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ABSTRACT

An aluminum alloy including aluminum, about 1.8 to about 5.6 percent by
weight copper, about 0.6 to about 2.6 percent by weight lithium, and at least one of
lanthanum up to about 1.5 percent by weight, strontium up to about 1.5 percent by

weight, cerium up to about 1.5 percent by weight and praseodymium up to about 1.5
percent by weight.
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ALUMINUM ALLOY WITH ADDITIONS OF COPPER, LITHIUM AND AT LEAST
ONE ALKALI OR RARE EARTH METAL, AND METHOD OF MANUFACTURING
THE SAME

5 FIELD

The present application relates to aluminum alloys and, more particularly, to
aluminum alloys with additions of copper, lithium and at least one alkali or rare earth

metal.

10 BACKGROUND

Friction stir welding (FSW) is a solid-state joining process that uses a non-
consumable tool to join two facing workpieces without melting the workpiece
material. Friction stir welding, while categorically a solid state joining process,
typically generates enough heat input to coarsen and even dissolve the main

15  strengthening phases in many aluminum alloys. The coarsening and dissolution of
primary precipitates ultimately results in a measurable drop in strength across the

weld, often epitomized by a classic W-shaped hardness profile.

Accordingly, those skilled in the art continue with research and development

efforts in the field of aluminum alloys.
20
SUMMARY

In one embodiment, the disclosed aluminum alioy includes aluminum, about
1.8 to about 5.6 percent by weight copper, about 0.6 to about 2.6 percent by weight

lithium, and at least one of lanthanum up to about 1.5 percent by weight, strontium
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up to about 1.5 percent by weight, cerium up to about 1.5 percent by weight, and
praseodymium up to about 1.5 percent by weight.

In another embodiment, the disclosed aluminum alloy includes aluminum,
about 1.8 to about 5.6 percent by weight copper, about 0.6 to about 2.6 percent by
weight lithium, at least one of lanthanum, strontium, cerium and praseodymium in a
non-zero quantity up to about 1.5 percent by weight, each, magnesium in a non-
zero quantity up to about 1.9 percent by weight, zirconium in a non-zero quantity up
to about 0.16 percent by weight, and silver in a non-zero quantity up to about 0.7

percent by weight.

In yet another embodiment, the disclosed aluminum alloy includes aluminum,
about 1.8 to about 5.6 percent by weight copper, about 0.6 to about 2.6 percent by
weight lithium, at least one of lanthanum, strontium, cerium and praseodymium in a
non-zero quantity up to about 1.5 percent by weight, each, magnesium in a non-
zero quantity up to about 1.9 percent by weight, zirconium in a non-zero quantity up
to about 0.16 percent by weight, silver in a non-zero quantity up to about 0.7
percent by weight, manganese in a non-zero quantity up to about 0.6 percent by
weight, zinc in a non-zero quantity up to about 1.0 percent by weight, and titanium in

a non-zero quantity up to about 0.15 percent by weight.

In one embodiment, the disclosed method for manufacturing an aluminum
alloy includes the steps of. (1) weighing out starting materials to achieve a mass of
material that includes aluminum, about 1.8 to about 5.6 percent by weight copper,
about 0.6 to about 2.6 percent by weight lithium, and at least one of lanthanum up to
about 1.5 percent by weight, strontium up to about 1.5 percent by weight, cerium up
to about 1.5 percent by weight and praseodymium up to about 1.5 percent by
weight; (2) loading the materials into a crucible; (3) inserting the crucible into a
chamber; (4) evacuating the chamber to a predetermined vacuum level; (5) melting

the materials to form a molten mass; and (6) casting the molten mass into a mold.
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In one embodiment, there is provided an article including a friction stir welded
joint, the friction stir welded joint including an aluminum alloy. The aluminum alloy
includes: aluminum; about 1.8 to about 5.6 percent by weight copper; about 0.6 to
about 2.6 percent by weight lithium; lanthanum in a non-zero quantity up to about 1.5
percent by weight; strontium in a non-zero quantity up to about 1.5 percent by weight;
cerium in a non-zero quantity up to about 1.5 percent by weight; and praseodymium
in a non-zero quantity up to about 1.5 percent by weight. The aluminum alloy is T1

phase precipitated during a friction stir welding of the friction stir welded joint.

