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A dispersion strengthened castable aluminum-rare earth 
alloy provides high strength at elevated temperatures. In one 
example, the aluminum alloy includes approximately 1.0 to 
20.0% by Weight of gadolinium, approximately 0.1 to 10.0% 
total by Weight of other rare earth elements including 
ytterbium, erbium or yttrium, and approximately 0.1 to 
15.0% total by Weight of minor alloy elements. In another 
example, the aluminum alloy includes approximately 1.0 to 
20% by Weight of ytterbium, approximately 0.1 to 10.0% 
total by Weight of other rare earth elements including 
gadolinium, erbium or yttrium, and approximately 0.1 to 
10.0% total by Weight of minor alloy elements. After cast 
ing, the aluminum alloy is solidi?ed and cooled. During 
solidi?cation, the aluminum matrix excludes the rare earth 
alloy elements from the aluminum matrix, forming eutectic 
rare earth element-containing dispersoids that strengthen the 

(51) Int. Cl.7 ................................................... .. C22C 21/00 aluminum matrix. 
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CASTABLE HIGH TEMPERATURE ALUMINUM 
ALLOY 

REFERENCE TO RELATED APPLICATION 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 10/061,551 ?led Feb. 1, 2002. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to an alu 
minum alloy suitable for elevated temperature applications. 

[0003] Gas turbine engines are commonly made of tita 
nium-, iron- cobalt- and nickel-based alloys. During use, 
many components of the gas turbine engines are commonly 
subject to elevated temperatures. LightWeight metals, such 
as aluminum and magnesium, are often used for some 
components to enhance performance and reduce the Weight 
of engine components. A draWback to employing conven 
tional aluminum alloys is that the strength of many such 
alloys drops rapidly at temperatures above 150° C., making 
these alloys unsuitable for certain elevated temperature 
applications. 

[0004] Precipitation strengthening is commonly employed 
to strengthen aluminum alloys. After a primary alloy system, 
that is either a binary or ternary eutectic, is cast and 
solidi?ed, it is heat treated at around 5000 C. to solution the 
alloy and optimally arrange the primary alloy elements, such 
as copper, silicon, and Zinc. Rare earth elements are often 
used as minor alloy elements, typically in quantities of less 
than 1% by Weight. After casting, the aluminum alloy is 
quenched in Water to maintain the alloy elements as a 
supersaturated solution in the solid aluminum matrix. The 
aluminum alloy is aged by reheating at appropriate tempera 
tures for various times, e.g., to 160° to 180° C. for 10 to 12 
hours, and the elements in the supersaturated solution sloWly 
precipitate out of the aluminum matrix to form ?ne particles 
that strengthen the aluminum alloy. The cast shape may then 
be ?nished With a machining operation. 

[0005] There are several draWbacks to prior precipitation 
strengthening methods used to form an aluminum alloy. For 
one, the precipitated alloy particles groW at temperatures 
over 150° C., reducing both the number of alloy particles 
and the strength of the aluminum alloy. Intermetallic dis 
persion strengthening overcomes this de?ciency by making 
use of thermally stable particles. HoWever, to achieve an 
equivalent strengthening effect at ambient temperature, it 
requires rapid solidi?cation, increasing the processing cost 
of the aluminum alloy. In previous aluminum alloys, a ?ne 
and uniform microstructure is only achievable With sloW 
cooling rates When the system is eutectic and by precipita 
tion and fast cooling. 

[0006] Hence, there is a need in the art for an improved 
aluminum alloy that retains strength at elevated tempera 
tures, can be produced by conventional casting methods, and 
overcomes the other problems of the prior art. 

SUMMARY OF THE INVENTION 

[0007] The present invention relates generally to an alu 
minum alloy suitable for elevated temperature applications 
that is dispersion strengthened to retain strength of the 
aluminum alloy at elevated temperatures. 

