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(57) Abstract: An aluminum alloy composition is provided. The aluminum alloy composition includes silicon at a concentration of
from greater than or equal to about 9.5% (wt. /wt. ) to less than or equal to about 11.5% (wt. /wt. ); manganese at a concentration
of greater than or equal to about 0.5% by weight to less than or equal to about 0.8% by weight of the alloy composition; copper at a
concentration of less than or equal to about 2% (wt. /wt. ); and a balance of the alloy composition being aluminum. The aluminum alloy
composition has a superior strength and ductility relative to traditional aluminum alloys.



WO 2017/185321 PCT/CN2016/080629

DIE-CASTING ALUMINUM ALLOYS FOR THIN-WALL CASTING
COMPONENTS

FIELD
[1] The present disclosure relates to alloy compositions for high strength and high

ductility components made by casting.

BACKGROUND

[2] This section provides background information related to the present disclosure
which is not necessarily prior art.

[3] Aluminum alloys are commonly used in manufacturing industries for die-casting
components, such as, for example, engine blocks and transmission cases in the
automobile industry. In particular, aluminum alloys (Al alloys) are often used to die-cast
parts with thin walls that require high strength and high ductility and that are lightweight.

[4] A common Al alloy used in the automobile industry is known as A380. A380 has
a silicon content of 7.5% (wt./wt.) to 9.5% (wt./wt.), an iron content of 0.6% (wt./wt.) to
1.3% (wt./wt.), a copper content of 3.0% (wt./wt.) to 4.0% (wt./wt.), a zinc content of
3.0% (wt./wt.), other components, and a balance being aluminum. However, A380 may
require an additional heat treatment (TS5) to improve strength. Accordingly, the
development of new alloys that are strong and ductile, and do not require expensive heat

treatments or manufacturing processes are desirable.

SUMMARY

[S] This section provides a general summary of the disclosure, and is not a

comprehensive disclosure of its full scope or all of its features.
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[6] The present technology provides an alloy composition. The alloy composition
comprises silicon at a concentration of from greater than or equal to about 9.5% by
weight per total alloy composition weight to less than or equal to about 11.5% by
weight/total alloy composition weight (or wt./wt.); manganese at a concentration of
greater than or equal to about 0.5% (wt./wt.) to less than or equal to about 0.8%
(wt./wt.); copper at a concentration of less than or equal to about 2% (wt./wt.); and a
balance of the alloy composition being aluminum. The alloy composition has a higher
strength and ductility relative to traditional alloys.

[7] The present technology also provides an alloy composition that comprises silicon
at a concentration of from greater than or equal to about 9.5% by weight per total alloy
composition weight (or wt./wt.) to less than or equal to about 11.5% (wt./wt.); copper at a
concentration of greater than or equal to about 0.5% (wt./wt.) to less than or equal to
about 1.5% (wt./wt.); manganese at a concentration of greater than or equal to about 0.5%
(wt./wt.) to less than or equal to about 0.8% (wt./wt.); magnesium at a concentration of
greater than or equal to about 0.1% (wt./wt.) to less than or equal to about 0.5% (wt./wt.);
and a balance of the alloy composition being aluminum. The alloy composition may
form, without any artificial heat treatment, a cast part in an as-cast condition that has a
yield strength of from greater than or equal to about 150 MPa to less than or equal to
about 210 MPa, an ultimate tensile strength of from greater than or equal to about 270
MPa to less than or equal to about 330 MPa, and a ductility (elongation) of from greater
than or equal to about 5% to less than or equal to about 8%.

