EP 0 348 858 B1

0 European Patent Office

@ Publication number: 0 348 858 B1

Office européen des brevets

® EUROPEAN PATENT SPECIFICATION

Date of publication of patent specification: 25.08.93 G0 Int. C15. C22C 27/06, C23C 4/08
@) Application number: 89111586.7

@) Date of filing: 26.06.89

@ Metal coating for environmental protection of refractory metal components of jet engines.

Priority: 01.07.88 US 214078 @ Proprietor: GENERAL ELECTRIC COMPANY
1 River Road

Date of publication of application: Schenectady New York 12305(US)

03.01.90 Bulletin 90/01
@) Inventor: Jackson, Melvin Robert

Publication of the grant of the patent: 2208 Niskayuna Drive

25.08.93 Bulletin 93/34 Schenectady New York 12309(US)
Designated Contracting States:

DEFRGBIT Representative: CATHERINE, Alain

Bureau D.A. CASALONGA-JOSSE Moras-

References cited: sistrasse 8

FR-A- 1 351 321 D-80469 Miinchen (DE)

GB-A- 903 679

Note: Within nine months from the publication of the mention of the grant of the European patent, any person
may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition
shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee
has been paid (Art. 99(1) European patent convention).

Rank Xerox (UK) Business Services
(3.10/3.6/3.3.1)



10

15

20

25

30

35

40

45

50

55

EP 0 348 858 B1

Description

The present invention relates generally to improving the resistance of components of jet engines fo
oxidation and other environmental attacks. More specifically, it relates to a method by which the envi-
ronmental attack of refractory metal parts in a jet engine is inhibited by coating of the parts and it relates as
well to the parts which are formed by the method.

It is known that in general jet engines operate at higher efficiency if they operate at higher tempera-
tures. If the operating temperature of a jet engine can be increased by 100° the efficiency of operation of
the engine can be significantly improved. Jet engines last more than 10 years in service. If the fuel
consumed by a jet engine is reduced by a significant degree over the 10 of more years of expected life of a
jet engine, then there is a cost saving in the operation of engine which is very substantial and which permits
the engine to be formed at higher costs. The higher engine cost is more than offset by the lower costs of
operation of the engine.

The operation of jet engines at higher temperatures also results in a greater thrust-to-weight ratio. In
other words, if the same jet engine design is maintained but the materials are altered so that the
temperature of operation of the engine is increased then the net result will be that the engine will be found
fo have a higher thrust-to-weight ratio than the same engine operated at the lower temperature. The
materials which are employed in a jet engine which is operated at higher temperature must have greater
temperature capability. Alternatively, if materials can be found which operate at the same or higher
temperature but which have lower density then a higher thrust-to weight ratio may be achieved. Further, it is
possible to design engines which have material with greater temperature capability and with lower density
and this combination also yields engines with greater thrust-to-weight ratios.

Not all of the portions of a jet engine are operated at the same temperature. The portions of the engine
which operate at the highest temperature presently operate below 1204 ¢ C (2200 ° F). The present invention
contemplates the modification of the components in the hottest sections of the engines, and particularly of
the coatings on the component elements of the hottest sections, so that the component temperature in
these sections will operate at temperatures above 1315°C (2400°F). These temperatures are far greater
than encountered in present components. Most materials, such as nickel base alloys, which are presently
employed in jet engines are molten at temperatures above 1343-1371 ° C (2450-2500 ° F).

Various metallic systems have been investigated for the hottest components of jet engines to determine
the maximum temperature at which they may be employed. The lower density, but lower ductility, ceramic
systems are competing with the metallic systems for applications in the hottest components of jet engines
Some of the metallic systems which have been considered include metal matrix composites in which a
strengthening component such as a filament is incorporated within a metal matrix. Also low density
intermediate phases and intermetallic compounds have been considered for such high temperature
applications.

