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Description

Field of the Invention

[0001] The present invention relates to coated metal
components and, more particularly, turbine engine com-
ponents with a non-aluminide protective coating contain-
ing silicon and chromium and methods of forming such
protective coatings on turbine engine components.

Background of the Invention

[0002] Intermetallic layers and coatings are often
formed on a surface of a metal component to protect the
underlying metal substrate of the component and to ex-
tend its useful life during operation. For example, many
superalloy components in gas turbine engines, like tur-
bine blades, vanes, shrouds, and nozzle guides, include
an aluminide coating on airflow or gas washed surfaces
that protect the underlying superalloy base metal from
high temperature oxidation and corrosion. Among other
applications, gas turbine engines are used as aircraft or
jet engines (e.g., turbofans), as industrial gas turbine en-
gines for power generation, as part of mechanical drive
units for items such as
[0003] Generally, gas turbine engines include a com-
pressor for compressing air, a combustor for mixing the
compressed air with fuel, such as, but not limited to, jet
fuel, natural gas, diesel, biomass waste gases, naptha
and gasified coal gases, the mixture is subsequently ig-
nited. The engine also includes a turbine blade assembly
for producing power. In particular, gas turbine engines
operate by drawing air into the front of the engine. The
air is then compressed, mixed with fuel, and combusted.
Hot exhaust gases from the combusted mixture pass
through a turbine, which causes the turbine to spin and
thereby powers the compressor. Aircraft gas turbine en-
gines, referred to herein as jet engines, propel the at-
tached aircraft forward in response to the thrust provided
by the flow of the hot exhaust gases from the gas turbine
engine. Rotation of the turbine in industrial gas turbine
engines generates electrical power.
[0004] Air flow surfaces of certain turbine engine com-
ponents are directly contacted by the hot exhaust gases.
The hot exhaust gases heat these components to high
temperatures and expose them to impurity elements like
sulfur originating from the combusted fuel. Superalloys,
in particular, are susceptible to severe oxidation and cor-
rosion in such harsh enviromnents, particularly when the
superalloy components of the gas turbine engine are
heated by the hot exhaust gas stream created in a jet
engine.
[0005] Superalloy turbine engine components experi-
ence sulfidation when exposed at low temperatures to
sulfur originating from the hot exhaust gases and other
environmental sources. Generally, sulfidation increases
the corrosion rate of superalloys and, in particular, the
hot corrosion rate of nickel-based superalloys. Sulfida-

tion is most often observed on portions of superalloy gas
turbine components that are heated to temperatures be-
low about 1500°F (815°C) during service. Often, super-
alloy gas turbine components are cooled by a stream of
lower temperature air directed through a hollow interior
region.
[0006] Sulfidation may occur on portions of superalloy
gas turbine components that are shielded from direct ex-
posure to the exhaust gas stream, but nevertheless op-
erate at temperatures less than about 1500°F (815°C)
and are exposed to sulfur from the hot exhaust gases
that bypass sealing surfaces. For example, certain gas
turbine blades include an airfoil segment that is heated
to a temperature greater than 1500°F (815°C) when ex-
posed to an exhaust gas stream, a root used to secure
the gas turbine blade to a turbine disk of the gas turbine
engine, and a platform that separates the airfoil segment
from the root. In such gas turbine blades, the root, which
is not directly exposed to the exhaust gas stream, is heat-
ed by conduction from the airfoil segment and also cooled
to less than 1500°F by heat transfer to the more massive
turbine disk. The area of the gas turbine blade beneath
the platform is particularly susceptible to sulfidation at-
tack.
[0007] Aluminide coatings have been disfavored on
certain surfaces of turbine engine components. Most alu-
minide coatings embrittle the surface of the superalloy
material used to manufacture turbine engine compo-
nents, which may cause a loss of surface ductility be-
cause the aluminide coating is not ductile.
[0008] Aluminide coatings may unwantedly alter the
tight dimensional tolerances required on certain compo-
nents. For example, areas below the platform, including
the root of gas turbine blades, must maintain tight dimen-
sional tolerances to properly couple the airfoil with the
turbine disk. As a result, measures are routinely taken to
avoid forming aluminide layers on machined pressure
faces or root fixing surfaces below the platform when
aluminiding the surfaces of the airfoil segment. Never-
theless, areas below the platform remain susceptible to
corrosion enhanced by mechanisms like sulfidation.
[0009] Platinum aluminides have been proposed as a
solution for averting sulfidation attack of regions of the
superalloy turbine engine, components below the plat-
form, However, platinum aluminide coatings under cer-
tain operating conditions may be susceptible to cracking,
which provides a path for the migration of sulfur and other
corrosive elements to the unprotected superalloy sur-
face. As a consequence of the ensuing sulfidation, the
platinum aluminide coating may spall and delaminate,
which is not acceptable during operation of the gas tur-
bine engine.
[0010] Accordingly, there is a need for a coating effec-
tive to protect low-temperature surfaces of turbine engine
components from corrosion damage.
[0011] EP1111192 discloses a turbine engine compo-
nent for use with a gas turbine engine, comprising a sub-
strate having a first section with an airflow surface and a
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second section used to secure the first section to the gas
turbine engine and a protective coating on at least a por-
tion of the second section.
US 2002/0179191 A1 discloses a process for applying a
silicon-containing fluid composition on the airflow surface
of a jet engine metal component. The silicon-containing
fluid composition, e.g. silane, is cured and heated after
deposition.

Summary of the Invention

[0012] The present invention provides a component
and process as claimed in Claims 1 and 3.
The present invention provides, in one aspect, a non-
aluminide protective coating for a turbine engine compo-
nent having a nickel-based superalloy substrate, in which
a fluid composition layer containing silicon and other el-
ements, such as chromium, is applied to the surface and
heated to a temperature sufficient to form the protective
coating which includes chromium that diffuses from the
substrate. The fluid composition layer may be a liquid
composition layer or a slurry composition. The protective
coating may be effective for reducing the risk of corrosion
and sulfidation of the underlying superalloy material.
[0013] The turbine engine component may be a turbine
blade, such as a jet engine or industrial gas turbine blade,
having an airfoil segment and a root fixing integral with
the airfoil segment for coupling the airfoil segment with
the gas turbine engine. The turbine engine component
may be a vane, a shroud, a nozzle guide, or any other
part requiring protection from oxidation and corrosion
when operating in a gas turbine engine. The turbine en-
gine component may be hollow to permit air cooling or
hollow for weight reduction.
[0014] Protective coatings that are predominately β
chromium are believed to not embrittle the superalloy
material surface, as do most aluminide coatings. The pro-
tective coating is believed to be effective at preventing,
or at the least reducing or delaying, corrosion and sulfi-
dation of the underlying superalloy material and, prefer-
ably, does not significantly alter the component dimen-
sions. Protective coatings that are predominately β chro-
mium are believed to have a relatively low susceptibility
to cracking, in contrast to conventional platinum alumi-
nide coatings.
[0015] These and other benefits and advantages of
the present invention shall be made apparent from the
accompanying drawings and description thereof.

