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(57) Abstract: A coating process for applying a bifurcated coating to an article is disclosed including applying an aluminizing slurry to
a first portion of the article, applying a chromizing slurry to a second portion of the article, and simultaneously heat treating the article,
the aluminizing slurry, and the chromizing slurry. Heat treating the aluminizing slurry forms an aluminide coating on the first portion
of'the article and an aluminide diffusion zone between the article and the aluminide coating. Heat treating the chromizing slurry forms a
chromide coating on the second portion of the article and a chromide diffusion zone between the article and the chromide coating. The
first portion and the second portion are both maintained in an unmasked state while applying the aluminizing slurry and the chromizing
slurry and during the heat treating.
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COATING PROCESS FOR APPLYING A BIFURCATED COATING
FIELD OF THE INVENTION

[0001] The present invention is directed to coating processes for applying a bifurcated coating
to an article. More particularly, the present invention is directed to applying a bifurcated

coating to an article including an aluminide coating and a chromide coating.
BACKGROUND OF THE INVENTION

[0002] Gas turbines include components, such as buckets (blades), nozzles (vanes),
combustors, shrouds, and other hot gas path components which are coated to protect the
components from the extreme temperatures, chemical environments and physical conditions
found within the gas turbines. Different coating systems may be applied to different locations
of the same turbine components to meet the local conditions which vary across the turbine

components.

[0003] In one example, the airfoil and shank of a turbine bucket (blade) experience different
conditions, and whereas the airfoil may be subjected to conditions which lead to oxidation, the
shank may be more susceptible to conditions which lead to pitting. Providing coatings to
address oxidative conditions and pitting conditions typically requires multiple coating
processes which lead to long coating cycles, multi-step masking procedures, and sequential
furnace runs, particularly in instances where the separate coating systems are incompatible with

one another.
BRIEF DESCRIPTION OF THE INVENTION

[0004] In an exemplary embodiment, a coating process for applying a bifurcated coating to an
article includes applying an aluminizing slurry to a first portion of the article, applying a
chromizing slurry to a second portion of the article, and simultaneously heat treating the article,
the aluminizing slurry, and the chromizing slurry. Heat treating the aluminizing slurry forms
an aluminide coating on the first portion of the article and an aluminide diffusion zone between
the article and the aluminide coating. Heat treating the chromizing slurry forms a chromide
coating on the second portion of the article and a chromide diffusion zone between the article
and the chromide coating. The first portion and the second portion are both maintained in an

unmasked state while applying the aluminizing slurry and the chromizing slurry and during the
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heat treating.

[0005] Other features and advantages of the present invention will be apparent from the
following more detailed description of the preferred embodiment, taken in conjunction with
the accompanying drawings, which illustrate, by way of example, the principles of the

invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a schematic view of an article undergoing a coating process, according to an

embodiment of the present disclosure.

[0007] FIG. 2 is a schematic view of a coated article, according to an embodiment of the

present disclosure.

[0008] FIG. 3 is a perspective view of a coated turbine component, according to an

embodiment of the present disclosure.

[0009] Wherever possible, the same reference numbers will be used throughout the drawings

to represent the same parts.
DETAILED DESCRIPTION OF THE INVENTION

[0010] Provided are processes for applying a bifurcated coating to an article. Embodiments of
the present disclosure, in comparison to processes not utilizing one or more features disclosed
herein, decrease costs, increase process efficiency, decrease masking for each separated
coating, decrease coating times, decrease furnace runs, increase production capacity, or a

combination thereof.

[0011] Referring to FIG. 1, in one embodiment, a coating process includes applying an
aluminizing slurry 102 to a first portion 104 of an article 100, applying a chromizing slurry 106
to a second portion 108 of the article 100, and simultaneously heat treating the article 100, the
aluminizing slurry 102, and the chromizing slurry 106.

[0012] In a further embodiment, the coating process includes masking a third portion 110 of
the article prior to the application of the aluminizing slurry 102 and the chromizing slurry 106.
Any suitable masking process may be employed to prevent the third portion 110 from being

coated by the aluminizing slurry 102 and the chromizing slurry 106.