One of the problems which has been associated with the development of metallic systems for high
stress capability at high temperatures is that of oxidation of the metallic component at the high tempera-
tures The choice of metals which can be employed is broadened by the availability of a coating, such as is
provided pursuant to the present invention, which will withstand the engine environment.

Presently the nickel base alloys are protected by an alumina-forming metallic coating. Such a coating
has a sufficient Al reservoir in the coating to re-form the protective scale when spallation of the oxide from
the outer surface occurs. Present iron, cobalt, and nickel base alloys and their alumina-forming metallic
coatings are intended for use at lower temperatures below their melting points. The nickel base alloys are
not the most reactive metals and in cases where the protective coating is lost the nickel alloy can withstand
the engine environment in its uncoated condition for relatively short periods so that loss of the coating for
such short periods is not catastrophic to engine performance.

However for a refractory metal or intermetallic system which operates at service temperatures of greater
than 1204°C (2200°F), once a breach of a protective coating is formed the substrate metal may be
degraded very rapidly either by oxidation loss of metal cross-section or by environmental embrittlement.
For composite systems having a reinforcement element embedded within a matrix metal designed for
service at temperatures greater than 1204 °C (2200 *F), the large surface area between the matrix and the
reinforcement may serve as a rapid diffusion path for such oxidation and/or embrittlement. Accordingly, the
demands on a coating and the requirements for a coating on a component to protect the component from
the engine environment is much more severe than is the case for the components formed of the nickel base
alloys which operate at lower temperatures. One such requirement is that a coating have the capability of
rapidly healing of any breach of the protective oxide due to spallation or similar cause so that a "fail-safe"
performance of the base metal and coating system may be achieved.
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It is accordingly one object of the present invention to provide a coating system for high temperature
component parts which permits operation of components formed of the system at temperatures above
1204 ° C (2200 ° F).

Another object is to provide a coating system for a metal base which permits growth of the protective
oxide scale under jet engine environmental conditions and particularly high temperature oxidation con-
ditions.

Another object is to provide a coating system which is self-healing at operating temperatures in the
range of greater than 1204 °C (2200 ° F).

Other objects will be in part apparent and in part pointed out in the description which follows.

In one of its broader aspects objects of the invention are achieved by applying a coating having a
composition corresponding to one of those enclosed within the envelope A of the accompanying Figure 5
and containing eventually yttrium in an amount less than 1.0 atom percent as a substituent for ruthenium to
a refractory metal substrate.

In one of its narrower aspects, the invention may be achieved by applying a coating having a
composition corresponding to one of those enclosed within the smaller envelope B of the accompanying
Figure 5, and containing eventually yttrium in an amount less than 1.0 atom percent as a substituent for
ruthenium.

In a narrower aspect of the invention, certain modifications may be made to the above composition by
substituting other metals for at least part of the ruthenium and/or chromium. Metals which can be
substituted for ruthenium in the above composition include iron, nickel and cobalt. The elements iron, nickel
and cobalt all have very large solubilities in the hexagonal close packed ruthenium crystal structure,
especially at high temperatures. The three elements iron, nickel and cobalt form aluminides of the B2
ordered body centered cubic structure. This is the same structure as the RuAl of the above composition
and the solubility of these three substituent metals, iron, nickel and cobalt, in the RuAl aluminide is deemed
to be substantial.

In this narrower aspect of the invention, the substituent metals iron, nickel and cobalt are substituted in
the above compositions in the place of ruthenium. Also in this narrower aspect, the iron can, be substituted
o a limited degree for chromium.

Pursuant to this narrower aspect of the invention, iron, nickel and cobalt, either individually or in any
combination, can be substituted into the CrRuAl up to 15 atomic percent for nickel and cobalt and up to
20% for iron.

