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(54) Erosion barrier for thermal barrier coatings

(57) A workpiece, such as a turbine engine compo-
nent, comprises a substrate (50), a thermal barrier coat-
ing (52) on the substrate (50), and a hard erosion barrier
(54) deposited over the thermal barrier coating (52). The
erosion barrier (54) preferably has a Vickers hardness in

the range of from 1300 to 2750 kgf/mm2 (12.8 to 27.0
GPa). The erosion barrier (54) may be formed from alu-
minum oxide, silicon carbide, silicon nitride, or molybde-
num disilicide. The erosion barrier (54) may be formed
using either an electrophoretic deposition process or a
slurry process.
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Description

[0001] The present invention relates to an erosion bar-
rier for thermal barrier coatings and to processes for form-
ing the erosion barrier.

BACKGROUND OF THE INVENTION

[0002] Many turbine engine components are provided
with a thermal barrier coating to protect the underlying
substrate. High velocity particles in the gas path of an
engine cause considerable erosion damage to the ther-
mal barrier coating. The erosion of the thermal barrier
coating leads to premature failure of the coated turbine
engine part. Thus, it is highly desirable to form a hard
exterior shell strongly bonded to the thermal barrier coat-
ing.

SUMMARY OF THE INVENTION

[0003] Accordingly, the present invention provides a
hard exterior shell strongly bonded to the thermal barrier
coating is formed.
[0004] In one aspect of the present invention, a work-
piece broadly comprises a substrate, a thermal barrier
coating on the substrate, and a hard erosion barrier de-
posited over the thermal barrier coating. The erosion bar-
rier preferably has a Vickers hardness in the range of
from 140 to 2750 kgf/mm2 (1.4 to 27.0 GPa), and more
preferably from 1300 to 2750 kgf/mm2 (12.8 to 27.0 GPa).
The erosion barrier may be formed from aluminum oxide,
silicon carbide, silicon nitride, and molybdenum disilicide.
In a second aspect of the present invention, a process
for forming an erosion barrier for protecting a thermal
barrier coating on a workpiece is provided. The process
broadly comprises the steps of forming a suspension of
ceramic particles suspended in a solvent, depositing par-
ticles in the suspension on the thermal barrier coating,
and drying the particles deposited on said thermal barrier
coating so as to form an erosion barrier coating having
a Vickers hardness in the range of from 1300 to 2750
kgf/mm2 (12.8 to 27.0 GPa).
[0005] Other details of the erosion barrier for thermal
barrier coatings of the present invention, as well as other
objects and advantages attendant thereto, are set forth
in the following detailed description and the accompany-
ing drawings wherein like reference numerals depict like
elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is a schematic representation of an apparatus
for forming an erosion barrier on a workpiece having
a thermal barrier coating; and
FIG. 2 is a schematic representation of a workpiece
having a thermal barrier coating and an erosion bar-

rier.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT(S)