Brief Description of the Drawings

[0016] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate an embodiment of the invention and, together
with a general description of the invention given above,
and the detailed description of the embodiment given be-
low, serve to explain the principles of the invention.
[0017] Fig. 1 is a perspective view of a turbine engine

component with a fluid composition being applied to a
portion of the turbine engine component in accordance
with the principles of the present invention;
[0018] Fig. 2 is a diagrammatic cross-sectional view
of a portion of the turbine engine component of Fig. 1
that includes a silicon-containing layer formed by the ap-
plication of the fluid composition; and
[0019] Fig. 3 is a diagrammatic cross-sectional view
similar to Fig. 2 after the silicon-containing layer is con-
verted to a protective coating.

Detailed Description of the Preferred Embodiments

[0020] With reference to Figs. 1 and 2 and in accord-
ance with an embodiment of the present invention, a sil-
icon-containing layer 20 is applied to at least portion of
an original surface 39 of a turbine engine component 10,
such as a gas turbine blade. The silicon-containing layer
20 may be applied as a fluid composition (e.g., liquid
composition, solution, or slurry) and then dried to form a
pre-coating resident on the turbine engine component 10
before heating to a temperature sufficient to form a non-
aluminide protective coating 14 (Fig. 3).
[0021] The turbine engine component 10 of the repre-
sentative construction includes an airfoil segment 28 de-
signed to be in the high-pressure, hot airflow path, as
indicated by arrows 31. The airfoil segment 28 of turbine
engine component 10 includes a pair of airflow surfaces
34, 35 extending between a trailing edge 36 and a curved
leading edge 41 and which constitute portions of the sur-
face 39. Cooling holes 37 intersect airflow surfaces 34,
35 so as to permit cooling air to pass through the interior
of airfoil segment 28 while turbine engine component 10
is in service on the gas turbine engine.
[0022] Integral with airfoil segment 28 is a dovetail,
root, or root fixing 32 used to secure turbine engine com-
ponent 10 to an air-cooled turbine disk (not shown) of a
gas turbine engine (not shown) and a platform 33 sepa-
rating the airfoil segment 28 from the root 32. Surface 39
extends across the root 32 below the platform 33. The
root 32 further includes pressure faces 42 that face to-
ward the airfoil segment 28 and that are used to mechan-
ically engage the turbine engine component 10 with the
turbine disk. A region 44 of surface 39 is directly beneath
the platform 33 and has an intervening position between
the pressure face 42 nearest to the platform 33 and the
platform 33. Region 44, which may be referred to as a
pocket as understood by a person having ordinary skill
in the art, is also present on the opposite side of the root
32 that is not visible in Fig. 1.
[0023] Depending upon the use of the turbine engine
component 10, combustion gases in the airflow path 31
may have a temperature as high as 3000°F (1650°C).
Although this promotes heating of the airfoil segment 28,
gas cooling of the airfoil segment 28 limits operating tem-
peratures to 1800°F (980°C) or less. When the turbine
engine component 10 is in service, the temperature of
the root 32 is elevated by heat transfer from airfoil seg-
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ment 28 and other heat sources in the gas turbine engine
but is not directly contacted by the combustion gases in
airflow path 31. In particular, the root 32 may be cooled
by a flow of cooling air supplied to the root 32 at a tem-
perature of about 1100°F (590°C). Consequently, the
root 32 is significantly cooler than the airfoil segment 28
during operation and, frequently, is at a temperature of
less than 1500°F (815°C) when the component 10 is in
service, which makes the root 32 and, in particular, region
44 of surface 39 susceptible to sulfidation and corrosion.
[0024] In accordance with the principles of the present
invention, it may be desirable to protect region 44 of the
surface 39 of root 32 by forming a protective coating 14
(Fig. 3). Initially, the silicon-containing layer 20 may be
applied to surface 39 in region 44, such as by hand ap-
plication with a paint brush B (Fig. 1) as if being painted,
by spraying, of by dipping with any excess poured off as
the fluid composition is applied. The silicon-containing
layer 20 may be optionally applied to other portions of
surface 39 outside of region 44.
[0025] In one embodiment of the present invention, the
silicon-containing layer 20 is applied in a liquid form as
a fluid or liquid composition and, thereafter, air dried with
optional heating to form a solid or semi-solid coating.
Other methods of applying the liquid composition are ap-
parent to a person having ordinary skill in the art, such
as dipping the root 32 of turbine engine component 10
into a bath (not shown) of the liquid composition to form
silicon-containing layer 20 or spraying the liquid compo-
sition in a controlled manner onto only region 44. There-
after, the turbine engine component 10 coated with the
layer 20, which may advantageously first be dried and
heated at a temperature insufficient to form a protective
layer, may be placed into a heated environment and heat-
ed to a temperature at which protective coating 14 will
be formed on at least region 44 to an engineered thick-
ness.
[0026] A particular fluid or liquid composition that may
be selected for use in forming layer 20 is a silicon-con-
taining substance or liquid such as a silane. Silanes suit-
able for use in the present invention may have mono-,
bis-, or tri-functional trialkoxy silane. The silane may be
a bifunctional trialkoxy silyl, preferably trimethoxy, or tri-
ethoxy silyl groups. Amino silanes may also be used,
although thio silanes may not be desired due to their sul-
fur content. Bisfunctional silane compounds are well
known to persons having ordinary skill in the art, and two
preferred for use in the present invention are bis(triethox-
ysilyl) ethane and bis(trimethoxysilyl) methane. In both
of these compounds, the bridging group between the two
silane moieties is an alkyl group. Additional commercially
available silanes include, but are not limitd to,
1, 2- Bis(tetramethyldisoloxanyl) Ethane
1, 9- Bis(triethoxysilyl) Nonane
Bis(triethoxysilyl) Octane
Bis(trimethoxysilyl Ethane
1, 3- Bis(trimethylsiloxy)-1, 3- Dimethyl Disiloxane
Bis(trimethylsiloxy) Ethylsilane