Thus the compositions of the present invention may be represented as follows:

(Rug19-xytoa- xy(EFe + Ni + Co)xAl1g1034) * Criga- yjtoa-yyFey

wherein T is a symbol indicating that the sum of the concentrations of the iron, nickel and cobalt
present add up to the concentration x in atom percent, and

wherein the value of x is between 0 and 15, and

wherein the value of y is between 0 and 5 atom percent, and

wherein the total value of the expression in atom percent is 100, and contain eventually yttrium in an
amount less than 1.0 atom percent as a substituent for ruthenium.

In another narrower aspect, the compositions of the present invention may be expressed as follows:

(Rug2z-xytoes- x{(EFe + Ni + Co)xAlaat028) * Crise- yjtoa—yyFey

wherein L has the meaning stated above, and
wherein x has a value between 0 and 10, and
wherein y has a value between 0 and 5, and
wherein the total value of the expression in atom percent is 100, and contain eventually yttrium in an
amount less than 1.0 atom percent as a substituent for ruthenium.
For each of these compositions it is contemplated that minor inclusions of other elements as an
impurity will and does occur in the conventional processing of the compositions.
The invention and the description thereof which follows will be better understood by reference to the
accompanying drawings in which:
Figure 1 is a graph in which weight change is plotted against hours of exposure to air at 1500°C
(2730 ° F) for a number of alloys with different chromium contents.
Figure 2 is a photomicrograph of a section through the surface of the alloy containing 20 atomic percent
chromium after oxidation at elevated temperature.
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Figure 3 is a photomicrograph of a section through the oxidized surface of an alloy of this invention.
Figure 4 is a graph of the lattice parameter measurements for a series of alloys formed with different
chromium contents in atomic percent.

Figure 5 is a graph of the CrRuAl ternary system showing compositions with oxidation resistance at
temperatures as high as 1500°C (2730 ° F).

What is sought is to form a protective layer on a substrate structural material as a coating which has a
relatively low oxidation rate. Stated conversely the material sought is a composition readily adapted to
forming a layer which also has relatively high resistance to oxidation. The layer is formed of a chromium
base and has a ruthenium aluminum additive.

The material of the substrate on which the layer of the composition of the present invention is to be
formed is one which has suitable high temperature properties such as the needed high strength at high
temperature, but which does not have sufficiently high resistance to oxidation or similar deteriorating
change.

One group of such compositions is the group of refractory metals such as tungsten, molybdenum,
niobium and alloys having a refractory metal base. Such metals have good strength at high temperatures
but are subject to oxidation attack at a high rate at the high temperatures at which they have good strength.

Another group of compositions having high strength at high temperature are the intermetallic com-
pounds such as titanium aluminide, TiAl, and niobium aluminide, AlsNb. Such intermetallic compounds are
also subject to oxidation at the high temperatures at which these compounds exhibit good strength. The
compositions of the present invention have good resistance to oxidation at such high temperatures and can
be used as protective coatings on these and other intermetallic compounds.

It is preferred according to the present invention that the substrate metal to be protected have
aluminum as one of the ingredients thereof. The aluminides, as for example the aluminides of titanium or
niobium, have aluminum as one of their ingredients and are suitable for protection by a layer of the alloy of
the present invention as described above. In such case, and where the coated material is to be used at
temperatures below about 1260 ° C (2300 ° F), the protective coating of this invention may be applied directly
o the substrate material.

Where the substrate does not contain aluminum as an ingredient or where the coated substrate is to be
used at temperatures above 1260°C (2300 ° F) then it is advisable to employ a barrier coating layer under
the protective coating layer as provided pursuant to this invention.

The following examples provide information on the basis of which the composition of the present
invention was defined.

EXAMPLE 1
An RuAl alloy was made up to have the composition RuAl + 0.2 at.% yttrium. The ruthenium and
aluminum components of the composition were in equal atomic percentages. Oxidation resistance studies

on this alloy were made by heating the alloy in air for one hour at temperatures of 1400, 1500 and 1600 °C.
Weight change measurements were made and the results are listed in Table | below.

