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BACKGROUND OF THE INVENTION The present invention relates to an oxidation
and fatigue resistant metallic coating for protecting high temperature gas
turbine engine components. Various metallic coatings have been developed in
the past for the oxidation protection of high temperature gas turbine
engine components. These coatings are often based on different aluminide
compositions with nickel or cobalt base metal materials. Alternatively,
they are based on overlay deposits with MCrAlY foundations where M is
nickel, cobalt, iron or combinations of these materials. These coating
systems suffer from shortcomings that preclude their use on newer advanced
turbine components. The diffused aluminides, while possessing good fatigue
resistance, are generally lacking in very high temperature oxidation
resistance (above 2000 degrees Fahrenheit). The overlay MCrAlY coatings
tend to have serious fatigue debts that limit their applications. The
addition of active elements to the MCrAlY coatings not only provides
excellent oxidation resistance, but makes them good candidates for
bond-coats for thermal barrier ceramic coatings. While both aluminides and
MCrAlY coatings have widespread applications, a new coating that could
combine the best properties from both would have immediate application on
advanced turbine components where fatigue, pull weight, and oxidation must
all be minimized.  



02 - 218 SUMMARY OF THE INVENTION Accordingly, it is an object of the
present invention to provide a metallic coating composition which provides
excellent oxidation and fatigue resistance properties. It is another object
of the present invention to provide a coating composition which reduces the
thermal expansion mismatch between the coating and common turbine alloys.
The foregoing objects are attained by the coatings of the present
invention. In accordance with the present invention, a metallic coating is
provided which has a composition comprising up to 18 wt% cobalt) 3.0 to 18
wt% chromium, 5.0 to 15 wt% aluminum, 0.1 to 1.0 wt % yttrium, up to 0.6
wt% hafnium, up to 0.3 wt% silicon, 3.0 to 10 wt% tantalum) up to 9.0 wt%
tungsten, 1.0 to 6.0 wt% rhenium, up to 10 wt% molybdenum, and the balance
nickel. The coating compositions of the present invention also have a total
amount of tantalum and tungsten in the range of 3.0 to 16 wt%. Other
details of the oxidation arid fatigue resistant metallic coatings of the
present invention, as well as other objects and advantages attendant
thereto, are set forth in the following detailed description. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS) Turbine engine components are
formed from nickel-based) cobalt-based, and iron-based alloys. Due to the
extreme high temperature environments in which these components work, it is
necessary to provide them with a protective coating. The coatings must have
a composition which minimizes the fatigue impact on the turbine engine
components to which they are applied and at the same time provide maximum
oxidation 2   02 - 218 



resistance properties. The coating must also be one where the thermal
expansion mismatch between the coating and the alloys) used to form the
turbine engine components is minimized. This mismatch is one of the causes
of the poor fatigue performance of MCrAlY coatings. In accordance with the
present invention, metallic coatings have been developed which reduce the
thermal mismatch and which provide a very desirable oxidation and fatigue
resistance. These metallic coatings having a composition which broadly
consists essentially of from up to 18 wt% cobalt, 3.0 to 18 wt% chromium,
5.0 to 15 wt% aluminum, 0.1 to 1.0 wt% yttrium, up to 0.6 wt% hafnium, up
to 0.3 wt% silicon, 3.0 to 10 wt% tantalum, up to 9.0 wt% tungsten, 1.0 to
6.0 wt% rhenium, up to 10 wt% molybdenum, and the balance nickel. Tn these
coatings, the tungsten and the tantalum are present in a total amount in
the range of from 3.0 to 16 wt%. Within tile foregoing broad coating
compositions, a first family of particularly useful coatings for turbine
engine components has a composition which consists essentially of up to 15
wt%, preferably 2.0 wt% or less, cobalt, 5.0 to 18 wt%, preferably 10 to 15
wt% chromium, 5.0 to 12 wt%, preferably 6.0 to 10 wt% aluminum, 0.1 to 1.0
wt%, preferably 0.2 to 0.7 wt%, yttrium, up to 0.6 wt%, preferably 0.2 to
0.6 wt%, hafnium, up to 0.3 wt%, preferably 0.1 wt%s or less, silicon, 3.0
to 10 wt%, preferably, 5.0 to 7.0 wt% tantalum, up to 5.0 wt%, preferably,
1.0 to 4.0 wt% tungsten, 1.0 to 6.0, preferably 1.0 to 3.5 wt%, rhenium, up
to 10 wt%, preferably 4.0 wt% or less, molybdenum, and the balance nickel.
