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IMPROVED 7XX ALUMINUM CASTING ALLOYS, AND METHODS FOR
MAKING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This patent application claims benefit of priority of U.S. Provisional Patent
Application No. 61/986,249, filed April 30, 2014, entitled “IMPROVED 7XX ALUMINUM
CASTING ALLOYS, AND METHODS FOR MAKING THE SAME”.

BACKGROUND
[002] Aluminum alloys are useful in a variety of applications. However, improving one
property of an aluminum alloy without degrading another property is elusive. For example, it is
difficult to increase the strength of an aluminum casting alloy without affecting other properties

such as castability, clongation or stress corrosion cracking. See, for example, U. S. Patent

Application Publication No. 2008/0066833.

SUMMARY OF THE DISCLOSURE
[003] Broadly, the present patent application relates to improved 7xx aluminum casting
alloys, and methods for producing the same. The new 7xx aluminum casting alloys may
realize, for instance, an improved combination of at least two of strength, corrosion

resistance, castability, and fatigue failure resistance, among other properties.

[004] The new 7xx aluminum casting alloys generally comprise (and in some instance
consist essentially of, or consist of), zinc (Zn), magnesium (Mg), copper (Cu), and vanadium
(V) as primary alloying elements, and at least one secondary element selected from the group
consisting of manganese (Mn), chromium (Cr), zirconium (Zr), titanium (T1), and boron (B),
the balance being aluminum (Al), iron (Fe), silicon (Si), and other elements, as defined

below.

[005] Regarding zinc, the new 7xx aluminum casting alloys generally include from 3.0
to 8.0 wt. % Zn. In one embodiment, a new 7xx aluminum casting alloy includes not greater
than 7.5 wt. % Zn. In another embodiment, a new 7xx aluminum casting alloy includes not
greater than 7.0 wt. % Zn. In yet another embodiment, a new 7xx aluminum casting alloy
includes not greater than 6.5 wt. % Zn. In another embodiment, a new 7xx aluminum casting
alloy includes not greater than 6.0 wt. % Zn. In yet another embodiment, a new 7xx
aluminum casting alloy includes not greater than 5.5 wt. % Zn. In another embodiment, a new

7xx aluminum casting alloy includes not greater than 5.0 wt. % Zn. In one embodiment,
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anew 7xx aluminum casting alloy includes at least 3.25 wt. % Zn. In another embodiment, a
new 7xx aluminum casting alloy includes at least 3.5 wt. % Zn. In yet another embodiment,
anew 7xx aluminum casting alloy includes at least 3.75 wt. % Zn. In another embodiment, a

new 7xx aluminum casting alloy includes at least 4.0 wt. % Zn.

[006] The new 7xx aluminum casting alloys generally include magnesium in the range
of from 1.0 to 3.0 wt. % Mg. The amount of zinc exceeds the amount of magnesium. In one
embodiment, a new 7xx aluminum casting alloy includes not greater than 2.75 wt. % Mg. In
another embodiment, a new 7xx aluminum casting alloy includes not greater than 2.5 wt. %
Mg. In yet another embodiment, a new 7xx aluminum casting alloy includes not greater than
2.25 wt. % Mg. In another embodiment, a new 7xx aluminum casting alloy includes not
greater than 2.0 wt. % Mg. In yet another embodiment, a new 7xx aluminum casting alloy
includes not greater than 1.8 wt. % Mg. In onc embodiment, a new 7xx aluminum casting
alloy includes at least 1.1 wt. % Mg. In another embodiment, a new 7xx aluminum casting
alloy includes at least 1.2 wt. % Mg. In yet another embodiment, a new 7xx aluminum
casting alloy includes at least 1.3 wt. % Mg. In another embodiment, a new 7xx aluminum

casting alloy includes at least 1.4 wt. % Mg.