TABLE 1
Weight Change (mg/cmz) after one hour exposure at

Alloy in atomic ¥% 1400°C 1500°C 1600°C

RuAl 0.2Y (a/o) -7 -13 -22

The RuAl composition was spalling oxide at all three temperatures, with spallation at 1600 ° C being the
worst. The numbers listed under the respective temperatures represent the milligrams per square centi-
meter of surface area of the sample which was lost during cooling after the heating for one hour.

EXAMPLE 2

An arc melted alloy containing (Ru,Fe)Al was prepared. The (Ru,Fe)Al notation indicates that iron was
substituted for ruthenium in the aluminide composition and that the composition was accordingly a
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combined aluminide of ruthenium and iron. This alloy contains 0.2 at.% yttrium. Substitution of iron for
ruthenium was made based on the large mutual solubilities of iron and ruthenium. As noted above, the
elements iron, nickel and cobalt all have very large solubilities in the hexagonal close packed ruthenium
crystal structure, especially at high temperatures. All four elements form aluminides of the B2 ordered body
centered cubic structure, and solubility of each of iron, nickel and cobalt in the ruthenium aluminide (RuAl)
is deemed to be substantial. These elements are lower atomic weight than ruthenium, so that alloyed
aluminides will be lower in density than is RuAl. The high cost of ruthenium is another reason to consider
partial replacement of ruthenium with iron, cobalt or nickel. Again, oxidation resistance studies were made of
the (Ru,Fe)Al alloy and the procedure used in Example 1 was repeated so that exposures of the alloy for
one hour in air were made for the material at 1400°C, 1500°C and 1600°C. The weight change
measurements and results of these tests are listed in Table Il below.

TABLE 11

Weight change (mg/cmz) after one hour exposure at

Alloy in atomic % 1400°C 1500°C 1600°C
33Ru 20Fe 46.8A1 0.2Y +37 +62 +176

It was observed that the iron-containing RuAl was spalling very little oxide. However, the very rapid
oxidation rate indicates the oxide which did form and which remained on the sample was not protective.

Calculations show that for 300 hours of service life of a 100m thick coating, where it is assumed there
is no interaction with the substrate, a coating of density 7 grams per cubic centimeter can lose the metallic
coating at a rate of about 0.23 milligrams per square centimeter per hour to be completely consumed in
300 hours. From this calculation it is clear that the spallation rate of oxide from RuAl is too great for any
appreciable service life. Also, the oxidation rate of the (Ru,Fe)Al indicates that a very great depth of material
is being consumed by oxidation and that the iron and ruthenium are probably participating in the scale
formed.

EXAMPLES 3-6

An effort was made to improve the oxidation resistance of the RuAl base and (Ru,Fe)Al base
compositions. For this purpose compositions were made up as set forth in Table Il below. Additions of
chromium were made to a level where a separate a«Cr phase was expected. The two alloys can be
considered as being similar, with 15% iron replacing 10% ruthenium and 5% chromium. The high solubility
of iron in aCr suggested that alloy balance would be maintained by iron substitution for both ruthenium and
chromium. In the table the compositions are listed and also the weight changes which are found after one
hour exposure at 1400°C, 1500° C and 1600 ° C are listed.

TABLE I1I1I

Weight change (mg/cmz) after one hour exposure at

Example Alloy in atomic ¥% 1400°C 1500°C 1600°C
3 40Cr29.8Ru30A10.2Y +4 +3 -1
4 35Cr19.8Rul5Fe30A10.2Y +1 +2 -1

The conversion of atomic to weight percent for the alloys of examples 3 and 4 are as follows:
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Ingredient EXAMPLE 3 EXAMPLE 4
Atomic % Weight % Atomic % Weight %
Chromium 40 35.1 35 33.2
Ruthenium 29.8 50.9 19.8 36.5
Aluminum 30 13.7 30 14.8
Yitrium 0.2 0.3 0.2 0.3
Iron 15 15.2