Bis(trimethylsiloxy) Methylsilane
Al-501 available from AG Chemetall (Frankfurt Germany)
[0027] The silane may be neat, in an aqueous solution,
or diluted in an aqueous/alcohol solvent solution. A sol-
vent for the latter type of diluted solution may contain
from about 1% to 2% by volume to about 30% by volume
deionized water with the remainder being a monohydric
alcohol such as methanol, ethanol, n- or iso-propanol, or
the like. Ethanol and methanol are preferred monohydric
alcohols. The solvent is combined with the silane and
glacial acetic acid to preferably establish a pH of about
4-6. The silane concentration in the solution may be lim-
ited to a maximum concentration for which the silane re-
mains in solution during application. Generally, the solu-
tion will consist of about 1% to about 20% silane, wherein
the percentage may be measured either by volume or by
weight.
[0028] A particularly useful silane for use in providing
layer 20 may be an organofunctional silane such as BTSE
1,2 bis(triethoxysilyl) ethane or BTSM 1,2 bis(trimethox-
ysilyl) methane. The silane may be dissolved in a mixture
of water and acetic acid at a pH of five (5), then in dena-
tured alcohol and glacial acetic acid to establish a silane
solution. The silane concentration in the solution is be-
tween about 1% and 10% by volume and, advantageous-
ly, about 5% by volume. This silane solution readily forms
the silicon-containing layer 20, which may have a more
or less hard consistency, at temperatures readily
achieved and at a temperature insufficient to form the
protective coating 14.
[0029] As explained above, the liquid composition is
applied to all or a portion of surface 39 across region 44
to define the silicon-containing layer 20. The liquid com-
position applied to region 44 is allowed to dry, with op-
tional heating, such as with a heat gun (not shown) or
even in a conventional oven (not shown), to about 250°F
(121°C) for about 15 to 25 minutes, to form the silicon-
containing layer 20. Before heating, the liquid composi-
tion may first be allowed to air dry, such as underneath
a lamp (not shown) or with warm air, to release solvent.
Generally, the liquid composition forming the silicon-con-
taining layer 20 is applied in an amount of about 0.01
g/cm2 to about 2.0 g/cm2. Multiple layers of the liquid
composition may be applied; each individual layer being
dried and heated to remove the solvent before applying
the next successive layer. As used herein, the silicon-
containing layer 20 may refer to either the initially applied
layer of liquid composition, or without limitation to the
dried layer. The silicon-containing layer 20 may have a
thickness in the range of about 40 nm to about 200 nm,
although the invention is not so limited.
[0030] Silicon-containing layer 20, which may be ap-
plied to all or a portion of region 44, is heated to a tem-
perature and for a duration effective to transform layer
20 into protective coating 14 across the portion of region
44 to which layer 20 is applied. Generally, the conversion
temperature is hotter than a curing temperature for layer
20 and cooler than aluminizing temperatures (i.e., about
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1850°F (1010°C)). For example, a heating temperature
greater than about 400°F (205°C) may be sufficient to
convert the silicon-containing layer 20 to protective coat-
ing 14. The temperature to which silicon-containing layer
20 is heated to cause the transformation to protective
coating 14 will depend, among other things, upon the
composition and characteristics of the liquid composition
used to form layer 20 and the composition of the substrate
alloy.
[0031] The silicon-containing layer 20 may be heated
in various different atmospheres and under various dif-
ferent conditions to form the protective coating 14. For
example, layer 20 may be heated in an ambient environ-
ment suitable to form the non-aluminide protective coat-
ing 14 that contains silicon from layer 20 and a concen-
tration of one or more elements from the constituent su-
peralloy material of the turbine engine component 10.
For example, the turbine engine component 10 and layer
20 may be heated to a temperature sufficient to cause
diffusion of one or more elements from the component
10 into silicon-containing layer 20 for forming a protective
layer 14 that contains these elements. As a more specific
example, the protective layer 14 may contain chromium
and silicon, such as a chromium silicide or a silicon-mod-
ified chromium oxide, wherein the chromium originates
from the superalloy material of the turbine engine com-
ponent 10 or a separately deposited beta (β) chromium
coating onto the surface of the turbine blade. The ambient
environment may be oxygen-depleted, such as a non-
oxidizing ambient gas environment created by evacuat-
ing a heating chamber and filling the evacuated chamber
with an inert gas. Alternatively, the silicon-containing lay-
er 20 may be heated in an oxygen-containing atmos-
phere to supply oxygen for creating a protective coating
14 containing oxygen, silicon, and optional elements from
the material constituting the turbine engine component
10. In this alternative embodiment of the present inven-
tion, the protective coating 20 may be a silicate, or may
comprise a mixture of metal oxides formed from the su-
peralloy matrix that is covered by a thin silicon-enriched
outer layer.
[0032] The transformation from the silicon-containing
layer 20 to the protective coating 14 may be accom-
plished by placing the turbine engine component 10 into
a heated enclosure, like an oven or furnace. The curing
step to form the silicon-containing layer 20, and the sub-
sequent step transforming the cured layer 20 into pro-
tective coating 14, may be conducted in the same heated
enclosure or by placing the turbine engine component
10 into separate heated enclosures. Generally, the sili-
con-containing layer 20 will cure at a lower temperature
than the temperature required to transform layer 20 into
protective coating 14.
[0033] Alternatively, the turbine engine component 10
with silicon-containing layer 20 may be placed into a heat-
ed deposition environment equipped to form, for exam-
ple, an aluminide layer (not shown) on the airflow surfac-
es 34, 35 of airfoil segment 28. In this instance, the portion