[007] The new 7xx aluminum casting alloys gencrally include copper and in the range
of from 0.35 to 1.0 wt. % Cu. The amount of magnesium exceeds the amount of copper. As
shown bclow, copper may facilitate, for cxample, improved corrosion resistance and/or
strength. In one embodiment, a new 7xx aluminum casting alloy includes not greater than
0.95 wt. % Cu. In another embodiment, a new 7xx aluminum casting alloy includes not
greater than 0.90 wt. % Cu. In yet another embodiment, a new 7xx aluminum casting alloy
includes not greater than 0.85 wt. % Cu. In another embodiment, a new 7xx aluminum
casting alloy includes not greater than 0.80 wt. % Cu. In one embodiment, a new 7xx
aluminum casting alloy includes at least 0.40 wt. % Cu. In another embodiment, a new 7xx
aluminum casting alloy includes at least 0.45 wt. % Cu. In yet another embodiment, a new
7xx aluminum casting alloy includes at least 0.50 wt. % Cu. In another embodiment, a new
7xx aluminum casting alloy includes at least 0.55 wt. % Cu. In yet another embodiment, a

new 7xx aluminum casting alloy includes at least 0.60 wt. % Cu.

[008] The new 7xx aluminum casting alloys generally include from 0.05 to 0.30 wt. %
V. As shown below, vanadium may facilitate, for example, improved corrosion resistance.
In one embodiment, a new 7xx aluminum casting alloy includes not greater than 0.25 wt. %
V. In another embodiment, a new 7xx aluminum casting alloy includes not greater than 0.20

wt. % V. In yet another embodiment, a new 7xx aluminum casting alloy includes not greater
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than 0.18 wt. % V. In another embodiment, a new 7xx aluminum casting alloy includes not
greater than 0.16 wt. % V. In yet another embodiment, a new 7xx aluminum casting alloy
includes not greater than 0.15 wt. % V. In another embodiment, a new 7xx aluminum casting
alloy includes not greater than 0.14 wt. % V. In yet another embodiment, a new 7xx
aluminum casting alloy includes not greater than 0.13 wt. % V. In another embodiment, a
new 7xx aluminum casting alloy includes not greater than 0.12 wt. % V. In yet another
embodiment, a new 7xx aluminum casting alloy includes not greater than 0.11 wt. % V. In
one embodiment, a new 7xx aluminum casting alloy includes at least 0.06 wt. % V. In
another embodiment, a new 7xx aluminum casting alloy includes at least 0.07 wt. % V. In
yet another embodiment, a new 7xx aluminum casting alloy includes at least 0.08 wt. % V.
In another embodiment, a new 7xx aluminum casting alloy includes at least 0.09 wt. % V.

Not greater than 0.15 wt. % V should be used when fatigue properties are important.

[009] The new 7xx aluminum casting alloys generally include from 0.01 to 1.0 wt. % (in
total) of one or more secondary elements, wherein the secondary elements are selected from
the group consisting of manganese, zirconium, chromium, titanium, boron and combinations
thereof. Such secondary elements may at least partially assist, for example, with achieving
the appropriate grain structure and size. In one embodiment, the new 7xx aluminum casting
alloys include 0.10 to 0.80 wt. % (in total) of the secondary elements. In another
embodiment, the new 7xx aluminum casting alloys include 0.15 to 0.60 wt. % (in total) of the
secondary elements. In another embodiment, the new 7xx aluminum casting alloys include
0.15 to 0.45 wt. % (in total) of the secondary elements. The one or more secondary elements
may be included in the 7xx aluminum casting alloy, and in any combination that facilitates
the appropriate grain size and structure, so long as the total amount of the secondary elements
falls within the scope of the ranges provided above. In one embodiment, the secondary
clements at least include zirconium. In another embodiment, the secondary elements at least
include zirconium and titanium. In yet another embodiment, the secondary elements at least
include zirconium, titanium, and boron. In yet another embodiment, the secondary elements
at least include zirconium, manganese, titanium, and boron. In some of these embodiments,
the 7xx aluminum casting alloy is substantially free of chromium, as defined below. In
another embodiment, the secondary elements include all of zirconium, manganese, titanium,
chromium and boron. In other embodiments, the 7xx aluminum casting alloy at least
includes chromium, but is substantially free of one or more of manganese, zirconium,

titanium, and boron, as defined below.
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[0010] In embodiments where manganese is present, the new 7xx aluminum casting
alloys generally include from 0.01 to 0.50 wt. % Mn. In one embodiment, a new 7xx
aluminum casting alloy includes from 0.01 to 0.25 wt. % Mn. In another embodiment, a new
7xx aluminum casting alloy includes from 0.01 to 0.15 wt. % Mn. In yet another
cmbodiment, a new 7xx aluminum casting alloy includes from 0.01 to 0.10 wt. % Mn. In
anothcr embodiment, a new 7xx aluminum casting alloy includes from 0.01 to 0.09 wt. %
Mn. In yect another embodiment, a necw 7xx aluminum casting alloy includes from 0.01 to
0.08 wt. % Mn. In yet another embodiment, a new 7xx aluminum casting alloy includes from
0.01 to 0.07 wt. % Mn. In some embodiments, the new 7xx aluminum casting alloys are
substantially free of manganese, and, in these embodiments, contain less than 0.01 wt. %.

