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IMPROVED COATING INTERFACE

TECHNICAL FIELD
[0001] Embodiments of the present disclosure generally relate to coating
interfaces, and more particularly, but not exclusively, to coating interfaces on

composite substrates.

BACKGROUND
[0002] Present approaches to coating interfaces suffer from a variety of
drawbacks, limitations, disadvantages and problems including those respecting
adhesion and others. There is a need for the unique and inventive coating

interface apparatuses, systems and methods disclosed herein.

SUMMARY

[0003] One embodiment of the present disclosure is directed to a unique coating
interface. Other embodiments include apparatuses, systems, devices, hardware,
methods, and combinations for coating interfaces. Further embodiments, forms,
features, aspects, benefits, and advantages of the present application shall become
apparent from the description and figures provided herewith.

[0004] The coating interface may be defined by the surface of a substrate, such
as, ¢.g., a superalloy substrate or ceramic matrix composite substrate, onto which
the coating is formed. A plurality of joint conduits may be formed into the
surface, where the joint conduits have an undercut configuration. The coating
may be formed on the surface of the substrate and may substantially fill the joint
conduits, e.g., to provide for improved bond strength between the coating and
substrate. Example coatings include environmental barrier coatings and thermal
barrier coatings.
[0005] In one example, the disclosure relates to an article including a substrate
defining an outer surface; a plurality of joint conduits formed in the outer surface
of the substrate, wherein each conduit of the plurality of joint conduits exhibits an

undercut configuration; and a coating formed on the outer surface of the substrate,
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wherein the coating substantially fills the plurality of joint conduits formed in the
surface of the substrate.

[0006] In another example, the disclosure relates to a method for forming an
article, the method comprising forming a plurality of joint conduits in an outer
surface of a substrate, wherein each conduit of the plurality of joint conduits
exhibits an undercut configuration; and forming a coating on the outer surface of
the substrate, wherein the coating at least partially permeates the plurality of joint
conduits formed in the surface of the substrate.

[0007] In another examples, the disclosure relates to a system comprising means
for forming a plurality of joint conduits in an outer surface of a substrate, wherein
cach conduit of the plurality of joint conduits exhibits an undercut configuration;
and means for forming a coating on the outer surface of the substrate, wherein the
coating at least partially permeates the plurality of joint conduits formed in the
surface of the substrate.

[0008] The details of one or more examples are set forth in the accompanying
drawings and the description below. Other features, objects, and advantages will

be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE FIGURES
[0010] FIG. 1 is a cross sectional view of a composite substrate with a coating
according to one embodiment of the present disclosure.
[0011] FIGS. 2A and 2B are cross sectional views of a composite substrate with
multiple coatings according to another embodiment of the present disclosure.
[0012] FIG. 3 is a cross sectional view of another embodiment of varying joint
conduit geometry of the present disclosure.
[0013] FIGS. 4A and 4B are cross sectional views of joint conduit geometry of
embodiments of the present disclosure.
[0014] FIGS. 5A-5E are cross sectional views of joint conduit configurations of
further embodiments of the present disclosure.
[0015] FIG. 6 is a perspective view of one embodiment of joint conduit

configuration of the present disclosure applied to a turbine vane.
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[0016] FIG. 7 is a process flow diagram of an embodiment of a coating process

the present disclosure.

DETAILED DESCRIPTION
[0017] For the purposes of promoting an understanding of the principles of the
disclosure, reference will now be made to the embodiments illustrated in the
drawings and specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of the disclosure is
thereby intended. Any alterations and further modifications in the described
embodiments, and any further applications of the principles of the disclosure as
described herein are contemplated as would normally occur to one skilled in the art
to which the disclosure relates.

