX414); about
3.5 to about 4.1% tungsten, about 9 to about 10% cobalt,
about 13.7 to about 14.3% chromium, about 2.8 to about
3.2% aluminum, about 2.4 to about 3.1% of tantalum,
about 4.7 to about 5.1% titanium, about 1.4 to about 1.7%
molybdenum, about 0.35% of iron, about 0.005 to about
0.02% of boron, about 0.08 to about 0.12% of carbon
and a balance of nickel (e.g., GTD 111); between about
22.2 and about 22.8% Cr, between about 18.5 and about

19.5% Co, about 2.3% Ti, between about 1.8 and about
2.2% W, about 1.2% Al, about 1.0% Ta, about 0.8% Nb,
about 0.25% Si, between about 0.08 and about 0.12%
C, about 0.10% Mn, about 0.05% Zr, about 0.008% B,
incidental impurities, and a balance of Ni (e.g., GTD 222);
about 22.5% Cr, about 19% Co, about 2% W, about
1.35% Nb, about 2.3% Ti, about 1.2% Al, about 0.1% C,
incidental impurities, and a balance of Ni (e.g., GTD 241);
between about 8% and about 10% molybdenum (Mo),
between about 20.5% and about 23% chromium (Cr),
between about 17% and about 20% iron (Fe), between
about 0.2% and about 1% tungsten (W), between about
0.5% and about 2.5% cobalt (Co), between about 0.05%
and about 0.15% carbon (C), up to about 1% silicon (Si),
up to about 1% manganese (Mn), up to about 0.01%
boron (B), up to about 0.04% phosphorus (P), up to about
0.03 sulfur (S), incidental impurities, and a balance of
nickel (Ni) (e.g., HASTELLOY X); between about 19%
and about 21% chromium (Cr), between about 19% and
about 21% cobalt (Co), between about 5.6% and about
6.1% molybdenum (Mo), between about 1.9% and about
2.4% titanium (Ti), up to about 0.6% aluminum (Al), up
to about 0.6% manganese (Mn), up to about 0.4% silicon
(Si), up to about 0.2% copper (Cu), incidental impurities,
and a balance of nickel (Ni) (e.g., Nimonic 263); about
0.015% boron, about 0.05% to about 0.15% carbon,
about 20% to about 24% chromium, about 3% iron, about
0.02% to about 0.12% lanthanum, about 1.25% manga-
nese, about 20% to about 24% nickel, about 0.2% to
about 0.5% silicon, about 13% to about 15% tungsten,
and balance cobalt (e.g., HAYNES® 188); about 22.5%
to about 24.25% chromium, up to about 0.3% titanium
(e.g., about 0.15% to about 0.3% titanium), about 6.5%
to about 7.5% tungsten, about 9% to about 11% nickel,
about 3% to about 4% tantalum, up to about 0.65% car-
bon (e.g., about 0.55% to about 0.65% carbon), about
2% to about 3% boron (e.g., about 2% to about 3% bo-
ron), about 1.3% iron, up to about 0.4% silicon, up to
about 0.1% manganese, up to about 0.02% sulfur, and
balance cobalt (e.g., MarM509); about 0.05% carbon,
about 20% nickel, about 20% chromium, about 0.1% zir-
conium, about 7.5% tantalum, and balance cobalt (e.g.,
MarM918); about 5% iron, about 20% to about 23% chro-
mium, up to about 0.5% silicon, about 8% to about 10%
molybdenum, up to about 0.5% manganese, up to about
0.1% carbon, and balance nickel (e.g., IN625). In another
embodiment, substrate 101 is formed from an alloy hav-
ing a composition, by weight, of: about 7.5% cobalt, about
7.0% chromium, about 6.5% tantalum, about 6.2% alu-
minum, about 5.0% tungsten, about 3.0% rhenium, about
1.5% molybdenum, about 0.15% hafnium, and a balance
of nickel (e.g., René N5); about 9.3% and about 9.7% W,
between about 9.0% and about 9.5% Co, between about