The results from the oxidation resistance test of the alloys of Table Il were deemed to be very
favorable. Based on these favorable results additional tests were run at 1600 ° C on the same compositions
with several cycles varying the temperature to room temperature and back up to the 1600 °C to measure
the weight change. The results are tabulated for examples 5 and 6 in Table IV below:

TABLE IV

Weight change (mg/cmz) at 1600°C after exposures of

Ex. Alloy 1.5h 65h 67h 70h 73h 80h
5 40Cr29.8Ru30Al0.2Y +.5 +14.4 +14.8 +12.2 +6.5 +3.8

& 35Crl19.8RulSFe30A10.2Y +1.6 +30.6 +30.6 +29.1 +29.3 +31.1

The 80 hour exposures at 1600 ° C represent a large fraction of service life for components which would
see a maximum temperature of 1600°C. These two materials as listed in Tables Il and IV are good
candidates for coatings based on these data. Both materials showed evidence of partial liquation at 1650°C
in air so that maximum service temperature would be no more than 1600 °C.

EXAMPLES 7-13
A series of alloys having increased chromium was produced in the CrRuAlY materials format as set

forth in Table V below. For each alloy the ruthenium and aluminum was reduced as the chromium was
increased.

TABLE V
Example Nominal Composition of Alloy in Atom Percent
7 0oCr 49.8Ru 50Al 0.2Y
8 10Cr 44 8Ru 45Al 0.2Y
9 20Cr 39.8Ru 40Al 0.2Y
10 30Cr 34.8Ru 35Al 0.2Y
11 40Cr 29.8Ru 30Al 0.2y
12 50Cr 24.8Ru 25Al 0.2Y
13 60Cr 19.8Ru 20Al 0.2Y

Samples were exposed to 1500°C (2730°F) for times to 105 hours. As is evident from Table V, the
alloy chemistries were maintained at approximately 50:50 Ru:Al, with chromium from 0 to 60 a/o at 10 a/o
intervals. All alloys contained 0.2 a/o ytirium substituted for 0.2 a/o ruthenium. Results of weight change
measurements are shown in Figure 1. Yitrium may be added in amounts up to 1.0 a/o to enhance
adherence of the protective oxide scale. However, for the highest service temperature (= 1260 ° C (= 2300F))
the yttrium content should be held to £ 0.2 a/o in order to avoid liquid phase formation.

Materials which were predominantly SRuAl as in examples 7-9 showed poor performance. Those with
substantial chromium, as in Examples 10 and 11, showed much better performance, with the 40-60 a/o
chromium of Examples 11-13 alloys being the most oxidation resistant.

6
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The conversion of atomic to weight percent for the test sample alloys of some illustrative examples of
this grouping of examples is as follows:

Ingredient Example 11 Example 13

Atomic % WT% Atomic % WT%

Chromium 40 35.1 60 549
Ruthenium 29.8 50.9 19.8 35.3
Aluminum 30 13.7 20 9.5
Yttrium 0.2 0.3 0.2 0.3

Microstructural studies of low chromium test samples after oxidation indicated, as illustrated in Figure 2,
an oxide at the surface separated from the substrate by a substantial zone of metal + oxide. The metal of
the test sample is an ¢Ru solid solution, the remnant of Al>Os, aluminum oxide, formation depleting the 8
structure of aluminum.

At higher chromium levels, where a protective, thin scale was formed, the oxide was adjacent to a
metallic zone devoid of any RuAl as is evident from Figure 3. This metallic zone was an «Cr solid solution.

Lattice parameters measured from oxide scraped from each sample after removal from test are shown
in Figure 4. For alloys with 30 or less atomic percent chromium, these oxides were those present at failure,
and represent exposures of 100 or less hours. For oxidation of RuAl, the scale was essentially identical in
parameters to corundum-Al>Oz. For alloys of 10-30 atomic percent chromium, the oxide tended to be very
similar to that expected from solid solutions of Al,Oz and chromium oxide, Cr,Os. Figure 4 plots lattice
parameter measurements, a, and ¢,, against the atomic percent chromium in the alloy. a, is the lattice
parameter measurement along the "a" axis and ¢, is the lattice parameter measurement along the "c" axis
of a unit crystal of the alloys.