[0018] With reference to FIG. 1, a cross sectional view of a portion 100 of a
component is shown. Example of the component may include, but is not limited
to, an air flow component of a gas turbine engine. Representative types of air flow
components may include a blade, vane, blade track, combustion liner or airfoil. As
shown, portion 100 includes a substrate 110 and a coating 120. At the interface of
substrate 110 and coating 120 is a coating surface 140 having a number of joint
conduits 150. Joint conduits 150 are designed to have interlocking geometry in
order to mechanically entrap coating 120 and improve adhesion with substrate 110.
[0019] As will be described further below, joint conduits 150 may each exhibit an
undercut configuration. One example undercut configuration is a dovetail
configuration. In an undercut configuration, conduits 150 may be cut into coating
surface at an angle greater than 90 degrees from the surface plane. In this sense, a
width within the conduits parallel to the surface of the opening may be greater than
the width at outer surface 140 defined by the opening of conduits 150. By utilizing
undercut configurations, the surface area of conduits 150 may provide for
increased surface area defined by conduits 150 compared to that of non-undercut
configurations, such as, e.g., square cut or “V” cut configurations. Moreover, the
mechanical adhesion between coating 120 and substrate 110 may be increased as

the material of coating 120 within the undercut portion of conduits 150 must be
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fractured to remove coating 120 from substrate 110. In this manner, conduits 150
may provide for increased adhesion between coating 120 and substrate 110.

[0020] Substrate 110 may include various materials such as superalloys, fiber
reinforced composite, ceramic matrix composite, metal matrix composite and
hybrid materials. The substrate 110 may be a gas turbine engine component, e.g.,
operating at temperatures of 1900° to 2100°F, and may include high temperature
resistant alloys based on Ni, Co, Fe and combinations thereof. Substrate 110 may
be a ceramic material composite (CMC) applied to the high temperature operating
components of gas turbine engine components. A substrate 110 with a CMC may
have fibers shaped in a preform with a 2D or 3D structure and include materials
such as carbon, silicon carbide aluminum boron silicide, and the like.

[0021] As noted above, substrate 110 may include a ceramic or ceramic matrix
composite (CMC). In embodiments in which substrate 110 includes a ceramic, the
ceramic may be substantially homogeneous and may include substantially a single
phase of material. In some embodiments, a substrate 110 comprising a ceramic
may include, for example, a silicon-containing ceramic, such as silica (Si0;),
silicon carbide (SiC) or silicon nitride (Si3N4), alumina (Al,O3), aluminosilicate, or
the like. In other embodiments, substrate 32 may include a metal alloy that
includes silicon, such as a molybdenum-silicon alloy (e.g., MoSiy) or a niobium-
silicon alloy (e.g., NbSiy).

[0022] In embodiments in which substrate 110 includes a CMC, substrate 110
may include a matrix material and a reinforcement material. Matrix material 38
may include a ceramic material, including, for example, silicon carbide, silicon
nitride, alumina, aluminosilicate, silica, or the like. In some examples, the matrix
material of the CMC substrate may include carbon, boron carbide, boron nitride, or
resin (epoxy/polyimide). The CMC may further include any desired reinforcement
material, and reinforcement material may include a continuous reinforcement or a
discontinuous reinforcement. For example, the reinforcement material may
include discontinuous whiskers, platelets, or particulates. As other examples,
reinforcement material 40 may include a continuous monofilament or

multifilament weave.
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[0023] Coating 120 may be applied to CMC substrate 110 to protect against
oxidation and corrosive attacks at high operating temperatures. Environmental
barrier coatings have been applied to protect the ceramic composites. Adhesion of
coating 120 to substrate 110 may influence coating’s 120 ability to provide
beneficial properties such as those described herein. Adhesion of coating 120 may
be compromised due to a lack of chemical or physical attraction between substrate
110 and coating 120. Adhesion issues may also arise during operation of the
component with a mismatch in thermal properties between substrate 110 and
coating 120.

