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Description

[0001] Various embodiments of the present disclosure relate to an alloy for die casting and, for example, relate to an
aluminum alloy for die casting and a manufacturing method thereof.

[0002] In general, aluminum, the second-most used metal after iron, is light and has excellent corrosion resistance
and workability and high electrical and thermal conductivity, and may be used to manufacture various types of high-
strength and high-corrosion-resistance alloys along with materials, such as Cu, Mg, Si, Zn, Mn, Ni, or the like. Accordingly,
aluminum may be utilized in various applications, such as airplane manufacturing, household article manufacturing,
architecture, vehicle manufacturing, and machinery manufacturing.

[0003] Aluminum alloys are classified according to the amount of aluminum they contain as well as the type of other
metals that are present in them. For example, 1xxx series aluminum may be pure aluminum containing at least 99.00
wt % aluminum, 2xxx series alloys may include Al-Cu alloys, 3xxx series alloys may include Al-Mn alloys, 4xxx series
alloys may include Al-Si alloys, 5xxx series alloys may include Al-Mg alloys, 6xxx series alloys may include Al-Mg-Si
alloys, and 7xxx alloys may include Al-Zn alloys.

[0004] The biggest advantage aluminum alloys have over iron and steel is that they weigh nearly one third of the
weight of iron and steel, while having mechanical properties equal of better than those of iron and steel. For this reason,
aluminum alloys have been increasingly used in applications related to electronic device(e.g., mobile terminals) manu-
facturing in recent years.

[0005] US 8,409,374 B2 describes various aluminium alloys prepared by die casting having a tensile strength in the
range of about 250 to 490 MPa.

[0006] KR 2012-0134680 describes an aluminum alloy material for an air compressor comprising 0.025-0.25weight%
of Cu, 6.5-7.5 weight% of Si, 0.15-0.4 weight% of Fe, 0.25-0.45 weight% of Mg, 0.04-0.35 weight% of Mn, 0.02-0.35
weight% of Zn, 0.014-0.1 weight% of Ni, 0.1-0.2 weight% of Ti, 0.01-0.2 weight% of Cr, 0.007-0.05 weight% of Sn, and
90.15-92.884 weight% of Al.

[0007] An aluminum alloy is provided, comprising:4.0 to 10.0 weight % silicon (Si), 0.1 to 4.0 weight % magnesium
(Mg), 0.1 to 1.0 weight % chromium (Cr), 0.05 to 1.0 weight % zinc (Zn), 0.05 to 1.0 weight % manganese (Mn), 0.01
to 1.0 weight % titanium (Ti), 0.001 to 0.5 weight % tin (Sn), 0.01 to 1 weight % zirconium (Zr), and balance aluminum
and impurities, wherein at least one impurity included in the aluminum alloy is identified during a melting process through
an ingredient analysis of each element included in of the aluminum alloy, wherein the at least one impurity is at least
one of copper (Cu), nickel (Ni), or iron (Fe), wherein the copper (Cu) or nickel (Ni) is adjusted to be equal to or less than
0.05 weight% of the aluminum alloy, and wherein the iron (Fe) is adjusted to be equal to or less than 0.3 weight% of the
aluminum alloy.

[0008] A method, comprising die casting an electronic device component from an aluminum alloy, wherein the alloy
comprises 4.0 to 10.0 weight % silicon (Si), 0.1 to 4.0 weight % magnesium (Mg), 0.1 to 1.0 weight % chromium (Cr),
0.05 to 1.0 weight % zinc (Zn), 0.05 to 1.0 weight % manganese (Mn), 0.01 to 1.0 weight % titanium (Ti), 0.001 to 0.5
weight % tin (Sn), 0.01 to 1 weight % zirconium (Zr), and balance aluminum and impurities, wherein at least one impurity
included in the aluminum alloy is identified during a melting process through an ingredient analysis of each element
included in of the aluminum alloy, wherein the at least one impurity is at least one of copper (Cu), nickel (Ni), or iron
(Fe), wherein the copper (Cu) or nickel (Ni) is adjusted to be equal to or less than 0.05 weight% of the aluminum alloy,
and wherein the iron (Fe) is adjusted to be equal to or less than 0.3 weight% of the aluminum alloy.

[0009] A method for manufacturing an aluminum alloy is provided comprising: melting aluminum (Al) by heating the
aluminum (Al) up to a temperature of 700°C to 800°C; heating the melted aluminum to a temperature between 850°C
and 900°C and adding silicon (Si) to the melted aluminum (Al) to produce a first intermediate alloy; heating up the first
intermediate alloy to a temperature of 1200°C or less, and adding chromium (Cr), manganese (Mn), and titanium (Ti) to
the first intermediate alloy to produce a second intermediate alloy; cooling the second intermediate alloy to a temperature
between 700°C and 800°C and adding zinc (Zn), and tin (Sn) to the second intermediate alloy to produce the aluminum
alloy, wherein the aluminum alloy comprises 4.0 to 10.0 weight % silicon (Si), 0.1 to 4.0 weight % magnesium (Mg), 0.1
to 1.0 weight % chromium (Cr), 0.05 to 1.0 weight % zinc (Zn), 0.05 to 1.0 weight % manganese (Mn), 0.01 to 1.0 weight
% titanium (Ti), 0.001 to 0.5 weight % tin (Sn), 0.01 to 1 weight % zirconium (Zr), and balance aluminum and impurities
wherein at least one impurity included in the aluminum alloy is identified during a melting process through an ingredient
analysis of each element included in of the aluminum alloy, wherein the at least one impurity is at least one of copper
(Cu), nickel (Ni), or iron (Fe), wherein the copper (Cu) or nickel (Ni) is adjusted to be equal to or less than 0.05 weight
% ofthe aluminum alloy, and wherein the iron (Fe) is adjusted to be equal to orless than 0.3 weight % of the aluminum alloy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The above and other aspects, features, and advantages of the present disclosure will be more apparent from
the following detailed description taken in conjunction with the accompanying drawings, in which:
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FIG. 1 is a flowchart of a process for manufacturing an aluminum alloy according to various embodiments of the
present disclosure;

FIG. 2 illustrates a graph and a table showing physical property test results of diverse specimens according to
various embodiments of the present disclosure; and

FIG. 3 illustrates a comparative example of the corrosion of an aluminum alloy, according to various embodiments
of the present disclosure.