For the high chromium materials, the 40 and 50 atomic percent chromium materials of Examples 11
and 12 indicated a relatively pure corundum-Al,Os; existed on the surface after 105 hours. At 60 atomic
percent chromium, although the sample survived the 105 hour test, the oxide on the surface was clearly
heavily alloyed.

An interpretation of the data suggests the following model and a description of this model is given here
for the assistance that it may provide to those skilled in the art who may seek to practice the invention. In
suggesting this model it is not intended to make the accuracy of the invention which is taught or the validity
of the claims to the invention dependent on the accuracy of the model.

Although Al,O3z forms on low chromium CrRuAl alloys, a fine two phase scale forms, containing ¢Ru as
well. The interfaces between Al Oz and the metal may act as high diffusivity paths for rapid oxidation of
aluminum in the substrate.

When sufficient chromium is present so that depletion of aluminum produces an aCr solid solution
under the Al,Ogz, then a more continuous, protective oxide forms, rather than the two phase structure.
Solubility of aluminum in the aCr is high enough to replenish the Al Oz layer whenever spalling occurs.

However, when the chromium content is too great, and above about 65 atom percent, the aCr layer
under the scale may be so extensive that spallation consumes aluminum in solution before more aluminum
can be supplied by the underlying substrate.

As long as a relatively pure Al,Oz can be maintained as a continuous layer, the system is deemed to
be protective Once chromium begins to play a substantial role in oxide formation, the kinetics of oxide
growth and spallation increase, and protective scaling is not maintained.

The compositions of the Cr-Ru-Al base system with very good high temperature oxidation resistance
are represented by the compositions in Figure 5 which reside in the large oval, A. Compositions which
retain a relatively greater oxidation resistance for a longer exposure time are those which reside in the
smaller oval, B.

EXAMPLE 14

Modifications to these composition ingredient ranges can be made by substituting iron, cobalt and/or
nickel in amounts adding up to as much as 15 a/o of any one of the substituents. These substitutions are
made in place of ruthenium, resulting in decreased system density and decreased cost, but at the expense
of decreased melting point. The substitutions of iron, nickel or cobalt for ruthenium decreases maximum
use temperature.
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Also because of the high solubility for iron in chromium, a one-for-one replacement of chromium by iron
is made equivalent to the ruthenium replacement, up to a maximum of 5 a/o iron replacing 5 a/o chromium.
Thus, for iron up to 20 a/o additions can be made replacing up to 15a/o ruthenium and 5% chromium. No
similar chromium replacement is available for nickel or cobalt.

As an example of the substitution of metals in the CrRuAl compositions an iron containing alloy was
prepared to have the following composition:

TABLE VI
Example Nominal Composition of Alloy in Atom Percent
14 55Cr 13.8 Ru 20Al 6.2Y 11Fe

The conversion of atomic to weight percent for the test samples of this example is as follows:

Ingredient Example 14
Atomic % Weight %
Chromium 55 52.7
Ruthenium 13.8 257
Aluminum 20 10
Yttrium 0.2 0.3
Iron 11 11.3

The oxidation resistance of this alloy was tested as described with reference to the Examples 7-13
above. The resulis of the tests are plotted in Figure 1 above. As is evident from Figure 1 the results
obtained from the test of the iron containing sample show a very slight weight gain at the outset but
essentially constant weight with neither a further weight gain nor any appreciable weight loss after that. The
oxidation resistance of this iron substituted CrRuAlY after 105 hours at 1500°C (2730 °F) is accordingly
quite remarkable and exceptional.

The present invention makes possible the protection of high strength at high temperature materials
which are normally subject to oxidative deterioration at the high temperatures at which the materials display
their high strength. Materials such as the refractory metals and intermetallic compounds may be protected
in this way.