of the turbine engine component 10 below platform 33
to which the silicon-containing layer 20 is applied is sub-
stantially shielded or covered from the heated deposition
environment such that aluminide is not formed thereup-
on. However, the elevated temperature of the turbine en-
gine component 10 during the aluminiding process caus-
es the shielded layer 20 on at least region 44 of surface
39 to transform into protective coating 14. Alternatively,
the silicon-containing layer 20 may be applied to at least
region 44 and protective coating 14 may be formed on
region 44 of surface 39 from layer 20 after an aluminide
layer (not shown) is formed in a heated deposition envi-
ronment on the airflow surfaces 34, 35 of airfoil segment
28.
[0034] For turbine engine components 10 having loca-
tions within the turbine engine characterized by relatively
low operating temperatures, the silicon-containing layer
20 may be advantageously applied to surfaces that are
not shielded from the combustion gases in the airflow
path 31. For example, the silicon-containing layer 20 may
be applied to the airflow surfaces 34, 35 of the airfoil
segment 28 and/or a surface 38 of platform 33 facing the
airfoil segment 28 and heated to extend the protective
coating 14 to cover these surfaces 34, 35, 38, as well as
region 44.
[0035] Although not wishing to be bound by theory, the
protective coating 14 is believed to operate to reduce
oxidation and corrosion of the superalloy material, when
the component 10 is in service in a gas turbine engine,
by passivating or shielding the covered portion of region
44 of surface 39 and, optionally, surfaces 34, 35, 38,
and/or the remainder of surface 39.
[0036] In an alternative embodiment of the present in-
vention, the silicon-containing layer 20 may further in-
clude an additive that is incorporated as an optional do-
pant into protective coating 14. Suitable additives gen-
erally include any compound of the dopant that is dis-
solvable in the particular silane solution, although addi-
tives containing sulfur ligands and/or oxygen ligands may
be disfavored. If the dopant is, for example, yttrium, suit-
able yttrium compounds include, but are not limited to,
yttrium halides, such as yttrium chloride, yttrium bromide,
yttrium iodide, and yttrium fluoride. Other suitable yttrium
compounds include, but are not limited to, yttrium ace-
tate, yttrium acetate hydrate, yttrium 2-ethylhexanoate,
yttrium perchlorate solution (e.g., 40 wt. % in water), yt-
trium nitrate hexahydrate, yttrium nitrate tetrahydrate, yt-
trium isopropoxide oxide, yttrium isopropoxide solution
(e.g., 25 wt. % in toluene), yttrium butoxide solution (e.g.,
0.5 M in toluene), yttrium trifluoroacetate hydrate, yttrium
oxalate hydrate, and yttrium(III) tris(2,2,6,6-tetramethyl-
3,5-heptanedionate). If the dopant is, for example, haf-
nium, suitable hafnium compounds include, but are not
limited to, hafnium halides, such as hafnium chloride, haf-
nium bromide, hafnium iodide, and hafnium fluoride. Oth-
er suitable hafnium compounds include, but are not lim-
ited to, any hafnium compound with an organic ligand,
such as hafnium tert-butoxide, and hafnium nitrates. Per-
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mitted hafnium compounds generally exclude com-
pounds with either sulfur ligands or oxide ligands. These,
and other, yttrium and hafnium compounds are commer-
cially available, for example, from Sigma-Aldrich (St. Lou-
is, Missouri).
[0037] In this alternative embodiment of the present
invention, one or more of the candidate dopant com-
pounds is dissolved in or combined with the silane or
silane solution. Before combining, the added amount of
the dopant compound is measured for accurately regu-
lating the concentration of dopant in the silicon-contain-
ing layer 20 and, subsequently, in the protective coating
14. Typically, a single additive or dopant compound will
be combined with the silane to form a fluid composition,
which is applied to all or a portion of at least region 44 of
the turbine engine component 10.
[0038] The present invention is generally applicable to
turbine engine components 10 used in jet engine gas
turbines and industrial gas turbines. In particular, the
present invention is applicable for protecting turbine
blades in such turbines. Although the present invention
is described with specificity regarding a turbine engine
component 10 having a turbine blade construction, it is
apparent that the protective coating 14 may be also ap-
plied to surfaces of a vane, a shroud, a nozzle guide, or
any other part formed of a superalloy or another metal
requiring protection from oxidation and corrosion while
operating in a jet engine or while operating in an industrial
gas turbine engine. The protected surfaces on these
components may be exposed to the combustion gases
in the airflow path 31 or shielded from the airflow path 31
during service in the aircraft or industrial gas turbine en-
gine.
[0039] With reference to Fig. 3, a detailed view of a
portion of the turbine engine component 10 and the pro-
tective coating 14 is shown. The turbine engine compo-
nent 10 includes a metallic substrate 12 and the protec-
tive coating 14 on the region 44 of the substrate 12. The
metallic substrate 12 may be made of any nickel-, cobalt-,
or iron-based high temperature superalloy from which
such turbine engine components 10 are commonly
made. The base element, typically nickel or cobalt, is
proportionally by weight the largest elemental constituent
in the superalloy of substrate 12. For example, where the
component 10 is used in a jet engine, substrate 12 may
be the nickel-based superalloy Inconel 795 Mod5A or
CMSX-4. The present invention is, however, not intended
to be limited to any particular turbine engine component
10, which may be a turbine blade, a vane, a shroud, a
nozzle guide, or any other part requiring protection from
oxidation and corrosion while operating in a jet engine or
while operating in an industrial gas turbine engine. The
protective coating 14, which protects the underlying met-
al of the component 10 against oxidation and corrosion,
is typically applied to portions of the turbine engine com-
ponent 10 that are not heated above about 1500°F
(815°C) when the component 10 is in service.
[0040] The protective coating 14 may be an additive