DETAILED DESCRIPTION

[0011] Aluminum alloys prepared by manufacturing methods, according to the various embodiments of the present
disclosure, may be applied to case frames, bezels, and the like of electronic devices.

[0012] An electronic device according to the present disclosure may be a device including a communication function.
For example, the electronic device may include at least one of a smart phone, a tablet Personal Computer (PC), a mobile
phone, a video phone, an e-book reader, a desktop PC, a laptop PC, a netbook computer, a PDA, a Portable Multimedia
Player (PMP), an MP3 player, a mobile medical device, a camera, a wearable device (for example, a Head-Mounted-
Device (HMD) such as electronic glasses, electronic clothes, an electronic bracelet, an electronic necklace, an electronic
appcessory, an electronic tattoo, and a smart watch.

[0013] According to some embodiments, the electronic device may be a smart home appliance with a communication
function. The smart home appliances may include at least one of, for example, televisions, digital video disk (DVD)
players, audio players, refrigerators, air conditioners, cleaners, ovens, microwaves, washing machines, air purifiers, set-
top boxes, TV boxes (e.g., HomeSyncTM of Samsung, Apple TVTM, or Google TVTM), game consoles, electronic
dictionaries, electronic keys, camcorders, or electronic frames.

[0014] According to some embodiments, the electronic device may include at least one of various medical devices
such as a magnetic resonance angiography (MRA) scanner, a magnetic resonance imaging (MRI) scanner, a computed
tomography (CT) scanner, a scanner, an ultrasonograph, or the like, a navigation device, a Global Positioning System
(GPS)receiver, an Event Data Recoder (EDR), a Flight Data Recoder (FDR), a vehicle infotainment device, an electronic
equipment for ship (for example a ship navigation device and gyro-compass and the like, avionics, a security device, a
head unit for vehicle, an industrial or household robot, ATM(automatic teller machine) in banking facilities or POS(point
of sales) in stores.

[0015] According to some embodiments, the electronic device may be integrated into furniture or be part of a building.
Additionally or alternatively, the electronic device may include an electronic board, an electronic signature receiving
device, a projector, and various types of measuring devices (for example, a water meter, an electric meter, a gas meter,
a radio wave meter and the like) including a camera function. An electronic device according to various embodiments
of the present disclosure may be a combination of one or more of above described various devices. Also, an electronic
device according to various embodiments of the present disclosure may be a flexible device. Also, an electronic device
according to various embodiments of the present disclosure is not limited to the above described devices.

[0016] According to aspects of the disclosure, an aluminum alloy is disclosed. The aluminum alloy may include at
least some of Silicon (Si), Magnesium (Mg), chromium (Cr), Zinc (Zn), Manganese (Mn), titanium (Ti), and tin (Sn),
Zirconium (Zn), Nickel (Ni), Magnesium (Mg), and iron (Fe). A discussion of each of these elements is now provided:

(1) Silicon (Si) content: 4.0 wt % to 10.0 wt %

[0017] According to various embodiments, the silicon (Si) content of the alloy may be between 4.0 weight percent (wt
%) and 10.0 wt %. According to an embodiment, the silicon (Si) may function to enhance strength without degradation
in corrosion resistance and may ensure a minimum fluidity, which is needed for the alloy to be usable for die casting.
According to an embodiment, the silicon (Si) is for increasing fluidity of molten material, decreasing shrinkage thereof,
and enhancing heat resistance.

[0018] According to various embodiments, the silicon is combined with magnesium (Mg) and separated as Mg,Si
through aging to affect mechanical properties, and the residual silicon (Si) left after the combination with the magnesium
(Mg) is separated alone to enhance mechanical properties and effective in the fluidity improvement of molten metal.
[0019] According to various embodiments, when an amount of added silicon does not reach 4.0 wt %, desired strength
and fluidity cannot be obtained, and in contrast, when an amount of added silicon exceeds 10.0 wt %, the forming
efficiency and surface quality of a formed product can be deteriorated, and the satisfaction of an intended product
specification of the formed product cannot be achieved due to the more brittle property of an aluminum alloy.

(2) Magnesium (Mg) content: 0.1 wt % to 4.0 wt %

0020] According to various embodiments, the magnesium (Mg) content of the alloy may be between 0.1 wt % and
[ g g g y may
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4.0 wt %.

[0021] According to various embodiments, the magnesium (Mg) may contribute to the enhancement of corrosion
resistance, strength, ductility, weight, and machinability. When an amount of added magnesium is less than 0.1 wt %,
the additive effect thereof is insufficient. In contrast, when an amount of added magnesium exceeds 4.0 wt %, the
magnesium may foam with the start of ignition. In order to prevent it, another gas may be used, and it may be solved
by content control.

[0022] According to various embodiments, the magnesium (Mg) is separated as a compound along with the above
described silicon (Si) to enhance mechanical properties. However, when the Mg content does not reach 0.1 wt %,
necessary strength cannot be obtained due to a small amount of Mg,Si that is separated, and in contrast, when the Mg
content exceeds 4.0 wt %, the presence of the magnesium may cause the degradation of various alloy characteristics.
For example, the presence of the magnesium may lower the alloy’s strength, and reduce its forming efficiency, thereby
decreasing productivity, as in the case of the excessive silicon (Si). Further, the residual Mg, which does not form Mg,Si,
may prevent the solid solution of Mg,Si to degrade strength.