8.0% and about 8.5% Cr, between about 5.4% and about
5.7% Al, up to about 0.25% Si, up to about 0.1% Mn,
between about 0.06% and about 0.09% C, incidental im-
purities, and a balance of Ni (e.g., MarM247); about 9.3%
and about 9.7% W, between about 9.0% and about 9.5%
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Co, between about 8.0% and about 8.5% Cr, between
about 5.4% and about 5.7% Al, up to about 0.25% Si, up
to about 0.1% Mn, between about 0.06% and about
0.09% C, incidental impurities, and a balance of Ni (e.g.,
MarM247LC); about 15.7% and about 16.3% Cr, about
8.0% to about 9.0% Co, between about 3.2% and about
3.7% Ti, between about 3.2% and about 3.7% Al, be-
tween about 2.4% and about 2.8% W, between about
1.5% and about 2.0% Ta, between about 1.5% and about
2.0% Mo, between about 0.6% and about 1.1% Nb, up
to about 0.5% Fe, up to about 0.3% Si, up to about 0.2%
Mn, between about 0.15% and about 0.20% C, between
about 0.05% and about 0.15% Zr, up to about 0.015%
S, between about 0.005% and about 0.015% B, inciden-
tal impurities, and a balance of Ni (e.g., IN738); about
15.7% and about 16.3% Cr, about 8.0% to about 9.0%
Co, between about 3.2% and about 3.7% Ti, between
about 3.2% and about 3.7% Al, between about 2.4% and
about 2.8% W, between about 1.5% and about 2.0% Ta,
between about 1.5% and about 2.0% Mo, between about
0.6% and about 1.1% Nb, up to about 0.5% Fe, up to
about 0.3% Si, up to about 0.2% Mn, between about
0.10% and about 0.20% C, between about 0.5% and
about 1.0% Zr, up to about 0.015% S, between about
0.005% and about 0.015% B, incidental impurities, and
a balance of Ni (e.g., IN738LC). Particularly suitable sub-
strates includes CoCrMo alloys that have been formed
by direct metal laser melting (DMLM), alloys having a
composition, by weight, of: about 10% nickel, about 29%
chromium, about 7% tungsten, about 1% iron, about
0.25% carbon, about 0.01% boron, and balance cobalt
(e.g., FSX414) that have been deposited by DMLM or
direct metal laser sintering (DMLS) including γ-γ’cobalt
alloys that contain Al. In one embodiment, the concen-
tration of aluminum in the alloy is less than about 1.0 wt%
or less than about 0.8 wt% or less than about 0.5 wt% or
less than about 0.1 wt% or less than about 0.05 wt% or
less than about 0.01 wt%. In one embodiment, René N5
is substantially a single crystal. In one embodiment, Mar-
M-247LC, IN738 and IN738LC are both equiaxed and
directionally solidified (DS). In one embodiment, sub-
strate 101 comprises the combination of aforementioned
materials.
[0019] In one embodiment, diffusion barrier coating
102 includes MCrAlY (M=Ni, Co, Fe or combinations
thereof), gel aluminide or combinations thereof. In anoth-
er embodiment, the diffusion barrier coating is devoid of
silicon. In one embodiment, diffusion barrier coating 102
is more ductile and oxidation-protective than corrosion-
resistant coating 103.
[0020] In one embodiment, corrosion-resistant coating
103 is an aluminum and/or silicon rich corrosion-resistant
coating. The corrosion-resistant coating comprises a
greater concentration of silicon and aluminum than the
diffusion barrier coating.
[0021] In one embodiment, corrosion-resistant coating
103 comprises 15 to 50% of aluminum and 2 to 15% of
silicon based on the total weight of the corrosion-resistant