In another embodiment, there is provided a method for making an aluminum
alloy involving steps of: weighing out starting materials to achieve a mass of material
having the composition described above; loading the starting materials into a crucible;
inserting the crucible into a chamber; evacuating the chamber to a predetermined
vacuum level; melting the starting materials to form a molten mass; and casting the

molten mass into a mold.

In another embodiment, there is provided a method of joining. The method
involves friction stir welding an aluminum alloy. The aluminum alloy includes:
aluminum; about 1.8 to about 5.6 percent by weight copper; about 0.6 to about 2.6
percent by weight lithium; lanthanum present in a non-zero quantity up to about 1.5
percent by weight; strontium present in a non-zero quantity up to about 1.5 percent
by weight; cerium present in a non-zero quantity up to about 1.5 percent by weight;
and praseodymium present in a non-zero quantity up to about 1.5 percent by weight.

The aluminum alloy T1 phase precipitates during the friction stir welding.

In another embodiment, there is provided a method for making an aluminum
alloy which T1 phase precipitates during a solid-state joining process. The method
comprises a step of weighing out starting materials to achieve a mass of material
having a composition comprising: aluminum; about 1.8 to about 5.6 percent by weight
copper; about 0.6 to about 2.6 percent by weight lithium; lanthanum in a non-zero

quantity up to about 1.5 percent by weight; strontium in a non-zero quantity up to
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about 1.5 percent by weight; cerium in a non-zero quantity up to about 1.5 percent by
weight; and praseodymium in a non-zero quantity up to about 1.5 percent by weight.
The method further comprises steps of: loading said starting materials into a crucible;
inserting said crucible into a chamber; evacuating said chamber to a predetermined
vacuum level; melting said starting materials to form a molten mass; and casting said

molten mass into a mold.

In another embodiment, there is provided a method for manufacturing an
aluminum article. The method comprises a step of subjecting an aluminum alloy to a
solid-state joining process. The aluminum alloy comprises: aluminum; about 1.8 to
about 5.6 percent by weight copper; about 0.6 to about 2.6 percent by weight lithium;
lanthanum in a non-zero quantity up to about 1.5 percent by weight; strontium in a
non-zero quantity up to about 1.5 percent by weight; cerium in a non-zero quantity up
to about 1.5 percent by weight; and praseodymium in a non-zero quantity up to about
1.5 percent by weight. The aluminum alloy T1 phase precipitates during the solid-

state joining process.

2b

Date Regue/Date Received 2022-03-11



10

15

20

25

Other embodiments of the disclosed aluminum alloy composition and method
will become apparent from the following detailed description, accompanying

drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow diagram of an aircraft manufacturing and service

methodology; and

Fig. 2 is a block diagram of an aircraft.

DETAILED DESCRIPTION

Disclosed are aluminum alloys that have been improved by the addition of
lanthanum (La), cerium (Ce), strontium (Sr), praseodymium (Pr), other rare or alkali
earth metals, other lanthanides, and rare earth metal in the form of mischmetal,
along with various other elements traditionally used in aluminum alloys. For
example, aluminum alloys from the 2xxx series Al-Cu-Li alloys registered by the
Aluminum Association have been improved by the addition La, Ce, Sr, Pr, other rare
or alkali earth metals, and rare-earth ore in the form of mischmetal. The disclosed
aluminum alloys are designed to generate a dynamic response of the material to the
friction stir welding (FSW) process. Without being limited to any particular theory, it
is believed that the additional elements have three primary thermodynamic and
physical criteria that improve the property of the disclosed aluminum alloy, set forth

below.

The T1 phase (the primary strengthening phase in the Al-Cu-Li system)
favors distorted lattice sites for nucleation. Thus, the high degree of strain misfit

generated by these additional elements will spur nucleation of the T1 phase. In

3
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combination, the criteria described herein create an ideal scenario for nucleation
and subsequent re-precipitation of the T1 phase during the FSW process. The
resulting effect will be a marked improvement in strength and other inherent material
properties in the weld zone. Finally, the additional elements would eliminate the
measurable drop in strength typically observed across weld zones. This would
result in a new class of aluminum alloys thai could be implemented in more critical
design spaces, and more amenable to a desirable and efficient fabrication process
(e.g., FSW).

One general example of the disclosed aluminum alloy has the composition
shown in Table 1.

