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The alloys are highly formable, exhibit high strength and corrosion res-
istance, and are recyclable. The alloys can be used in electronics, trans-
portation, industrial, and automotive applications, just to name a few.
Also described herein are methods for producing metal ingots and
products obtained by the methods.
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HIGH STRENGTH SXXX ALUMINUM ALLOYS AND
METHODS OF MAKING THE SAME
CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit of U.S. Provisional Application No. 62/171,344, filed

June 5, 2015, which s incorporated herein by reference n its entirety.

FIELD
Provided herein are novel alumimum alloy compositions and methods of making and
processing the same. In some cases, the alloys described herein exhibit high formability, high
strength, and corrosion resistance. The alloys described herein are also highly recyclable. The
alloys described herein can be used in electronics, transportation, industrial, automotive and

other applications.

BACKGROUND
Recyclable aluminum alloys that can be used in multiple applications, including
electronics and transportation applications, are desirable.  Such alloys should exhibit high
strength, high formability, and corrosion resistance. However, producing such alloys has proven
to be a challenge, as hot rolling of compositions with the potential of exhibiting the desired

properties often results in edge cracking issues and the propensity for hot tearing.

SUMMARY

Provided herein are novel aluminum-containing SXXX series alloys. The alloys exhibit
high strength, high formability, and corrosion resistance. The alloys can be used in electronics,
transportation, industrial, and automotive apphications, just to name a few. The aluminum alloys
described herein comprise about 0.05 — 0.30 wt. % 81, 0.08 — 0.50 wit. % Fe, 0 — 0.60 wt. % Cuy,
0—0.60 wt. % Mn, 4.0 - 7.0 wt. % Mg, 0 — 0.25 wt. % Cr, 0 — 0.20 wt. % Zn, 0 — 0.15 wt. % Ti,
and up to 0.15 wt. % of impurities, with the remainder as Al. Throughout this application, all
elements are described i weight percentage (wt. %) based on the total weight of the alloy. In
some examples, the aluminum alloy comprises about 0.05 - 030 wt. % S, 0.1 ~ 0.50 wt. % Fe, O
~0.60 wt. % Cu, 0.10 ~ 0.60 wt. % Mn, 4.5~ 7.0 wt. % Mg, 0~ 0.25 wt. % Cr, 0 - 0.20 wt. %
Zn, 0015wt % Ty, and up to 0.15 wt. % of impurities, with the remainder as Al In some
examples, the aluminum alloy comprises about 0.10 — ¢.20 wt. % 81, 0.20 — 0.35 wt. % Fe, 6.01

—~0.25 wt. % Cu, 0.20 - 0.55 wit. % Mn, 5.0 - 6.5 wt. % Mg, 0.01 - 0.25 wt. % Cr, 0.01 - 0.20
1
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wt. Yo Zn, 0 - 0.1 wt. % Ty, and up to 0.15 wi. % of mpurities, with the remamder as Al In
some examples, the aluminem alloy comprises about 0.10 —~ 0.15 wt. % 51, 0.20 — 0.35 wt. % Fe,
0.1 - 025 wt. % Cu, 0.20 - 050 wt. % Mn, 5.0 - 6.0 wi. % Mg, 0.05 — 0.20 wt. % Cr, 0.01 -
020 wt. % Zn, 0~ 0.05 wt. % Tt, and up to 0.15 wit. % of impurities, with the remainder as Al
Optionally, the aluminum alloy comprises about .05 ~ 0.15 wit. % S, 0.09 - 0.15 wt. % Fe, 0 —
005wt % Cu, 0010wt % Mn, 4055 wt. % Mg, 0~ 020wt % Cr, 0 - 0.05 wt. % Zn, 0~
0.05 wt. % Ti, and up to 0.15 wi. % of impurities, with the remainder as Al. The alloy can
mclude o-AlFeMnSi particles. The alloy can be produced by casting (e.g., direct casting or
continuous casting}, homogenization, hot rolling, cold rolling, and annealing. Also provided
herein are products comprising the aluminum alloy as described herein. The products can
mnclude, but are not limited to, automotive body parts {e.g., inner panels), electronic device
housings {(e.g., outer casings of mobile phones and tablet bottom chassis), and transportation
body parts.

Further provided herein are methods of processing an aluminum ingot or of producing a
metal product. The methods include the steps of casting an aluminum alloy as described herein
to form an ingot; homogenizing the ingot to form a plurality of w-AlFeMnSi1 particles in the
mgot; cooling the ingot to a temperature of 450 °C or less; hot rolling the ingot to produce a
rolled product; optionally cold rolling the rolled product to an intermediate gauge; allowing the
rolled product to self-anneal; and cold rolling the rolled product to a final gauge. Products (e.g.,
automotive body parts, electronic device housings, and transportation body parts) obtamned
according to the methods are also provided herem.