[0023] According to various embodiments, the magnesium (Mg) may cause an oxidized layer (MgO) to form fast on
the surface of a product that is made from the alloy, and the oxidized layer (MgO) may function as a coating film on the
surface to enhance corrosion resistance.

(3) Chromium (Cr) content: 0.1 wt % to 1.0 wt %

[0024] According to various embodiments, the chromium content of the alloy may be between 0.1 wt % and 1.0 wt %.
[0025] According to various embodiments, the chromium (Cr) is for enhancing wear resistance through crystal grain
refinement and may contribute to a certain amount of heat-resistance enhancement. According to an embodiment, the
chromium (Cr) may restrain the creation and growth of a re-crystallized layer and may be distributed on grain boundaries
while forming a compound along with aluminum (Al) to restrain precipitation during an aging process, thereby enhancing
elongation. According to an embodiment, the chromium (Cr) may contribute to corrosion resistance enhancement by
increasing the density of the oxidized layer (MgO) of the magnesium.

(4) Zinc (Zn) content: 0.05 wt % to 1.0 wt %

[0026] According to various embodiments, the zinc (Zn) content of the alloy may be between 0.05 wt % and 1.0 wt %.
According to an embodiment, the zinc (Zn) is for enhancing corrosion resistance and strength. In cases where an amount
of added zinc exceeds 1.0 wt %, physical properties, such as weldability, corrosion resistance, and the like, may be
deteriorated. According to an embodiment, the zinc (Zn) may also contribute to strength enhancement through age-
hardening.

(5) Manganese (Mn) content: 0.05 wt % to 1.0 wt %

[0027] According to various embodiments, the manganese (Mn) content of the alloy may be between 0.05 wt % and
1.0 wt %. According to an embodiment, the presence of manganese (Mn) may result in increased corrosion resistance,
increased softening resistance, and improved surface-treatment characteristics at a predetermined high temperature.
[0028] Accordingtoanembodiment, a small amountof added manganese (Mn) may contribute to strength improvement
through a solid-solution hardening effect and a fine-precipitate dispersion effect with a slight reduction in corrosion
resistance.

(6) Titanium (Ti) content: 0.01 wt % to 1.0 wt %

[0029] The titanium (Ti) content of the alloy may be between 0.01 wt % and 1.0 wt %.

[0030] According to various embodiments, the titanium (Ti) is an effective element in grain refinement, and when an
amount of added titanium exceeds 1.0 wt %, the titanium may produce a large amount of large and coarse intermetallic
compounds, such as TiAls, thereby degrading mechanical characteristics of an alloy. According to an embodiment, the
titanium may contribute to forming-efficiency and strength enhancement through grain refinement.

(7) Tin (Sn) content: 0.001 wt % to 0.5 wt %
[0031] According to various embodiments, the tin (Sn) content of the alloy may be between 0.001 wt % and 0.5 wt %.

The addition of tin (Sn) to the alloy may enhance its forming efficiency and machinability. However, when the amount
of tin added exceeds 0.5 wt %, the alloy’s hot workability and cold workability may be impacted negatively.
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(8) Zirconium (Zr): 0.01 wt % to 1.0 wt %

[0032] According to an embodiment, the zirconium (Zr) content of the alloy may be between 0.01 wt % and 1.0 wt %.
According to an embodiment, the zirconium (Zr) may reinforce the strength of the aluminum alloy while also improving
elongation.

(9) Nickel (Ni) content: 0.05 wt % or less

[0033] The nickel (Ni) may be present in the alloy as an impurity. The nickel (Ni) may introduced into the alloy with
the aluminum that is used to manufacture the alloy. According to various embodiments, the nickel (Ni) content of the
alloy may be no more than 0.05 wt %

[0034] Although the presence of nickel (Ni) may enhance the heat-resistance of the alloy, it may also have some
negative consequences. For example, when 0.05 wt % or more nickel is contained in the alloy, the corrosion resistance
of the alloy may decrease.

(10) Iron (Fe) content: 0.3 wt % or less

[0035] The iron (Fe) may be present in the alloy as an impurity. The iron (Fe) may introduced into the alloy with the
aluminum that is used to manufacture the alloy. According to various embodiments, the iron (Fe) content of the alloy
may be no more than 0.3 wt %.

[0036] According to various embodiments, the iron (Fe) is an element that can contribute to strength enhancement
by increasing the density of an alloy and enhance form removal capability by decreasing viscosity. Although the iron is
effective in preventing re-crystallized grains from being coarsened and refining grains during casting, the presence of
iron may reduce the alloy’s extruding efficiency and ductility. More particularly, when 0.3 wt % or more iron is contained
in the alloy, the iron may cause the alloy to corrode.

(11) Copper (Cu) content: 0.05 wt % or less

[0037] The copper (Cu) may be present in the alloy as an impurity. The copper (Cu) may introduced into the alloy with
the aluminum that is used to manufacture the alloy. According to various embodiments, the copper (Cu) content of the
alloy may be no more than 0.05 wt %.

[0038] According to various embodiments, the presence of copper (Cu) in the alloy may enhance the alloy’s strength,
ductility (through precipitation hardening), corrosion resistance, as well as its fluidity when the alloy is in a molten state.
However, the presence of copper may also decrease corrosion resistance, weldability, and extruding efficiency. Accord-
ingly, when 0.05 wt % or more copper is contained in the alloy, the copper may cause the alloy to corrode faster.

(12) Aluminum (Al) content: 90 wt % or more

[0039] According to various embodiments, the aluminum (Al) content of the alloy may be 90 wt %.