TABLE 1

Element Quantity (wt.%)
Copper 18-56
Lithium 06-26

At least one of La,
Sr. Ce and Pr Non-zero — 1.5 each
Other elements . Zeroto 6.0
Aluminum Balance

Thus, the aluminum alloy of Table 1 comprises about 1.8 to about 5.6
percent by weight copper, about 0.6 to about 2.6 percent by weight lithium, at least
one of lanthanum, strontium, cerium, and praseodymium in a non-zero quantity up
to about 1.6 percent by weight, wherein each of the at least one of the lanthanum,
strontium, cerium, and praseodymium can be present at the non-zero quantity up to
about 1.5 percent by weight, and the balance is substantially aluminum. The at
least one of La, Sr, Ce, and Pr could be sourced from mischmetal. Mischmetal is a
rare-earth metal ore mixture, typically predominately Ce and La with smaller

amounts of Pr, Sr, and neodymium (Nd), but potentially containing other

4
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lanthanides. Accordingly, low levels of other lanthanides may also be present in the

disclosed aluminum alloy.

The aluminum alloy of the first embodiment may further include silicon in a
non-zero quantity up to about 0.20 percent by weight or about 0.05 to about 0.20
percent by weight. The aluminum alloy of the first embodiment may further include
iron in a non-zero quantity up to about 0.30 percent by weight or from about 0.07 to
about 0.30 percent by weight. The aluminum alloy of the first embodiment may
further include manganese in a non-zero quantity up to about 0.6 percent by weight
or about 0.03 to about 0.6 percent by weight. The aluminum alloy of the first
embodiment may further include magnesium in a non-zero quantity up to about 1.9
percent by weight or about 0.05 to about 1.9 percent by weight. The aluminum alloy
of the first embodiment may further include chromium in a non-zero guantity up to
about 0.10 percent by weight. The aluminum alloy of the first embodiment may
further include zinc in a non-zero quantity up to about 1.0 percent by weight or
about 0.03 to about 1.0 percent by weight. The aluminum alloy of the first
embodiment may further include titanium in a non-zero quantity up to about 0.15
percent by weight or about 0.07 to about 0.15 percent by weight. The aluminum
alloy of the first embodiment may further include silver in a non-zero quantity up to
about 0.7 percent by weight or about 0.05 to about 0.7 percent by weight. The
aluminum alloy of the first embodiment may further include zirconium in a non-zero
quantity up to about 0.16 percent by weight or about 0.04 to about 0.16 percent by
weight. The aluminum alloy of the first embodiment may further include at least one
of nickel, gallium, and vanadium in a non-zero quantity up to about 0.05 percent by
weight each.

Those skilled in the art will appreciate that various impurities, which do not
substantially affect the physical properties of the aluminum alloy of the first
embodiment, may also be present, and the presence of such impurities will not

result in a departure from the scope of the present disclosure.
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Another general example of the disclosed aluminum alloy has the

composition shown in Table 2.

TABLE 2
Element Quantity (wt.%)

Si 0.05-0.20
Cu . 18-56

Fe 0.07-0.30
Mn 0.03-0.6
Mg 0.05-1.9
Cr 0-0.10

Ni 0-0.05

Zn 0-1.0

Ti 0-0.15

Ag 0-0.7

Li 06-26

Zr 0-0.16

La 0-15

Sr 0-15

Ce - 0-15

Pr 0-15

Al Substantially balance

The aluminum alloy of Table 2 includes the elements listed and the balance
is either aluminum or substantially aluminum along with various impurities. In the
general example of Table 2, at least one of La, Sr, Ce, and Pr must be presentin a

non-zero quantity.

One specific, non-limiting example of the disclosed aluminum alloy has the

composition shown in Table 3.
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TABLE 3

Element Target (wt.%)
Copper 40
Lithium 1.0

Magnesium 04
Zirconium 0.13
Silver 0.35

Strontium 0.5
Aluminum 93.62

Another specific, non-limiting example of the disclosed aluminum alloy has

the composition shown in Table 4.

TABLE 4
Element Target (wt.%)
Cu 4.07
Fe 0.07
Mn 0.04
Mg 0.37
Zn 0.04
Ti 0.08
Zr 0.13
Ag 0.24
Li 0.94
Sr 0.30
La <0.01
Al ' Balance
7
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Yet another specific, non-limiting example of the disclosed aluminum alloy

has the compaosition shown in Table 5.