layer 15 or, more typically, may include a concentration
of one or more elements from substrate 12 because of
interdiffusion between the applied silicon-containing lay-
er 20 and the superalloy material of the substrate 12. In
such diffusion coatings, the protective coating 14 will be
generally characterized by a diffusion zone 13 in addition
to the additive layer 15 that overlies the diffusion zone
13. The interdiffusion advantageously introduces a con-
centration of one or more additional elements, such as
chromium, from the substrate 12 into the protective coat-
ing 14 that ultimately endow the coating 14 with beneficial
protective capabilities.
[0041] The protective coating 14 may be an alloy con-
taining silicon and chromium, such as chromium silicide,
that is effective to prevent or significantly reduce sulfida-
tion, oxidation, and corrosion on the protected region 44
(Fig. 1). The chromium may originate from the superalloy
material of the substrate 12 or from a pre-existing chro-
mide or β chromium coating 16 on the region 44 that
melts during heating to supply a source of chromium for
the protective coating 14. Alternatively, if formed in an
oxidizing atmosphere, the protective coating 14 may be
a compound containing silicon and oxygen. The com-
pound containing the silicon and oxygen may be a glass
precursor of silicon, such as SiO2, a silicate, or a silicon-
modified chrome oxide.
[0042] The protective coating 14 may further include
a dopant, such as yttrium and/or hafnium that, if present,
is believed to operate as a getter or trap for the impurity
or tramp element sulfur in the protective coating 14. Al-
though not wishing to be bound by theory, the presence
of the dopant is believed to reduce the transport of sulfur
across the thickness of the protective coating 14 to the
substrate 12 and thereby shield the superalloy material
of the substrate 12 from sulfur. The protective coating 14
may, either alternatively or in addition to yttrium and/or
hafnium, include other beneficial dopants that are be-
lieved to inhibit or prevent corrosion and, in particular,
other beneficial dopants capable of inhibiting or prevent-
ing corrosion enhancement by the sulfidation mecha-
nism.
[0043] The protective coating 14 has a thickness ex-
tending from the surface of the turbine engine component
10 to an exposed working surface 18. The optional do-
pant may be present with a uniform concentration
through the protective coating 14 or may be present with
a concentration gradient between the working surface 18
and surface 39 in the region 44. The peak concentration
of the gradient of the dopant may be at, or near, the work-
ing surface 18. If the protective coating 14 is eroded, the
dopant is preferably distributed in protective coating 14
so that the protective coating 14 will continuously have
a dopant concentration effective for gettering or trapping
sulfur.
[0044] The silicon-containing layer 20 may be applied,
and the resulting protective coating 14 formed, directly
as an additive layer on an existing coating, such as a
platinum aluminide or a β chromium coating 16, on at
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least region 44 of surface 39 (Fig. 1). Alternatively, any
existing coating may be stripped from region 44 and, op-
tionally, from airflow surfaces 34, 35 of the airfoil segment
28 before the silicon-containing layer 20 is applied for
forming the protective coating 14. The protective coating
14 may be formed on region 44 before the turbine engine
component 10 has been placed into service and either
before machining or after machining with airflow surfaces
34, 35 masked. It may be desirable to mask the portion
of surface 39 extending across the pressure faces 42 so
that protective coating 14 is formed only across region
44 below platform 33 or any thickness of coating 14
formed on the pressure faces 42 is negligible.
[0045] Although the present invention is described with
specificity regarding a turbine engine component 10 hav-
ing a turbine blade construction, it is apparent that the
protective coating 14 may be also applied to surfaces of
a vane, a shroud, a nozzle guide, or any other part re-
quiring protection from oxidation and corrosion while op-
erating in a gas turbine engine. These surfaces may be
exposed to the combustion gases in the airflow path 31
or shielded from the airflow path 31 during use.
[0046] In an alternative embodiment of the present in-
vention, the silicon-containing layer 20 may comprise a
fluid or slurry composition that contains amounts of a
silicon-containing material or substance, a chromium-
containing material or substance, an inert diluent, a hal-
ide activator, and an optional inorganic binder. The chro-
mium-containing substance, inert diluent, and activator
of the slurry composition are preferably in a particulate
or powder form. The silicon-containing substance may
be a silane, the chromium-containing substance may be
chromium powder, the inert diluent may be alumina
(Al2O3) particles, and the halide activator may be ammo-
nium bifluoride (NH4HF2). The inert diluent prevents sin-
tering of the chromium-containing substance in the sili-
con-containing layer 20 when the layer 20 is heated to
form protective coating 14. The turbine engine compo-
nent 10 and silicon-containing layer 20 are heated in a
non-oxidizing atmosphere or vacuum to a temperature
that is maintained for a duration sufficient to form protec-
tive coating 14. The heating conditions may be, for ex-
ample, a temperature of about 1975°F (1080°C) for four
hours in an inert (e.g., argon) atmosphere. The slurry
composition may be applied to at least region 44 of sur-
face 39 to form silicon-containing layer 20 by methods
such as brushing, spraying, and dipping. In alternative
embodiments of the invention, silane in the slurry com-
position may be replaced by a different silicon-containing
substance, such as colloidal silicon or elemental silicon
powder. Optionally, the slurry composition may contain
a dopant compound, such as yttrium acetate or hafnium
chloride, as described herein.
[0047] The amount of slurry composition applied is
controlled because the thickness of the resulting protec-
tive coating 14 is proportional to the amount of slurry
composition applied in layer 20 to at least region 44 of
surface 39. Preferably, the slurry composition is applied

as layer 20 to region 44 with a substantially uniform thick-
ness. The slurry composition may comprise, by weight
percent, about 1% to about 20% of the powdered chro-
mium-containing substance, greater than 2% of the ac-
tivator powder, about 60% to about 90% of the inert filler
powder, and balance binder and neat silane. The specific
slurry composition may be tailored to provide a desired
composition for the protective coating 14, as well as other
processing variables such as time and temperature, and
the coating thickness and composition desired for pro-
tective coating 14. Because the chromium in protective
coating 14 does not originate from the substrate 12 of
the component 10, the superalloy material of substrate
12 does not have to operate as a chromium source and
the chromium-containing protective coating 14 may be
formed regardless of the chromium content of the sub-
strate 12. However, minor amounts of substrate elements
may diffuse into the protective coating 14.
[0048] The binder may comprise any suitable conven-
tional binder known to a person having ordinary skill in
the art. Suitable binders include NICOBRAZ® cements
commercially available from Wall Colmonoy Corporation
(Madison Heights, MI). Alternatively, the binder may be
omitted from the slurry composition forming layer 20 if
another substance in the layer 20, such as the silane,
can operate as a binder for adhering the slurry compo-
sition to the surface 39 of component 10.
[0049] In use, the slurry composition is directly applied
to all or a portion of region 44 of surface 39 of the root
32 of turbine engine component 10 to form silicon-con-
taining layer 20. The silicon-containing layer 20 is heated
in an inert or evacuated atmosphere (i.e., non-oxidizing)
to a temperature sufficient to vaporize the activator in the
layer 20. The vaporized activator reacts with the chromi-
um-containing substance in the layer 20 to promote
chemical reactions that liberate chromium from the sub-
stance to participate in forming protective coating 14. The
heating conditions may be, for example, a temperature
in the range of 1875°F (1025°C) to 1900°F (1040°C) for
four hours in an inert atmosphere. After processing, un-
reacted slurry residues may be removed by, for example,
brushing or blasting with glass beads such as BALLOTI-
NI® impact glass beads commercially available from Pot-
ters Brothers, Inc. (Carlstadt, New Jersey).
[0050] The invention further contemplates that the fluid
compositions described herein may be introduced into
cooling holes 37 or other internal passages of the turbine
engine component 10 for purposes of forming a protec-
tive coating 14 on the internal surfaces bordering the
cooling holes 37. To that end, the silicon-containing fluid
composition is introduced into the cooling holes 37 to
form silicon-containing layer 20 and heated to form the
protective coating 14 on these internal surfaces.
[0051] In another alternative embodiment of the inven-
tion, the silicon-containing layer 20 may be applied in
stages to form the protective coating 14. For example,
the silane may be omitted from the slurry composition
initially applied as a first portion of layer 20 to all or a
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portion of region 44 of surface 39. Heating layer 20 results
in the formation of a chromium-rich layer (e.g. β chromium
layer) on region 44 to which the first portion of layer 20
is applied. After the chromium-rich layer is formed, the
turbine engine component 10 is grit blasted using, for
example, impact glass beads or aluminum oxide 220 grit.
Silane is then applied, as described above, on region 44
with the chromium-rich layer as a second portion of the
layer 20. Protective coating 14 is formed by heating, for
example, at 250°C for 30 minutes to react the silane with
the chromium-rich layer to form the protective coating
14. Silicon from the silicon-containing layer 20 diffuses
into the β chromium layer. Chromium from the β chromi-
um coating also diffuses into the non-aluminide protec-
tive coating 14.
[0052] The invention further contemplates that any of
the different liquid or slurry compositions forming silicon-
containing layers 20 may be used in combination with
chromium that originates from the superalloy material of
the substrate 12 or from a pre-existing P chromium coat-
ing 16 on the region 44.
[0053] While the present invention has been illustrated
by the description of an embodiment thereof and specific
examples, and while the embodiment has been de-
scribed in considerable detail, additional advantages and
modifications will readily appear to those skilled in the art.