[0007] The present invention involves forming a hard
shell exterior coating which acts as an erosion barrier on
a thermal barrier coating applied to a substrate such as
a turbine engine component. The exterior coating erosion
barrier may be formed by applying a slurry and removing
the solvent and/or by electrophoretic deposition.
[0008] With regard to the electrophoretic deposition,
as shown in FIG. 1, the workpiece 50, such as a turbine
engine component or part, forming the substrate is im-
mersed in a suspension 10 and electrically connected to
one terminal of a voltage source 12. A second electrode
14, which may be formed from any suitable electrically
conductive material known in the art, is electrically con-
nected to a second terminal of the voltage source 12.
[0009] Prior to immersion in the suspension, a thermal
barrier coating 52, such as a zirconia based thermal bar-
rier coating, is typically applied to the turbine engine com-
ponent 50. The thermal barrier coating 52 may be applied
to the turbine engine component using any suitable tech-
nique known in the art.
[0010] The suspension 10 consists of very fine ceramic
particles ranging in size from about 0.02 microns to 0.2
microns in sol form. Preferably, the ceramic particles
have a size in the range of from about 0.02 to 0.05 mi-
crons. The ceramic particles may be suspended in a sol-
vent such as water, alcohols including, but not limited to,
ethanol or methanol, and water-alcohol mixtures. One
can use organic solvents, such as tricholoethane, how-
ever, such use may be prohibited by health and environ-
mental issues.
[0011] In the simplest embodiment, an aluminum oxide
(alumina) sol is put in suspension in water, alcohol, or
mixtures thereof, and stabilized by the addition of suffi-
cient acid to keep the pH of the solution below 4.25. This
results in a positive charge on the alumina particles, such
that they repel each other, avoiding agglomeration and
sedimentation of the particles out of solution. Candidates
for acids to be added to the solution include, but is not
limited to, nitric acid, hydrochloric acid, acetic acid, and
stearic acid. Reducing the pH of the solution as low as
2.0 is possible, but low pHs could result in acid attack of
any exposed metal on the parts or components to be
coated in the suspension. The preferred pH for alumina
sol suspensions in water and/or alcohol is from 3.0 to
4.5. The part or component 50 to be coated may be
strongly biased with a negative DC voltage to accelerate
the suspended particles in the suspension toward the
thermal barrier coated surface of the part or component
50. Typical negative biasing voltages range from about
50 to 2000V, preferably from about 900 to 1100V. Higher
voltages lead to higher deposition rates, but are poten-
tially hazardous by increasing the system’s potential en-
ergy to a level that can compromise workplace safety.
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[0012] In addition to alumina sol in suspension, other
hard ceramic materials that would be suitable include
silicon nitride sol, silicon carbide sol, and molybdenum
disilicide sol. The suitable pH range required to produce
a stable suspension varies with the composition of the
fine ceramic particles in the suspension. This is due to
surface chemistry variations which lead to different build-
ups of charge on the surfaces of the particles as a function
of the pH of the suspension. At low pH, surfaces are
positively charged, and at high pH, surfaces are nega-
tively charged. Thus, there exists a pH level that corre-
sponds to zero surface charge on the particles, which is
known as the isoelectric point or pHiep. Alumina has a
pHiep of 4.5, while silicon nitride has a pHiep of 9.0, sil-
icon nitride has a pHiep of 5.4, and molybdenum disilicide
has a pHiep of 2.2.
[0013] Since the present invention may be used to form
hard shell materials deposited on zirconia based thermal
barrier coatings, it may also be advantageous to operate
in a pH range that results in negative charge on the zir-
conia based coatings. This can be done by operating
above the pHiep of zirconia which is 4.0. With regard to
alumina particles in a suspension, the biasing of the zir-
conia coating would supply plenty of negative charge to
the zirconia surface, thereby extending the useable pH
lower limit downwards to 3.0.
[0014] As discussed above, strong acids do tend to
attack the metals forming the substrate of the part or com-
ponent as well as metallic coatings. For this reason, sil-
icon nitride may have an advantage over the other coat-
ings since its pHiep is high at 9.0. This system has the
additional advantage of being able to be deposited at
neutral pH, which has health and safety advantages.
[0015] The pH level at which the electrophoretic dep-
osition is carried out may be raised by modifying the sur-
face chemistry of the sols prior to putting them into sus-
pension. For example, nitriding alumina sols, or aluminiz-
ing molybdenum disilicide sols may raise the operating
pH level, minimizing damage to parts or components 50.
[0016] While the foregoing has discussed the addition
of an acid to control the pH, one could also add a base
to the suspension to maintain the pH equal to or greater
than 7.0. Typical bases to add include ammonium hy-
droxide and aluminum hydroxide. The thermal stability
of alumina, as well as its excellent hardness, makes it
the preferred material for the erosion barrier coating.
[0017] Hardness of the hard shell materials at room
temperature are:

Alumina: Vickers hardness, approx. 2650 kgf/mm2

(26.0 GPa);
Silicon nitride: Vickers hardness, approx. 1900
kgf/mm2 (18.6 GPa);
Silicon carbide: Vickers hardness, approx. 2750
kgf/mm2 (27.0 GPa); and
Molybdenum disilicide: Vickers hardness, approx.
1300 kgf/mm2 (12.8 GPa).