TABLE S
Element Target (wt.%)

Cu 4.0
Fe 0.07
Mn 0.04
Mg ’ 0.36
Zn 0.04
Ti 0.08
Zr 013
Ag 0.23
Li 0.93
La 013
Sr <0.01
Al Balance

The disclosed aluminum alloy can be made by a variety of techniques. One
method for manufacturing the disclosed aluminum alloy includes the steps of: (1)
weighing out starting materials to achieve a mass of material within the composition
of an aluminum alloy comprising about 1.8 to about 5.6 percent by weight copper,
about 0.6 to about 2.6 percent by weight lithium, at least one of lanthanum,
strontium, cerium, and praseodymium in a non-zero quantity up to about 1.5 percent
by weight, each, and aluminum; (2) loading the materials into a crucible; (3)
inserting the crucible into a chamber; (4) evacuating the chamber to a
predetermined vacuum level wherein said chamber is optionally backfilled with an
inert gas; (5) melting the materials to form a molten mass; and (6) casting the

molten mass into a mold. Once the molten mass is cast into a mold, the molten
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mass is cooled to form a solid mass, the solid mass is homogenized and water
quenched to yield an ingot, the ingot is scalped and hot rolled, and the ingot is
solution treated and water quenched, cold-rolled or stretched, and artificially or

otherwise naturally aged to yield the aluminum alloy.

The weighing out of starting materials step may include the use of
mischmetal as the source of at least one of lanthanum, strontium, cerium, and
praseodymium in a non-zero quantity up to about 1.5 percent by weight, each.
Mischmetal is a rare-earth metal ore mixture, typically predominately Ce and La with
smaller amounts of Pr, Sr, and Nd, but potentially containing other lanthanides.
Mischmetals are cost-effective rare-earth elements one could use in the
embodiments described herein to decrease the cost. The rare-earth elements are
relatively expensive because a larger contributor to the cost of the rare-earth
elements is the step of isolating rare earth elements. By utilizing mischmetals, the
isolation step is avoided, thus the final product will be less expensive yet similarly

effective.

In one specific, non-limiting example of the disclosed method, charge
materials are weighed out and loaded in a graphite crucible. The chamber is then
evacuated to a vacuum level below about 0.05 Torr and backfilled with an inert gas
(e.g., argon) to a partial pressure of about 760 Torr. The charge is melted and cast
into a graphite mold and allowed to air cool. The as-cast ingot can then be
homogenized at about 840 °F for about 24 hours and water quenched. The ingot
can then be scalped and hot rolled at about 900 °F to thickness. It will then be
solution treated at 950 °F for about 1 hour and water quenched. Finally, it will be
cold-rolled with about a 5% reduction and artificially aged. It can be artificially aged
at about 310 °F for about 32 hour, yielding an aluminum alloy of the type described

herein.

Examples of the disclosure may be described in the context of an aircraft

manufacturing and service method 100, as shown in Fig. 1, and an aircraft 102, as

9
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shown in Fig. 2. During pre-production, the aircraft manufacturing and service
method 100 includes, for example, specification and design 104 of the aircraft 102
and material procurement 106. During production, component/subassembly
manufacturing 108 and system integration 110 of the aircraft 102 takes place.
Thereafter, the aircraft 102 may go through certification and delivery 112 in order to
be placed in service 114. While in service by a customer, the aircraft 102 is
scheduled for routine maintenance and service 116, which may also include

modification, reconfiguration, refurbishment and the like.

Each of the processes of method 100 may be performed or carried out by a
system integrator, a third party, and/or an operator (e.g., a customer). For the
purposes of this description, a system integrator includes, without limitation, any
number of aircraft manufacturers and major-system subcontractors; a third party
includes, without limitation, any number of venders, subcontractors, and suppliers;
and an operator may be an airline, leasing company, military entity, service

organization, and so on.

As shown in Fig. 2, the aircraft 102 produced by example method 100
includes, for example, an airframe 118 with a plurality of systems 120 and an
interior 122. Examples of the plurality of systems 120 inciude one or more of a
propulsion system 124, an electrical system 126, a hydraulic system 128, and an

environmental system 130. Any number of other systems may be included.