Mn.

[0011] In embodiments where zirconium is present, the new 7xx aluminum casting alloys
generally include from 0.05 to 0.25 wt. % Zr. In onc cmbodiment, a new 7xx aluminum
casting alloy includes from 0.05 to 0.20 wt. % Zr. In another embodiment, a new 7xx
aluminum casting alloy includes from 0.07 to 0.18 wt. % Zr. In some embodiments, the new
7xx aluminum casting alloys are substantially free of zirconium, and, in these embodiments,

contain less than 0.05 wt. %. Zr, such as less than 0.03 wt. % Zr, or less than 0.01 wt. % Zr.

[0012] In embodiments where chromium is present, the new 7xx aluminum casting alloys
generally include from 0.05 to 0.40 wt. % Cr. In onc cmbodiment, a new 7xx aluminum
casting alloy includes from 0.10 to 0.35 wt. % Cr. In another embodiment, a new 7xx
aluminum casting alloy includes from 0.15 to 0.25 wt. % Cr. In some embodiments, the new
7xx aluminum casting alloys are substantially free of chromium, and, in these embodiments,

contain less than 0.05 wt. %. Cr, such as less than 0.03 wt. % Cr, or less than 0.01 wt. % Cr.

[0013] In embodiments where titanium is present, the new 7xx aluminum casting alloys
generally include from 0.01 to 0.25 wt. % Ti. In onc ecmbodiment, a new 7xx aluminum
casting alloy includes from 0.01 to 0.15 wt. % Ti. In another embodiment, a new 7xx
aluminum casting alloy includes from 0.01 to 0.10 wt. % Ti. In yet another embodiment, a
new 7xx aluminum casting alloy includes from 0.01 to 0.08 wt. % Ti. In another
embodiment, a new 7xx aluminum casting alloy includes from 0.02 to 0.07 wt. % Ti. In
some embodiments, the new 7xx aluminum casting alloys are substantially free of titanium,
and, in these embodiments, contain less than 0.01 wt. %. Ti, such as less than 0.005 wt. % Ti,

or less than 0.001 wt. % Ti.

[0014]  In embodiments where boron is present, the new 7xx aluminum casting alloys

generally include from 0.001 to 0.050 wt. % B. In one embodiment, a new 7xx aluminum

4
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casting alloy includes from 0.005 to 0.040 wt. % B. In another embodiment, a new 7xx
aluminum casting alloy includes from 0.010 to 0.030 wt. % B. In some embodiments, the
new 7xx aluminum casting alloys are substantially free of boron, and, in these embodiments,
contain less than 0.001 wt. %. T1, such as less than 0.0005 wt. % B, or less than 0.0001 wt. %
B.

[0015] The new 7xx casting alloys may include iron, up to 0.50 wt. % Fe, sometimes as
an impurity. In one embodiment, a new 7xx aluminum casting alloy includes not greater
than 0.35 wt. % Fe. In another embodiment, a new 7xx aluminum casting alloy includes not
greater than 0.25 wt. % Fe. In yet another embodiment, a new 7xx aluminum casting alloy
includes not greater than 0.15 wt. % Fe. In another embodiment, a new 7xx aluminum
casting alloy includes not greater than 0.10 wt. % Fe. In one embodiment, a new 7xx

aluminum casting alloy includes at lcast 0.01 wt. % Fe.

[0016] The new 7xx casting alloys may include silicon, up to 0.25 wt. % Si, sometimes as
an impurity. In one embodiment, a new 7xx casting alloy includes not greater than 0.20 wt.
% Si. In another embodiment, a new 7xx casting alloy includes not greater than 0.15 wt. %
Si. In yet another embodiment, a new 7xx casting alloy includes not greater than 0.10 wt. %
Si. In another embodiment, a new 7xx casting alloy includes not greater than 0.05 wt. % Si.