The total amount of tantalum and tungsten in these metallic coatings is in
the range of 3.0 to 12 wt% and preferably) in the range of 5.0 to 9.0 wt%.
3   02 - 218 Within this first family of coatings, a particularly useful
coating composition consists of 12.5 wt% chromium, 8.0 wt% aluminum, 0.4 to
0.7 wt% yttrium, 0.4 wt% hafnium, 6.0 wt% tantalum, 2.0 wt% tungsten, 2.0
wt% rhenium, and the balance nickel. A second family of particularly useful
metallic coating compositions comprises 2.0 to 18 wt%, preferably 8.0 to 12
wt%, cobalt, 3.0 to 10 wt%, preferably 4.0 to 6.5 wt%, chromium, 5.5 to 15
wt%, preferably 7.5 to 12.5 wt% aluminum, 0.1 to 1.0 wt%, preferably 0.2 to
0.7 wt%, yttrium, up to 0.6 wt%, preferably, from 0.2 to 0.6 wt%, hafnium,
up to 0.3 wt% silicon, 3.0 to 10 wt%, preferably from 5.0 to 7.0 wt%,
tantalum, 1.0 to 9.0 wt%, preferably 4.2 to 5.8 wt%, tungsten, 1.0 to 5.0
wt%, preferably 2.3 to 3.7 wt%, rhenium) 0.2 to 4.0 wt%, preferably 1.4 to
2.0 wt%, molybdenum, and the balance nickel. The total amount of tungsten
and tantalum in these coatings is from 3.0 to 12 wt%, preferably from 5.0
to 9.0 wt%. Within this second family of coatings, a particularly useful
coating composition consists of 10.5 wt% cobalt, 5.0 wt% chromium, 9.0 wt%
aluminum, 0.4 to 0.7 wt% yttrium, 0.4 wt% hafnium, 0.1 wt% silicon, 6.0 wt%
tantalum, 5.0 wt% tungsten, 3.0 wt% rhenium, 1.7 wt% molybdenum, and the
balance nickel. A driver of poor coating fatigue performance is excessive
coating thickness. Typical methods of depositing overlay coatings include
thermal spray techniques such as low pressure plasma spray (LPSS), which
creates coating thicknesses in the range of 0.004 to 0.012 inches. Using
cathodic arc plasma vapor deposition techniques, it is possible to apply
coatings with the aforesaid compositions having a thickness of 0.002
inches. Techniques for applying the coatings of the present invention by
cathodic arc plasma vapor deposition are discussed in U.S. 4   



02 - 218 Patent Nos. 5,972,185; 5,932,078; 6,036,828; 5,792,2G7; and
6,224,726, all of which are incorporated by reference herein. Alternate
methods of deposition, including other plasma vapor deposition techniques
such as magnetron sputtering and electron beam plasma vapor deposition may
be used. When thickness concerns are not present, various thermal spray
techniques such as low pressure plasma spray and HVOF (high velocity
oxy-fuel) techniques may be utilized. Coatings having compositions in
accordance with the present invention have demonstrated thermal fatigue
resistance equal to the best fatigue resistant diffused aluminide coating.