The disclosed aluminum alloy composition and article formed therefrom may
be employed during any one or more of the stages of the aircraft manufacturing and
service method 100. As one example, components or subassemblies
corresponding to component/subassembly manufacturing 108, system integration
110, and or maintenance and service 116 may be fabricated or manufactured using
the disclosed aluminum alloy composition. As another example, the airframe 118
may be constructed using the disclosed aluminum alloy composition. Also, one or

more apparatus examples, method examples, or a combination thereof may be

10
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utilized during component/subassembly manufacturing 108 and/or system
integration 110, for example, by substantially expediting assembly of or reducing the
cost of an aircraft 102, such as the airframe 118 and/or the interior 122. Similarly,
one or more of system examples, method examples, or a combination thereof may
be utilized while the aircraft 102 is in service, for example and without limitation, to

maintenance and service 116.

The disclosed aluminum alloy composition and article formed therefrom is
described in the context of an aircraft; however, one of ordinary skill in the art will
readily recognize that the disclosed aluminum alloy composition and article formed
therefrom may be utilized for a variety of applications. For example, the disclosed
aluminum alloy composition and article formed therefrom may be implemented in
various types of vehicles including, for example, helicopters, passenger ships,

automobiles, marine products (boat, motors, etc.) and the like.

Although various embodiments of the disclosed aluminum alloy composition
and article formed therefrom have been shown and described, modifications may
occur to those skilled in the art upon reéding the specification. The present
application includes such madifications and is limited only by the scope of the

claims.

11
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EMBODIMENTS IN WHICH AN EXCLUSIVE PROPERTY OR PRIVILEGE IS
CLAIMED ARE DEFINED AS FOLLOWS:

1. An article comprising:

a friction stir welded joint, the friction stir welded joint comprising an

5 aluminum alloy, the aluminum alloy comprising:
aluminum;
about 1.8 to about 5.6 percent by weight copper;
about 0.6 to about 2.6 percent by weight lithium;

lanthanum in a non-zero quantity up to about 1.5 percent by

10 weight;

strontium in a non-zero quantity up to about 1.5 percent by

weight;

cerium in a non-zero quantity up to about 1.5 percent by weight;

and

15 praseodymium in a non-zero quantity up to about 1.5 percent by

weight, and

wherein the aluminum alloy is T1 phase precipitated during a friction stir

welding of the friction stir welded joint.

2. The article of claim 1, the aluminum alloy further comprising silicon in a non-
20 zero quantity up to about 0.20 percent by weight.
3. The article of claim 2, wherein the aluminum alloy comprises the silicon in a

quantity of about 0.05 to about 0.20 percent by weight.

12
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10.

11.

12.

13.

14.

The article of any one of claims 1 to 3, the aluminum alloy further comprising

iron in a non-zero quantity up to about 0.30 percent by weight.

The article of claim 4, wherein the aluminum alloy comprises the iron in a

quantity up of about 0.07 to about 0.30 percent by weight.

The article of any one of claims 1 to 5, the aluminum alloy further comprising

manganese in a non-zero quantity up to about 0.6 percent by weight.

The article of claim 6, wherein the aluminum alloy comprises the manganese

in a quantity of about 0.03 to about 0.6 percent by weight.

The article of any one of claims 1 to 7, the aluminum alloy further comprising

magnesium in a non-zero quantity up to about 1.9 percent by weight.

The article of claim 8, wherein the aluminum alloy comprises the magnesium

in a quantity of about 0.05 to about 1.9 percent by weight.

The article of any one of claims 1 to 9, the aluminum alloy further comprising

chromium in a quantity up to about 0.10 percent by weight.

The article of claim 10, wherein the aluminum alloy comprises the chromium in

a non-zero quantity.

The article of any one of claims 1 to 11, the aluminum alloy further comprising

zinc in a non-zero quantity up to about 1.0 percent by weight.

The article of claim 12, wherein the aluminum alloy comprises the zinc in a

quantity up of about 0.03 about 1.0 percent by weight.

The article of any one of claims 1 to 13, the aluminum alloy further comprising

titanium in a non-zero quantity up to about 0.15 percent by weight.

13
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15.

16.

17.

18.

19.

20.

21.

22.

The article of claim 14, wherein the aluminum alloy comprises the titanium in a

quantity of about 0.07 to about 0.15 percent by weight.