2-
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[0013] The coating process may include a pre-coating cleaning prior to applying either of the
aluminizing slurry 102 and the chromizing slurry 106. The cleaning may include any suitable
cleaning process, including, but not limited to, steam cleaning, ultrasonic cleaning, solvent

treatment, grit blasting, and combinations thereof.

[0014] The first portion 104 may be a contiguous area (as shown in FIG. 3) or may include a
plurality of isolated regions (as shown in FIGS. 1 and 2), the second portion 108 may be a
contiguous area (as shown in FIG. 3) or may include a plurality of isolated regions(as shown
in FIGS. 1 and 2), and if a third portion 110 is present, the third portion 110 may be a contiguous
area (as shown in FIG. 3) or may include a plurality of isolated regions (as shown in FIGS. 1

and 2).

[0015] Referring again to FIG. 1, the aluminizing slurry 102 and the chromizing slurry 106
may be applied directly to any suitable surface, including, but not limited to, a metallic surface.
In one embodiment, the aluminizing slurry 102 and the chromizing slurry 106 are applied
directly to a substrate of the article 100. The substrate may be any suitable material, including,
but not limited to an iron-based superalloy, a nickel-based superalloy, a cobalt-based
superalloy, or a combination thereof. In another embodiment, the article 100 includes a bond
coat, and the aluminizing slurry 102 and the chromizing slurry 106 are applied directly to the
bond coat. The bond coat may be any suitable material, including, but not limited to a MCrAlY,

an aluminide diffusion coating, or a combination thereof.

[0016] In one embodiment, the aluminizing slurry 102 includes a donor powder, an activator
powder, and a binder, the donor powder including a metallic aluminum alloy having a melting
temperature higher than aluminum, and the binder including at least one organic polymer gel.
The aluminizing slurry 102 may include any suitable composition, including, but not limited
to, a composition having, by weight, about 35 to about 65% of the donor powder, about 1 to

about 25% of the activator powder, and about 25 to about 60% of the binder.

[0017] The donor powder of the aluminizing slurry 102 may include a metallic aluminum alloy
having a melting temperature higher than aluminum (melting point of about 1,221 °F). In one
embodiment, the donor powder includes metallic aluminum alloyed with chromium, iron,
another aluminum alloying agent, or a combination thereof, provided that the alloying agent
does not deposit during the diffusion aluminiding process, but instead serves as an inert carrier

for the aluminum of the donor material. In a further embodiment, the donor powder includes a
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chromium-aluminum alloy such as, but not limited to, by weight, 44% aluminum, balance
chromium and incidental impurities. In another embodiment, the donor powder has a particle
size of up to 100 mesh (149 pm), alternatively up to -200 mesh (74 pm). Without being bound
by theory, it is believed that the donor powder being a fine powder reduces the likelihood that
the donor powder will be lodged or entrapped within the article 100.

[0018] The activator powder of the aluminizing slurry 102 may include any suitable material,
including, but not limited to, ammonium chloride, ammonium fluoride, ammonium bromide,
another halide activator or combinations thereof. Suitable materials for the activator powder
react with aluminum in the donor material to form a volatile aluminum halide, such as, but not
limited to, AICI3 or AlF3, which reacts at the article 100 to deposit aluminum, which diffuses
into the article 100.

[0019] The binder of the aluminizing slurry 102 may include at least one organic polymer gel.
Suitable binders include, but are not limited to, a polymeric gel available under the name Vitta
Braz-Binder Gel from the Vitta Corporation, and low molecular weight polyols such as
polyvinyl alcohol. In one embodiment, the binder further includes a cure catalyst, an accelerant,

or both, such as, but not limited to, sodium hypophosphite.

[0020] In one embodiment, the aluminizing slurry 102 is free of inert fillers and inorganic
binders. The absence of inert fillers and inorganic binders prevents such materials from

sintering and becoming entrapped in the article 100.

[0021] In one embodiment, the chromizing slurry 106 includes a donor powder, an inorganic
salt having a melting point that is less than or equal to about 800 °C, an activator, and a binder,
wherein the donor powder includes chromium. The donor powder may include chromium in
the form for chromium powder, and may further include an aluminum powder. In one
embodiment, the chromium powder includes an additive such as aluminum, cobalt, nickel,
silicon, or mixtures thereof. In another embodiment, if aluminum powder is present, the

aluminum powder includes an additive such as cobalt, nickel, silicon, or mixtures thereof.