The following table illustrates the results of a 2100 degree Fahrenheit
burner rig cyclic oxidation test comparing compositions in accordance with
the present invention with other coating compositions. 2100F BURNER RIG
CYCLIC OXIDATION TEST Candidate # ThicknessCoating Life (Hrs) CL **System
Failure (Hrs) SF
**7012.9523201573271318397023.141052648628540557032.715911179193214316993.3
30601855362221957002.1511701088l39913016972.4982818104587l6952.882659013159
396962.45676552805657PWA 2752115115366366 ** Normalized to a 2 mil coating
thickness. 5 r,  



02 - 218 Samples formed from material 701 had a composition consisting of
12.5 wt% chromium, 8.0 wt% aluminum, 0.4 to 0.7 wt% yttrium, 0.4 wt%
hafnium, 6.0 wt% tantalum, 2.0 wt% tungsten, 2.0 wt% rhenium, and the
balance nickel. Samples formed from material 702 had a composition
consisting of 10.5 wt% cobalt, 5.0 wt% chromium, 9.0 wt% aluminum, 0.4 to
0.7 wt% yttrium, 0.4 wt% hafnium, 0.1 wt% silicon, 6.0 wt% tantalum, 5.0 wt
% tungsten, 3 . 0 wt % rhenium, 1 . 7 wt % molybdenum, and the balance
nickel. Samples designated 703 had a composition of 7.0 wt% chromium, 6.0
wt% aluminum, 5,5 wt% tungsten, 4.0 wt% tantalum, 2.0 wt% rhenium, 4.0 wt%
ruthenium, 0.5 wt% molybdenum, 0.4 wt% hafnium, 0.25 wt% yttrium, and the
balance nickel. Samples designated 699 are NiCoCrAlY compositions with
rhenium and tantalum. Samples designated 700, 697, 695, and 696 are NiAl
compositions with 2 - 4 wt% chromium, 0.2 to 0.6 wt% yttrium and 0.4 wt%
hafnium. Samples designated PWA 275 are conventional low activity NiAl
aluminides. The test conditions were 57 minutes at 2100 degrees Fahrenheit
and 3 minutes forced- air cooled, each hour. The burner rig used a supply
of pre-heated, compressed air mixed with JP8 jet fuel to heat the samples
in a dynamic environment. It is apparent that there has been provided in
accordance with the present invention an oxidation and fatigue resistant
metallic coating which fully satisfies the objects, means and advantages
set forth hereinbefore. While the present invention has been described in
the context of specific embodiments thereof) other alternatives,
modifications, and variations will become apparent to those skilled in the
art having read the foregoing description. Accordingly, it is intended to
embrace 6   02 - 218 those alternatives, modifications, and variations as
fall within the broad scope of the appended claims. 7   



02 - 218 WHAT IS CLAIMED IS: 1. A metallic coating for providing oxidation
and fatigue resistance having a composition comprising up to 18 wt% cobalt,
3.0 to 18 wt% chromium, 5.0 to 15 wt% aluminum, 0.1 to 1.0 wt% yttrium, up
to 0.6 wt% hafnium, up to 0.3 wt% silicon, 3.0 to 10 wt% tantalum, up to
9.0 wt% tungsten, 1.0 to 6.0 wt % rhenium, up to 10 wt% molybdenum, and the
balance nickel. 2. A metallic coating according to claim 1, wherein a total
amount of said tantalum and said tungsten is in a range from 3.0 to 16.0
wt%. 3. A metallic coating according to claim 1, wherein said cobalt is
present in art amount less than 15 wt%, said chromium is present in an
amount from 5.0 to 18 wt%) said aluminum is present in an amount from 5.0
to 12 wt%, and said tungsten is present in an amount less than 5.0 wt%. 4.
A metallic coating according to claim 1 wherein said cobalt is present in
an amount from 2.0 to 18wt% said chromium is present in an amount from 3.0
to 10 wt% said aluminum is present in an amount from 5.5 to 15 wt% said
rhenium is present in an amount from 1.0 to 5.0 wt%, and said molybdenum is
present in an amount from 0.2 to 4.0 wt%.   5. A metallic coating according
to claim 1, wherein a total amount of said tantalum and said tungsten is in
a range from 4.0 to 16 wt%. 8   02 - 218 6. A metallic coating having a
composition consisting essentially of up to 15 wt% cobalt, 5.0 to 18 wt%
chromium, 5.0 to 12 wt% aluminum, 0.1 to 1.0 wt% yttrium, up to 0.06
hafnium, up to 0.3 wt% silicon, 3.0 to 10 wt% tantalum) up to 5.0 wt%
tungsten, 1.0 to 6.0 wt% rhenium up to 10wt% molybdenum, and the balance
nickel. 7. A metallic coating according to claim 6, wherein a total amount
of said tantalum and said tungsten is in a range of from 3.0 to 12 wt%. 8.
A metallic coating according to claim 6, wherein a total amount of said
tantalum and said tungsten is in a range of from 5.0 to 9.0 wt%. 