Aug. 12, 2004 

[0008] One example castable aluminum alloy includes 
approximately 1.0 to 20.0% by Weight of rare earth ele 
ments. In one example, the aluminum alloy includes 
approximately 1.0 to 20.0 % ytterbium. The aluminum alloy 
also includes approximately 0.1 to 10.0% by total Weight of 
other rare earth elements, including any combination of one 

of more of gadolinium (Gd), erbium (Er) and yttrium Minor alloy elements are also employed in the range of 

approximately 0.1 to 15% total by Weight and include 
copper, Zinc, silver, magnesium, manganese, tin, calcium, 
cobalt, titanium and calcium. 

[0009] The remainder of the aluminum alloy is aluminum. 
During solidi?cation, the aluminum matrix excludes the 
ytterbium and the other rare earth elements from the alumi 
num matrix, forming eutectic rare earth-containing disper 
soids that strengthen the aluminum matrix. 

[0010] Another example castable aluminum alloy includes 
approximately 1.0 to 20.0% by Weight of gadolinium. The 
aluminum alloy also includes approximately 0.1 to 10.0% 
total by Weight of other rare earth elements, including any 
combination of one or more of ytterbium (Yb), erbium (Er) 
and yttrium Minor alloy elements are also employed in 
the range of approximately 1.0 to 15% total by Weight and 
include copper, Zinc, silver, magnesium, manganese, tin, 
calcium, titanium and cobalt. The remainder of the alumi 
num alloy is aluminum. During solidi?cation, the aluminum 
matrix excludes the gadolinium and the other rare earth 
elements from the aluminum matrix, forming eutectic gado 
linium-containing dispersoids that strengthen the aluminum 
matrix. 

[0011] All of the components of the aluminum alloy are 
added to a crucible, heated and melted. The melted compo 
nents are poured into a mold and cooled to form a pre-alloy 
ingot. The pre-alloy ingot is remelted and cast by pouring the 
molten composition into a mold having a cavity shaped to 
the ?nal part. After casting, the aluminum alloy is solidi?ed 
and cooled. Sand casting, investment casting, die casting or 
other suitable methods can be employed to cast the ?nal part 
into the desired shape. Additional heat treatment processes 
can be employed to exclude and bring out the minor alloy 
elements. 

[0012] These and other features of the present invention 
Will be best understood from the folloWing speci?cation and 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The various features and advantages of the inven 
tion Will become apparent to those skilled in the art from the 
folloWing detailed description of the currently preferred 
embodiment. The draWings that accompany the detailed 
description can be brie?y described as folloWs: 

[0014] FIG. 1 schematically illustrates a gas turbine 
engine incorporating the aluminum alloy of the present 
invention; 
[0015] FIG. 2 illustrates a graph illustrating the tensile 
properties of the aluminum—ytterbium—yttrium alloy of 
the present invention as a function of temperature; 

[0016] FIG. 3 illustrates a graph comparing the yield 
strength of the aluminum—ytterbium—yttrium alloy of the 
present invention to the 6061-T6 alloy as a function of 
temperature; 
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[0017] FIG. 4 illustrates an optical microscopy of the 
as-cast aluminum—ytterbium—yttrium alloy of the present 
invention; 
[0018] FIG. 5 illustrates an optical microscopy of the 
annealed aluminum—ytterbium—yttrium alloy of the 
present invention; 

[0019] FIG. 6 illustrates an optical microscopy of the 
as-cast aluminum—gadolinium alloy of the present inven 
tion; and 

[0020] FIG. 7 schematically illustrates the lattice structure 
of the aluminum—gadolinium alloy of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0021] FIG. 1 schematically illustrates a gas turbine 
engine 10 used for poWer generation or propulsion. The gas 
turbine engine 10 includes an axial centerline 12 and 
includes a fan 14, a compressor 16, a combustion section 18 
and a turbine 20. Air compressed in the compressor 16 is 
mixed With fuel and burned in the combustion section 18 and 
expanded in the turbine 20. The air compressed in the 
compressor 16 and the fuel mixture expanded in the turbine 
20 are both referred to as a hot gas stream How 28. Rotors 
22 of the turbine 20 rotate in response to the expansion and 
drive the compressor 16 and the fan 14. The turbine 20 also 
includes alternating roWs of rotary airfoils or blades 24 on 
the rotors and static airfoils or vanes 26. 