[8] Additionally, the present technology provides a method of manufacturing an
automobile or vehicle part. The method includes die casting the vehicle part with an alloy
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composition. The alloy composition comprises silicon at a concentration of from greater
than or equal to about 9.5% by weight per total alloy composition weight (or wt./wt.) to
less than or equal to about 11.5% (wt./wt.); at last one element selected from the group
consisting of copper at a concentration of greater than or equal to about 0.5% (wt./wt.) to
less than or equal to about 1.5% (wt./wt.), magnesium at a concentration of greater than
or equal to about 0.1% by weight to less than or equal to about 0.5% by weight of the
alloy composition, and manganese at a concentration of greater than or equal to about
0.5% by weight to less than or equal to about 0.8% by weight of the alloy composition;
and a balance of the alloy composition being aluminum. The die casting is either high-
pressure die casting or low-pressure die casting. An as-cast vehicle part made by this
method has a yield strength of from greater than or equal to about 150 MPa to less than or
equal to about 210 MPa, an ultimate tensile strength of from greater than or equal to
about 270 MPa to less than or equal to about 330 MPa, and a ductility (elongation) of
from greater than or equal to about 5% to less than or equal to about 8%. Accordingly, a
heat treatment after casting is not necessary.

[9] Further areas of applicability will become apparent from the description provided
herein. The description and specific examples in this summary are intended for purposes

of illustration only and are not intended to limit the scope of the present disclosure.

DRAWINGS

[10] The drawings described herein are for illustrative purposes only of
selected embodiments and not all possible implementations, and are not intended to limit

the scope of the present disclosure.
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[11] Fig. 1 is a graph that shows the effect of copper (Cu) content on tensile
strength and ductility, wherein the left y-axis is tensile strength (MPa), the right y-axis is
ductility (% elongation), and the x-axis is Cu content (% wt./wt.) and square points refer
to yield strength, hexagonal points refer to ultimate tensile strength, and triangles refer to
ductility.

[12] Corresponding reference numerals indicate corresponding parts

throughout the several views of the drawings.

DETAILED DESCRIPTION

[13] Example embodiments are provided so that this disclosure will be
thorough, and will fully convey the scope to those who are skilled in the art. Numerous
specific details are set forth such as examples of specific compositions, components,
devices, and methods, to provide a thorough understanding of embodiments of the
present disclosure. It will be apparent to those skilled in the art that specific details need
not be employed, that example embodiments may be embodied in many different forms
and that neither should be construed to limit the scope of the disclosure. In some example
embodiments, well-known processes, well-known device structures, and well-known
technologies are not described in detail.

[14] The terminology used herein is for the purpose of describing particular
example embodiments only and is not intended to be limiting. As used herein, the

singular forms "a," "an," and "the" may be intended to include the plural forms as well,

unless the context clearly indicates otherwise. The terms "comprises," "comprising,"

"including," and "having," are inclusive and therefore specify the presence of stated
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features, elements, compositions, steps, integers, operations, and/or components, but do
not preclude the presence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof. Although the open-ended term
"comprising," is to be understood as a non-restrictive term used to describe and claim
various embodiments set forth herein, in certain aspects, the term may alternatively be
understood to instead be a more limiting and restrictive term, such as "consisting of" or
"consisting essentially of." Thus, for any given embodiment reciting compositions,
materials, components, elements, features, integers, operations, and/or process steps, the
present disclosure also specifically includes embodiments consisting of, or consisting
essentially of, such recited compositions, materials, components, elements, features,
integers, operations, and/or process steps. In the case of "consisting of," the alternative
embodiment excludes any additional compositions, materials, components, elements,
features, integers, operations, and/or process steps, while in the case of "consisting
essentially of," any additional compositions, materials, components, elements, features,
integers, operations, and/or process steps that materially affect the basic and novel
characteristics are excluded from such an embodiment, but any compositions, materials,
components, elements, features, integers, operations, and/or process steps that do not
materially affect the basic and novel characteristics can be included in the embodiment.
[15] Throughout this disclosure, the numerical values represent approximate
measures or limits to ranges to encompass minor deviations from the given values and
embodiments having about the value mentioned as well as those having exactly the value
mentioned. All numerical values of parameters (e.g., of quantities or conditions) in this

specification, including the appended claims, are to be understood as being modified in
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all instances by the term "about" whether or not "about" actually appears before the
numerical value. "About" indicates that the stated numerical value allows some slight
imprecision (with some approach to exactness in the value; approximately or reasonably
close to the value; nearly). If the imprecision provided by "about" is not otherwise
understood in the art with this ordinary meaning, then "about" as used herein indicates at
least variations that may arise from ordinary methods of measuring and using such
parameters.

[16] In addition, disclosure of ranges includes disclosure of all values and
further divided ranges within the entire range, including endpoints and sub-ranges given
for the ranges.