9. A metallic coating according to claim 6, wherein said cobalt is present
in an amount less than 2.0 wt%, said chromium is present in an amount from
10 to 15 wt%, said aluminum is present in an amount from 6.0 to 10 wt%,
said yttrium is present in an amount from 0.2 to 0.7 wt%, said hafnium is
present in an amount from 0.2 to 0.6 wt%, said silicon is present in an
amount no greater than 0.1 wt%, and said tantalum is present in an amount
from 5.0 to 7.0 wt%. 10. A metallic coating according to claim 6, wherein
said chromium is present in an amount of 12.5 wt% and wherein said aluminum
is present in an amount of 8.0 wt%. 11. A metallic coating according to
claim 9, wherein said yttrium is present in an amount from 0.4 to 0.7 wt%
and said hafnium is present in an amount of 0.4 wt%. 9   02 - 218 12. A
metallic coating according to claim 6, wherein said rhenium is present in
an amount from 1.0 to 3.5 wt%, preferably in an amount of 2.0 wt%. 13. A
metallic coating according to claim 6, wherein said molybdenum is present
in an amount no greater than 4.0 wt%. 14. A metallic coating consisting
essentially of up to 2.0 wt% cobalt, 10 to 15 wt% chromium, 6.0 to 10 wt%
aluminum, 0.2 to 0.7 wt% yttrium, 0.2 to 0.6 hafnium, 0.001 to 0.1 wt%
silicon, 5.0 to 7.0 wt% tantalum, 1.0 to 4.0 wt% tungsten, 1.0 to 3.5 wt%
rhenium, up to 4.0% molybdenum, and the balance nickel. 15. A metallic
coating according to claim 14, wherein said tungsten and tantalum are
present in a total amount in a range of 5.0 to 9.0 wt%. 16. A metallic
coating consisting of 12.5 wt% chromium, 8.0 wt% aluminum, 0.4 to 0.7 wt%
yttrium, 0.4 wt% hafnium, 6.0 wt% tantalum, 2.0 wt% tungsten, 2.0 wt%
rhenium,and the balance nickel. 17. A metallic coating consisting
essentially of 2.0 to 18 wt% cobalt, 3.0 to 10 wt% chromium, 5.5 to 15 wt%
aluminum, 0.1 to 1.0 wt% yttrium, up to 0.6 wt% hafnium, up to 0.3 wt%
silicon, 3.0 to 10 wt% tantalum, 1.0 to 9.0 wt% tungsten, 1.0 to 5.0 wt%
rhenium, 0.2 to 4.0 wt% molybdenum, and the balance nickel. 10   02 - 218 



18. A metallic coating according to claim 17, wherein said tantalum and
said tungsten are present in a total amount in the range of from 4 . 0 to
16 wt % . 19. A metallic coating according to claim 17, wherein said
tantalum and said tungsten are present in a total amount in the range of
from 7.0 to 12 wt%. 20. A metallic coating according to claim 17, wherein
said tantalum and said tungsten are present in a total amount of 11 wt % .
21. A metallic coating according to claim 17, wherein said cobalt is
present in an amount from 8.0 to 12 wt%, said chromium is present in an
amount from 4.0 to 6.5 wt%, said aluminum is present in an amount from 7.5
to 12.5 wt%, said yttrium is present in an amount from 0.2 to 0.7 wt%, said
hafnium is present in an amount from 0.2 to 0.6 wt%, said silicon is
present in an amount no greater than 0.1 wt%, and said tantalum is present
in an amount from 5.0 to 7.0 wt%. 22. A metallic coating according to claim
17, wherein said cobalt is present in an amount of 10.5 wt%, said chromium
is present in an amount of 5.0 wt%, said aluminum is present in an amount
of 9.0 wt%, said yttrium is present in an amount from 0.4 to 0.7 wt%, said
hafnium is present in an amount of 0.4 wt%, and said tantalum is present in
an amount of 6.0 wt%. 23. A metallic coating according to claim 17, wherein
said tungsten is present in an amount from 4.2 to 5.8 wt%, said 11   02 -
2l8 rhenium is present in an amount from 2.3 to 3.7 wt%, and said