[0024] As shown in FIG. 1, coating 120 may be applied to operate as a thermal
barrier coating (TBC), an environmental barrier coating (EBC), compliant layer or
bonding enhancement layer. An EBC may include materials that are resistant to
oxidation or water vapor attack, and/or provide at least one of water vapor stability,
chemical stability and environmental durability to substrate 32. A TBC may
include at least one of a variety of materials having a relatively low thermal
conductivity, and may be formed as a porous or a columnar structure in order to
further reduce thermal conductivity of the TBC and provide thermal insulation to
substrate 110.

[0025] In various embodiments, coating 120 may include materials such as
ceramic, metal, glass, pre-ceramic polymer and the like. In specific embodiments,
coating 120 may include silicon carbide, silicon nitride, boron carbide, aluminum
oxide, cordierite, molybdenum disilicide, titanium carbide, and metallics with
molybdenum, geranium, silicon, titanium, iridium and the like. Coating 120 may
be applied in a single layer or in multiple layers and applied by techniques such as
plasma spray, PVD, CVD, DVD, dipping, spraying, electroplating, CVI and the
like. In one embodiment of the present application, the composition of coating 120
may be selected based on coefficients of thermal expansion, chemical
compatibility, thickness, operating temperatures, oxidation resistance, emissivity,
reflectivity, and longevity. In another embodiment, coating 120 may be applied on
selected portions of a component and only partially cover the substrate. In other
embodiments, placement of coating 120 may depend on the application method

and material cost, for example.
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[0026] In embodiments where depressions are present and a smooth surface is
intended, coating 120 may be altered by mechanical means such as grinding,
machining, polishing, ablation by laser, or otherwise modified to achieve the
intended surface. In other embodiments, additional layers may be applied to fill in
any depressions. These processes may be used with a final coating surface or any
intermediate surface. In one embodiment, coating 120 may include a single
protective layer such as thermal or environmental barrier coatings. In other
embodiments, coating 120 may include multiple layers having intermediate or
bond layers in addition to protective layers.

[0027] An intermediate layer may be a coating layer that lies between the
substrate and the protective or outer coating. Intermediate layers may operate,
among other things, to prepare the substrate for the protective coating either
physically or chemically, provide additional environmental/thermal protection, and
aid adhesion of protective coating by providing a thermal mismatch transition core.
A bond layer may be a coating between two layers that aids in adhesion of one
layer to another. Bond coatings may be applied between a substrate and a
protective coating, between a substrate and an intermediate layer, and between an
intermediate layer and a protective coating, for example. Coating systems may
include various numbers and types of coating applied to a substrate.

[0028] Joint conduits 150 are formed in coating surface 140 of substrate 110 and
may be tailored for enhanced performance with interlocking geometry in response
to parameters such as, but not limited to, substrate composition, coating material,
thermal expansion properties, and surface features. In one embodiment, joint
conduits 150 are formed in coating surface 140 of substrate 110 with coating 120
at least partially permeating joint conduits 150.

[0029] In one embodiment, the interlocking geometry of joint conduits 150 may
mechanically link a portion of coating 120 for additional bond strength between
coating 120 and substrate 110. In another embodiment, interlocking geometry may
increase the interface area of coating surface 140 between coating 120 and
substrate 110. In yet another embodiment, interlocking geometry may control

stresses to reduce residual and/or operating stresses in one or more materials in the
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component system and may also impart beneficial stresses such as compression in
coating 120.