A number of other substituted alloy compositions may be advantageously employed in similar
circumstances.

The base alloy is for example a CrRuAlY having the following composition:

60Cr | 19.8Ru | 20Al 0.2Y

By replacing part of the ruthenium with cobalt a composition may be formulated as follows:

60Cr | 16.8Ru | 20Al | 0.2Y | 3.0Co

By replacing part of the chromium with iron and part of the ruthenium with iron the following
compositions can be formulated:

57Cr 16.8Ru 20Al 0.2Y 6.0Fe
55Cr 13.8Ru 20Al 0.2Y 11.0Fe
55Cr 7.8Ru 20Al 0.2Y 17.0Fe

Numerous other similar compositions can be formulated within the scope of the present invention by
substituting nickel, cobalt or iron or any combination of these substituents for ruthenium in the composi-
tions. As indicated above the iron substitutes both for ruthenium and for chromium in the compositions of

8
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the present invention.

While the compositions of the present invention are deemed primarily useful as protective and oxidation

resistant coatings when used in heavier gauge they may also serve useful structural functions. For coatings
or structures greater than 0.254mm (0.01") in thickness, these compositions may contribute to the load
carrying capability of the structure, particularly for structures of total thickness of 0.508mm (0.02") to
1.27mm (0.05").

Claims

1.

An alloy consisting of the ingredients in the proportions as set forth in the following expression:
(Rug19-xytoa- xy(EFe + Ni + Co)xAl1g1034) * Criga- yjtoa-yyFey

where the symbol I indicates that the sum of the concentrations of iron, nickel and cobalt add up
to the concentration x in atom percent, and

where the value of x is between 0 and 15 atom percent, and

where the value of y is between 0 and 5 atom percent, and

where the total value of the expression in atom percent is 100, and eventually yttrium in an amount
less than 1.0 atom percent as a substituent for ruthenium.

2. An alloy as set forth in claim 1 consisting of the ingredients in the proportions as set forth in the
following expression:
(Rugz- to(es-x(EFe + Ni + Co)yAlazto28) * Cris6- yyoa-y)Fey
where the symbol I indicates the sum of the concentrations of iron, nickel and cobalt and add up
to the concentration x in atom percent, and
where the value of x is between 0 and 10 in atom percent, and
where the value of y is between 0 and 5 in atom percent, and
where the total value of the expression in atom percent is 100, and eventually yttrium in an amount
less than 1.0 atom percent as a substituent for ruthenium.
3. An alloy as set forth in claim 1 consisting of the following composition in atom percent:
55 Cr | 20Al 14Ru 11Fe,
and eventually yttrium in an amount less than 1.0 atom percent as a substituent for ruthenium.
4. The alloy of any one of claims 1 to 3 which contains 0.2 atom percent or less of ytirium as a
substituent for ruthenium.
5. A coating formed on base comprising refractory metals and alloys of any one of claims 1 to 5.
6. A refractory metal article, said article being protected from oxidative deterioration by a layer of an alloy
as set forth in any one of claims 1 to 5.
Patentanspriiche
1. Eine Legierung, bestehend aus den Bestandteilen in den Anteilen, wie sie sich aus dem folgenden

Ausdruck ergeben:
(Ruge-x) - (34-x(EFe + Ni+ Co),Alig - 34).Crga-y) - 32-y)Fe€y

worin das Symbol © die Summe der Konzentrationen von Eisen, Nickel und Kobalt, die zur Konzentra-
tion x in Atomprozent aufaddiert sind, angibt, und worin der Wert von x zwischen 0 und 15 Atomprozent
liegt und der Wert von y zwischen 0 und 5 Atomprozent liegt und der Gesamtwert des Ausdruckes in
Atomprozent 100 betrdgt und schlieBlich Yitrium in einer Menge von weniger als 1,0 Atomprozent als
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Ersatz flir Ruthenium.