The suspension may be maintained at a temperature in
the range of from about room temperature (68°F) to
120°F (20°C to 49 °C), with room temperature being pre-
ferred for cost minimization.
[0018] The concentration of sols in the suspensions
may range from about 0.001 wt% to 5.0 wt% solids. Pref-
erably, the concentration of sols in the suspensions may
be from about 0.005 to 0.05 wt% solids.
[0019] After the part or component 50 is removed from
the suspension after the erosion barrier coating has been
deposited, it may be dried using any suitable drying tech-
nique known in the art. Drying may be carried out at a
temperature in the range of from about room temperature
to 650°F (20°C to 343°C). Drying times at room temper-
ature may range from about 1.0 to 20 hours, preferably
from about 3.0 to 10 hours. At drying temperatures in the
range of 250°F to 650°F (121°C to 343°C), the drying
times may be reduced from about 0.5 to 5.0 hours with
a preferred drying time range of from about 1.0 to 2.0
hours.
[0020] After drying, the coated part or component may
be subjected to a sintering operation to form strong bonds
within the deposited erosion barrier coating and between
the erosion barrier coating and the thermal barrier coat-
ing. Also, sintering reduces porosity in the erosion barrier
coating which drives the hardness values toward the bulk
hardness values discussed hereinbefore. Sintering may
be carried out using any suitable technique known in the
art. Sintering times may range from about 3.0 to 4.0 hours
at a temperature in the range of from about 1950°F to
2000°F (1066°C to 1093°C).
[0021] If desired, one or more dispersants such as
polymethyl methacrylate alcohol and ammonium stear-
ate could be added to the suspension to avoid agglom-
eration and settling of particles. The dispersant(s) may
be present in a concentration from 0.01 to 1.0 wt%, pref-
erably from 0.4 to 0.8 wt%.
[0022] If desired, polyvinyl alcohol can be added as a
binder to the suspension to increase the strength of the
hard shell prior to sintering if necessary. The polyvinyl
alcohol may be added in an amount from 0.1 to 3.0 wt%,
preferably from 1.0 to 2.0 wt%. The goal of the polyvinyl
alcohol binder addition is to coat each particle of sol in
the suspension with a monolayer of binder.
[0023] The other process which may be used to form
the erosion barrier coatings of the present invention in-
volves slurrying processing, such as dipping, spraying,
and painting. In this approach, a suspension is formed
as described hereinbefore. The thermal barrier coated
part or component may then have the suspension applied
by said dipping, spraying, or painting. Any suitable tech-
nique known in the art may be used to apply the suspen-
sion to the thermal barrier coated part or component.
[0024] After the suspension has been applied to the
thermal barrier coated part or component, the component
or part may be dried to remove any excess reagents in
the thermal barrier coating. The component or part may
be dried as discussed above. Additionally, the compo-
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nent or part may be sintered if desired as discussed
above.
[0025] Referring now to FIG. 2, the processes of the
present invention preferably yield a component or part
50 having a thermal barrier coating (TBC) 52 and a hard
shell erosion barrier coating 54 deposited over the ther-
mal barrier coating 52. An infiltrated region 56 may be
formed between the coating 54 and the coating 52. The
infiltrated region may constitute from 5.0 to 100% of the
thickness of the TBC measured down from the surface
of the TBC. Preferably, the thickness of the infiltrated
region is from 10-20% of the TBC thickness. The com-
ponent or part 50 may be formed from any suitable me-
tallic material known in the art such as a nickel based
superalloy.
[0026] Erosion of TBCs tends to happen on specific
areas of turbine engine components. For example, blade
tips get eroded, especially on the suction side. Outer but-
tresses of vanes also get eroded due to centrifugal forces.
Most particulates in the turbine gas stream are centri-
fuged out to the outer diameter of the turbine, where they
do most of their damage. Any relatively steep contours
on the turbine engine components get eroded, simply
because steep contours increase the local pressure on
the part surface by compressing the gas stream, which
increases the frequency of collisions with both molecules
and any particulates in the gas stream--thus increasing
erosion. To minimize the weight added by the hard shell
coating and to minimize any potential detrimental effects
a hard shell coating might have on TBCs on any turbine
engine component, such as reduction of strain tolerance,
it would be beneficial to put the hard shell coating only
on areas with known susceptibility to erosion.
[0027] The placement of a hard shell coating on only
a portion of a turbine engine component may be done
using a painting process, a dipping process, or an elec-
trophoretic approach. An organic maskant may be ap-
plied to all surfaces not intended to be coated.
[0028] The placement of the hard shell coating may be
done by applying a UV curable resin, such as a commer-
cially available resin known as PHOTORESIST, on the
turbine engine component. Then one could apply a sheet
metal mask to the areas onto which the deposition of the
hard coating is desired. Thereafter, the resin-coated,
masked component may be exposed to UV light for a
time period from 1.0 to 10 minutes to cure all exposed
resin. After curing, the sheet metal mask is removed. Any
uncured resin may be washed off. Then one can proceed
to the hard coating process. If photolithography is used,
drying may be carried out at a temperature in the range
of from 600°F to 900°F (316°C to 482°C) for a time in the
range of from 2.0 to 4.0 hours to burn off the cured resin.
[0029] The processes of the present invention may be
used to form an erosion barrier coating on a wide variety
of parts and components having a thermal barrier coating
thereon. The parts or components which may be treated
include, but are not limited, any part having an airfoil, any
part having a seal, airfoils, seals, and the like. Examples