[0030] FIGS. 2A and 2B are cross sectional views showing embodiments with
multiple or intermediate layers 160 that may be applied before or after joint
conduits 150 are formed. The embodiment in FIG. 2A shows a portion 210 of a
component with joint conduits 150 formed after intermediate layer 160 is applied
to substrate 110. Coating 120 is then applied on top of intermediate layer 160, at
least partially permeating joint conduits 150. The embodiment in FIG. 2B is
shown with a portion 220 of a component where joint conduits 150 are formed in
substrate 110 before intermediate layer 160 is applied. Intermediate layers 160
coat coating surface 140 and joint conduits 150 creating a continuous intermediate
layer 160. Coating 120 then contacts only intermediate layer 160 permeating joint
conduits 150 over intermediate layer 160. Though shown for simplicity sake with
a single intermediate layer 160, multiple intermediate layers may also be provided.
[0031] The interlocking geometry of joint conduits 150 may have geometries with
various features including size, depth, profile and the like. Each of these features
may vary within the same component and within the same joint conduit. FIG. 3
shows a portion 300 of a component in an embodiment of the present application
where the depth of joint conduit 150 varies amongst conduits. A deep conduit
150A is shown deeper than a shallow conduit 150B. Width and shape of joint
conduits 150 may vary as well. In other embodiments, variation may be between
one conduit and the next, one portion of a component to another and/or along a
single conduit. In various embodiments, interlocking geometry may include
various shapes such as a trapezoid or concave (dovetail) shown in FIGS. 1-3.
Other shapes are contemplated such as bulbous shown in FIG. 4A and re-entrant or
convex (fir tree) shown in FIG. 4B.

[0032] Each of the cross-sections shown in FIGS. 1-3, 4A, and 4B are examples
of conduits exhibiting an undercut configuration. As described above, in an
undercut configuration, conduits 150 may be cut into coating surface at an angle
greater than 90 degrees from the surface plane. In this sense, a width within the
conduits parallel to the surface of the opening may be greater than the width at

outer surface 140 defined by the opening of conduits 150. By utilizing undercut
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configurations, the surface area of conduits 150 may provide for increased surface
arca defined by conduits 150 compared to that of non-undercut configurations,
such as, e.g., square cut or “V” cut configurations. Moreover, the mechanical
adhesion between coating 120 and substrate 110 may be increased as the material
of coating 120 within the undercut portion of conduits 150 must be fractured to
remove coating 120 from substrate 110. In this manner, conduits 150 may provide
for increased adhesion between coating 120 from substrate 110.

[0033] Dimensions and profiles may be selected when determining the
interlocking geometry of the system. In some embodiments, depth or thickness of
joint conduits 150 may vary from 50 um to 10 mm, for example, depending on the
process and geometry selected. In one embodiment, depth may also vary within a
single conduit depending on parameters such as component shape and coating
location. In another embodiment, interlocking geometry would allow a mechanical
bond or link to provide bond strength between substrate 110 and coating 120.
[0034] Conduit patterns on coating surface 140 may be varied as well. Patterns
such as those shown in the embodiments of FIGS. 5A-5E may be applied with
variations in joint conduit geometry. FIG. 5SA demonstrates a linear pattern where
geometry, depth and frequency may be varied. Joint conduits 150 are shown as
substantially straight lines in coating surface 140 of substrate 110. The degree of
linearity may vary both as part of the design and due to forming operations.

[0035] FIG. 5B demonstrates a linear pattern with multiple axial directions
creating a tri-axial grid pattern. For this embodiment, joint conduits 150A are
shown to run in a relatively 90° direction, joint conduits 150B are shown to run in
a relatively 0° direction and joint conduits 150C are shown to run in a relative 45°
direction. Variation in joint conduit spacing, number of conduit directions and
relative angles may also be applied.

[0036] FIG. 5C demonstrates a conduit pattern that is closed-loop or circular.
Multiple circular joint conduits 151 may be placed in regular or varying patterns in
substrate 110. The circularity and diameter of circular joint conduits 151 may
vary. Variation may depend on materials and/or forming processes.

[0037] FIG. 5D demonstrates a conduit pattern that is serpentine with non-linear

lines. Non-linear joint conduits 152 demonstrate an embodiment with a regular
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repeating non-linear pattern in substrate 110. Linearity, curvature, spacing and
rotation of joint conduits 152, for example, are parameters that may be varied in
different embodiments.