The article of any one of claims 1 to 15, the aluminum alloy further comprising

silver in a non-zero quantity up to about 0.7 percent by weight.

The article of claim 16, wherein the aluminum alloy comprises the silver in a

quantity of about 0.05 to about 0.7 percent by weight.

The article of any one of claims 1 to 17, the aluminum alloy further comprising

zirconium in a non-zero quantity up to about 0.16 percent by weight.

The article of claim 18, wherein the aluminum alloy comprises the zirconium in

a quantity of about 0.04 to about 0.16 percent by weight.

The article of any one of claims 1 to 19, the aluminum alloy further comprising
at least one of nickel up to about 0.05 percent by weight, gallium up to about

0.05 percent by weight and vanadium up to about 0.05 percent by weight.

The article of claim 1, the aluminum alloy further comprising:
magnesium in a non-zero quantity up to about 1.9 percent by weight;
zirconium in a non-zero quantity up to about 0.16 percent by weight; and
silver in a non-zero quantity up to about 0.7 percent by weight.

The article of claim 21, wherein the aluminum alloy comprises:

the magnesium in a quantity of about 0.05 to about 1.9 percent by

weight;

the zirconium in a quantity of about 0.04 to about 0.16 percent by weight;

and

14
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the silver in a quantity of about 0.05 to about 0.7 percent by weight.
The article of claim 1, the aluminum alloy further comprising:
magnesium in a non-zero quantity up to about 1.9 percent by weight;
zirconium in a non-zero quantity up to about 0.16 percent by weight;
silver in a non-zero quantity up to about 0.7 percent by weight;
manganese in a non-zero quantity up to about 0.6 percent by weight;
zinc in a non-zero quantity up to about 1.0 percent by weight; and
titanium in a non-zero quantity up to about 0.15 percent by weight.
The article of claim 23, wherein the aluminum alloy comprises:

the magnesium in a quantity of about 0.05 to about 1.9 percent by

weight;
the zirconium in a quantity of about 0.04 to about 0.16 percent by weight;
the silver in a quantity of about 0.05 to about 0.7 percent by weight;

the manganese in a quantity of about 0.03 to about 0.6 percent by

weight;
the zinc in a quantity up of about 0.03 about 1.0 percent by weight; and
the titanium in a quantity of about 0.07 to about 0.15 percent by weight.

The article of any one of claims 1 to 24, the aluminum alloy further comprising

one or more other lanthanides.

15
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30.
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The article of any one of claims 1 to 25, the aluminum alloy further comprising

balance aluminum.

The article of any one of claims 1 to 26, wherein the elements other than the
aluminum, the copper, the lithium, the lanthanum, the strontium, the cerium
and the praseodymium are present at a total amount up to 6.0 percent by

weight.
A method for making an aluminum alloy, the method comprising steps of:

weighing out starting materials to achieve a mass of material having the

composition of claim 1;

loading said starting materials into a crucible;

inserting said crucible into a chamber;

evacuating said chamber to a predetermined vacuum level,
melting said starting materials to form a molten mass; and
casting said molten mass into a mold.

The method of claim 28, wherein said predetermined vacuum level is at most

0.05 Torr, and wherein said chamber is backfilled with an inert gas.
The method of claim 28 or 29 further comprising:

after casting said molten mass into the mold, cooling said molten mass

to form a solid mass;
homogenizing and water quenching said solid mass to yield an ingot;

scalping and hot rolling said ingot;

16
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at least one of solution treating, cold-rolling and stretching said ingot;

and
aging said ingot.

The method of claim 30, wherein aging said ingot comprising artificially aging
said ingot at about 300°F to about 320°F for about 29 hours to about 35 hours.

The method of any one of claims 28 to 31, wherein weighing out said starting
material comprises weighing a mischmetal as a source of said at least one of

said lanthanum, said strontium, said cerium and said praseodymium.
A method of joining comprising:
friction stir welding an aluminum alloy, the aluminum alloy comprising:
aluminum;
about 1.8 to about 5.6 percent by weight copper;
about 0.6 to about 2.6 percent by weight lithium;

lanthanum present in a non-zero quantity up to about 1.5 percent

by weight;

strontium present in a non-zero quantity up to about 1.5 percent

by weight;

cerium present in a non-zero quantity up to about 1.5 percent by

weight; and

praseodymium present in a non-zero quantity up to about 1.5

percent by weight, and
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34.

