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NICKEL OXIDE, CERAMIC INSULATED, HIGH
TEMPERATURE COATING
BACKGROUND OF THE INVENTION
I. Field of the Invention
The presetit invention relates generally to protective
coatings, and more particularly to a corrosion, oxidation and Igh temperature resistant layered coating for
gas turbine engine materials.
2. Description of the Prior Art
Gas turbine engines operate under extreme conditions of temperature, pressure, and environment, and
therefore have a high rate of degradation. Peak operating
reach between ,
d
2,00 temperatures
demeretesF typically
ahlhey Teseh teper0as
2,00 degrees Fahrenheit. These high temperatures
cause the surfaces of turbine engine materials to oxidize
and degrade. Thermal cycling, the rapid temperature
changes during start up and shut down, causes further
oxidation, cracking and flaking of the surface, and degradation of engine materials. In addition, gas turbine
engines often operate in corrosive environmens, such
as ocean based naval operations. At the high tan-peratures and pressures experienced in gas turbLie engines,
salts from these environments become molten and
highly corrosive. The gas turbine blades and vanes are
particularly susceptible to high temperature, corrosion,
and degradation from these molten salts. Gas turbine
engines must therefore be constantly monitored and
maintained, replacing expensive parts which have degradedVarious protective ccatings are known for reducing
degradation in high temperatures and corrosive en~ironments. Aluminide coatings, (a nickel, cobalt, aluminum intermetallic compound) MCrAIY coatings
(where M isa metal such as nickel or cobalt alone or in
combination), and ceramic thermal barrier coatings,
alone or in combination, are currently used to protect
gas turbine blades and vanes from exposure to these
operating conditions.
Nickel oxide coatings have also been previously studied and found to provide excellent protection from
molten salts in a high temperature environment. However. if contaminated with other elements such as aluminun or chromium, a nickel oxide coating will rapidly
degrade in a high temperature, corrosive environmentThe combination of a nickel oxide coating with a subOtrate or metallic alloy containing these elements has
therefore previously not been available, as some contamination is an unavoidable consequence of applying
or forming a nickel oxide to such substrates or metal
alloys. In addition, the thermal expansion of the substrate materials currently used in gas turbine blades nd
vanes is substantially greater than the thermal expansion
of nicke oxide. A nickel oxide coating will therefore
crack and flake off when applied to such metallic alloy
substrates.
For these and other reasons. presendy known high
temperature and corrosion resistant coatings for metallialloys have not included a nickel oxide and MCrAIY
combination. A need exists for a protective coating for
turbine engine parts having improved high temperature
and corroak resistance

SUMMARY OF THE INVENTION
It is therefore an object of the present invention to
reduce the degradation of turbine engine materials exS posed to high temperature.
A further object of the present invention isto reduce
the degradation of turbine engine material exposed to a
corrosive environmenL
Another object of the present invention is to reduce
10 the degradation of turbine engine materials from therMal cycling.
Still another object of the present invention isto
reduce the amount of maintenanc required on gas turbie engines.
IS Yet another object of the present invention is to combine the protective qualities of a nickel oxide coating
and an MCrAIY coating.
These objects and further advantages are achieved by
the present invention, a three layer protective coating
20 having a base layer of MCrAIY, a ceramic middle layer,
and a nickel oxide outer layer.
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BRIEF DESCRIPTION OF THE DRAWING
A more complete appreciation of the invention will
become apparent from the following detailed description when considered in conjunction with the scoompanying drawing, wherein:
a cross-sectional view of a substrate having
FIG. I is
the protective coating of the present invention.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT
Referring now to FIG. I, the protective coating of
the present invention is illustrated in a crosssectional
view. A substrate material 20 is protectively coated,
said coating comprising an MCrAIY layer 22, a ceramic
layer 24, and a nickel oxide layer 2
The substrate material 20 is generally a metallic alloy.
such as the nickel based alloy, Rene-SO, or the cobalt
baed alloy, X-40. Rene-SO and X-40 are produced cornmercially by the General Electric Corporation. These
materials are commonly used as a substrate for gas turbine engine hot section blades and vanes.
The substrate material 20 is first coated with an
MCrAIY layer 22, where M is a metal such as nickel or
coalt alone Oryin combination, Cr is chromium, Al is'\
by weight is generally in the range of: 20% to 40% Cr.
5% to 15% AI; 0% to 1% Y; and the balance being M.
The preferred chemical composition, by weight, is
about 25% Cr; 10% A; 0.3% Y; and, the balance being
cobalt. The preferred thickness of the MCrAY layer 22
is in the range of one to five mils.
The MCrAIY layer 22 bonds a ceramic layer 24 to the
substrate material 20. The ceramic layer 24 may be
permeable to oxygen, or other gasses but is impermeable to the metallic components of the substrate 20 and
the MCrAIY layer 22. This insum that any subsequently applied layers will not be contaminated by the
metallic elements of the substrate material 20 or the
MCrAIY layer 22.
The ceramic layer 24 also provides a thermal expansion buffer for the nickel oxide layer 26. A thermal
expansion gradient exists from the interior, metallic
alloy substrate 20, to the exterior, nickel oxide layer 26;
the metallic substrate 20 has the greatest thermal expansion coefficient, then the MCrAIY layer 22, then the
ceramic layer 24, and finally the nickel oxide layer 2M
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A corrosion, oxidation, and heat resistant layered