[0040] According to various embodiments, the contents of nickel (Ni), iron (Fe), and copper (Cu), which are impurities
in aluminum that may cause the corrosion of an alloy when they are contained in the alloy in excess of a predetermined
wt %. For this reason, the copper (Cu) and the nickel (Ni) may be controlled to be 0.05 wt % or less on the basis of the
entire weight and the iron (Fe) may be controlled to be 0.3 wt % or less on the basis of the entire weight, thereby making
it possible to manufacture an aluminum ally for die casting with stable corrosion resistance, high strength, and excellent
fluidity.

[0041] Hereinafter, a process of manufacturing an aluminum alloy, according to various embodiments of the present
disclosure, will be described.

[0042] FIG. 1 is a flowchart of a process for manufacturing the aluminum alloy according to various embodiments of
the present disclosure.

[0043] Attask 101, 90 wt % or more of aluminum (Al) may be completely melted by heating it up to a temperature of
700°C to 800°C.

[0044] At task 103, a predetermined amount of silicon (Si) may be added to the completely molten aluminum (Al).
According to an embodiment, the silicon (Si) may be added after the completely molten aluminum (Al) reaches a tem-
perature of 850°C to 950°C. According to an embodiment, the silicon (Si) may be added in the range of 4.0 wt % to 10.0
wt %.

[0045] At task 105, the temperature may be raised to 1200°C after the aluminum (Al) and the silicon (Si) are added.
According to an embodiment, titanium (Ti), chromium (Cr), and manganese (Mn) may be added to the heated molten
material and then completely melted by heating at a corresponding temperature for a predetermined period of time.
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According to an embodiment, the heating may be conducted in the range of 4 to 5 hours. According to various embod-
iments, the titanium (Ti) may be added in the range of 0.01 wt % to 1.0 wt %, the chromium (Cr) may be added in the
range of 0.1 wt % to 1.0 wt %, and the manganese (Mn) may be added in the range of 0.05 wt % to 1.0 wt %. According
to an embodiment, zirconium (Zr) may also be added in addition to the titanium, manganese, and chromium in the range
of 0.01 wt % to 1.0 wt %. According to an embodiment, the zirconium (Zr) may reinforce the strength of the aluminum
alloy while also improving elongation.

[0046] Attask 106, an ingredient analysis of the melt is performed.

[0047] Attask 107, the amount of impurities present in the alloy is adjusted based on an outcome of the analysis.
[0048] Attask 109, after the amount of impurities in the alloy is adjusted, the high-temperature melt may be cooled to
a temperature of 700°C to 800°C through natural cooling, and then zinc (Zn) and magnesium (Mg) may be added and
completely melted.

[0049] Attask 111, an aluminum alloy pre-form may be formed. According to various embodiments, a casting pressure
of 75 MPa may be applied to the pre-form during die casting. According to an embodiment, the pre-form may be formed
to exhibit a tensile strength characteristic in the range of 250 MPa to 350 MPa during die casting. According to an
embodiment, the pre-form may be formed to exhibit a yield strength characteristic in the range of 150 MPa to 250 MPa
during die casting. According to an embodiment, the pre-form may be formed to exhibit a break elongation 0f2.0% to 4.5%.
[0050] According to various embodiments, the ingredient analysis process may be conducted every a new element
is added.

[0051] Table 1 and table 2 below show composition tables of properly prepared aluminum alloys according to various
embodiments of the present disclosure.
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[Table 2]
Example Chemical composition (%)

Total Al Cu Si Mg Zn Fe Mn Ti Ni Sn Cr Zr
1 100 Bal. | 0.0 | 7.0 | 2.0 0.1 0.0 0.1 0.1 0.05 | 0.03 0.5 0.0
2 100 Bal. | 0.0 | 9.0 | 2.0 0.1 0.0 0.1 0.1 0.05 | 0.03 0.5 0.0
3 100 Bal. | 0.0 | 9.0 | 2.0 0.1 0.0 0.1 0.7 0.05 | 0.03 0.5 0.0
4 100 Bal. | 0.0 | 9.0 | 2.0 0.1 0.0 0.1 0.5 0.0 | 0.03 0.5 0.0
5 100 Bal. | 0.0 | 7.0 | 2.0 0.1 0.0 0.1 0.5 0.0 | 0.03 0.5 0.0
6 100 Bal. | 00 | 65 | 1.5 | 005 | 0.0 | 0.05 | 0.15 | 0.0 | 0.01 04 0.0
7 100 Bal. | 00 | 65 | 1.5 0.1 0.0 0.1 0.25 | 0.0 | 0.03 04 0.0
8 100 Bal. | 0.0 | 6.0 | 1.0 0.1 0.0 0.1 0.25 | 0.0 | 0.03 04 0.0
9 100 Bal. | 0.0 | 5.0 | 1.0 0.1 0.0 0.1 025 | 0.0 | 0.03 | 0.35 | 0.0
10 100 Bal. | 0.0 | 5.0 | 1.0 1.0 0.0 0.1 0.25 | 0.0 | 0.03 04 0.3
11 100 Bal. | 0.0 | 6.0 | 1.0 0.1 0.0 0.5 0.25 | 0.0 | 0.03 04 0.3
12 100 Bal. | 00 | 65 | 1.5 0.1 0.0 0.1 0.25 | 0.0 | 0.06 0.4 0.1
13 100 Bal. | 0.0 | 65 | 1.5 0.1 0.0 0.1 0.25 | 0.0 | 0.03 04 0.3
14 100 Bal. | 0.0 | 65 | 1.5 0.1 0.0 0.1 0.25 | 0.0 | 0.03 04 0.5
15 100 Bal. | 00 | 65 | 1.5 0.1 0.0 0.1 0.25 | 0.0 | 0.03 04 0.8

[0052] According to various embodiments, the copper (Cu), the iron (Fe), and the nickel (Ni), which are unavoidable
impurities capable of affecting corrosion resistance, may not be intentionally added to the alloy. According to an embod-
iment, the copper (Cu), the iron (Fe), and the nickel (Ni), which may be contained in aluminum, may be identified through
an ingredient analysis during the melting process of each element, and the copper (Cu) and the nickel (Ni) may be
controlled to be 0.05 wt % or less on the basis of the entire weight. According to an embodiment, the iron (Fe) may be
controlled to be 0.3 wt % or less on the basis of the entire weight.