Claims

1. A turbine engine component (10) for use with a gas
turbine engine, comprising:

a nickel-based superalloy_substrate (12) hav-
ing a first section (28) with an airflow surface
(34) and a second section (32) used to secure
the first section (28) to the gas turbine engine;
and
a non-aluminide protective coating (14) on at
least a portion of the second section (32), the
non-aluminide protective coating (14) including
chromium that diffuses from the nickel-based
superalloy substrate (12) and silicon such that
the non-aluminide protective coating (14) con-
tains a chromium silicide, a silicon-modified
chromium oxide, or a silicate containing chro-
nium.

2. The turbine engine component (10) of claim 1 where-
in the protective coating (14) further includes a do-
pant selected from the group consisting of yttrium,
hafnium, and combinations thereof.

3. A coating process for protecting a turbine engine
component (10) having a first section (28) with an
airflow surface (34) and a second section (32) used
to secure the first section (28) to the gas turbine en-
gine, the coating process comprising:

applying a layer (20) of a silicon-containing fluid
composition comprising a silane liquid to at least
a portion of the second section (32) of the turbine
engine component (10);
curing the silicon-containing fluid composition
after the layer (20) is applied to the second sec-
tion (32) of the turbine engine component (10);
and
heating the cured silicon-containing fluid com-
position to a temperature effective to form a non-
aluminude protective coating (14) on the second
section (32) of the turbine engine component
(10) that includes silicon from the cured silicon-
containing fluid composition and that further in-
cludes chromium_diffused from the turbine en-
gine component (10).

4. The coating process of claim 3 wherein the turbine
engine component (10) comprises a nickel-based
superalloy material.

5. The coating process of claim 3 or claim 4 further
comprising applying a chromium-containing sub-
stance to at least the portion of the second section
(32) of the turbine engine component (10).

6. The coating process of claim 5 wherein applying the
chromium-containing substance further comprises
applying the chromium-containing substance to at
least the portion of the second section (32) as a con-
stituent of the silicon-containing fluid composition in
layer (20).

7. The coating process of claim 6 wherein applying the
chromium-containing substance further comprises
applying a halide activator, an inert diluent powder,
and an optional inorganic binder to at least the por-
tion of the second section (32) as constituents of the
silicon-containing fluid composition in layer (20).

8. The coating process of claim 6 or claim 7 wherein
heating the cured silicon-containing fluid composi-
tion further comprises heating the silicon-containing
fluid composition to a temperature and for a duration
sufficient to combine the chromium-containing sub-
stance with silicon from the cured silicon-containing
fluid composition such that the chromium-containing
substance and silicon to participate in forming the
non-aluminide protective coating (14).

9. The coating process of any one of claims 5 to 8
wherein the chromium-containing substance com-
prises a β chromium coating, and applying the chro-
mium-containing substance further comprises ap-
plying the β chromium coating on at least the portion
of the turbine engine component (10) before the layer
(20) is applied.
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10. The coating process of claim 9 wherein heating the
cured silicon-containing fluid composition further
comprises heating the cured silicon-containing fluid
composition and β chromium coating to a tempera-
ture and for a duration sufficient to melt the β chro-
mium coating and combine silicon from the cured
silicon-containing fluid composition with the melted
β chromium coating to participate in forming the non-
aluminide protective coating (14).

11. The coating process of claim 3 wherein the turbine
engine component (10) portion is covered by an ex-
isting coating, and applying the layer (20) of the sil-
icon-containing fluid composition further comprises
applying the silicon-containing fluid composition as
an additive layer (20) on the existing coating so that
the non-aluminide protective coating (14) is formed
on the existing coating.

12. The coating process of any preceding claim wherein
the second section (32) of the turbine engine com-
ponent (10) includes an internal passageway, and
applying the layer (20) of the silicon-containing fluid
composition further comprises introducing the sili-
con-containing fluid composition into the internal
passageway.

13. The coating process of any preceding claim further
comprising placing the silicon-containing fluid com-
position in an oxidizing atmosphere before heating
the cured silicon-containing fluid composition.

14. The coating process of any one of claims 3 to 13
further comprising placing the silicon-containing fluid
composition in a non-oxidizing atmosphere before
heating the cured silicon-containing fluid composi-
tion.

15. The coating process of any of claims 3 to 14 wherein
heating the cured silicon-containing fluid composi-
tion further comprises elevating the temperature of
the cured silicon-containing fluid composition in ex-
cess of a curing temperature.

16. The coating process of any of claims 3 to 14 wherein
heating the cured silicon-containing fluid composi-
tion further comprises elevating the temperature of
the cured silicon-containing fluid composition in ex-
cess of about 400°F (205°C).

17. The coating process of any one of claims 3 to 16
further comprising adding a dopant selected from
the group consisting of yttrium, hafnium, and com-
binations thereof to the silane liquid.

Patentansprüche

1. Turbinenmotorbauteil (10) zur Verwendung mit ei-
nem Gasturbinenmotor, umfassend:

ein Superlegierungsträgermaterial (10) auf Nik-
kelbasis, das einen ersten Abschnitt (28) mit ei-
ner Luftströmungsoberfläche (34) und einen zur
Befestigung des ersten Abschnitts (28) am Gas-
turbinenmotor verwendeten zweiten Abschnitt
(32) hat, und
eine nichtaluminide Schutzbeschichtung.(14)
auf wenigstens einem Teil des zweiten Ab-
schnitts (32), wobei die nichtaluminide Schutz-
beschichtung (14) Chrom, das aus dem Super-
legierungsträgermaterial (12) auf Nikkelbasis
diffundiert, und Silizium aufweist, so dass die
nichtaluminide Schutzbeschichtung (14) ein
Chromsilicid, ein siliziummodifiziertes Chrom-
oxid oder ein chromhaltiges Silikat enthält.

2. Turbinenmotorbauteil (10) nach Anspruch 1, bei
dem die Schutzbeschichtung (14) ferner einen Do-
tierungsstoff beinhaltet, der aus der Gruppe beste-
hend aus Yttrium, Hafnium und Kombinationen da-
von ausgewählt ist.