[0022] In one example aluminum alloy, certain compo 
nents of the gas turbine engine 10 can be made of an 
aluminum—rare earth element alloy. The aluminum alloy 
includes approximately 1.0 to 20.0% by Weight of a rare 
earth element including ytterbium, erbium, yttrium, and 
gadolinium. In one example, the aluminum alloy includes 
approximately 1.0 to 20.0% ytterbium. 

[0023] The aluminum alloy can also include amounts of 
one or more other rare earth elements including yttrium, 
erbium and gadolinium. Preferably, the aluminum alloy 
includes approximately 0.1 to 10.0% total by Weight of the 
other rare earth elements. That is, the total Weight of all the 
other rare earth element(s) in the aluminum alloy is approxi 
mately 0.1 to 10.0%. Preferably, the other rare earth element 
is yttrium. Ytterbium and yttrium form an eutectic Al3X 
intermetallic compounds With a simple lattice structure. A 
coherent or semi-coherence interface can exist betWeen the 
aluminum matrix and the Al3X intermetallic compound in 
nucleation and the early stage of groWth during solidi?ca 
tion. The melting point of the Al3X intermetallic compound 
is signi?cantly higher than the melting point of aluminum, 
but the alloy eutectic temperature is not signi?cantly loWer 
than the melting point of aluminum. Although ytterbium is 
disclosed as the other rare earth alloy element, it is to be 
understood that any or all of the other rare earth elements 
can be employed. 

[0024] In one preferred embodiment, the aluminum— 
ytterbium alloy of the present invention includes approxi 
mately 14.0 to 15.0% ytterbium by Weight and approxi 
mately 4.0% of yttrium by Weight as the other rare earth 
element. 

[0025] One or more minor alloy elements are also 
employed in the range of approximately 1.0 to 15% total by 
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Weight. That is, the total Weight of all the minor alloy 
elements in the aluminum alloy is approximately 1.0 to 
15.0%. Preferably, the minor alloy elements include copper, 
Zinc, silver, magnesium, manganese, tin, calcium, titanium 
and cobalt. Any combination of the listed minor alloy 
elements can be employed. Preferably, the individual Weight 
of each minor alloy element employed in the total is approxi 
mately 0.1% to 6%. The remainder of the aluminum alloy is 
the aluminum matrix. 

[0026] The aluminum alloy of the present invention has a 
density ranging from 2.78 to 3.1 g/cm2 and is more than 
30.0% lighter than titanium (4.5 g/cm2). Ytterbium and 
yttrium have a near-Zero solubility in the aluminum matrix, 
and thus the alloy exhibits good long term stability. The 
dispersoids in the aluminum alloy of the present invention 
does not coarsen appreciably up to 500° C. and retain 
considerable strength of the alloy at elevated temperatures 
up to 375° C. 

[0027] After casting the aluminum-rare earth alloy into the 
desired shape, the aluminum alloy is solidi?ed and cooled. 
During solidi?cation, the aluminum matrix excludes the rare 
earth elements from the aluminum matrix, forming eutectic 
rare earth-containing dispersoids that strengthen the alumi 
num alloy. Casting also creates a loW density of dislocations. 

[0028] FIG. 2 illustrates the temperature dependencies of 
the tensile properties of the diecast aluminum-ytterbium 
yttrium alloy of the present invention. The yield strength of 
the aluminum-ytterbium-yttrium alloy remains approxi 
mately the same from 24° C. to 205° C., folloWed by a sloW 
decrease in strength at temperatures greater than 205° C. 
(line 1). The elongation (line 3) remains steady and increases 
at temperatures over 205° C., and the ultimate tensile 
strength (line 2) decreases With temperature. 

[0029] FIG. 3 compares the yield strength of an as-cast 
aluminum-ytterbium-yttrium alloy of the invention (line 1) 
With the yield strength of a conventional precipitation 
strengthened aluminum alloy 6061-T6 after age-hardening 
(line 2), as a function of temperature. The 6061-T6 alloy has 
a high yield strength at 24° C., but the yield strength drops 
rapidly at temperatures above 150° C. The yield strength of 
the 6061-T6 alloy drops beloW the yield strength of the 
aluminum-ytterbium-yttrium alloy of the present invention 
at about 190° C. as a result of particle coarsening, Which 
Weakens most of the conventional aluminum alloys, includ 
ing the 6061-T6 alloy. 