coating.
[0022] Dual layer coating system 105 comprises a con-
centration gradient in silicon and aluminum increasing
from a boundary 107 between substrate 101 and diffu-
sion barrier coating 102 to an outer surface 106 of cor-
rosion-resistant coating 103.
[0023] In one embodiment, coated component 100 is
a hot gas path component. In another embodiment, coat-
ed component 100 is a turbine component including, but
not limited to, blades (buckets), vanes (nozzles),
shrouds, combustors, transition ducts, compressor
blades, or combinations thereof. In another embodiment,
coated component 100 is a gas turbine component.
[0024] With reference to FIG. 2, a coated component
100 is provided. Coated component 100 comprises a
substrate 101 and a dual layer coating system 105 over-
lying substrate 101. Dual layer coating system 105 com-
prises a diffusion barrier coating 102 and a corrosion-
resistant coating 103. In the embodiment shown in FIG.
2, corrosion-resistant coating 103 is adjacent substrate
101. Corrosion-resistant coating 103 comprises a greater
concentration of silicon and aluminum than diffusion bar-
rier coating 102, and dual layer coating system 105 in-
cludes an aluminide interdiffusion zone 104. In one em-
bodiment, dual layer coating system 105 comprises a
concentration gradient in silicon and aluminum decreas-
ing from a boundary 107 between substrate 101 and cor-
rosion-resistant coating 103 to an outer surface 106 of
diffusion barrier coating 102.
[0025] With reference to FIG. 3, a method 300 of pre-
paring a coated component is provided. The method 300
comprises providing a substrate (step 301). The method
further includes applying a diffusion barrier coating 102
to the substrate 101 (step 302)
[0026] In some embodiments, the diffusion barrier
coating 102 applied to the substrate 101 or the corrosion-
resistant coating 103 is a MCrAlY bond coating alloy,
where M is nickel, cobalt, iron, alloys thereof, or combi-
nations thereof.
[0027] In some embodiments, the diffusion barrier
coating 102 is applied by one or more thermal spraying
techniques. In some embodiments, the thermal spraying
technique is high-velocity oxygen fuel (HVOF) spraying,
vacuum plasma spraying (VPS), high-velocity air-fuel
(HVAF) spraying, wire arc spraying, flame/combustion
spraying, or any combinations thereof. The thermal
spraying technique preferably heats the overlay material
to a temperature of at least 1900 °C (3450 °F), alterna-
tively to at least 2000 °C (3650 °F). In some embodi-
ments, the HVOF spraying technique heats the overlay
material to the range of about 2750 °C to about 3600 °C
(5000-6500 °F), alternatively about 2750 °C to about
3300 °C (5000-6000 °F), alternatively about 2750 °C to
about 3050 °C (5000-5500 °F), alternatively about 3050
°C to about 3300°C (5500-6000 °F), alternatively about
3300 °C to about 3600 °C (6000-6500 °F), or any suitable
combination, sub-combination, range, or sub-range
thereof. In some embodiments, the HVAF spraying tech-
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nique heats the overlay material to the range of about
1900 °C to about 2000 °C (3450-3550 °F), alternatively
about 1900 °C to about 1950 °C (3450-3550 °F), alter-
natively about 1950 °C to about 2000 °C (3550-3650 °F),
or any suitable combination, sub-combination, range, or
sub-range thereof.
[0028] In some embodiments, the diffusion barrier
coating 102 is an aluminide. In such embodiments, the
diffusion barrier coating may be a slurry, a gel, or any
other suitable material capable of application to the sub-
strate 101 or the corrosion-resistant coating 103, such
as vapor phase deposition. The aluminide in the diffusion
barrier coating is preferably NiAl or Ni2Al3. In some em-
bodiments, the diffusion barrier coating includes alumi-
num at a concentration, by weight, of about 8% to about
35%, alternatively about 12% to about 32%, alternatively
about 15% to about 25%, alternatively about 15% to
about 20%, alternatively about 20% to about 25%, alter-
natively about 20% to about 30%, alternatively about
25% to about 30%, alternatively about 15%, alternatively
about 20%, alternatively about 25%, alternatively about
30%, or any suitable combination, sub-combination,
range, or sub-range thereof.
[0029] The diffusion barrier coating 102 may be soaked
or dipped in the slurry, gel, or other suitable material.
Alternatively, the diffusion barrier coating forming mate-
rial may be poured, sprayed, or brushed onto the sub-
strate 101, and/or applied by any other application proc-
ess capable of applying the diffusion barrier coating form-
ing material. In some embodiments, the diffusion barrier
coating 102 diffuses into the substrate 101, for example,
by a diffusion depth. The diffusion depth may be at least
about 25 microns (1 mil), alternatively at least about 38
microns (1.5 mils), alternatively at least about 50 microns
(2 mils), alternatively about 25 microns (1 mil), alterna-
tively about 38 microns (1.5 mils), alternatively about 50
microns (2 mils), alternatively within a range of about 25
microns (1 mil) to about 50 microns (2 mils), alternatively
within a range of about 25 microns (1 mil) to about 38
microns (1.5 mils), alternatively within a range of about
38 microns (1.5 mils) to about 50 microns (2 mils), or any
suitable combination, sub-combination, range, or sub-
range thereof.
[0030] In some embodiments, the applying of the dif-
fusion barrier coating 102 is followed by or done while
heating the diffusion barrier coating 102 and/or the com-
ponent 100. For example, in one embodiment, the sub-
strate 101 is positioned in an atmospheric furnace and
the heating is performed, for example, in an inert atmos-
phere, such as with argon gas and/or with low oxygen
content. In some embodiments, the heating is performed
under a reduced pressure or a vacuum.
[0031] With reference to FIG. 3, the method further in-
cludes applying a corrosion-resistant coating 103 to the
diffusion barrier coating (step 303). The corrosion-resist-
ant coating comprises a greater concentration of silicon
and aluminum than the diffusion barrier coating.
[0032] In some embodiments, the corrosion-resistant