In onc cmbodiment, a ncw 7xx aluminum casting alloy includcs at lcast 0.01 wt. % Si.

[0017] The new 7xx aluminum casting alloy may be substantially free of other elements.
As used herein, "other elements" means any other elements of the periodic table other than
the above-listed zinc, magnesium, copper, vanadium, manganese, zirconium, chromium,
titanium, boron, iron, and silicon, as described above. In the context of this paragraph, the
phrase "substantially frec" means that the new 7xx aluminum casting alloys contain not more
than 0.10 wt. % cach of any clement of the other clements, with the total combined amount of
these other clements not exceeding 0.35 wt. % in the new 7xx aluminum casting alloys. In
another embodiment, ecach one of these other elements, individually, does not exceed 0.05 wt.
% in the new 7xx aluminum casting alloys, and the total combined amount of these other
elements does not exceed 0.15 wt. % in the new 7xx aluminum casting alloys. In another
embodiment, each one of these other elements, individually, does not exceed 0.03 wt. % in
the new 7xx aluminum casting alloys, and the total combined amount of these other elements
does not exceed 0.10 wt. % in the new 7xx aluminum casting alloys.

[0018] In one embodiment, the new 7xx aluminum casting alloy is cast into a 7xx shape-
cast part. In this regard, the casting step may be low pressure die casting, gravity permanent

mold, semi-permanent mold, squeeze, casting, sand mold casting and spin / centrifugal
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casting. After the casting, the 7xx casting alloy may be tempered, such as by solution heat
treating, and then quenching, and then natural or artificially aging. Suitable tempers include

the T4, TS, T6, and T7 tempers, for instance.

[0019] The 7xx shape-cast part may be used in any suitable application, such as in any of
an automotive, acrospace, industrial or commercial transportation application, among others.
In one embodiment, the 7xx shape-cast part is an automotive part (e.g., a body-in-white
(BIW) part; a suspension part). In one embodiment, the 7xx shape-cast part is included in an
automobile. In one embodiment, the 7xx shape-cast part is an aerospace part. In one
embodiment, the 7xx shape-cast part is included in an aerospace vehicle. In one
cmbodiment, the 7xx shape-cast part is an industrial part. In onc embodiment, the 7xx shape-
cast part is a commercial transportation part. In one embodiment, the 7xx shape-cast part is

included in a commercial transportation vehicle.

[0020] Although the new 7xx alloys have been described as shape-casting alloys, it is
anticipated that the alloy compositions described herein may also be useful in producing
wrought products. For instance, the alloys described herein may be cast (e.g., as ingot or
billet), then homogenized, and then hot worked to an intermediate or final form (e.g., cold
working after the hot working when the hot working produces an intermediate form). In one
cmbodiment, the hot working is forging. In onc cmbodiment, the forging produccs a shaped
product, such as a wheel product. In another embodiment, the hot working is rolling or
extruding. After the hot working (and any optional cold working), the new alloy may be
tempered, such as by solution heat treating, and then quenching, and then natural or
artificially aging. Suitable tempers include the T4, TS, T6, and T7 tempers, for instance. In
one embodiment, the new alloy compositions described herein are processed into a forged
wheel product per the processes described in commonly-owned U.S. Patent Application

Publication No. 2006/0000094, which is incorporated herein by reference in its entirety.

DETAILED DESCRIPTION

Example 1

[0021] Several 7xx aluminum casting alloys having the compositions shown in Table 1,
below, were cast via directional solidification. The dimensions of the directionally solidified
alloys were approximately 25.4 mm (1 inch) thick, 102 mm (4 inches) wide, and 254 mm (10

inches) long.
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Table 1 - Composition of Example 1 Alloys (in wt. %)

Actual Composition, wt. %

Alloy Zn | Mg | Cu Fe Si Mn Ti V Zr B

Al 421 | 1.55 1 065 ] 0.08 | 0.05 | 0.05 0.07 | 0.009 | 0.09 0.02

A2 420 | 1.56 | 0.65 | 0.08 | 0.05 | 0.05 0.07 | 0.057 | 0.09 0.02

A3 435 1162063 | 008 | 0.05] 0.05 0.06 | 0.103 | 0.09 0.02

A4 433 1163 | 063 | 0.08 | 0.05 | 0.05 0.07 | 0.151 | 0.09 0.02

Alloys A2-A4 are invention alloys.