[0038] FIG. SE demonstrates a conduit pattern that varies in frequency. Joint
conduits 150 may be applied to substrate 110 in varying patterns, designs and
configurations depending on material, component or surface geometry, forming
processes and other parameters. In one specific embodiment, variable spacing
joint conduits 150 as in Fig. 5SE may be applied when substrate 110 undulates and
the frequency of joint conduits 150 varies with the rise and fall of substrate 110.
Joint conduit pattern variations may include linearity, depth, spacing, frequency,
and angle of intersection. The grid orientation of a joint conduit pattern of one
particular embodiment may be selected to minimize strength reduction in a
component. For example, conduits in a blade airflow component may be oriented
along the blade’s span instead of around the chord.

[0039] FIG. 6 shows an embodiment applied to a blade component 600. In this
embodiment, joint conduits 170 are formed in a tri-axial based grid with spacing
variation along a pressure side 610 of blade component 600. The variation may be
optimized for the curvature and the operating forces of pressure side 610.

[0040] Methods of manufacturing of joint conduits 150 may be accomplished
with conventional grinding, laser machining, electro-discharge machining (EDM),
ultrasonic grinding, concentrated/masked grit blasting. In fiber reinforced
composites, joint conduits 150 may be constructed as part of the preform in the
composite manufacturing process for substrate 110. Depending on the selected
geometry of an embodiment, 2D or 3D structures may include joint conduit
geometry in the preform design. In some examples, conduits 150 may be formed
in substrate via milling with a shaped tool.

[0041] FIG. 7 shows a process flow diagram for a process 700 of producing a
coated substrate according to an embodiment with a fiber reinforced composite
substrate. One example of a process may include preparing a fiber reinforced
preform of a substrate (710). Preparation may include forming techniques such as
but not limited to laying up, braiding, filament winding, 2D placement and

stitching and the like. The preform may have a 2D or 3D structure.
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[0042] Next, the shape of the joint conduit in the preform is selected and created
(720) to have an interlocking geometry. Creating the shape in the preform may
produce a substrate with the interlocking geometry of the joint conduits without
reducing component integrity by machining after forming. The shape of the joint
conduits may vary in profile, depth, thickness etc. as previously discussed. In an
alternative, an optional determination operation (not shown) may be included in
process 700. A determination operation may be used to determine the interlocking
geometry to be applied in response to various parameters such as coating material,
substrate composition, component, intended application, coefficient of thermal
expansion, and the like as previously discussed.

[0043] After creating the shape of the joint conduit, a material is introduced to the
preform (730) thereby creating the component or substrate. The matrix material
may be applied with various methods such as but not limited to deposition
(chemical, vapor, electrophoretic), chemical reaction and polymer pyrolysis. A
coating is applied (740) to the substrate where the coating substantially covers the
substrate and at least partially permeates the joint conduits. As the coating
permeates the joint conduits formed in the substrate, a mechanical link is formed
between the coating and the substrate improving bond strength. The joint conduit
with the selected interlocking geometry mechanically entraps the portion of the
coating that at least partially permeates the joint conduit.

[0044] Optionally, the surface may be prepared after introducing the matrix
material to the preform including the joint conduit shape in operation 730 but
before applying the coating in operation 740. Surface prep may include various
processes as may be determined by one skilled in the art. Surface treatment may
also be optionally applied following applying the coating in operation 740
depending on the surface characteristics. Additional techniques may be used or
additional material (coating or filler) may be added to the component to address

any unevenness due to the joint conduits as previously discussed.

[0045] EXAMPLES
[0046] Example 1

10
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[0047] A turbine blade track of SiC/SiC CMC was manufactured applying an
embodiment of the present application where the surface that is swept by the
blades exhibited regular CMC texture. A surface was prepared with straight,
dovetail joint conduits being approximately 0.020” deep, 0.020” wide at the top

with an 80° included angle and a 0.1 center to center distance.