[0030] FIGS. 4 and 5 compare optical micrographs of the 
aluminum-ytterbium-yttrium alloy as-cast and after anneal 
ing, respectively. The annealing Was carried out at 500° C. 
for 62 hours. As shoWn, there is no clear difference in the 
as-cast and the annealed samples in terms of particle siZe, 
except for a feW enlarged grain boundary particles in the 
annealed sample. 

[0031] In another example, certain components of the gas 
turbine engine 10 can be made of an aluminum—gadolinium 
alloy. The aluminum—gadolinium alloy includes approxi 
mately 1.0 to 20.0% by Weight of gadolinium. Gadolinium 
forms a eutectic binary Al3Gd intermetallic compound With 
a simple lattice structure. A coherent or semi-coherence 
interface can exist betWeen the aluminum matrix and the 
Al3Gd intermetallic compound in nucleation and the early 
stage of groWth during solidi?cation. The melting point of 
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the Al3Gd intermetallic compound is signi?cantly higher 
than the melting point of aluminum, but the alloy eutectic 
temperature is not signi?cantly loWer than the melting point 
of aluminum. 

[0032] Gadolinium is a rare earth element that is less 
expensive than other rare earth elements, such as ytterbium, 
erbium and yttrium. Gadolinium Weight is betWeen the light 
and heavy rare earth elements. Gadolinium is also presently 
70% the price of yttrium. 

[0033] The aluminum—gadolinium system has the high 
est rare earth content at the binary eutectic composition 
among all the other binary aluminum rare earth systems, 
typically less than 5.0%. Al3Gd intermetallic compound is 
the most stable in terms of the incipient melting point, Which 
is 1125° C. The crystal structure of Al3Gd intermetallic 
compound is most similar to Al3Y intermetallic compound 
and can easily form a coherent and semi-coherent interface 
With the aluminum matrix. During solidi?cation, the alumi 
num matrix excludes the gadolinium from the aluminum 
matrix, forming eutectic gadolinium-containing containing 
dispersoids that strengthen the aluminum matrix. 

[0034] The aluminum alloy can also include small 
amounts of one or more other rare earth elements including 
ytterbium, erbium, and yttrium. Preferably, the aluminum 
alloy includes approximately 0.1 to 10.0% total by Weight of 
the other rare earth elements. 

[0035] That is, the total Weight of all the other rare earth 
elements in the aluminum alloy is approximately 0.1 to 
10.0%. More preferably, the aluminum alloy includes less 
than approximately 5.0% of these rare earth elements. 

[0036] In one preferred embodiment, the aluminum— 
gadolinium alloy of the present invention includes approxi 
mately 13.0 to 16.0% gadolinium by Weight and approxi 
mately 4.0% of yttrium by Weight as the other rare earth 
element. 

[0037] Minor alloy elements are also employed in the 
range of approximately 1.0 to 15.0% total by Weight. Pref 
erably, the minor alloy elements includes copper, Zinc, 
silver, magnesium, manganese, tin, titanium, cobalt and 
calcium. That is, the total Weight of all the minor alloy 
elements in the aluminum alloy is approximately 1.0 to 
15.0%. 

[0038] Preferably, the individual Weight of each minor 
alloy element employed in the total is approximately 0.1% 
to 6%. The remainder of the alloy is the aluminum matrix. 

[0039] The aluminum-gadolinium alloy of the present 
invention has a density ranging from 2.78 to 3.1 g/cm2 and 
is more than 30.0% lighter than titanium (4.5 g/cm2). 

[0040] Gadolinium and yttrium have a near-Zero solubility 
in the aluminum matrix. The dispersoids in the aluminum 
gadolinium alloy of the present invention does not coarsen 
appreciably up to 500° C. and retain considerable strength at 
elevated temperatures up to 375° C. 