[0022] After casting, the alloys were solution heated by heating from room temperature
to about 515.6°C (960°F), in about 2 hours, holding at about 515.6°C (960°F) for 6 hours, and
then quenching in boiling water. The alloys were then naturally aged for about 12-24 hours,
and then artificially aged by heating to about 204°C (400°F) in about 50 minutes, holding at
about 204°C (400°F) for about 10 minutes, cooling to 182°C (360°F) in about 15 minutes,

holding at 182°C( 360°F) for about 4 hours, and then air cooling to room temperature.

[0023] The Stress corrosion cracking (SCC) resistance of the alloys was then in
accordance with ASTM G103-97(2011), the "Standard Practice for Evaluating Stress-
Corrosion Cracking Resistance of Low Copper 7XXX Series Al-Zn-Mg-Cu Alloys in Boiling
6% Sodium Chloride Solution". A stress level of 240 MPa was used for all specimens
cvaluated. Five replicated SCC specimens were used for cach alloy. The SCC results arc

shown in Table 2, below.

Table 2 - SCC boiling salt test results of Example 1 Alloys

Alloy Days to Failure
Al 10 |OK14| 291 | OK 14 5.9
A2 723 |OK14 | OK 14| 12.02 | OK 14
A3 |OK14|OK14|OK 14| OK14 | OK 14
A4 |OK14 | OK14 | OK 14| OK14 | OK 14

"OK 14" = passed 14 days of testing without failure.

[0024] The addition of vanadium improves the SCC performance of the Al-Zn-Mg-Cu
alloys. Two specimens of alloy Al failed within one week in boiling salt tests, whereas the
specimens of vanadium-containing alloys passed 1-weck boiling salt tests without failure.
Larger vanadium content lcads to improved SCC performance. Two SCC specimens of alloy
A2 (0.057 wt. % V) failed in between one to two weeks, while specimens of A3 (0.103 wt. %
V) and A4 (0.151 wt. % V) passed two weeks without any failures.




WO 2015/167916

[0025]

CA 02945341 2016-10-07

PCT/US2015/027224

The mechanical properties of the alloys were also tested in accordance with

ASMT B557 and ES8, the results of which are shown in Table 3, below. Adding vanadium did

not materially impact tensile or yield strength, but did decrease elongation slightly.

Example 2

[0026]

below, were prepared as per Example 1.

Table 3 - Mechanical Properties of Example 1 Alloys

Yield Strength, | Tensile Strength, | Elongation,
Alloy MPa MPa %
Al 320.8 376.0 11.0
A2 305.9 365.4 10.3
A3 323.4 376.9 9.0
A4 321.3 375.0 9.0

Several 7xx aluminum casting alloys having the compositions shown in Table 4,

SCC and mechanical properties were again

measured using the same ASTM tests and conditions used in Example 1, the results of which

are shown in Tables 5-6, below.

Table 4 - Composition of Example 2 Alloys (in wt. %)

Actual composition, wt. %

Alloy | Zn | Mg Cu Fe Si Mn Ti V Zr B

Bl 439 | 1.61 -- 0.10 | 0.05 0.05 0.07 | 011 | 0.093 ] 0.02
B2 438 | 161 | 025 |0.10 | 0.05 0.05 0.07 | 0.11 | 0.093 | 0.02
B3 438 1162 | 048 |0.10 | 0.05 0.05 0.07 | 0.10 | 0.091 0.02
B4 439 1161 | 078 ]0.10 | 0.05 0.05 0.07 | 0.11 | 0.091 | 0.02

Alloys B3 and B4 are invention alloys.

Table 5 - SCC boiling salt test results for Example 2 Alloys

Alloy Days to Failure

Bl 0.08 | 0.08 | 0.08 | 0.08 | 0.08
B2 0.08 | 075 | 3.74 | 0.75 | 0.92
B3 OK7 | OK7 | OK7 | OK7 | OK7
B4 OK7 | OK7 | OK7 | 577 | OK7

"OK 7" = passed 7 days of testing without failure.