3

[17] As used herein, the terms “composition” and “material” are used
interchangeably to refer broadly to a substance containing at least the preferred elements,
but which may also comprise additional elements, substances or compounds, including
impurities.

[18] Example embodiments will now be described more fully with reference to
the accompanying drawings.

[19] The present technology pertains to improved aluminum alloys, which may
be used in vehicle applications. The aluminum alloys include low-cost alloying elements
and minimal impurities that result in high strength and high ductility thin-wall casting
components or parts. Not only are the alloying elements low-cost, but the components or
parts cast from the alloy do not require expensive heat treatments as with existing alloys,
including A380, to achieve high strength and the desired stiffness and ductility

requirements. Additionally, the high strength of the aluminum alloys enables significant
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mass reduction in completed components relative to conventional aluminum alloys, while
meeting ductility requirements for the components.

[20] Aluminum alloys are widely used in vehicles, such as automobiles,
motorcycles, boats, tractors, buses, mobile homes, campers, and tanks, and their
utilization will continue alongside efforts to reduce vehicle mass and save space. The
aluminum alloy according to the present technology results in components with reduced
mass relative to components made with traditional alloys, while maintaining strength and
ductility requirements. Therefore, relative to components made with traditional alloys,
compact components can be made with the current aluminum alloys that have lower mass
and take less space. Aluminum alloys are particularly suitable for use in components of
an automobile or other vehicle (e.g., motorcycles, boats), but may also be used in a
variety of other industries and applications, including aerospace components, industrial
equipment and machinery, farm equipment, heavy machinery, by way of non-limiting
example. For example, aluminum alloys may be used to form die-cast vehicle or
automotive components. Non-limiting examples include engine mount brackets,
transmission mount brackets, shock towers, alternator brackets, air conditioner
compressor brackets, cowl plates, and the like.

[21] The aluminum alloy provided by the present technology includes greater
than or equal to about 9.5% by weight to less than or equal to about 11.5% by weight of
the alloy composition (wt./wt.) silicon (Si). This increased Si content relative to
traditional alloys, such as A380, provides an improved castability. As used herein,
“castability” refers to an alloys ability to be cast without formation of defects, such as
cracks, segregations, pores, or misruns. Moreover, the aluminum alloy can be used in

7
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high-pressure die casting or low-pressure die casting applications, without additional heat
treatments or machining. Nonetheless, the aluminum alloy may be used in other casting
applications that include much lower cooling rates relative to high-pressure die casting or
low-pressure die casting, such as, for example, gravity casting, sand casting, and
investment casting, with heat treatment.

[22] Additionally, the current aluminum alloy includes copper (Cu) at a
concentration of less than or equal to about 2% (wt./wt.) or optionally less than or equal
to about 1.5% (wt./wt.). In certain variations, the Cu concentration is greater than or
equal to about 0.5% (wt. /wt.) to less than or equal to about 1.5% (wt./wt.). Having this
low Cu concentration prevents or deters the formation of an Al,Cu phase and does not
negatively influence corrosion. Simultaneously, the addition of Cu increases yield
strength. Fig. 1 is a graph that shows the effect of Cu content on tensile strength and
ductility. In particular, the left y-axis is tensile strength (MPa), the right y-axis is
ductility (% elongation), and the x-axis is Cu content (% wt./wt.). Square points refer to
yield strength, hexagonal points refer to ultimate tensile strength, and triangles refer to
ductility. As the graph shows, a copper concentration between 0 and about 1.5%
(wt./wt.) provides results that are positive in regard to yield strength, ultimate tensile
strength, and ductility.

[23] The aluminum alloy also includes a low iron (Fe) concentration of less
than or equal to about 0.20% (wt. /wt.) or less than or equal to about 0.15% (wt./wt.).
This low concentration of Fe results in less brittle Al-Si-Fe intermetallic phase relative to

traditional alloys. The presence of an intermetallic phase generally decreases ductility.
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Therefore, having a minimal amount of Fe contributes to the aluminum alloy’s high
ductility by preventing or minimizing the formation of a brittle intermetallic phase.