[0053] FIG. 2 illustrates a graph and a table showing physical property test results of diverse specimens according to
various embodiments of the present disclosure.

[0054] Asillustrated in FIG. 2, aluminum alloys having desired physical properties may be manufactured by controlling
wt % of compositions thereof. For example, an alloy having increased strength may be obtained by increasing the
contents of silicon (Si) and magnesium (Mg). However, since the elongation of the alloy may be degraded, the proper
composition of elements has to be made in order to obtain an alloy having desired physical properties (e.g., tensile
strength, yield strength, elongation, etc.).

[0055] FIG. 3 illustrates a comparative example of the corrosion of an aluminum alloy, according to various embodi-
ments of the present disclosure, and a general aluminum alloy.

[0056] Referring to FIG. 3, it can be seen that the aluminum alloy (the left specimen in the drawing) manufactured
according to the various embodiments of the presentdisclosure has more excellent corrosion resistance than an aluminum
alloy known in the art (the right specimen in the drawing).

[0057] According to various embodiments, an aluminum alloy for die casting can have stable corrosion resistance in
a saline-water environment, in water, and in air due to a stable and dense surface oxidation layer formed thereon
compared to commercial alloys and general alloys. According to an embodiment, an aluminum alloy can provide high-
quality external and internal die-cast components having complex shapes and structures due to high strength and
excellent fluidity thereof.

Claims
1. An aluminum alloy, comprising:

4.0 to 10.0 weight % silicon (Si),
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0.1 to 4.0 weight % magnesium (Mg),

0.1 to 1.0 weight % chromium (Cr),

0.05 to 1.0 weight % zinc (Zn),

0.05 to 1.0 weight % manganese (Mn),

0.01 to 1.0 weight % titanium (Ti),

0.001 to 0.5 weight % tin (Sn),

0.01 to 1 weight % zirconium (Zr), and

balance aluminum and impurities,

wherein at least one impurity included in the aluminum alloy is identified during a melting process through an
ingredient analysis of each element included in the aluminum alloy,

wherein the at least one impuirity is at least one of copper (Cu), nickel (Ni), or iron (Fe),

wherein the copper (Cu) or nickel (Ni) is adjusted to be equal to or less than 0.05 weight% of the aluminum
alloy, and

wherein the iron (Fe) is adjusted to be equal to or less than 0.3 weight% of the aluminum alloy.

A method, comprising die casting an electronic device component from an aluminum alloy, wherein the alloy com-
prises 4.0 to 10.0 weight % silicon (Si), 0.1 to 4.0 weight % magnesium (Mg), 0.1 to 1.0 weight % chromium (Cr),
0.05 to 1.0 weight % zinc (Zn), 0.05 to 1.0 weight % manganese (Mn), 0.01 to 1.0 weight % titanium (Ti), 0.001 to
0.5 weight % tin (Sn), 0.01 to 1 weight % zirconium (Zr), and balance aluminum and impurities,

wherein at least one impurity included in the aluminum alloy is identified during a melting process through an
ingredient analysis of each element included in the aluminum alloy,

wherein the at least one impurity is at least one of copper (Cu), nickel (Ni), or iron (Fe),

wherein the copper (Cu) or nickel (Ni) is adjusted to be equal to or less than 0.05 weight % of the aluminum alloy, and
wherein the iron (Fe) is adjusted to be equal to or less than 0.3 weight % of the aluminum alloy.

The method of claim 2, wherein the aluminum alloy is subjected to a casting temperature of 680 to 750°C during
the die casting.

The method of claim 2 or 3, wherein the aluminum alloy is subjected to a casting pressure of 75 MPa during the die
casting.

The method of claim 2, 3 or 4, wherein the aluminum alloy exhibits a tensile strength of 250 to 350 MPa.
The method of any of claims 2-5, wherein the aluminum alloy exhibits a yield strength of 150 to 250 MPa.
The method of any of claims 2-6, wherein the aluminum alloy exhibits a break elongation of 2.0 to 4.5%.

The method of any of claims 2-7, wherein the electronic device component includes at least one of an external
housing, an internal housing, and a bezel of the electronic device.

A method for manufacturing an aluminum alloy comprising:

melting aluminum (Al) by heating the aluminum up to a temperature of 700°C to 800°C ;

heating the melted aluminum (Al) to a temperature between 850°C and 900°C and adding silicon (Si) to the
melted aluminum (Al) to produce a first intermediate alloy;

heating up the firstintermediate alloy to a temperature of 1200°C or less, and adding chromium (Cr), manganese
(Mn), and titanium (Ti) to the first intermediate alloy to produce a second intermediate alloy;

cooling the second intermediate alloy to a temperature between 700°C and 800°C and adding zinc (Zn), and
tin (Sn) to the second intermediate alloy to produce the aluminum alloy,

wherein the aluminum alloy comprises 4.0 to 10.0 weight % silicon (Si), 0.1 to 4.0 weight % magnesium (Mg),
0.1 to 1.0 weight % chromium (Cr), 0.05 to 1.0 weight % zinc (Zn), 0.05 to 1.0 weight % manganese (Mn), 0.01
to 1.0 weight % titanium (Ti), 0.001 to 0.5 weight % tin (Sn), 0.01 to 1 weight % zirconium (Zr), and balance
aluminum and impurities,

wherein at least one impurity included in the aluminum alloy is identified during a melting process through an
ingredient analysis of each element included in the aluminum alloy,

wherein the at least one impurity is at least one of copper (Cu), nickel (Ni), or iron (Fe),

wherein the copper (Cu) or nickel (Ni) is adjusted to be equal to or less than 0.05 weight % of the aluminum
alloy, and
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wherein the iron (Fe) is adjusted to be equal to or less than 0.3 weight % of the aluminum alloy.