2. Eine Legierung nach Anspruch 1, bestehend aus den Bestandteilen in den Anteilen, wie sie sich aus
dem folgenden Ausdruck ergeben:

(Rugea-x) - @28-x(EFe + Ni+ Co),Alzz - 25).Crge-y) - aa-yFey

worin das Symbol £ die Summe der Konzentrationen von Eisen, Nickel und Cobalt zur Konzentration x
in Atomprozent aufaddiert anzeigt und der Wert von x zwischen 0 und 10 Atomprozent und der Wert
von y zwischen 0 und 5 Atomprozent liegt, der Gesamtwert des Ausdruckes in Atomprozent 100
betrdgt und schlieBlich Yttrium in einer Menge von weniger als 1,0 Atomprozent als einen Ersatz fir
Ruthenium.

3. Eine Legierung nach Anspruch 1, bestehend aus der folgenden Zusammensetzung in Atomprozent:
55 Cr 20 Al 14 Ru 11 Fe und schlieBlich Yttrium in einer Menge von weniger als 1,0 Atomprozent als
einen Ersatz flir Ruthenium.

4. Die Legierung nach irgendeinem der Anspriiche 1 bis 3, die 0,2 Atomprozent oder weniger an Yitrium
anstelle von Ruthenium enthilt.

5. Einen auf einer Grundlage ausgebildeten Uberzug, der hochschmelzende Metalle und Legierungen
nach irgendeinem der Anspriiche 1 bis 4 umfaBt.

6. Einen hochschmelzenden bzw. feuerbestidndigen Metallgegenstand, der durch eine Schicht aus einer
Legierung nach irgendeinem der Anspriiche 1 bis 5 gegen oxidative Beeintrdchtigung geschiitzt ist.

Revendications
1. Alliage consistant en des ingrédients suivant les proportions définies par 'expression suivante:
(Ru(19-x) & 3a-x(ZFe + Ni+ Co)xAl1g 4 34)* Cris2-y) 3 a2-y)F €y

ol le symbole I indique que la somme des concentrations de fer, de nickel et de cobalt atteint la
concentration x en pourcentage atomique, et

ol la valeur de x est comprise entre 0 et 15 atomes pour cent, et

ol la valeur de y est comprise entre 0 et 15 atomes pour cent, et

ou la valeur totale de I'expression en pourcentage atomique est 100 et

éventuellement de I'ytirium en une quantité inférieure 3 1,0 atome pour cent en tant que
substituant du ruthénium.

2. Alliage selon la revendication 1, consistant en des ingrédients dans des proportions telles que définies
dans I'expression suivante:

(Rugaz-y) 3 (8- (EFe + Ni+ CO)Alaz 3 28)* Crise-y) a (aa-y)F €y

ol le symbole I indique que la somme des concentrations de fer, de nickel et de cobalt atteint la
concentration x en pourcentage atomique, et

ou la valeur de x est comprise entre 0 et 10 en pourcentage atomique, et

ol la valeur de y est comprise entre 0 et 5 atomes pour cent, et

ou la valeur totale de I'expression en pourcentage atomique est 100, et

éventuellement de I'ytirium en une quantité inférieure 3 1,0 atome pour cent en tant que
substituant du ruthénium.

3. Alliage selon la revendication 1, consistant en la composition suivante en pourcentage atomique:
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et éventuellement de I'yttrium en une quantité inférieure & 1,0 atome pour cent en tant que substituant
du ruthénium.

Alliage selon I'une quelconque des revendications 1 & 3 qui contient 0,2 atome pour cent, ou moins,
d'yttrium en tant que substituant du ruthénium.

Revétement formé sur un support comprenant des métaux réfractaires et des alliages selon I'une
quelconque des revendications 1 & 5.

Article en métal réfractaire, ledit article étant protégé contre les détériorations par oxydation 2 I'aide
d'une couche d'un alliage selon I'une quelconque des revendications 1 & 5.
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