Table 6 - Mechanical Properties of Example 2 Alloys

Yield Strength, | Tensile Strength,
Alloy MPA MPA Elongation, %
Bl 268.5 323.0 12.0
B2 284.5 338.8 10.3
B3 301.5 3538 8.7
B4 323.0 367.2 6.7
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[0027] As shown in Table 5, copper had a significant impact on SCC performance. All
specimens of the alloy without copper (B1) failed in less than 2 hours (0.08 days). All
specimens of the alloy with 0.48 wt. % Cu (B3) passed 7 days of testing at a stress level of
240MPa. As shown in Table 6, increasing copper generally increases strength, but decreases

clongation.

[0028] While various embodiments of the present disclosure have been described in
detail, it is apparent that modifications and adaptations of those embodiments will occur to
those skilled in the art. However, it is to be expressly understood that such modifications and

adaptations are within the spirit and scope of the present disclosure.



CLAIMS

What is claimed is:

1. An aluminum casting alloy consisting of:
(a) from 3.0to 8.0 wt. % Zn;
(b) from 1.0to 3.0 wt. % Mg;
wherein the wt. % Zn exceeds the wt. % Mg;
(¢) from 0.35t0 1.0 wt. % Cu;
wherein the wt. % Mg exceeds the wt. % Cu;

(d) from 0.05to 0.30 wt. % V;

(e) from 0.01 to 1.0 wt. % of at least one secondary element, wherein the at least one
secondary element is selected from the group consisting of Mn, Cr, Zr, Ti, B, and combinations
thereof;

wherein, when present, the aluminum casting alloy includes not greater than 0.50 wt.
% Mn as a secondary element;

wherein, when present, the aluminum casting alloy includes not greater than 0.40 wt.
% Cr as a secondary element;

wherein, when present, the aluminum casting alloy includes not greater than 0.25 wt.
% Zr as a secondary clement;

wherein, when present, the aluminum casting alloy includes not greater than 0.25 wt.
% Ti as a secondary element;

wherein, when present, the aluminum casting alloy includes not greater than 0.05 wt.

% B as a secondary ¢lement;

(H) upto 0.50 wt. % Fe

(g) upto 0.25 wt. % Si; and

(h) the balance being aluminum and other elements, wherein the aluminum casting alloy
includes not greater than 0.05 wt. % each of the other elements, and wherein the aluminum casting
alloy includes not greater than 0.15 wt. % in total of the other elements.

The aluminum casting alloy of claim 1, wherein the alloy includes not greater than 7.5 wt. % Zn.
The aluminum casting alloy of claim 1, wherein the alloy includes not greater than 7.0 wt. % Zn.
The aluminum casting alloy of claim 1, wherein the alloy includes not greater than 6.5 wt. % Zn.
The aluminum casting alloy of claim 1, wherein the alloy includes not greater than 6.0 wt. % Zn.

The aluminum casting alloy of claim 1, wherein the alloy includes not greater than 5.5 wt. % Zn.

A A

The aluminum casting alloy of claim 1, wherein the alloy includes not greater than 5.0 wt. % Zn.
8. The aluminum casting alloy of any one of claims 1-7, wherein the alloy includes at least 3.25 wt.
% Zn.

9. The aluminum casting alloy of any one of claims 1-7, wherein the alloy includes at least 3.5 wt. %
Zn.
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10. The aluminum casting alloy of any one of claims 1-7, wherein the alloy includes at least 3.75 wt.
% Zn.