[0041] After casting the aluminum-gadolinium alloy into 
the desired shape, the aluminum alloy is solidi?ed and 
cooled. During solidi?cation, the aluminum matrix excludes 
the gadolinium from the aluminum matrix, forming eutectic 
gadolinium-containing containing dispersoids that 
strengthen the aluminum alloy. FIG. 6 illustrates an optical 
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micrograph of the aluminum gadolinium alloy as-cast. Cast 
ing also creates a loW density of dislocations. 

[0042] FIG. 7 illustrates the lattice structure of the alu 
minum—gadolinium intermetallic compound of the present 
invention. The aluminum—gadolinium alloy forms a hex 
agonal intermetallic structure. In a ?rst plane A, the alumi 
num atoms are illustrated as reference numerals 30, 32, 34, 
36 and 38, and the gadolinium atoms are illustrated as 
reference numerals 40, 42, 44 and 46. Each aluminum atom 
is surrounded by six atoms: four aluminum atoms and tWo 
gadolinium atoms. The aluminum atom 30 in the ?rst plane 
A is surrounded by six atoms, forming a hexagon. The 
aluminum atom 30 is surrounded by four aluminum atoms 
32, 34, 36 and 38 and tWo gadolinium atoms 42 and 44. In 
a third plane C, the aluminum atoms are illustrated as 
reference numerals 48, 50, 52, 54 and 56, and the gado 
linium atoms are illustrated as reference numerals 58, 60, 62, 
and 64. Each aluminum atom is surrounded by six atoms: 
four aluminum atoms and tWo gadolinium atoms. For 
example, the aluminum atom 48 in the ?rst plane C is 
surrounded by six atoms, forming a hexagon. The aluminum 
atom 48 is surrounded by four aluminum atoms 50, 52, 54 
and 56 and tWo gadolinium atoms 60 and 62. As shoWn, the 
atoms in the ?rst plane A are aligned With the atoms in the 
third plane C. That is, the aluminum atoms in the ?rst plane 
A are directly over the aluminum atoms in the third plane C, 
and the gadolinium atoms in the ?rst plane A are directly 
above the gadolinium atoms in the third plane C. The 
aluminum-gadolinium matrix includes a second plane B 
betWeen the ?rst plane A and the third plane. C. The atoms 
in the second plane form the same pattern as the atoms in the 
?rst plane A and the third plane C, but are slightly offset 
from these planes. As shoWn, the aluminum atom 66 is 
slightly offset from the aluminum atoms 32 and 50, the 
aluminum atom 70 is slightly offset from the aluminum 
atoms 30 and 48, and the aluminum atom 72 is slightly offset 
from the aluminum atom 36 and 54. The gadolinium atom 68 
is also slightly offset from the gadolinium atoms 42 and 60. 
By offset, it is meant that atoms in the second plane B are 
not aligned With the atoms in the ?rst plane A and the second 
plane C along the vertical direction. The lattice structure is 
similar to that of the aluminum matrix such that a coherent 
or semi-coherent lattice relationship betWeen the aluminum 
gadolinium compound and the matrix is possible 

[0043] When forming the aluminum alloys of the present 
invention, all of the components are added to a crucible. The 
components are then heated, melted and then stirred. The 
rare earth elements and the minor alloy elements are added 
to and Well dispersed in the aluminum matrix in the molten 
state. The melted components are then poured into a mold 
and cooled to form a pre-alloy ingot. 

[0044] The pre-alloy ingot is then formed into the desired 
shape by casting. In the casting process, the pre-alloy ingot 
is remelted and poured into a mold having a cavity having 
the desired shape of the ?nal part in ambient conditions. 

[0045] Various casting methods can be utiliZed to form the 
desired part of the gas turbine engine. In one example, sand 
casting is employed to form the ?nal part. First, the features 
of the ?nished part are carved in Wood or molded in plastic. 
A mixture of sand, a polymer material and oil are mixed 
together and pressed into the carved Wood or molded plastic. 
The mixture sticks into the carved shape to form a cavity of 
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a mold. The molten pre-alloy ingot is then poured into the 
cavity to form the part. Sand casting is inexpensive and 
bene?cial for making engine parts having a complex geom 
etry and a loW production volume. This method can be 
utilized for engine housing manufacturing, alloWing for 
more design ?exibility. 