[24] In some alloys, Fe is included to decrease die soldering, wherein die
soldering (also known as die sticking) occurs during casting when molten aluminum
binds or welds to a die surface. Die soldering results in damage to the die and poor
surface quality of a casting. Therefore, the decrease in Fe content relative to traditional
alloys is offset by an increase in manganese (Mn) concentration, wherein manganese is
an anti-die soldering element. Accordingly, the aluminum alloy also may include a Mn
concentration of greater than nor equal to about 0.5% (wt./wt.) to less than or equal to
about 0.8% (wt./wt.).

[25] An increased level of magnesium (Mg) is included in the present
aluminum alloy relative to traditional alloys. In particular, Mg is included at a
concentration of greater than or equal to about 0.10% (wt./wt.) to less than or equal to
about 0.50% (wt./wt.). The Mg increases the strength of the aluminum and does not have

a negative impact on ductility.

[26] A high phosphorous (P) content in Al-Si alloys results in a fibrous
eutectic Si phase, which may have a negative impact on strength as well as ductility. Due
to this effect, P may be considered an impurity. Consequently, strontium (Sr) is
commonly added to Al-Si alloys to modify this phase. Using Sr as a modifier of eutectic
Si phase has a tendency to increase the risk of hydrogen absorption into molten Al-Si
alloys so as to increase the formation of pore-type defects in castings. However, a low P
content in Al-S1 alloys results in a finer morphology of particle-like eutectic Si phases

9
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associated with increased ductility without the addition of Sr. Therefore, the current
aluminum alloy includes phosphorous at a concentration of less than or equal to about
0.003% (wt./wt.) to promote fine particle-like eutectic Si morphology and to improve
ductility. Based on the foregoing, including Sr in the current aluminum alloy is optional.
Accordingly, the aluminum alloy composition may optionally include Sr at a
concentration of greater than or equal to 0.0% (wt./wt.) (or a positive concentration
greater than 0.0% (wt./wt.)) to less than or equal to about 0.05% (wt./wt.).

[27] The present aluminum alloy also contains low levels of the impurities
zinc (Zn) and tin (Sn) relative to traditional alloys. In particular, the Zn and Sn
concentrations are individually less than or equal to about 0.01% (wt./wt.). The low Zn
and Sn concentrations relative to traditional alloys provide increased ductility and
improved machinability, which refers to the ease in which the alloy can be worked with a
cutting tool. Similarly, the aluminum alloy includes a low titanium (Ti; another impurity)
concentration of greater than or equal to about 0.05% (wt./wt.) to less than or equal to
about 0.1% (wt./wt.).

[28] Although it is understood that the aluminum alloy may contain small
concentrations of other impurities, the balance of the aluminum alloy is aluminum.
Therefore, the aluminum concentration is greater than or equal to about 84% (wt./wt.) to
less than or equal to about 90%.

[29] As described above, the current aluminum alloy contains Al, Si, Fe, Cu,
Mn, Mg, Zn, Ti, P, Sn, and optionally Sr with varying concentrations.

[30] In various aspects, the current aluminum alloy comprises Al and Si and at
least one or at least two elements selected from the group consisting of Fe, Cu, Mn, and

10
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Mg. The current aluminum alloy may also comprise Zn, Ti, P, and/or Sn. The foregoing
elements and their corresponding concentrations are provided in Table 1. Nonetheless, it
is understood that the aluminum alloy may include trace amounts of impurities (other
than the impurities described herein) that do not materially affect the strength, ductility,
and stiffness of the aluminum alloy at a concentration of less than or equal to about

0.15% (wt./wt.).

Table 1. Component concentrations (% (wt./wt.)) of the aluminum alloy prepared in
accordance with certain variations of the present disclosure.

Al Si Fe Cu Mn Mg n Ti P Sn
Balance |9.5-11.5(<0.20 [0.5- 1.5[0.50- 0.60 |0.10-0.50 {<0.01{0.05-0.10(<0.003 |<0.01

[31] In various embodiments, the current aluminum alloy composition
comprises Al and Si and at least one or at least two elements selected from the group
consisting of Cu, Mn, Mg, Fe, Zn, Ti, P, Sn, and Sr at the concentrations provided herein.
In certain embodiments, the aluminum alloy composition comprises Al, Fe, Si, Cu, Mn,
Fe, Mg, Zn, Ti, P, Sn, and optionally Sr at the concentrations provided herein.