11. The aluminum casting alloy of any one of claims 1-7, wherein the alloy includes at least 4.0 wt. %
Zn.

12. The aluminum casting alloy of any one of claims 1-11, wherein the alloy includes not greater than
2.75 wt. % Mg.

13. The aluminum casting alloy of any one of claims 1-11, wherein the alloy includes not greater than
2.5 wt. % Mg.

14. The aluminum casting alloy of any one of claims 1-11, wherein the alloy includes not greater than
2.25 wt. % Mg.

15. The aluminum casting alloy of any one of claims 1-11, wherein the alloy includes not greater than
2.0 wt. % Mg.

16. The aluminum casting alloy of any one of claims 1-11, wherein the alloy includes not greater than
1.8 wt. % Mg.

17. The aluminum casting alloy of any one of claims 1-11, wherein the alloy includes from 1.1 to 3.0
wt. % Mg.

18. The aluminum casting alloy of any one of claims 1-11, wherein the alloy includes from 1.2 to 3.0
wt. % Mg.

19. The aluminum casting alloy of any one of claims 1-11, wherein the alloy includes from 1.3 to 3.0
wt. % Mg.

20. The aluminum casting alloy of any one of claims 1-11, wherein the alloy includes from 1.4 to 3.0
wt. % Mg.

21. The aluminum casting alloy of any one of claims 1-20, wherein the alloy includes from 0.40 to
1.0 wt. % Cu.

22. The aluminum casting alloy of any one of claims 1-20, wherein the alloy includes from 0.45 to
1.0 wt. % Cu.

23. The aluminum casting alloy of any one of claims 1-20, wherein the alloy includes 0.50 to 1.0 wt.
% Cu.

24. The aluminum casting alloy of any one of claims 1-20, wherein the alloy includes 0.55 to 1.0 wt.
% Cu.

25. The aluminum casting alloy of any one of claims 1-20, wherein the alloy includes from 0.60 to
1.0 wt. % Cu.

26. The aluminum casting alloy of any one of claims 1-20, wherein the alloy includes not greater than
0.95 wt. % Cu.

27. The aluminum casting alloy of any one of claims 1-20, wherein the alloy includes not greater than

0.90 wt. % Cu.
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28. The aluminum casting alloy of any one of claims 1-20, wherein the alloy includes not greater than
0.85 wt. % Cu.

29. The aluminum casting alloy of any one of claims 1-20, wherein the alloy includes not greater than
0.80 wt. % Cu.

30. The aluminum casting alloy of any one of claims 1-29, wherein the alloy includes not greater than
0.35 wt. % Fe.

31. The aluminum casting alloy of any one of claims 1-29, wherein the alloy includes not greater than
0.25 wt. % Fe.

32. The aluminum casting alloy of any one of claims 1-29, wherein the alloy includes not greater than
0.15 wt. % Fe.

33. The aluminum casting alloy of any one of claims 1-29, wherein the alloy includes not greater than
0.10 wt. % Fe.

34. The aluminum casting alloy of any one of claims 1-33, wherein the alloy includes not greater than
0.20 wt. % Si.

35. The aluminum casting alloy of any one of claims 1-33, wherein the alloy includes not greater than
0.15 wt. % Si.

36. The aluminum casting alloy of any one of claims 1-33, wherein the alloy includes not greater than
0.10 wt. % Si.

37. The aluminum casting alloy of any one of claims 1-33, wherein the alloy includes not greater than
0.05 wt. % Si.

38. The aluminum casting alloy of any one of claims 1-29, wherein the alloy includes from 0.01 to
0.25 wt. % Si and from 0.01 to 0.50 wt. % Fe.

39. The aluminum casting alloy of any one of claims 1-38, wherein the at least one secondary element
at least includes Zr, and wherein the aluminum casting alloy includes from 0.05 to 0.25 wt. % Zr.

40. The aluminum casting alloy of claim 39, wherein the aluminum casting alloy includes from 0.05
to 0.20 wt. % Zr.

41. The aluminum casting alloy of claim 39, wherein the aluminum casting alloy includes from 0.07
to 0.18 wt. % Zr.

42. The aluminum casting alloy of any one of claims 1-41, wherein the at least one secondary element
at least includes Mn, and wherein the aluminum casting alloy includes from 0.01 to 0.50 wt. % Mn.
43. The aluminum casting alloy of claim 42, wherein the aluminum casting alloy includes from 0.01
to 0.25 wt. % Mn.

44. The aluminum casting alloy of claim 42, wherein the aluminum casting alloy includes from 0.01
to 0.15 wt. % Mn.

45. The aluminum casting alloy of claim 42, wherein the aluminum casting alloy includes from 0.01

to 0.10 wt. % Mn.
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46. The aluminum casting alloy of claim 42, wherein the aluminum casting alloy includes from 0.01
to 0.09 wt. % Mn.

47. The aluminum casting alloy of claim 42, wherein the aluminum casting alloy includes from 0.01
to 0.08 wt. % Mn.

48. The aluminum casting alloy of claim 42, wherein the aluminum casting alloy includes from 0.01
to 0.07 wt. % Mn.

49. The aluminum casting alloy of any one of claims 1-48, wherein the at least one secondary element
at least includes Cr, and wherein the aluminum casting alloy includes from 0.05 to 0.40 wt. % Cr.