[0022] The chromizing slurry 106 includes donor powder particles having any suitable size,
including, but not limited to, particles having a mean diameter of about 1 to about 10 microns
(i.e., micrometers (um)) as measured using a conventional particle size analyzer. The purity
of the donor powder particles may be at least about 95% by weight, and in one embodiment is

at least about 99% by weight.
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[0023] The inorganic salt of the chromizing slurry 106 may be any suitable inorganic salt
having a melting point that is less than or equal to about 800 °C, including, but not limited to,
KCl, LiF, LiCl, CaCl2, MgCl2, KOH, or combinations thereof. In one embodiment, the
inorganic salt is a binary mixture of two inorganic salts. Typically, the salts in the binary
mixture are in a well-mixed solid powder form. Such binary mixtures of two inorganic salts
may include, but are not limited to, KCI-BaCl, NaCl-KCl, NaCl-CaCl,, NaCl-BaCl,, NaCl-
MgClz, MgCla-BaCla, MgClz CaCla, NaCl-Na2COs, and mixtures thereof. The binary mixtures
may have various molar ratios of the component salts. In one embodiment, the salt is KCl-
BaClz in a 0.555:0.445 molar ratio. In another embodiment, the salt is NaCl-BaCl2ina 0.6:0.4
molar ratio. The molar ratio of the salts in a binary mixture affects the melting point of the
binary mixture. Accordingly, the molar ratio of the binary mixture may be controlled to select
a melting point of the binary mixture that is less than or equal to about 800 °C. In another
embodiment, the inorganic salt is a ternary mixture of three inorganic salts. Typically, the salts
in the ternary mixture are in a well-mixed solid powder form. Such ternary mixtures of two
inorganic salts may include, but are not limited to, LiF-NaF-MgF2, LiCl-KCI-CaCl,, LiF-PuF3-
ThF4, and mixtures thereof. The ternary mixtures may have various molar ratios of the
component salts. As with the binary mixtures, the molar ratio of the salts in a ternary mixture
affects the melting point of the ternary mixture. Accordingly, the melting point of the ternary
mixture may be adjusted by altering the molar ration of the three salts so that the melting point

is less than or equal to about 800 °C.

[0024] The activator of the chromizing slurry 106 may be any suitable activator, including, but
not limited to, ammonium halides, chromium halides, aluminum halides, and mixtures thereof.
In one embodiment, the activator is NH4Cl, NH4F, NH4Br, CrClz, CrCls, AICI3, or a

combination thereof.

[0025] The binder of the chromizing slurry 106 may be any suitable binder which promotes
cohesiveness of the chromizing slurry 106 and which decomposes when exposed to a
predetermined temperature. In one embodiment, the predetermined temperature is a
temperature within the range from about 600 °C to about 1300 °C, alternatively the temperature
range from about 800 °C to about 950 °C. The binder may imbue the chromizing slurry 106
with the physical properties of a paste or a viscous liquid at room temperature. The binder may
include one component or a combination of components. In one embodiment, the binder is a

waterborne acrylic resin based binder, at least one organofunctional silane based binder, at least
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one cellulose-derived water-soluble polymer based binder, at least one polyvinyl alcohol based
binder, at least one epoxy resin based binder, at least one alcohol soluble resin based binder, or
a combination thereof. In a further embodiment, the binder is “BINDER B-200"”, which is
commercially available from APV Engineered Coatings. As used herein, “BINDER B-200”
refers to a composition including, by weight, about 69% water, about 20% to about 30%
ethanol, about 1% to about 5% polyvinyl alcohol, about 1% to about 5% isopropanol, and about

0.1% to about 1% 4-methyl-2-pentanone.

[0026] In one embodiment, the chromizing slurry 106 includes, by weight, about 1% to about
60% of the donor powder, about 1% to about 70% of the inorganic salt, about 1% to about 30%

of the activator, and at least about 1% of the binder.