3. Beschichtungsverfahren zum Schutz eines Turbi-
nenmotorbauteils (10), das einen ersten Abschnitt
(28) mit einer Luftströmungsoberfläche (34) und ei-
nen zur Befestigung des ersten Abschnitts (28) am
Gasturbinenmotor verwendeten zweiten Abschnitt
(32) hat, wobei das Beschichtungsverfahren Folgen-
des beinhaltet:

Auftragen einer Schicht (20) einer siliziumhalti-
gen Fluidzusammensetzung, die eine Silan-
Flüssigkeit beinhaltet, auf wenigstens einen Teil
des zweiten Abschnitts (32) des Turbinenmotor-
bauteils (10),
Aushärten der siliziumhaltigen Fluidzusammen-
setzung, nachdem die Schicht (20) auf den zwei-
ten Abschnitt (32) des Turbinenmotorbauteils
(10) aufgetragen worden ist, und
Erwärmen der ausgehärteten siliziumhaltigen
Fluidzusammensetzung auf eine Temperatur,
die zum Bilden einer nichtaluminiden Schutz-
schicht (14) auf dem zweiten Abschnitt (32) des
Turbinenmotorbauteils (10) wirksam ist, die Si-
lizium aus der ausgehärteten siliziumhaltigen
Fluidzusammensetzung aufweist und ferner
aus dem Turbinenmotorbauteil (10) diffundier-
tes Chrom aufweist.

4. Beschichtungsverfahren nach Anspruch 3, bei dem
das Turbinenmotorbauteil (10) ein Superlegierungs-
material auf Nickelbasis beinhaltet.
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5. Beschichtungsverfahren nach Anspruch 3 oder An-
spruch 4, das ferner das Auftragen einer chromhal-
tigen Substanz auf wenigstens den Teil des zweiten
Abschnitts (32) des Turbinenmotorbauteils (10) be-
inhaltet.

6. Beschichtungsverfahren nach Anspruch 5, bei dem
das Auftragen der chromhaltigen Substanz ferner
das Auftragen der chromhaltigen Substanz auf we-
nigstens den Teil des zweiten Abschnitts (32) als
Bestandteil der siliziumhaltigen Fluidzusammenset-
zung in Schicht (20) beinhaltet.

7. Beschichtungsverfahren nach Anspruch 6, bei dem
das Auftragen der chromhaltigen Substanz ferner
das Auftragen eines Halogenid-Aktivierungsmittels,
eines inerten Verdünnungspulvers und eines fakul-
tativen anorganischen Bindemittels auf wenigstens
den Teil des zweiten Abschnitts (32) als Bestandteile
der siliziumhaltigen Fluidzusammensetzung in
Schicht (20) beinhaltet.

8. Beschichtungsverfahren nach Anspruch 6 oder An-
spruch 7, bei dem das Erwärmen der ausgehärteten
siliziumhaltigen Fluidzusammensetzung ferner das
Erwärmen der siliziumhaltigen Fluidzusammenset-
zung auf eine Temperatur und für eine Dauer be-
inhaltet, die zum Vereinigen der chromhaltigen Sub-
stanz mit Silizium aus der ausgehärteten silizium-
haltigen Fluidzusammensetzung ausreichen, so
dass die chromhaltige Substanz und das Silizium an
der Bildung der nichtaluminiden Schutzbeschich-
tung (14) beteiligt sind.

9. Beschichtungsverfahren nach einem der Ansprüche
5 bis 8, bei dem die chromhaltige Substanz eine β-
Chrombeschichtung umfasst und das Auftragen der
chromhaltigen Substanz ferner das Auftragen der β-
Chrombeschichtung auf wenigstens den Teil des
Turbinenmotorbauteils (10), bevor die Schicht (20)
aufgetragen wird, beinhaltet.

10. Beschichtungsverfahren nach Anspruch 9, bei dem
das Erwärmen der ausgehärteten siliziumhaltigen
Fluidzusammensetzung ferner das Erwärmen der
ausgehärteten siliziumhaltigen Fluidzusammenset-
zung und der β-Chrombeschichtung auf eine Tem-
peratur und für eine Dauer beinhaltet, die ausrei-
chen, um die β-Chrombeschichtung zu schmelzen
und Silizium aus der ausgehärteten siliziumhaltigen
Fluidzusammensetzung mit der geschmolzenen β-
Chrombeschichtung zu vereinigen, so dass sie an
der Bildung der nichtaluminiden Schutzbeschich-
tung (14) beteiligt sind.

11. Beschichtungsverfahren nach Anspruch 3, bei dem
der Teil des Turbinenmotorbauteils (10) von einer
vorhandenen Beschichtung bedeckt ist und das Auf-

tragen der Schicht (20) der siliziumhaltigen Fluidzu-
sammensetzung ferner das Auftragen der silizium-
haltigen Fluidzusammensetzung als eine Zusatz-
schicht (20) auf die vorhandene Beschichtung be-
inhaltet, so dass die nichtaluminide Schutzbeschich-
tung (14) auf der vorhandenen Beschichtung aus-
gebildet wird.

12. Beschichtungsverfahren nach einem der vorherge-
henden Ansprüche, bei dem der zweite Abschnitt
(32) des Turbinenmotorbauteils (10) einen inneren
Durchgang hat und das Auftragen der Schicht (20)
der siliziumhaltigen Fluidzusammensetzung ferner
das Einführen der siliziumhaltigen Fluidzusammen-
setzung in den inneren Durchgang beinhaltet.

13. Beschichtungsverfahren nach einem der vorherge-
henden Ansprüche, das ferner das Geben der silizi-
umhaltigen Fluidzusammensetzung in eine oxidie-
rende Atmosphäre beinhaltet, bevor die ausgehär-
tete siliziumhaltige Fluidzusammensetzung erwärmt
wird.

14. Beschichtungsverfahren nach einem der Ansprüche
3 bis 13, das ferner das Geben der siliziumhaltigen
Fluidzusammensetzung in eine nichtoxidierende At-
mosphäre beinhaltet, bevor die ausgehärtete silizi-
umhaltige Fluidzusammensetzung erwärmt wird.

15. Beschichtungsverfahren nach einem der Ansprüche
3 bis 14, bei dem das Erwärmen der ausgehärteten
siliziumhaltigen Fluidzusammensetzung ferner das
Erhöhen der Temperatur der ausgehärteten silizium-
haltigen Fluidzusammensetzung über eine Aushär-
tungstemperatur beinhaltet.

16. Beschichtungsverfahren nach einem der Ansprüche
3 bis 14, bei dem das Erwärmen der ausgehärteten
siliziumhaltigen Fluidzusammensetzung ferner das
Erhöhen der Temperatur der ausgehärteten silizium-
haltigen Fluidzusammensetzung auf über 205°C
(400°F) beinhaltet.