50. The aluminum casting alloy of claim 49, wherein the aluminum casting alloy includes from 0.10
to 0.35 wt. % Cr.

51. The aluminum casting alloy of claim 49, wherein the aluminum casting alloy includes from 0.15
to 0.25 wt. % Cr.

52. The aluminum casting alloy of any one of claims 1-48, wherein the alloy includes not greater than
0.04 wt. % Cr.

53. The aluminum casting alloy of any one of claims 1-52, wherein the at least one secondary element
at least includes Ti, and wherein the aluminum casting alloy includes from 0.01 to 0.25 wt. % Ti.

54. The aluminum casting alloy of claim 53, wherein the aluminum casting alloy includes from 0.01
to 0.15 wt. % Ti.

55. The aluminum casting alloy of claim 53, wherein the aluminum casting alloy includes from 0.01
to 0.10 wt. % Ti.

56. The aluminum casting alloy of claim 53, wherein the aluminum casting alloy includes from 0.01
to 0.08 wt. % Ti.

57. The aluminum casting alloy of claim 53, wherein the aluminum casting alloy includes from 0.02
to 0.07 wt. % Ti.

58. The aluminum casting alloy of any one of claims 53-57, wherein the at least one secondary
element at least includes Ti and B, and wherein the aluminum casting alloy includes from 0.001 to
0.050 wt. % B.

59. The aluminum casting alloy of claim 58, wherein the aluminum casting alloy includes from 0.005
to 0.040 wt. % B.

60. The aluminum casting alloy of claim 58, wherein the aluminum casting alloy includes from 0.010
to 0.030 wt. % B.

61. The aluminum casting alloy of any one of claims 1-60, wherein the at least one secondary element
at least includes Zr and Ti.

62. The aluminum casting alloy of any one of claims 1-61, wherein the at least one secondary element
at least includes Zr, Ti, and B.

63. The aluminum casting alloy of any one of claims 1-62, wherein the at least one secondary element
at least includes Zr, Mn, Ti, and B.
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64. The aluminum casting alloy of any one of claims 1-63, wherein the at least one secondary element
includes Zr, Mn, Ti, Cr, and B.

65. The aluminum casting alloy of claim 64, wherein the alloy includes not greater than 0.04 wt. %
Cr.

66. The aluminum casting alloy of any one of claims 1-65, wherein the aluminum casting alloy
includes not greater than 0.25 wt. % V.

67. The aluminum casting alloy of any one of claims 1-65, wherein the aluminum casting alloy
includes not greater than 0.20 wt. % V.

68. The aluminum casting alloy of any one of claims 1-65, wherein the aluminum casting alloy
includes not greater than 0.18 wt. % V.

69. The aluminum casting alloy of any one of claims 1-65, wherein the aluminum casting alloy
includes not greater than 0.16 wt. % V.

70. The aluminum casting alloy of any one of claims 1-65, wherein the aluminum casting alloy
includes not greater than 0.15 wt. % V.

71. The aluminum casting alloy of any one of claims 1-65, wherein the aluminum casting alloy
includes not greater than 0.14 wt. % V.

72. The aluminum casting alloy of any one of claims 1-65, wherein the aluminum casting alloy
includes not greater than 0.13 wt. % V.

73. The aluminum casting alloy of any one of claims 1-65, wherein the aluminum casting alloy
includes not greater than 0.12 wt. % V.

74. The aluminum casting alloy of any one of claims 1-65, wherein the aluminum casting alloy
includes not greater than 0.11 wt. % V.

75. The aluminum casting alloy of any one of claims 1-65, wherein the aluminum casting alloy
includes from 0.06 to 0.30 wt. % V.

76. The aluminum casting alloy of any one of claims 1-65, wherein the aluminum casting alloy
includes from 0.07 to 0.30 wt. % V.

77. The aluminum casting alloy of any one of claims 1-65, wherein the aluminum casting alloy
includes from 0.08 to 0.30 wt. % V.

78. The aluminum casting alloy of any one of claims 1-65, wherein the aluminum casting alloy
includes from 0.09 to 0.30 wt. % V.

79. A shape-cast part made from the aluminum casting alloy of any one of claims 1-78.

80. The shape cast-part of claim 79, wherein the shape-cast part is an automobile part.

81. A wrought aluminum alloy product made from the aluminum casting alloy of any one of claims 1-
78.

82. The wrought aluminum alloy product of claim 81, wherein the wrought aluminum alloy product is

a forged wheel product.
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