of such parts or components include blades, vanes, sta-
tors, mid-turbine frames, combustor panels, combustor
cans, combustor bulkhead panels, disk side plates, and
fuel nozzle guides.
[0030] Although the present invention has been de-
scribed with reference to preferred embodiments, it will
be understood by those skilled in the art that various
changes in form and detail can be made to the particular
embodiments described above without departing from
the scope of the invention as set forth in the accompa-
nying claims.

Claims

1. A process for forming an erosion barrier for protect-
ing a thermal barrier coating (52) on a workpiece
(50), said process comprising the steps of:

forming a suspension (10) of ceramic particles
suspended in a solvent; and
depositing particles in said suspension on said
thermal barrier coating (52); and
drying said particles deposited on said thermal
barrier coating (52) so as to form an erosion bar-
rier coating (54) having a Vickers hardness in
the range of from 1300 to 2750 kgf/mm2 (12.8
to 27.0 GPa).

2. The process of claim 1, wherein said suspension
forming step comprises adding a solvent selected
from the group consisting of water, alcohol, and mix-
tures thereof.

3. The process of claim 1 or 2, wherein said step sus-
pension forming step comprises forming said sus-
pension (10) with ceramic particles selected from the
group consisting of aluminum oxide, silicon nitride,
silicon carbide, and molybdenum disilicide.

4. The process of claim 1, 2 or 3, wherein said step
suspension forming step comprises forming a sus-
pension using ceramic particles having a particle
size in the range of from 0.02 to 0.2 microns.

5. The process of any preceding claim, further compris-
ing maintaining said suspension (10) at a tempera-
ture in the range of from room temperature (68°F) to
120°F (20°C to 49°C).

6. The process of any preceding claim, further compris-
ing forming said suspension (10) so that said ceramic
particles are present in a concentration of from 0.001
to 5.0 wt%.

7. The process of any preceding claim, further compris-
ing forming said suspension (10) so that said ceramic
particles are present in a concentration of from about
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0.005 to 0.05 wt%.

8. The process according to any preceding claim,
wherein said suspension forming step comprises
adding an acid or a base to said suspension (10) so
that said suspension has a pH no greater than 9.0.

9. The process of claim 8, wherein said acid adding
step comprises adding an acid which maintains the
pH of said suspension at one of: (i) below 4.25; and
(ii) in the range of from 2.0 to 4.25.

10. The process of claim 8 or 9, wherein said acid adding
step comprises adding an acid selected from the
group consisting of nitric acid, hydrochloric acid, ace-
tic acid, and stearic acid.