35.

36.

37.

38.

39.

40.

41.

42.

wherein the aluminum alloy T1 phase precipitates during the friction stir

welding.

The method of claim 33, the aluminum alloy further comprising silicon in a non-

zero quantity up to about 0.20 percent by weight.

The method of claim 33 or 34, the aluminum alloy further comprising iron in a

non-zero quantity up to about 0.30 percent by weight.

The method of any one of claims 33 to 35, the aluminum alloy further
comprising manganese in a non-zero quantity up to about 0.6 percent by

weight.

The method of any one of claims 33 to 36, the aluminum alloy further
comprising magnesium in a non-zero quantity up to about 1.9 percent by

weight.

The method of any one of claims 33 to 37, the aluminum alloy further
comprising chromium in a non-zero quantity up to about 0.10 percent by

weight.

The method of any one of claims 33 to 38, the aluminum alloy further

comprising zinc in a non-zero quantity up to about 1.0 percent by weight.

The method of any one of claims 33 to 39, the aluminum alloy further

comprising titanium in a non-zero quantity up to about 0.15 percent by weight.

The method of any one of claims 33 to 40, the aluminum alloy further

comprising silver in a non-zero quantity up to about 0.7 percent by weight.

The method of any one of claims 33 to 41, the aluminum alloy further

comprising nickel in a non-zero quantity up to about 0.05 percent by weight.
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The method of any one of claims 33 to 42, the aluminum alloy further

comprising gallium in a non-zero quantity up to about 0.05 percent by weight.

The method of any one of claims 33 to 43, the aluminum alloy further
comprising vanadium in a non-zero quantity up to about 0.05 percent by

weight.

A method for making an aluminum alloy which T1 phase precipitates during a

solid-state joining process, the method comprising steps of:

weighing out starting materials to achieve a mass of material having a

composition comprising:
aluminum;
about 1.8 to about 5.6 percent by weight copper;
about 0.6 to about 2.6 percent by weight lithium;

lanthanum in a non-zero quantity up to about 1.5 percent by

weight;

strontium in a non-zero quantity up to about 1.5 percent by

weight;

cerium in a non-zero quantity up to about 1.5 percent by weight;

and

praseodymium in a non-zero quantity up to about 1.5 percent by

weight;
loading said starting materials into a crucible;

inserting said crucible into a chamber;
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evacuating said chamber to a predetermined vacuum level,
melting said starting materials to form a molten mass; and
casting said molten mass into a mold.

The method of claim 45, wherein said predetermined vacuum level is at most

0.05 Torr, and wherein said chamber is backfilled with an inert gas.

The method of claim 45 or 46 further comprising:
cooling said molten mass is cooled to form a solid mass;
homogenizing and water quenching said solid mass to yield an ingot;
scalping and hot rolling said ingot;

at least one of solution treating, cold-rolling and stretching said ingot;

and
aging said ingot.

The method of claim 47, wherein aging said ingot comprises artificially aging
said ingot at about 300 F to about 320°F for about 29 hours to about 35 hours.

The method of any one of claims 45 to 48, wherein weighing out said starting
materials comprises weighing a mischmetal as a source of said at least one of

said lanthanum, said strontium, said cerium and said praseodymium.

The method of any one of claims 45 to 49 further comprising subjecting the
aluminum alloy to the solid-state joining process, wherein the aluminum alloy

T1 phase precipitates during the solid-state joining process.
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51. A method for manufacturing an aluminum article comprising steps of:

subjecting an aluminum alloy to a solid-state joining process, wherein

the aluminum alloy comprises:
aluminum;
5 about 1.8 to about 5.6 percent by weight copper;
about 0.6 to about 2.6 percent by weight lithium; and

lanthanum in a non-zero quantity up to about 1.5 percent by

weight;

strontium in a non-zero quantity up to about 1.5 percent by

10 weight;

cerium in a non-zero quantity up to about 1.5 percent by weight;

and

praseodymium in a non-zero quantity up to about 1.5 percent by

weight, and

15 wherein the aluminum alloy T1 phase precipitates during the solid-state

joining process.

52. The method of claim 81 further comprising aging the aluminum alloy before the

subjecting the aluminum alloy to the solid-state joining process.
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