[32] In some embodiments, the aluminum alloy consists essentially of the
components described herein. In other words, the aluminum alloy can include Al, Si, Fe,
Cu, Mn, Mg, Zn, Ti, P, Sn, and optionally Sr at the concentrations provided herein and
other impurities that do not materially affect the strength, ductility, and stiffness of the
aluminum alloy. In yet other embodiments, the aluminum alloy consists essential of Al
and Si and at last one or at least two other elements selected from the group consisting of

Fe, Cu, Mn, Mg, Zn, Ti, P, Sn, and Sr.

11
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[33] In other embodiments, the aluminum alloy consists of the components
described herein. In other words, the aluminum alloy can include Al, Si, Fe, Cu, Mn,
Mg, Zn, Ti, P, Sn, and optionally Sr at the concentrations provided herein and no other
impurities. In yet further embodiments, the aluminum alloy consists of Al and Si and at
last one or at least two other elements selected from the group consisting of Fe, Cu, Mn,
Mg, Zn, Ti, P, Sn, and Sr.

[34] In an as-cast condition, without heat treatment, the aluminum alloy
provided herein has a yield strength (YS) of from greater than or equal to about 150 MPa,
or from greater than or equal to about 150 MPa to less than or equal to about 210 MPa,
such as a YS of about 150 MPa, 160 MPa, 170 MPa, 180 MPa, 190 MPa, 200 MPa, or
200 MPa. Moreover, in the as-cast condition without heat treatment, the aluminum alloy
has an ultimate tensile strength (UTS) of greater than or equal to about 270 MPa, or from
greater than or equal to about 270 MPa to less than or equal to about 330 MPa, such as a
UTS of about 270 MPa, 280 MPa, 290 MPa, 300 MPa, 310 MPa, 320 MPa, or 330 MPa.
Also, the aluminum alloy has a ductility (elongation) of greater than or equal to about 5%
(elongation) to less than or equal to about 8% (elongation), such as a ductility of about
5% (elongation), about 6% (elongation), about 7% (elongation), or about 8% (elongation)
in the as-cast condition without heat treatment.

[35] As described above, the current aluminum alloy enables the design of
lighter weight components relative to traditional alloys. For example, the mass of a
casting made from the current aluminum alloy is about 26% less than the mass of an
equivalent casting composed of A380. Moreover, the casting made from the current
aluminum alloy maintains all stiffness and strength requirements. Therefore, the current

12
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aluminum alloy has improved strength and ductility relative to traditional alloys and
maintains an acceptable stiffness.

[36] The current technology also provides a method of manufacturing a
component, such as an automobile part. The method comprises die casting the component
with an aluminum alloy described herein. The die casting is either high-pressure die
casting or low-pressure die casting and optionally includes heat treating the component
after casting and machining the casting. In some preferred embodiments, the method
omits any heat treatment and/or machining after the die casting. The component can be,
for example, an engine mount bracket, a transmission mount bracket, a shock tower, an
alternator bracket, an air conditioner compressor bracket, or a cowl plate.

[37] The foregoing description of the embodiments has been provided for
purposes of illustration and description. It is not intended to be exhaustive or to limit the
disclosure. Individual elements or features of a particular embodiment are generally not
limited to that particular embodiment, but, where applicable, are interchangeable and can
be used in a selected embodiment, even if not specifically shown or described. The same
may also be varied in many ways. Such variations are not to be regarded as a departure
from the disclosure, and all such modifications are intended to be included within the

scope of the disclosure.

13
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CLAIMS

What is claimed is:

1. An alloy composition comprising;

silicon at a concentration of from greater than or equal to about 9.5% by weight to
less than or equal to about 11.5% by weight of the alloy composition;

manganese at a concentration of greater than or equal to about 0.5% by weight to
less than or equal to about 0.8% by weight of the alloy composition;

copper at a concentration of less than or equal to about 2% by weight of the alloy
composition; and

a balance of the alloy composition being aluminum.