coating 103 is formed from application of a slurry includ-
ing a donor powder, a binder, and a carrier, the donor
powder including a metallic aluminum alloy. In one em-
bodiment, the donor material includes aluminum and sil-
icon. In one embodiment, the donor material includes at
least 35 wt% aluminum or at least about 40 wt% or from
about 40 wt% to about 45 wt% aluminum or from about
42 wt% to about 44 wt% aluminum or up to about 50 wt%
aluminum. Suitable donor materials include, but are not
limited to, aluminum alloys, aluminum containing com-
pounds and other aluminum donor materials. The donor
material may include additive components. Suitable ad-
ditive components for the donor material may include,
but are not limited to, powder in elemental form selected
from at least one of the group consisting of silicon, chro-
mium, titanium, tantalum or boron.
[0033] The binder is a heat curable binder and may
include any suitable binder material, such as inorganic
salts. In one embodiment, the binder material includes
at least 10 wt% inorganic salt or at least about 20 wt%
or from about 10 wt% to about 50 wt% inorganic salt or
from about 15 wt% to about 30 wt% inorganic salt or from
about 20 wt% to about 25 wt% inorganic salt. Suitable
binder materials include, but are not limited to, chromate
compounds, phosphate compounds, molybdate com-
pounds, tungstate compounds, and combinations there-
of. Examples of binder components include phosphoric
acid, chromic acid, and combinations thereof.
[0034] The carrier may include inorganic or organic
carriers. Suitable carriers include, but are not limited to,
water, toluene, acetone, and combinations thereof. In
one embodiment, the carrier is free of gel material. In one
embodiment, the slurry is free of inert fillers and inorganic
carriers. The absence of inert fillers and inorganic carriers
prevents such materials from sintering and becoming en-
trapped in the substrate 102.
[0035] Suitable slurry compositions for use with the
present disclosure include a composition comprising less
than about 20 wt% phosphoric acid, less than about 1
wt% chromic acid, less than or equal to 50 wt% aluminum
powder and less than about 6 wt% silicon powder, and
a balance water as carrier. Another suitable slurry com-
position includes about 35% aluminum powder, about
6% silicon powder, about 12% phosphate-chromate
binder (binder salts), with a balance water as carrier.
[0036] The slurry is applied to the substrate 101 and
heated to dry and cure the slurry on the diffusion barrier
coating 101 and to leave a dried coating material. In one
embodiment, the slurry includes, by weight, about 35 to
about 65% of the donor powder, about 1 to about 25%
of the binder, and balance essentially carrier. The applied
slurry composition may include a non-uniform thickness
with a minimum thickness of about 0.05 mm and a max-
imum thickness of about 1 mm or more, and the aluminide
coating system 100 has a thickness which varies by about
0.01 mm or less, and is therefore essentially independent
of the thickness of the slurry coating. The slurry coating
may include a maximum thickness of about 1 mm. The
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slurry is applied to the surface of the substrate by any
suitable technique. Suitable application techniques in-
clude spraying, rolling, dipping or brushing.
[0037] The drying step is preferably accomplished by
heating the coating slurry to a drying temperature of from
about 125° F to about 300° F (about 52 °C to about 149
°C) in air, for a time of from about 1 to about 4 hours. In
addition, the coating is cured prior to diffusion treatment
into a green-body by heating to a temperature from about
572° F to about 752° F (about 300 °C to about 400 °C)
for a time of from about 1 to about 4 hours. In one em-
bodiment, the applying, drying steps and curing steps
may be repeated two times, three times, four times or
more to provide a thicker dried coating.
[0038] The slurry coating that has been applied to the
diffusion barrier coating 102, which may have been dried
or not, is heated to form the dual coating system 105.
The coating chamber is evacuated, and may be backfilled
with an inert or reducing atmosphere (such as argon or
hydrogen, respectively). The slurry may be heated on
the substrate to a temperature within a range of about
800 °C to about 900 °C or 825 °C to about 875 °C or 840
°C to about 860 °C. The temperature within the coating
chamber is raised to a temperature sufficient to volatilize
the slurry components, and aluminum is deposited on
and into the substrate 102. The component 100 may be
maintained at the diffusion temperature, for example, for
a suitable duration, depending on the final thickness de-
sired for the diffusion barrier coating 102 and the inter-
diffusion zone 104. The heat treatment may include any
suitable duration, including, but not limited to, a duration
from about 1 to 8 hours, alternatively from about 2 hours
to about 7 hours, alternatively from about 3 hours to about
6 hours, or alternatively from about 4 to about 5 hours or
alternatively from about 1 to about 3 hours or alternatively
from about 1.5 to about 2.5 hours. The heat treatment of
the slurry may form a residue. The residue may be re-
moved by any suitable technique, including, but not lim-
ited to, directing forced gas flow at the aluminide coating
system 100, grit blasting the aluminide coating system
100, or a combination thereof.
[0039] In one embodiment, the substrate 101 compris-
es an alloy including, but not limited to, cobalt-based al-
loy, iron-based alloy, nickel-based alloy or combinations
thereof. In another embodiment, substrate 101 is cobalt-
based alloy. In another embodiment, substrate 101 is
essentially devoid of aluminum. In another embodiment,
substrate 101 is devoid of aluminum. In one embodiment,
substrate 101 is of FSX414, GTD 111, GTD 222, GTD
241, HASTELLOY X, Nimonic 263, HAYNES® 188,
MarM509, MarM918, IN625, René N5, IN738, IN738LC,
MarM247, MarM247LC or combinations thereof.
[0040] In one embodiment, the diffusion barrier coating
102 includes MCrAlY, gel aluminide or combinations
thereof. In another embodiment, the diffusion barrier
coating 102 is essentially devoid of silicon. In another
embodiment, the diffusion barrier coating 102 is devoid
of silicon. In one embodiment, diffusion barrier coating