10. The method of claim 9, further comprising adjusting the amount of the atleast one impurity thatis presentin the alloy,

wherein the at least one impurity includes at least one of copper (Cu), nickel (Ni), and iron (Fe),

wherein the copper (Cu) makes up at most 0.05 weight % of the alloy and the nickel (Ni) makes up at most 0.05
weight % of the alloy,

wherein the iron (Fe) makes up at most 0.3 weight % of the alloy.

Patentanspriiche

1.

Aluminiumlegierung, umfassend:

4,0 bis 10,0 Gewichts-% Silizium (Si),

0,1 bis 4,0 Gewichts-% Magnesium (Mg),

0,1 bis 1,0 Gewichts-% Chrom (Cr),

0,05 bis 1,0 Gewichts-% Zink (Zn),

0,05 bis 1,0 Gewichts-% Mangan (Mn),

0,01 bis 1,0 Gewichts-% Titan (Ti),

0,001 bis 0,5 Gewichts-% Zinn (Sn),

0,01 bis 1 Gewichts-% Zirkonium (Zr), und

der Rest ist Aluminium sowie Verunreinigungen,

wobei wenigstens eine in der Aluminiumlegierung enthaltene Verunreinigung wahrend eines Schmelzvorgangs
mittels einer Inhaltsstoffanalyse jedes in der Aluminiumlegierung enthaltenen Elements identifiziert wird,
wobei es sich bei der wenigstens einen Verunreinigung um wenigstens eines der Folgenden handelt: Kupfer
(Cu), Nickel (Ni) und Eisen (Fe),

wobei das Kupfer (Cu) oder Nickel (Ni) derart angepasst wird, dass es kleiner als oder gleich 0,05 Gewichts-
% der Aluminiumlegierung ist, und

wobei das Eisen (Fe) derart angepasst wird, dass es kleiner als oder gleich 0,3 Gewichts-% der Aluminiumle-
gierung ist.

Verfahren umfassend das DruckgielRen einer Komponente eines elektronischen Gerats aus einer Aluminiumlegie-
rung, wobei die Legierung Folgendes umfasst: 4,0 bis 10,0 Gewichts-% Silizium (Si), 0,1 bis 4,0 Gewichts-% Ma-
gnesium (Mg), 0,1 bis 1,0 Gewichts-% Chrom (Cr), 0,05 bis 1,0 Gewichts-% Zink (Zn), 0,05 bis 1,0 Gewichts-%
Mangan (Mn), 0,01 bis 1,0 Gewichts-% Titan (Ti), 0,001 bis 0,5 Gewichts-% Zinn (Sn), 0,01 bis 1 Gewichts-%
Zirkonium (Zr), und der Rest ist Aluminium sowie Verunreinigungen,

wobei wenigstens eine in der Aluminiumlegierung enthaltene Verunreinigung wahrend eines Schmelzvorgangs
mittels einer Inhaltsstoffanalyse jedes in der Aluminiumlegierung enthaltenen Elements identifiziert wird,

wobei es sich bei der wenigstens einen Verunreinigung um wenigstens eines der Folgenden handelt: Kupfer (Cu),
Nickel (Ni) und Eisen (Fe),

wobei das Kupfer (Cu) oder Nickel (Ni) derart angepasst wird, dass es kleiner als oder gleich 0,05 Gewichts-% der
Aluminiumlegierung ist, und

wobei das Eisen (Fe) derart angepasst wird, dass es kleiner als oder gleich 0,3 Gewichts-% der Aluminiumlegierung
ist.

Verfahren nach Anspruch 2, wobei die Aluminiumlegierung beim DruckgieRen einer GielRtemperatur von 680 bis
750 °C unterzogen wird.

Verfahren nach Anspruch 2 oder 3, wobei die Aluminiumlegierung beim DruckgieRen einem GieRdruck von 75 MPa
unterzogen wird.

Verfahren nach Anspruch 2, 3 oder 4, wobei die Aluminiumlegierung eine Zugfestigkeit von 250 bis 350 MPa aufweist.

Verfahren nach einem der Anspriiche 2 bis 5, wobei die Aluminiumlegierung eine Streckgrenze von 150 bis 250
MPa aufweist.

Verfahren nach einem der Anspriiche 2 bis 6, wobei die Aluminiumlegierung eine Bruchdehnung von 2,0 bis 4,5 %
aufweist.
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8. Verfahren nach einem der Anspriiche 2 bis 7, wobei die Komponente des elektronischen Gerats ein dulReres Ge-

hause, ein inneres Gehause und/oder einen Rahmen des elektronischen Gerats umfasst.