11. The process of claim 8, wherein said base adding
step comprises adding a base selected from the
group of aluminum hydroxide and ammonium hy-
droxide to raise the pH of said suspension (10).

12. The process of any preceding claim, further compris-
ing adding from 0.01 to 1.0 wt% of a dispersant se-
lected from the group consisting of polymethyl meth-
acrylate alcohol and ammonium stearate to said sus-
pension to avoid agglomeration and settling of said
particles.

13. The process of any preceding claim, further compris-
ing adding from 0.1 to 3.0 wt% of a binder to said
suspension to increase the strength of a shell formed
by said erosion barrier.

14. The process of claim 13, wherein said binder adding
step comprises adding from 1.0 to 2.0 wt% of poly-
vinyl alcohol.

15. The process of any preceding claim, wherein said
depositing step comprises depositing said particles
in said suspension (10) on said thermal barrier coat-
ing by biasing said workpiece having said thermal
barrier coating (52) with a DC voltage sufficient to
accelerate suspended particles in said suspension
(10) toward a surface of the workpiece (50).

16. The process of claim 15, wherein said depositing
step comprises applying a voltage in the range of
from 50 to 2000V to said workpiece (50).

17. The process of claim 15 or 16, wherein said depos-
iting step comprises applying a voltage in the range
of from 900 to 1100V to said workpiece (50).

18. The process of any of claims 1 to 14, wherein said
depositing step comprises applying said suspension
to said thermal barrier coating (52) on said workpiece
using a slurry processing technique.

19. The process of claim 18, wherein said applying step
comprises applying said suspension using a tech-
nique selected from the group consisting of dipping,
spraying, and painting.

20. The process of any preceding claim, further compris-
ing removing said workpiece (50) with said deposited
particles from said suspension and said drying step
comprising drying said workpiece at a temperature
in the range from room temperature (68°F) to 650°F
(20°C to 343°C) for a time in the range of from 0.5
to 20 hours.

21. The process of claim 20, wherein said drying step
comprises one of: (i) drying said workpiece at room
temperature for a time in the range of from 1 to 20
hours; (ii) drying said workpiece at room temperature
for a time in the range of 3 to 10 hours; (iii) drying
said workpiece at a temperature in the range of
250°F to 650°F (121°C to 343°C) for a time in the
range of from 0.5 to 5.0 hours; and (iv) drying said
workpiece at a temperature in the range of 250°F to
650°F (121°C to 343°C) for a time in the range of
from 1.0 to 2.0 hours.

22. The process of any preceding claim, further compris-
ing sintering said workpiece (50) at a temperature in
the range of 1950°F to 2000°F (1066°C to 1093°C)
for a time period in the range of from 3.0 to 4.0 hours.

23. A workpiece comprising:

a substrate (50);
a thermal barrier coating (52) on said substrate
(50); and
a hard erosion barrier (54) deposited over said
thermal barrier coating (52), said barrier having
a Vickers hardness in the range of from 1300 to
2750 kgf/mm2 (12.8 to 27.0 GPa)

24. The workpiece of claim 26, wherein said hard erosion
barrier comprises one of: (i) a layer of alumina having
a Vickers hardness of 2650 kgf/mm2 (26.0 GPa); (ii)
a layer of silicon nitride having a Vickers hardness
of 1900 kgf/mm2 (18.6 GPa); (iii) a layer of silicon
carbide having a Vickers hardness of 2750 kgf/mm2

(27.0 GPa); and (iv) a layer of molybdenum disilicide
having a Vickers hardness of 1300 kgf/mm2 (12.8
GPa).

25. The workpiece of claim 23 or 24, wherein said ther-
mal barrier coating (52) comprises a zirconia based
thermal barrier coating.

26. The workpiece of claim 23, 24 or 25, further com-
prising an infiltrated region (56) between said ther-
mal barrier coating (52) and said erosion barrier (54).

7 8 



EP 2 000 557 A1

6

5

10

15

20

25

30

35

40

45

50

55

27. The workpiece of any of claims 23 to 26, wherein
said workpiece comprises a turbine engine compo-
nent.
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