[0027] In another embodiment, the chromizing slurry 106 includes: a chromium powder; a
binary mixture of two inorganic salts selected from the group consisting of KCI-BaClz, NaCl-
KClI, NaCl-CaClz, NaCl-BaClz, NaCl-MgClz, MgClz-BaClz, MgCl» CaClz, NaCl-Na2CO3, and
mixtures thereof, wherein the binary mixture has a melting point that is less than or equal to
about 800 °C; an activator selected from the group consisting of NH4Cl, NH4F, NH4Br, CrCla,
CrCls, AlCl3, and mixtures thereof, and a binder. In a further embodiment, the binary mixture
of two inorganic salts is KCI-BaClz and the activator is NH4Cl. In an alternate further
embodiment, the binary mixture of two inorganic salts is NaCl-BaClz and the activator is

NH4CI.

[0028] The aluminizing slurry 102 and the chromizing slurry 106 may be applied,
independently, by any suitable application technique, including, but not limited to, high-
velocity oxygen fuel deposition, vacuum plasma spray deposition, painting, and combinations

thereof.

[0029] Referring to FIGS. 1 and 2, in one embodiment, heat treating the aluminizing slurry
102 (as shown in FIG. 1) forms an aluminide coating 200 (as shown in FIG. 2) on the first
portion 104 of the article 100 and an aluminide diffusion zone 202 between the article 100 and
the aluminide coating 200. Heat treating the chromizing slurry (as shown in FIG. 1) forms a
chromide coating 204 (as shown in FIG. 2) on the second portion 108 of the article 100 and a
chromide diffusion zone 206 between the article 100 and the chromide coating 204. The first
portion 104 and the second portion 108 are both maintained in an unmasked state while

applying the aluminizing slurry 102 and the chromizing slurry 106 and during the heat treating.
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The aluminide coating 200 and the chromide coating 204 define a bifurcated coating 208.
Forming the aluminide coating 200 may include forming the aluminide coating 200 as an

outward-type coating.

[0030] The heat treating of the article 100, the aluminizing slurry 102, and the chromizing
slurry 106 may include any suitable temperature, including, but not limited to a temperature
within a range of about 1,750 °F to about 2,100 °F, alternatively between about 1,800 °F to
about 2,075°F, alternatively between about 1,850 °F to about 2,050 °F. In one embodiment,
the heat treating of the article 100, the aluminizing slurry 102, and the chromizing slurry 106
includes heating the article 100, the aluminizing slurry 102, and the chromizing slurry 106 to
a temperature which is at or above the solution temperature for the aluminizing slurry 102 and
the chromizing slurry 106. The heat treatment may include any suitable duration, including,
but not limited to a duration from about 2 hours to about 8 hours, alternatively between about
3 hours to about 7 hours, alternatively between about 4 hours to about 6 hours, alternatively

between about 4.5 hours to about 5.5 hours, alternatively about 5 hours.

[0031] In one embodiment, heat treating the article 100, the aluminizing slurry 102, and the
chromizing slurry 106 consists of a single furnace cycle. In a further embodiment, applying the
bifurcated coating 208 to the article 100 further includes aging the aluminide coating 200, the
aluminide diffusion zone 202, the chromide coating 204, and the chromide diffusion zone 206.
As used herein, “aging” is distinct from a “furnace cycle” in that the aging process is carried
out at a lower temperature than the furnace cycle, and may be conducted in a separate heating

environment from the furnace of the furnace cycle.

[0032] In one embodiment, following application of the aluminizing slurry 102 and the
chromizing slurry 106 to the article 100, the article 100 is placed immediately in a coating
chamber to perform the diffusion process. The coating chamber is evacuated, and may be
backfilled with an inert or vacuum (with partial pressure) atmosphere (such as argon or
hydrogen, respectively). The temperature within the coating chamber is raised to a temperature
sufficient to burn off the binder (e.g. about 300 °F to about 400 °F), with further heating being
performed to attain the desired diffusion temperature, during which time the activator is
decomposed, the aluminum halide is formed, and aluminum is deposited on the article 100,
forming the bifurcated coating 208 having the aluminide coating 200, the aluminide diffusion

zone 202, the chromide coating 204, and the chromide diffusion zone 206.
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[0033] Heating the aluminizing slurry 102 and the chromizing slurry 106 may form a residue
on the bifurcated coating 208. The bifurcated coating 208 may be subjected to a post-coating
cleaning following the heat treating. The post-coating cleaning may include any suitable
technique, including, but not limited to, directed forced gas flow, grit blasting, glass bean

blasting, solvent treatment, ultrasonic treatment, and combinations thereof.