ceramic layer reduces the surface tension which would
otherwise exist between an interfacing metallic alloy
material and a nickel oxide coating, thereby substantially reducing cracking and flaking of the nickel oxide
protective layer.
The preferred ceramic layer 24 is composed of zircomai stabilized by an additive selected from the group
consisting of ytria, magnesia, calci, and alumina. One
example is an 8 mole % Yttria. with the balance being
zirconia. Numerous alternative ceramic compc ition
Uye rs may be used, including, but not limited to, silicon
nitride and silicon carbide. The thickness of the ceramic
layer 24 is generally in the range of one to fifteen mils,
pr erably in the range of two to seven mils.
The nickel oxide layer 26 is applied to the ceramic
layer 24. The preferred composition, by weight, is: 78%
Ni; and, 22% 0. The thickness of the nickel oxide layer
26 is in the range of one tenth of one mil to ten mils,
preferably in the range of one tenth of one mil to two
mils.
Each layer of the protective costing may be applied
uing known methods. including but not limited to,
phigl k vapor
on mehosinin.
b utvapor
vap.r deposition,
de9.
physical
deposition, chemical

coating as recited in claim 1. wherein said base layer is
an MCrAIY, and wherein the chemical composition by
weight of said MCrAIY layer is about 25% Cr. 10% Al,
0.3% Y, and, the balance being cobalt.
4. A corrosion, oxidation, and heat resistant layered
coating as recited in claim 1, wherein said base layer is
an MCrAIY, and wherein the thickness of said MCrAIY
layer is in the range of one to five mils.
S. A corrosion, oxidation and heat resistant layered
coating as recited in claim 1, wherein said ceramic layer
consists essentially of zirconia, stabilized by an additive
selected from the group consisting of yttria, magnesia.
calcia, and alumina.
6. A corrosion, oxidation, and heat resistant layered
coating as recited in claim 1, wherein said ceramic layer
consists essentially of zirconia stabiliz.d by alumina.
7. A corrosion, oxidation and heat resistant layered
costing as recited in claim 1, wherein said ceramic layer
consists essentially of zirconia stabilized by magnesia.
S. A corrosion, oxidation, and heat resistant layered
coating as recited in claim 1, wherein said ceramic layer
consists essentially of zirconia stabilized by calcia.
A corrosion,
and heatsaid
resistant
coating
as recited inoxidation,
layered
claim 1, wherein
ceramic
layer

5

10

15

20

25

plasma spraying, and sputtering. The preferred method
consists essentially of zirconia stabilized by yttria.
of applying the MCrAIY layer and ceramic layer is by
10. A corrosion, oxidaticn and heat resistant layered
plasma spraying. The preferrd method of applying te
coating as recited in claim9, wherein said ceramic layer
nickel oxide layer is by sputtering, which provides a
consists essentially of an 8 mole % Yttria composition.
dense and thick coating.
I. A corrosion, oxidation, and heat resistant layered
Numerous modifications and variations of the present 30
coating as recited in claim 1. wherein said ceramic layer
invention are possible in light of the above teachingi
consists essentially of silicon nitride.
One alternative wold be to substitute an
bluminde 12. A corrosion, oxidation, and heat resistant layered
layer for the MCrAJY layer 22. It is therefore to be
coating as recited in claim 1, wherein said ceramic layer
understood that within the scope of the appended 35 consists essentially of silicon carbide.
claims, the invention may be practiced otherwise thm
13. A corrosion, oxidation, and heat resistant layered

as specifically described herein.

coating as recited in claim 1, wherein the thickness of

I claim:
I. A corrosion, oxidation, and heat resistant layered
coating for a substrate material in a high temperature,
corrosive environment, consisting of:
a base layer selected from the group consisting of
Aluminide and MCrAIY, wherein M is a metal
selected from the group consisting of nickel, cobalt, and a combination thereof;
a ceramic layer, impermeable to the metallic elements
of said substrate material and said MCrAIY layer,
and bonded to said substrate material by said
MCrAIY layer;, and,
a nickel oxide layer, applied to said ceramic layer.
2. A corrosion, oxidation, and heat resistant layered
coating as recited in claim 1, wherein said base layer is
an MCrAIY, and wherein the chemical composition by
weight of said MCrAIY layer is in the range of: 20% to
40% Cr, 5% to 15% AI; 0% to 1% Y; and the balance
being M.

said ceramic layer in in the range of one to fifteen rils.
14. A corrosion, oxidation, and heat resistant layered
coating as recited in claim 1. wherein the thickness of
said ceramic layer is in the range of two to seven miil.
IS. A corrosion, oxidation. and heat resistant layered
coating as recited in claim 1. wherein the thickness of
said nickel oxide layer is in the range of one tenth of one
mil to ten mih.
16. A corrosion. oxidation, and heat resistant layered
coating as recited in claim 1, wherein the thickness of
said nickel oxide layer is in the range of one tenth of one
ail to two mils.
17. A corrosion, oxidation, and heat resistant layered
coating as recited in claim 1, wherein said base layer is
aluminide.
1. A corrosion, oxidation, and heat resistant layered
coating as recitei in claim 17, wherein the thickness of
said aluminide layer is in the range of one to five mils.
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