9. Verfahren zur Herstellung einer Aluminiumlegierung, wobei das Verfahren Folgendes umfasst:

Schmelzen von Aluminium (Al) durch Erhitzen des Aluminiums auf eine Temperatur von 700 °C bis 800 °C;
Erhitzen des geschmolzenen Aluminiums (Al) auf eine Temperatur zwischen 850 °C und 900 °C und Zugeben
von Silizium (Si) zu dem geschmolzenen Aluminium (Al), um eine erste Zwischenlegierung zu erzeugen;
Erhitzen der ersten Zwischenlegierung auf eine Temperatur von 1200 °C oder weniger und Zugeben von Chrom
(Cr), Mangan (Mn) und Titan (Ti) zu der ersten Zwischenlegierung, um eine zweite Zwischenlegierung zu
erzeugen;

Herunterkihlen der zweiten Zwischenlegierung auf eine Temperatur zwischen 700 °C und 800 °C und Zugeben
von Zink (Zn) und Zinn (Sn) zu der zweiten Zwischenlegierung, um die Aluminiumlegierung zu erzeugen,
wobei die Aluminiumlegierung 4,0 bis 10,0 Gewichts-% Silizium (Si), 0,1 bis 4,0 Gewichts-% Magnesium (Mg),
0,1 bis 1,0 Gewichts-% Chrom (Cr), 0,05 bis 1,0 Gewichts-% Zink (Zn), 0,05 bis 1,0 Gewichts-% Mangan (Mn),
0,01 bis 1,0 Gewichts-% Titan (Ti), 0,001 bis 0,5 Gewichts-% Zinn (Sn), 0,01 bis 1 Gewichts-% Zirkonium (Zr)
umfasst und der Rest Aluminium sowie Verunreinigungen ist,

wobei wenigstens eine in der Aluminiumlegierung enthaltene Verunreinigung wahrend eines Schmelzvorgangs
mittels einer Inhaltsstoffanalyse jedes in der Aluminiumlegierung enthaltenen Elements identifiziert wird,
wobei es sich bei der wenigstens einen Verunreinigung um wenigstens eines der Folgenden handelt: Kupfer
(Cu), Nickel (Ni) und Eisen (Fe),

wobei das Kupfer (Cu) oder Nickel (Ni) derart angepasst wird, dass es kleiner als oder gleich 0,05 Gewichts-
% der Aluminiumlegierung ist, und

wobei das Eisen (Fe) derart angepasst wird, dass es kleiner als oder gleich 0,3 Gewichts-% der Aluminiumle-
gierung ist.

10. Verfahren nach Anspruch 9, das weiterhin das Anpassen der Menge der wenigstens einen in der Legierung vor-

handenen Verunreinigung umfasst,

wobei die wenigstens eine Verunreinigung wenigstens eines der Folgenden umfasst: Kupfer (Cu), Nickel (Ni) und
Eisen (Fe),

wobei das Kupfer (Cu) héchstens 0,05 Gewichts-% der Legierung ausmacht und das Nickel (Ni) héchstens 0,05
Gewichts-% der Legierung ausmacht, und

wobei das Eisen (Fe) hdchstens 0,3 Gewichts-% der Legierung ausmacht.

Revendications

1.

Alliage d’aluminium, comprenant:

4,0 2 10,0 % en poids de silicium (Si),

0,1 a 4,0 % en poids de magnésium (Mg),

0,1 a 1,0 % en poids de chrome (Cr),

0,05 a 1,0 % en poids de zinc (Zn),

0,05 a 1,0 % en poids de manganéese (Mn),

0,01 a 1,0 % en poids de titane (Ti),

0,001 a 0,5 % en poids d’étain (Sn),

0,01 a 1 % en poids de zirconium (Zr), et

le restant consistant en de I'aluminium et des impuretés;

dans lequel au moins une impureté présente dans l'alliage d’aluminium est identifiée au cours d’un processus
de fusion par une analyse d’ingrédient de chaque élément présent dans l'alliage d’aluminium,

dans lequel 'au moins une impureté consiste en du cuivre (Cu), du nickel (Ni) et/ou du fer (Fe),

dans lequel le cuivre (Cu) ou le nickel (Ni) est ajusté pour étre égal ou inférieur a 0,05 % en poids de l'alliage
d’aluminium, et

dans lequel le fer (Fe) est ajusté pour étre égal ou inférieur a 0,3 % en poids de l'alliage d’aluminium.

2. Procédé, comprenant le moulage sous pression d’un composant d’appareil électronique a partir d’'un alliage d’alu-

minium, ledit alliage comprenant 4,0 a 10,0 % en poids de silicium (Si), 0,1 a 4,0 % en poids de magnésium (Mg),
0,1 a 1,0 % en poids de chrome (Cr), 0,05 a 1,0 % en poids de zinc (Zn), 0,05 a 1,0 % en poids de manganese
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(Mn), 0,01 a 1,0 % en poids de titane (Ti), 0,001 a 0,5 % en poids d’étain (Sn), 0,01 a 1 % en poids de zirconium
(Zr), et le restant consistant en de I'aluminium et des impuretés,

dans lequel au moins une impureté présente dans l'alliage d’aluminium est identifiée au cours d’un processus de
fusion par une analyse d’ingrédient de chaque élément présent dans I'alliage d’aluminium,

dans lequel I'au moins une impureté consiste en du cuivre (Cu), du nickel (Ni) et/ou du fer (Fe),

dans lequel le cuivre (Cu) ou le nickel (Ni) est ajusté pour étre égal ou inférieur a 0,05 % en poids de l'alliage
d’aluminium, et

dans lequel le fer (Fe) est ajusté pour étre égal ou inférieur a 0,3 % en poids de l'alliage d’aluminium.

Procédé selon la revendication 2, dans lequel I'alliage d’aluminium est soumis a une température de moulage de
680 a 750 °C au cours du moulage sous pression.

Procédé selon la revendication 2 ou 3, dans lequel I'alliage d’aluminium est soumis a une pression de moulage de
75 MPa au cours du moulage sous pression.

Procédé selon la revendication 2, 3 ou 4, dans lequel I'alliage d’aluminium présente une résistance a la traction de
250 a 350 MPa.