[0034] Referring to FIG. 3, the article 100 may be any suitable article, including, but not
limited to a turbine component 300. Suitable turbine components include, but are not limited
to, a hot gas path component, a bucket (blade) 302, a nozzle (vane), a shroud, a combustor, a
combustion component, or a combination thereof. In one embodiment, wherein the turbine
component 300 is a bucket (blade) 302, the first portion 104 is an airfoil 304, the second portion
108 is a shank 306, and the third portion 110 is a root 308.

[0035] While the invention has been described with reference 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 invention without departing from the essential scope thereof. Therefore, it is
intended that the invention not be limited 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.
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Claims

What is claimed is:

10.

A coating process for applying a bifurcated coating to an article, comprising:

applying an aluminizing slurry to a first portion of the article;

applying a chromizing slurry to a second portion of the article; and

simultaneously heat treating the article, the aluminizing slurry, and the chromizing
slurry, heat treating the aluminizing slurry forming an aluminide coating on the first
portion of the article and an aluminide diffusion zone between the article and the
aluminide coating, heat treating the chromizing slurry forming a chromide coating on
the second portion of the article and a chromide diffusion zone between the article and
the chromide coating,

wherein the first portion and the second portion are both maintained in an
unmasked state while applying the aluminizing slurry and the chromizing slurry and

during the heat treating.

The coating process of claim 1, further including a pre-coating cleaning prior to

applying either of the aluminizing slurry and the chromizing slurry.
The coating process of claim 1, further including masking a third portion of the article.

The coating process of claim 1, further including aging the aluminide coating, the

aluminide diffusion zone, the chromide coating, and the chromide diffusion zone.

The coating process of claim 1, further including a post-coating cleaning after the heat

treating.

The coating process of claim 1, wherein heat treating the article, the aluminizing slurry,

and the chromizing slurry consists of a single furnace cycle.
The coating process of claim 1, wherein the article is a turbine component.

The coating process of claim 7, wherein the turbine component is selected from the
group consisting of a hot gas path component, a bucket (blade), a nozzle (vane), a

shroud, a combustor, a combustion component, and combinations thereof.

The coating process of claim 8, wherein the turbine component is a bucket (blade), the

first portion is an airfoil, and the second portion is a shank.

The coating process of claim 1, wherein the first portion includes a plurality of isolated

regions.
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The coating process of claim 1, wherein the second portion includes a plurality of

isolated regions.

The coating process of claim 1, wherein the chromizing slurry includes a donor powder,
an inorganic salt having a melting point that is less than or equal to about 800 °C, an

activator powder, and a binder, the donor powder including chromium.

The coating process of claim 1, wherein the aluminizing slurry includes, by weight,
about 35% to about 65% of a donor powder, about 1% to about 25% of an activator
powder, and about 25% to about 60% of a binder, the donor powder including a metallic
aluminum alloy having a melting temperature higher than aluminum, and the binder

including at least one organic polymer gel.

The coating process of claim 13, wherein the donor powder includes a chromium-

aluminum alloy.

The coating process of claim 13, wherein the donor powder has a particle size of up to

100 mesh.

The coating process of claim 13, wherein the activator powder is selected from the
group consisting of ammonium chloride, ammonium fluoride, ammonium bromide, and

combinations thereof.

The coating process of claim 13, wherein forming the aluminide coating includes

forming the aluminide coating as an outward-type coating.

The coating process of claim 1, wherein heat treating the article, the aluminizing slurry,
and the chromizing slurry includes a heat treating temperature within a range of about

1,750 °F to about 2,100 °F.

The coating process of claim 1, wherein heat treating the article, the aluminizing slurry,

and the chromizing slurry includes a duration of from about 2 hours to about 8 hours.

The coating process of claim 1, wherein applying the aluminizing slurry and the
chromizing slurry includes a technique selected from the group consisting of high-

velocity oxygen fuel, vacuum plasma spray, painting, and combinations thereof.

-10-
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