[0046] Investment casting can also be employed to form 
the desired part. First, a Wax form having the shape of the 
?nal part is formed. A coating of ceramic is then applied to 
the Wax form. The number of coatings applied depends on 
the thickness needed, and one skilled in the art Would knoW 
hoW many layers to employ. The ceramic coated Wax form 
is then heated in a furnace to melt the Wax, leaving the 
ceramic coated shell. Investment casting can be utiliZed for 
engine housing manufacturing, alloWing for more design 
?exibility. Although relatively expensive because of the 
tooling and the process of shell molds, investment casting is 
bene?cial for making engine parts having a complex geom 
etry, alloWing parts to be cast With greater precisions and 
complexity . 

[0047] Alternately, the ?nal part can be formed by die 
casting. After melting the pre-alloy ingot, it is poured into a 
cavity of a die having the features of the ?naliZed part. Once 
cooled, the part is removed from the die. A ?nishing opera 
tion may be required. Diecasting is advantageous as it alloWs 
for relatively fast cooling (101~2 K/sec) and high production 
rates. This method is bene?cial in producing small engine 
vanes Which require high strength. 

[0048] The aluminum alloy is cast and processed into the 
near-net shape for engine applications With a minimum 
amount of machining and Without post-casting solution and 
aging treatments. HoWever, additional heat treatments can 
be employed to exclude and bring out the minor alloy 
elements. The aluminum alloy is strengthened largely by the 
aluminum rare earth dispersoids. Any later heat treatment 
does not signi?cantly alter the condition of the rare earth 
elements in the aluminum matrix because the rare earth 
elements exists in the form of Al3X particles or dispersoids, 
Which are stable. After casting the aluminum alloy into the 
desired shape, the aluminum alloy is solidi?ed and cooled. 

[0049] Preferably, the aluminum alloy is cooled at a rate of 
101~2 K/sec, Which is typical of many conventional casting 
methods. As the system is eutectic and a coherent or 
semi-coherent lattice relationship exists betWeen the Al3X 
dispersoids and the aluminum matrix, high strength and high 
thermal stability is achieved even though sloW cooling rates 
are employed. 

[0050] There are several advantages to the aluminum alloy 
of the present invention. For one, the aluminum alloy has 
good strength at elevated temperatures and high thermal 
stability up to 375° C. The aluminum alloys also have good 
castability, suitable for production by most conventional 
casting methods. The strengthening phases have high melt 
ing points and can be cast into ?ne and Well disbursed 
particles that strengthen the aluminum matrix. When used to 
replace titanium or steel parts in gas turbine engine compo 
nents, the aluminum alloys of the present invention can lead 
to substantial cost savings in addition to the aforementioned 
Weight savings. 

[0051] The foregoing description is exemplary of the 
principles of the invention. Many modi?cations and varia 
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tions of the present invention are possible in light of the 
above teachings. The preferred embodiments of this inven 
tion have been disclosed, hoWever, so that one of ordinary 
skill in the art Would recogniZe that certain modi?cations 
Would come Within the scope of this invention. 

What is claimed is: 
1. An aluminum alloy comprising: 

approximately 1.0 to 20.0% by Weight of a ?rst rare earth 
element selected from the group consisting of ytter 
bium and gadolinium; 

a plurality of insoluable particles formed of said ?rst rare 
earth element; 

approximately 0.1 to 10.0% by Weight of at least one 
second rare earth element selected from the group 
consisting of gadolinium, erbium and yttrium if said 
?rst rare earth element is ytterbium or the group 
consisting of ytterbium, erbium and yttrium if said ?rst 
rare earth element is gadolinium; and 

the balance of the aluminum alloy is aluminum. 
2. The aluminum alloy as recited in claim 1 further 

including approximately 1.0 to 15% total by Weight of at 
least one minor alloy element. 

3. The aluminum alloy as recited in claim 2 Wherein said 
at least one minor alloy element is selected from the group 
consisting of copper, Zinc, silver, magnesium, manganese, 
tin, titanium, cobalt and calcium. 