molybdenum is present in an amount from 1.4 to 2.0 wt%. 24. A metallic
coating according to claim 17, wherein said tungsten is present in an
amount of 5.0 wt%, said rhenium is present in amount of 3.0 wt%, and said
molybdenum is present in an amount of 1.7 wt%. 25. A metallic coating
having a composition consisting essentially of 8.0 to 12 wt% cobalt, 4.0 to
6.5 wt% chromium, 7.5 to 12.5 wt% aluminum, 0.2 to 0.7 wt% yttrium, 0.2 to
0.6 wt% hafnium, up to 0.3 wt% silicon, 5.0 to 7.0 wt% tantalum, 4.2 to 5.8
wt% tungsten, 2.3 to 3.7 wt% rhenium, 1.4 to 2.0 wt% molybdenum, and the
balance nickel. 26. A metallic coating according to claim 25, wherein said
tantalum and said tungsten are present in a total amount in the range of
from 7.0 to 12 wt%. 27. A metallic coating consisting of 10.5 wt% cobalt,
5.0 wt% chromium, 9.0 wto aluminum, 0.4 to 0.7 wt% yttrium, 04 wt% hafnium,
0.1 wt% silicon, 6.0 wt% tantalum, 5.0 wt% tungsten, 3.0 wt% rhenium, 1.7
wt% molybdenum, and the balance nickel. 28. A method for depositing an
overlay coating on a substrate comprising: 



providing a substrate material formed from at least one of a nickel-based,
a cobalt-based) and an iron-based metallic material; and 12   02 - 2l8
depositing onto said substrate a coating having a composition consisting
essentially of up to 18 wt% cobalt 3.0 to 18 wt% chromium, 5.0 to 15 wt%
aluminum 0.1 to 1.0 wt% yttrium, up to 0.6 wt% hafnium, up to 0.3 wt %
silicon 3.0 to 10 wt% tantalum, up to 9.0 wt% tungsten,1.0 to 6.0 wt%
rhenium up to 10 wt% molybdenum, and the balance nickel   29. A method for
depositing an overlay coating according to claim 28, wherein said
deposition step is carried out using a cathodic arc process or a low
pressure plasma spray technique. 30. A method according to claim 28,
wherein said depositing step comprises depositing a coating having a
composition consisting essentially of up to 15 wt% cobalt, 5.0 to 18 wt%
chromium, 5.0 to 12 wt% aluminum, 0.1 to 1.0 wt% yttrium, up to 0.6 wt%
hafnium, up to 0.3 wt% silicon, 3.0 to 10 wt% tantalum, up to 5.0 wt%
tungsten, 1.0 to 6.0 wt% rhenium, up to 10 wt% molybdenum, and the balance
nickel. 31. A method according to claim 28, wherein said depositing step
comprises depositing a coating having a composition consisting essentially
of up to 2.0 wt% cobalt, 10 to 15 wt% chromium, 6.0 to 10 wt% aluminum, 0.2
to 0.7 wt% yttrium, 0.2 to 0.6 wt% hafnium, up to 0.1 wt% silicon, 5.0 to
7.0 wt% tantalum, 1.0 to 4.0 wt% tungsten, 1.0 to 3.5 wt% rhenium, up to
4.0 wt% molybdenum, and the balance nickel. 32. A method according to claim
28, wherein said depositing step comprises depositing a coating having a
composition consisting essentially of 2.0 to 18 wt% cobalt, 3.0 to 10 wt%
chromium, 5.5 to 15 wt% aluminum, 0.1 to 1.0 wt% yttrium, up to 13   02 -
218 0.6 wt% hafnium, up to 0.3 wt% silicon, 3.0 to 10 wt% tantalum, 1.0 to
9.0 wt% tungsten, 1.0 to 5.0 wt% rhenium, 0.2 to 4.0 wt% molybdenum, and
the balance nickel. 33. A method according to claim 28, wherein said
depositing step comprises depositing a coating having a composition
consisting essentially of 8.0 to 12 wt% cobalt, 4.0 to 6.5 wto chromium,
7.5 to 12.5 wt% aluminum, 0.2 to 0.7 wt% yttrium, 0.2 to 0.6 wt% hafnium,
up to 0.3 wt% silicon, 5.0 to 7.0 wt% tantalum, 4.2 to 5.8 wt% tungsten,
2.3 to 3.7 wt% rhenium, 1.4 to 2.0 wt % molybdenum, and the balance nickel.
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