[0048] Example 2

[0049] A turbine blade with a typical multilayer environmental barrier coating
was manufactured with joint conduits having trapezoidal geometry and a tri-axial
grid pattern on the leading edge and pressure surface similar to the component
shown in FIG. 6. The joint conduits were approximately 0.015” deep, 0.030” wide
with a conduit spacing of 0.2” center to center going to 0.1” center to center on the
leading edge. The closer spacing resulted in improved adhesion and improved
damage control.

[0050] While the disclosure has been illustrated and described in detail in the
drawings and foregoing description, the same is to be considered as illustrative and
not restrictive in character, it being understood that only the preferred
embodiments have been shown and described and that all changes and
modifications that come within the spirit of the disclosures are desired to be
protected. It should be understood that while the use of words such as preferable,
preferably, preferred or more preferred utilized in the description above indicate
that the feature so described may be more desirable, it nonetheless may not be
necessary and embodiments lacking the same may be contemplated as within the

scope of the disclosure.

11
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CLAIMS:

1. An article comprising:

a substrate defining an outer surface;

a plurality of joint conduits formed in the outer surface of the substrate,
wherein each conduit of the plurality of joint conduits exhibits an undercut
configuration; and

a coating formed on the outer surface of the substrate, wherein the coating
at least partially permeates the plurality of joint conduits formed in the surface of

the substrate.

2. The article of claim 1, wherein the undercut configuration comprises at
least one of a dovetail configuration, bulbous configuration, or re-entrant

configuration.

3. The article of claim 1, wherein the plurality of joint conduits are arranged

in a tri-axial based grid pattern in the outer surface of the substrate.

4. The article of claim 1, wherein each conduit of the plurality of joint

conduits defines a depth between 50 micrometers and 10 millimeters.

5. The article of claim 1, wherein the plurality of joint conduits exhibit an
interlocking geometry in order to mechanically entrap the coating on the outer

surface of the substrate.
6. The article of claim 1, wherein the substrate is at least one of a superalloy
substrate, fiber reinforced composite substrate, ceramic matrix composite substrate,

metal matrix composite substrate and hybrid material substrate.

7. The article of claim 1, wherein the coating comprises at least one of an

environmental barrier coating or thermal barrier coating.

12
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8. The article of claim 1, wherein the coating comprises a bond coat, the
article further comprising an outer coating formed onto the surface of the bond

coat.

9. A method for forming an article, the method comprising:

forming a plurality of joint conduits in an outer surface of a substrate,
wherein each conduit of the plurality of joint conduits exhibits an undercut
configuration; and

forming a coating on the outer surface of the substrate, wherein the coating
at least partially permeates the plurality of joint conduits formed in the surface of

the substrate.

10.  The method of claim 9, wherein the undercut configuration comprises at
least one of a dovetail configuration, bulbous configuration, or re-entrant

configuration.

11.  The method of claim 9, wherein the plurality of joint conduits are arranged

in a tri-axial based grid pattern in the outer surface of the substrate.

12.  The method of claim 9, wherein each conduit of the plurality of joint

conduits defines a depth between 50 micrometers and 10 millimeters.

13.  The method of claim 9, wherein the plurality of joint conduits exhibit an
interlocking geometry in order to mechanically entrap the coating on the outer

surface of the substrate.
14. The method of claim 9, wherein the substrate is at least one of a superalloy
substrate, fiber reinforced composite substrate, ceramic matrix composite substrate,

metal matrix composite substrate and hybrid material substrate.

15.  The method of claim 9, wherein the coating comprises at least one of an

environmental barrier coating or thermal barrier coating.

13
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16. The method of claim 9, wherein the coating comprises a bond coat, the

article further comprising an outer coating formed onto the surface of the bond

coat.

17. A system comprising:

means for forming a plurality of joint conduits in an outer surface of a
substrate, wherein each conduit of the plurality of joint conduits exhibits an
undercut configuration; and

means for forming a coating on the outer surface of the substrate, wherein

the coating at least partially permeates the plurality of joint conduits formed in the

surface of the substrate.

14
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