4. The aluminum alloy as recited in claim 1 Wherein said 
?rst rare earth element is ytterbium and said plurality of 
insoluable particles are formed of said ytterbium 

5. The aluminum alloy as recited in claim 4 Wherein said 
at least one second rare earth element is said yttrium. 

6. The aluminum alloy as recited in claim 5 including 
approximately 14.0% to 15% of said ytterbium and approxi 
mately 4.0% of said yttrium. 

7. The aluminum alloy as recited in claim 1 Wherein said 
?rst rare earth element is gadolinium and said plurality of 
insoluable particles are formed of said gadolinium 

8. The aluminum alloy as recited in claim 7 Wherein said 
at least one second rare earth element is said yttrium. 

9. The aluminum alloy as recited in claim 8 including 
approximately 13.0 to 16.0% of said gadolinium and 
approximately 4.0% of said yttrium. 

10. A gas turbine engine component comprising: 

components of an aluminum alloy including approxi 
mately 1.0 to 20.0% of a ?rst rare earth element 
selected from the group consisting of gadolinium and 
ytterbium, a plurality of insoluable particles formed of 
said ?rst rare earth element, approximately 0.01 to 
10.0% by Weight of at least one second rare earth 
element selected from the group consisting of gado 
linium, erbium and yttrium if said ?rst rare earth 
element is ytterbium or the group consisting of ytter 
bium, erbium and yttrium if said ?rst rare earth element 
is gadolinium, and the balance of the aluminum alloy is 
aluminum. 

11. The gas turbine engine component as recited in claim 
10 further including approximately 1.0 to 15% total by 
Weight of at least one minor alloy element. 

12. The gas turbine engine component as recited in claim 
11 Wherein said at least one minor alloy element is selected 
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from the group consisting of copper, Zinc, silver, magne 
sium, manganese, tin, titanium, cobalt and calcium. 

13. The gas turbine engine component as recited in claim 
10 Wherein said ?rst rare earth element is ytterbium and said 
plurality of insoluable particles are formed of said ytterbium 

14. The gas turbine engine component as recited in claim 
13 Wherein said at least one second rare earth element is 
yttrium. 

15. The gas turbine engine component as recited in claim 
10 Wherein said ?rst rare earth element is gadolinium and 
said plurality of insoluable particles are formed of said 
gadolinium. 

16. The gas turbine engine component as recited in claim 
15 Wherein said at least one second rare earth element is 
yttrium. 

17. A method of forming an aluminum alloy comprising 
the steps of: 

a) melting aluminum to a molten state; 

b) adding approximately 1.0 to 20.0% by Weight of a ?rst 
rare earth element selected from the group consisting of 
gadolinium and ytterbium; 

c) forming a plurality of insoluable particles of the ?rst 
rare earth element; 

and 

d) adding approximately 0.1 to 10.0% by Weight of at 
least one second rare earth element selected from the 
group consisting of gadolinium, erbium and yttrium if 
said ?rst rare earth element is ytterbium or the group 
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consisting of ytterbium, erbium and yttrium if said ?rst 
rare earth element is gadolinium. 

18. The method as recited in claim 17 Wherein the ?rst 
rare earth element is ytterbium and said step c includes 
forming the plurality of insoluable particles of the ytterbium 

19. The aluminum alloy as recited in claim 18 Wherein the 
at least one second rare earth element is yttrium. 

20. The method as recited in claim 17 Wherein the ?rst 
rare earth element is gadolinium said and step c includes 
forming the plurality of insoluable particles of the gado 
linium 

21. The aluminum alloy as recited in claim 20 Wherein the 
at least one second rare earth element is yttrium. 

22. The method as recited in claim 16 further comprising 
the steps of casting the aluminum alloy, solidifying the 
aluminum alloy and forming the plurality of insoluable 
particles. 

23. The method as recited in claim 22 Wherein said step 
of casting is selected from sand casting, investment casting 
and die casting. 

24. The method as recited in claim 17 further including 
the step of adding approximately 1.0 to 15% total by Weight 
of at least one minor alloy element. 

25. The method as recited in claim 24 Wherein the at least 
one minor alloy element is selected from the group consist 
ing of copper, Zinc, silver, magnesium, manganese, tin, 
titanium, cobalt and calcium. 