Procédé selon I'une quelconque des revendications 2 a 5, dans lequel 'alliage d’aluminium présente une limite
d’élasticité de 150 a 250 MPa.

Procédé selon I'une quelconque des revendications 2 a 6, dans lequel I'alliage d’aluminium présente un allongement
ala rupture de 2,0 a 4,5 %.

Procédé selon I'une quelconque des revendications 2 a 7, dans lequel le composant d’appareil électronique com-
prend un boitier externe, un boitier interne et/ou un encadrement de I'appareil électronique.

Procédé de fabrication d’alliage d’aluminium comprenant:

la fusion d’aluminium (Al) par chauffage de I'aluminium jusqu’a une température de 700 °C a 800 °C,

le chauffage de I'aluminium (Al) en fusion a une température comprise entre 850 °C et 900 °C et I'ajout de
silicium (Si) a 'aluminium (Al) en fusion pour produire un premier alliage intermédiaire,

le chauffage du premier alliage intermédiaire a une température de 1200 °C ou moins, et I'ajout de chrome (Cr),
de manganeése (Mn) et de titane (Ti) au premier alliage intermédiaire pour produire un second alliage intermé-
diaire,

le refroidissement du second alliage intermédiaire a une température comprise entre 700 °C et 800 °C et I'ajout
de zinc (Zn) et d’étain (Sn) au second alliage intermédiaire pour produire I'alliage d’aluminium,

dans lequel l'alliage d’aluminium comprend 4,0 a 10,0 % en poids de silicium (Si), 0,1 a 4,0 % en poids de
magnésium (Mg), 0,1 a 1,0 % en poids de chrome (Cr), 0,05 a 1,0 % en poids de zinc (Zn), 0,05 a 1,0 % en
poids de manganese (Mn), 0,01 a 1,0 % en poids de titane (Ti), 0,001 a 0,5 % en poids d’étain (Sn), 0,01 a 1
% en poids de zirconium (Zr) et le restant consistant en de I'aluminium et des impuretés,

dans lequel au moins une impureté présente dans l'alliage d’aluminium est identifiée au cours d’'un processus
de fusion par une analyse d’ingrédient de chaque élément présent dans l'alliage d’aluminium,

dans lequel 'au moins une impureté consiste en du cuivre (Cu), du nickel (Ni) et/ou du fer (Fe),

dans lequel le cuivre (Cu) ou le nickel (Ni) est ajusté pour étre égal ou inférieur a 0,05 % en poids de I'alliage
d’aluminium, et

dans lequel le fer (Fe) est ajusté pour étre égal ou inférieur a 0,3 % en poids de l'alliage d’aluminium.

10. Procédé selon la revendication 9, comprenant en outre I'ajustement de la quantité de 'au moins une impureté

présente dans l'alliage,

dans lequel 'au moins une impureté comprend du cuivre (Cu), du nickel (Ni) et/ou du fer (Fe),

dans lequel le cuivre (Cu) représente au plus 0,05 % en poids de I'alliage et le nickel (Ni) représente au plus 0,05
% en poids de l'alliage,

dans lequel le fer (Fe) représente au plus 0,3 % en poids de l'alliage.

12



EP 2 992 983 B1

MELT Al BY HEATING TO 700°C TO 800°C R 101

RAISE TEMPERATURE TO 850°C TO 900°C

AND THEN ADD AND MELT Si 103

RAISE TEMPERATURE TO 1200°C AND

THEN ADD AND MELT Ti, Zr, Mn, AND Cr 105

ANALYZE INGREDIENTS 106

CONTROL IMPURITY WT% ACCORDING TO

ANALYZED INGREDIENTS 107

COOL TO 700°C TO 800°C AND THEN
ADD AND MELT Zn AND Mg

FORM ALUMINUM ALLOY PRE-FORM 111

FIG.1

109

13



EP 2 992 983 B1

400
=
s
- 300
l—
(&)
p—a
e
= 200
(NN
—
%
100
0
TENSILE STRAIN (STRAIN 1) [%)]
SPECIMEN #
1
2 — — —
3 ______
YIELD TENSILE TENSILE
STRENGTH | STRENGTH | sprcrric | | | STRENGTH | cJehoLE
STRAIN STRAIN(AT
[MPa] [MPa] [MPa]
1 | 33| 21098 333.15 467 333.15 4.67
o | s33| 21112 320.66 4.26 32059 421
3 | s33| 216.29 335.22 4.88 335.22 4,88
MAXIMUM VALUE 216.29 335.22 4.88 335.22 4.88
MINIMUM VALUE 210.98 320.66 426 32059 421
MEAN 212.80 329.68 4.60 329.65 461
STANDARD DEVIATION 3.02486 7.87902 0.31226 791459 | 0.30702
ELONGATION YOUNG'S YOUNG'S
F%}\JSE MAXIMUM ﬁ'f-Dtsg';%” POSITION MODULUS MODULLS | yotE
T LOAD [kN] | © S?%]- MAXIMUM LOAD | (METALMATRIX) | (AUTOMATIC)
[mm] [MPa] [MPa]
1| 635 6.35 0.45 1.97052 68002.85462 22795.92705
2 | 6.11 6.11 0.51 1.85078 67330.30689 30310.38607
3| 639 | 639 0.53 2.00052 66702.73757 27809.17713
MAXIMUM VALUE 639 | 6.39 0.53 2.00052 68002.85462 30310.38607
MINIMUM VALUE 6.11 6.11 0.45 1.85978 66702.73757 22795.92705
MEAN 628 | 6.28 0.49 1.94361 67345.29969 26971.83008
STANDARD DEVIATION | 0.15084 | 0.15016 0.04 0.07413 650.18818 3826.56976
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