2. The alloy composition according to Claim 1, wherein the copper
concentration is from greater than or equal to about 0.5% by weight to less than or equal

to about 1.5% by weight of the alloy composition.

3. The alloy composition according to Claim 1, further comprising;

iron at a concentration of less than or equal to about 0.20% by weight of the alloy

composition.

4. The alloy composition according to Claim 3, wherein the iron

concentration is less than or equal to about 0.15% by weight of the alloy composition.

14
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S. The alloy composition according to Claim 1, further comprising;
zinc at a concentration of less than or equal to about 0.01% by weight of

the alloy composition.

6. The alloy composition according to Claim 1, further comprising;
phosphorus at a concentration of less than or equal to about 0.003% by weight of the

alloy composition.

7. The alloy composition according to Claim 1, further comprising:
tin at a concentration of less than or equal to about 0.01% by weight of the alloy

composition.

8. The alloy composition according to Claim 1, wherein the alloy
composition has a yield strength of from greater than or equal to about 150 MPa to less

than or equal to about 210 MPa.

9. The alloy composition according to Claim 1, wherein the alloy
composition has an ultimate tensile strength of from greater than or equal to about 270

MPa to less than or equal to about 330 MPa.

10. The alloy composition according to Claim 1, wherein the alloy
composition has a ductility of from greater than or equal to about 5% (elongation) to less
than or equal to about 8% (elongation).

15
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11. An alloy composition comprising:

silicon at a concentration of from greater than or equal to about 9.5% by weight to
less than or equal to about 11.5% by weight of the alloy composition;

copper at a concentration of greater than or equal to about 0.5% by weight to less
than or equal to about 1.5% by weight of the alloy composition;

manganese at a concentration of greater than or equal to about 0.5% by weight to
less than or equal to about 0.8% by weight of the alloy composition;

magnesium at a concentration of greater than or equal to about 0.1% by weight to
less than or equal to about 0.5% by weight of the alloy composition; and

a balance of the alloy composition being aluminum,

wherein the alloy composition has a yield strength of from greater than or equal to
about 150 MPa to less than or equal to about 210 MPa, and an ultimate tensile strength of

from greater than or equal to about 270 MPa to less than or equal to about 330 MPa.

12. The alloy composition according to Claim 11, further comprising:
iron at a concentration of less than or equal to about 0.15% by weight of the alloy

composition.

13. The alloy composition according to Claim 11, further comprising:

strontium at a positive concentration greater than 0.0% by weight to less than or

equal to about 0.05% by weight of the alloy composition.

16
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14. The alloy composition according to Claim 11, wherein the yield strength is

about 150 MPa.

15. The alloy composition according to Claim 11, wherein the ultimate tensile
strength is about 280 MPa.
16. The alloy composition according to Claim 11, wherein the alloy

composition has a ductility of about 5% (elongation).

17. The alloy composition according to Claim 11, wherein the alloy

composition does not require a heat treatment after casting.

18. An automotive component composed of the alloy composition according

to Claim 11.

17
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19. A method of manufacturing a vehicle part, the method comprising;
die casting the vehicle part with an alloy composition, wherein the alloy
composition comprises:

silicon at a concentration of from greater than or equal to about 9.5% by
weight to less than or equal to about 11.5% by weight of the alloy composition;

at least one element selected from the group consisting of copper at a
concentration of greater than or equal to about 0.5% by weight to less than or
equal to about 1.5% by weight of the alloy composition, magnesium at a
concentration of greater than or equal to about 0.1% by weight to less than or
equal to about 0.5% by weight of the alloy composition, and manganese at a
concentration of greater than or equal to about 0.5% by weight to less than or
equal to about 0.8% by weight of the alloy composition; and

a balance of the alloy composition being aluminum,
wherein the die casting is either high-pressure die casting or low-pressure die

casting and the vehicle part formed via the die casting is not heat treated.

20. The method according to Claim 19, wherein the vehicle part is selected
from the group consisting of an engine mount bracket, a transmission mount bracket, a
shock tower, an alternator bracket, an air conditioner compressor bracket, a cowl plate,

and combinations thereof.
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