102 is more ductile and oxidation-protective than corro-
sion-resistant coating 103.
[0041] In one embodiment, the step of applying a dif-
fusion barrier coating to the substrate (step 302) com-
prises slurry, gel aluminide, any suitable diffusion alumi-
nide, diffusion, EBPVD, plasma jet, air jet, air plasma jet,
or combinations thereof.
[0042] With reference to FIG. 3, the dual layer coating
system 105 comprises a concentration gradient in silicon
and aluminum increasing from a boundary 107 between
the substrate 101 and the diffusion barrier coating 102
to an outer surface 106 of the corrosion-resistant coating
103.
[0043] In one embodiment, method 300 further com-
prises a step of heating-treating the component to form
an interdiffusion zone between the diffusion barrier coat-
ing and the corrosion-resistant coating. The heat treat-
ment optimization creates more dispersed and continu-
ous aluminide interdiffusion zone (IDZ).
[0044] In one embodiment, the method 300 further
comprises a step of post-heat treating the component.
The post-heat treating may include, for example, heating
with a furnace to bring up the temperature of the gas
turbine component. The post-heat treatment preferably
alters the material of the dual coating system 105 and/or
substrate 101 to allow the material from the diffusion zone
to flow between the coating layers and between the coat-
ing layers and substrate 101 and to further bond the dual
layer system 105 to the substrate 101.
[0045] A suitable post-heat treatment includes suitable
temperatures, for example, temperatures of about 870
°C to about 1200 °C (1600 °F to 2200 °F), alternatively
about 1040 °C to about 1180 °C (1900 °F to 2150 °F),
alternatively about 1070 °C to about 1150 °C (1950 °F
to 2100 °F), alternatively at about 1080 °C (1975 °F),
alternatively at about 1090 °C (2000 °F), alternatively at
about 1120 °C (2050 °F), or any suitable combination,
sub-combination, range, or sub-range thereof. In one em-
bodiment, heat treating is at a temperature capable of
forming a ductile intermetallic material, such as a ductile
aluminide, for example, having a strain range of about
4% and/or permitting the component 100 to be devoid or
substantially devoid of cracking formed by application of
a brittle aluminide.
[0046] In one embodiment, the coated component is a
hot gas path component. In another embodiment, the
coated component is a turbine component including, but
not limited to, blades (buckets), vanes (nozzles),
shrouds, combustors, transition ducts, or combinations
thereof. In another embodiment, the coated component
is a gas turbine component.
[0047] With reference to FIG. 4, a method 400 of pre-
paring a coated component is provided. The method 400
comprises providing a substrate (step 401). The method
further includes applying a corrosion-resistant coating
103 to the substrate 101 (step 402). The method further
includes applying a diffusion barrier coating 102 to the
corrosion-resistant coating 103 (step 403). Each step can
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be implemented by the aforementioned corresponding
methods described above with respect to FIG. 3.
[0048] In one embodiment, the dual layer coating sys-
tem 105 comprises a concentration gradient in silicon
and aluminum increasing from a boundary 107 between
the substrate 101 and the corrosion-resistant coating 103
to an outer surface 106 of the diffusion barrier coating
102.
[0049] While the invention has been described with ref-
erence to a preferred embodiment, it will be understood
by those skilled in the art that various changes may be
made and equivalents may be substituted for elements
thereof without departing from the scope of the invention.
In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the in-
vention without departing from the essential scope there-
of. Therefore, it is intended that the invention not be lim-
ited to the particular embodiment disclosed as the best
mode contemplated for carrying out this invention, but
that the invention will include all embodiments falling
within the scope of the appended claims. Various aspects
and embodiments of the present invention will now be
defined by the following numbered clauses:

1. A coated component comprising:

a substrate; and

a dual layer coating system overlying the sub-
strate, comprising:

a diffusion barrier coating;

a corrosion-resistant coating,

wherein the corrosion-resistant coating com-
prises a greater concentration of silicon and alu-
minum than the diffusion barrier coating, and

wherein the dual layer coating system includes
an aluminide interdiffusion zone.

2. The coated component of clause 1, wherein the
substrate comprises an alloy selected from the group
consisting of cobalt-based alloy, iron-based alloy,
nickel-based alloy and combinations thereof.

3. The coated component of clause 1, wherein the
substrate is devoid of aluminum.

4. The coated component of clause 1, wherein the
corrosion-resistant coating includes a sufficient
amount of silicon and aluminum to form the alumi-
nide interdiffusion zone.

5. The coated component of clause 1, wherein the
diffusion barrier coating is selected from the group
consisting of MCrAlY, gel aluminide and combina-

tions thereof.

6. The coated component of clause 1, wherein the
diffusion barrier coating is devoid of silicon.

7. The coated component of clause 1, wherein the
diffusion barrier coating or the corrosion-resistant
coating is adjacent the substrate.

8. The coated component of clause 1, wherein the
dual layer coating system comprises a concentration
gradient in silicon and aluminum decreasing from a
boundary between the substrate and the corrosion-
resistant coating to an outer surface of the diffusion
barrier coating.

9. The coated component of clause 1, wherein the
dual layer coating system comprises a concentration
gradient in silicon and aluminum increasing from a
boundary between the substrate and the diffusion
barrier coating to an outer surface of the corrosion-
resistant coating.

10. A method of preparing a coated component com-
prising:

providing a substrate;

applying a dual coating system to the substrate,
the applying of the dual coating system compris-
ing:

applying a diffusion barrier coating; and

applying a corrosion-resistant coating,

wherein the corrosion-resistant coating
comprises a greater concentration of silicon
and aluminum than the diffusion barrier
coating.

11. The method of clause 10, wherein the corrosion-
resistant coating is applied to the substrate and the
diffusion barrier coating is applied to the corrosion-
resistant coating.

12. The method of clause 11, wherein the dual layer
coating system comprises a concentration gradient
in silicon and aluminum decreasing from a boundary
between the substrate and the corrosion-resistant
coating to an outer surface of the diffusion barrier
coating.

13. The method of clause 11, wherein the applying
the corrosion resistant coating comprises heat-treat-
ing the corrosion-resistant coating.