17. Beschichtungsverfahren nach einem der Ansprüche
3 bis 16, das ferner das Hinzugeben eines aus der
Gruppe bestehend aus Yttrium, Hafnium und Kom-
binationen davon ausgewählten Dotierungsmittels
zu der Silan-Flüssigkeit beinhaltet.

Revendications

1. Composant de moteur à turbine (10) destiné à être
utilisé avec une turbine à gaz, comprenant :

un substrat en superalliage à base de nickel (12)
comportant une première section (28) à surface
aérodynamique (34) et une seconde section
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(32) utilisée pour fixer la première section (28)
à la turbine à gaz ; et
un revêtement protecteur sans aluminure (14)
sur au moins une partie de la seconde section
(32), le revêtement protecteur sans aluminure
(14) comportant du chrome qui se diffuse depuis
le substrat en superalliage à base de nickel (12)
et du silicium de telle sorte que le revêtement
protecteur sans aluminure (14) contienne un si-
liciure de chrome, un oxyde de chrome modifié
au silicium, ou un silicate contenant du chrome.

2. Composant de moteur à turbine (10) selon la reven-
dication 1, dans lequel le revêtement protecteur (14)
comporte en outre un dopant sélectionné dans le
groupe consistant en yttrium, hafnium, et des com-
binaisons de ceux-ci.

3. Processus de revêtement pour protéger un compo-
sant de moteur à turbine (10) comportant une pre-
mière section (28) à surface aérodynamique (34) et
une seconde section (32) utilisée pour fixer la pre-
mière section (28) à la turbine à gaz ; le processus
de revêtement comprenant :

l’application d’une couche (20) d’une composi-
tion fluide contenant du silicium comprenant un
liquide de silane sur au moins une partie de la
seconde section (32) du composant de moteur
à turbine (10) ;
le durcissement de la composition fluide conte-
nant du silicium après l’application de la couche
(20) sur la seconde section (32) du composant
de moteur à turbine (10) ; et
le chauffage de la composition fluide contenant
du silicium à une température efficace pour for-
mer un revêtement protecteur sans aluminure
(14) sur la seconde section (32) du composant
de moteur à turbine (10) qui comporte du silicium
provenant de la composition fluide contenant du
silicium durcie et qui comporte en outre du chro-
me diffusé depuis le composant de moteur à tur-
bine (10).

4. Processus de revêtement selon la revendication 3,
dans lequel le composant de moteur à turbine (10)
comprend un matériau de superalliage à base de
nickel.

5. Processus de revêtement selon la revendication 3
ou 4, comprenant en outre l’application d’une subs-
tance contenant du chrome sur au moins une partie
de la seconde section (32) du composant de moteur
à turbine (10).

6. Processus de revêtement selon la revendication 5,
dans lequel l’application de la substance contenant
du chrome comprend en outre l’application de la

substance contenant du chrome sur au moins la par-
tie de la seconde section (32) comme constituant de
la composition fluide contenant du silicium dans la
couche (20).

7. Processus de revêtement selon la revendication 6,
dans lequel l’application de la substance contenant
du chrome comprend en outre l’application d’un ac-
tivateur d’halogénure, d’une poudre diluante inerte,
et d’un liant inorganique optionnel sur au moins la
partie de la seconde section (32) comme consti-
tuants de la composition fluide contenant du silicium
dans la couche (20).

8. Processus de revêtement selon la revendication 6
ou 7, dans lequel le chauffage de la composition flui-
de contenant du silicium durcie comprend en outre
le chauffage de la composition fluide contenant du
silicium jusqu’à une température et pendant une du-
rée suffisantes pour combiner la substance conte-
nant du chrome au silicium provenant de la compo-
sition fluide contenant du silicium durcie de telle sorte
que la substance contenant du chrome et le silicium
participent à la formation du revêtement protecteur
sans aluminure (14).

9. Processus de revêtement selon l’une quelconque
des revendications 5 à 8, dans lequel la substance
contenant du chrome comprend un revêtement de
chrome β, et l’application de la substance contenant
du chrome comprend en outre l’application du revê-
tement de chrome β sur au moins la partie du com-
posant de moteur à turbine (10) avant l’application
de la couche (20).

10. Processus de revêtement selon la revendication 9,
dans lequel le chauffage de la composition fluide
contenant du silicium durcie comprend en outre le
chauffage de la composition fluide contenant du si-
licium durcie et du revêtement de chrome β jusqu’à
une température et pendant une durée suffisantes
pour faire fondre le revêtement de chrome β et com-
biner le silicium provenant de la composition fluide
contenant du silicium durcie au revêtement de chro-
me β fondu pour participer à la formation du revête-
ment protecteur sans aluminure (14).

11. Processus de revêtement selon la revendication 3,
dans lequel la partie de composant de moteur à tur-
bine (10) est recouverte par un revêtement existant,
et l’application de la couche (20) de la composition
fluide contenant du silicium comprend en outre l’ap-
plication de la composition fluide contenant du sili-
cium comme couche additive (20) sur le revêtement
existant de telle sorte que le revêtement protecteur
sans aluminure (14) soit formé sur le revêtement
existant.
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12. Processus de revêtement selon l’une quelconque
des revendications précédentes, dans lequel la se-
conde section (32) du composant de moteur à tur-
bine (10) comporte un passage interne, et l’applica-
tion de la couche (20) de la composition fluide con-
tenant du silicium comprend en outre l’introduction
de la composition fluide contenant du silicium dans
le passage interne.

13. Processus de revêtement selon l’une quelconque
des revendications précédentes, comprenant en
outre le placement de la composition fluide conte-
nant du silicium dans une atmosphère oxydante
avant de chauffer la composition fluide contenant du
silicium durcie.

14. Processus de revêtement selon l’une quelconque
des revendications 3 à 13, comprenant en outre le
placement de la composition fluide contenant du si-
licium dans une atmosphère non oxydante avant de
chauffer la composition fluide contenant du silicium
durcie.

15. Processus de revêtement selon l’une quelconque
des revendications 3 à 14, dans lequel le chauffage
de la composition fluide contenant du silicium durcie
comprend en outre l’élévation de la température de
la composition fluide contenant du silicium durcie au-
delà d’une température de durcissement.

16. Processus de revêtement selon l’une quelconque
des revendications 3 à 14, dans lequel le chauffage
de la composition fluide contenant du silicium durcie
comprend en outre l’élévation de la température de
la composition fluide contenant du silicium durcie au-
delà d’environ 205°C (400°F).

17. Processus de revêtement selon l’une quelconque
des revendications 3 à 16, comprenant en outre
l’ajout d’un dopant sélectionné dans le groupe con-
sistant en yttrium, hafnium et des combinaisons de
ceux-ci au liquide de silane.
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