14. The method of clause 11, wherein the applying
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the diffusion barrier coating comprises heat-treating
the component to form an interdiffusion zone be-
tween the diffusion barrier coating and the corrosion-
resistant coating.

15. The method of clause 10, wherein the diffusion
barrier coating is applied to the substrate and the
corrosion-resistant coating to the diffusion barrier
coating.

16. The method of clause 15, wherein the dual layer
coating system comprises a concentration gradient
in silicon and aluminum increasing from a boundary
between the substrate and the diffusion barrier coat-
ing to an outer surface of the corrosion-resistant
coating.

17. The method of clause 15, wherein the applying
the diffusion barrier coating comprises heat-treating
the component to form the diffusion barrier coating.

18. The method of clause 15, wherein the applying
the corrosion resistant coating comprises heat-treat-
ing the corrosion resistant coating to form an inter-
diffusion zone between the corrosion-resistant coat-
ing and the diffusion barrier coating.

19. The method of clause 10, further comprising
post-heat treating the component.

20. The method of clause 10, wherein the substrate
comprises an alloy selected from the group consist-
ing of cobalt-based alloy, iron-based alloy, nickel-
based alloy and combinations thereof.

Claims

1. A coated component comprising:

a substrate; and
a dual layer coating system overlying the sub-
strate, comprising:

a diffusion barrier coating;
a corrosion-resistant coating,
wherein the corrosion-resistant coating
comprises a greater concentration of silicon
and
aluminum than the diffusion barrier coating,
and
wherein the dual layer coating system in-
cludes an aluminide interdiffusion zone.

2. The coated component of claim 1, wherein the sub-
strate comprises an alloy selected from the group
consisting of cobalt-based alloy, iron-based alloy,
nickel-based alloy and combinations thereof.

3. The coated component of claim 1, wherein the sub-
strate is devoid of aluminum.

4. The coated component of claim 1, wherein the cor-
rosion-resistant coating includes a sufficient amount
of silicon and aluminum to form the aluminide inter-
diffusion zone.

5. The coated component of claim 1, wherein the dif-
fusion barrier coating is selected from the group con-
sisting of MCrAlY, gel aluminide and combinations
thereof.

6. The coated component of claim 1, wherein the dif-
fusion barrier coating is devoid of silicon.

7. The coated component of claim 1, wherein the dif-
fusion barrier coating or the corrosion-resistant coat-
ing is adjacent the substrate.

8. The coated component of claim 1, wherein the dual
layer coating system comprises a concentration gra-
dient in silicon and aluminum decreasing from a
boundary between the substrate and the corrosion-
resistant coating to an outer surface of the diffusion
barrier coating.

9. The coated component of claim 1, wherein the dual
layer coating system comprises a concentration gra-
dient in silicon and aluminum increasing from a
boundary between the substrate and the diffusion
barrier coating to an outer surface of the corrosion-
resistant coating.

10. A method of preparing a coated component compris-
ing:

providing a substrate;
applying a dual coating system to the substrate,
the applying of the dual coating system compris-
ing:

applying a diffusion barrier coating; and
applying a corrosion-resistant coating,
wherein the corrosion-resistant coating
comprises a greater concentration of silicon
and
aluminum than the diffusion barrier coating.

11. The method of claim 10, wherein the corrosion-re-
sistant coating is applied to the substrate and the
diffusion barrier coating is applied to the corrosion-
resistant coating.

12. The method of claim 11, wherein the dual layer coat-
ing system comprises a concentration gradient in sil-
icon and aluminum decreasing from a boundary be-
tween the substrate and the corrosion-resistant coat-

13 14 



EP 3 470 543 A1

9

5

10

15

20

25

30

35

40

45

50

55

ing to an outer surface of the diffusion barrier coating.

13. The method of claim 11, wherein the applying the
corrosion resistant coating comprises heat-treating
the corrosion-resistant coating.

14. The method of claim 11, wherein the applying the
diffusion barrier coating comprises heat-treating the
component to form an interdiffusion zone between
the diffusion barrier coating and the corrosion-resist-
ant coating.

15. The method of claim 10, wherein the diffusion barrier
coating is applied to the substrate and the corrosion-
resistant coating to the diffusion barrier coating.
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