Other objects and advantages of the invention will be apparent from the following

detailed description of non-limiting examples of the invention.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 1s a flowchart depicting processing routes for making the alloys described
herein.

Figure 2A 1s a graph showing the tensile strength for the prototype alloys described
herein and for the comparison alloy. Figure 2B 13 a graph showing the yield strength for the
prototype alloys described herein and for the comparison alloy.  Figure 2C 1s a graph showing
the percent elongation for the prototype alloys described herein and for the comparison alloy. In
Figures 2A, 2B, and 2C, “B” represents comparison alloy K5182 and “Al,” “A2” “A3)” and

“A4” represent the prototype alloys.

3]
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Figure 3A 1s a graph showing the effect of Mg on tensile properties with Alloys A2 (4.5
wt. %% Mg}, A3 (5.2 wt. % Mg), and A4 (6.0 wt. % Mg} in their O-tempered conditions prior to
testing. Figure 3B 13 a graph showing the effect of Mg on tensile properties with Alloys A2, A3,
and A4 in thewr H38-tempered conditions, where the stabilization was performed at 135 °C, prior
to testing. Figure 3C s a graph showing the effect of Mg on tensile properties with Alloys A2,
A3, and A4 mn thewr H38-tempered conditions, where the stabilization was performed at 185 °C,
prior to testing.

Figure 4 is a picture of exemplary allovs assigned a ranking value based on the surface
appearance.

Figure 5 is a graph showing the amount of weight loss that cccurs after stabilizing the
samples at 135 °C (left bar for each sample), 185 °C (nuddle bar for each sample), and 350 °C
{right bar for each sample) for Alloys K5182 (represented as “B”) and Alloys Al, A2, A3, and
Ad and Alloy G.

Figure 6A 1s a picture of the Alloy G material after stabilization at a temperature range of
from 100 — 130 °C. Figure 6B 1s a picture of Alloy A4 after stabilization at 135 °C.

Figure 7 is a group of pictures showing the effects of stabilization at 135 °C, stabilization
at 185 °C, and full anneal at 350 °C on the microstructures for Alloys AT, A3, and A4,

Figure 8A 15 a graph of strength versus percentage cold work for Alloy A4 prepared at a
stabilization temperature of 135 °C. Figure 8B is a graph of strength versus percentage cold
work for Alloy A4 prepared at a stabilization temperature of 185 °C.

Figure 9 1s a flowchart depicting processing routes for making the alloys described
herein.

Figure 10A 1s a graph showing the acidic anodizing response of prototype alloy Example
1, comparative alloy AA5052, and comparative alloy AAS182. The graph shows the brightness
{(represented as “L”; left bar in each set), the white index (represented as “WI7; right bar n each
set), and the yvellow index (represented as “YI’; diamonds in graph).

Figure 10B 15 a graph showing the caustic anodizing response of prototype alloy Example
1, comparative alioy AAS5052, and comparative alloy AASI82. The graph shows the brightness
{(represented as “L7; left bar in each set), the white index {represented as “WI7; right bar in each
set}, and the yvellow index {represented as “Y17; diamonds n graph).

Figure 11 s a graph showing the tensile properties for prototype alloy Example 1,

AAS052, and AASIB2). The graph shows the yield strength (represented as “YS”; left bar n
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each set}, the ultimate tensile strength {represented as “UTS”; right bar in each set}, the uniform
clongation (represented as “Uwm. ElL {(%)”, diamonds n graph}, and the total elongation

{represented as “Total Bl (%) circles in graph).

DETAILED DESCRIPTION

Diescribed herein are novel SXXX sertes aluminum alloys which exhibit high strength
and high formability. The alloys described herein are also insensitive to intergranular corrosion
and are highly recyclable. In the soft annealed condition, these allovs exhibit high formability
which allows for complex geometry applications. Surprisingly, the alloys described herein also
exhibit high formability in other tempers as well  The high strength, high formality, and
corrosion resistance properties are stable and are maintained throughout the life of any products
prepared using the alloys. In other words, little or no ageing occurs during storage, processing,
Or service.
Alloy Composition

The alloys described herein are novel aluminum-contaming 5XXX series alloys. The
alloys exhibit high strength, high formability, and corrosion resistance. The properties of the
alloy are achieved due to the elemental composition of the alloy. Specifically, the alloy can have

the following elemental composition as provided in Table 1.

Table 1
Element Weight Percentage (wt. %)
S 0.05-0.30
Fe (.08 - 0.50
Cu 0-0.60
Mn 0-0.60
Mg 406-70
Cr 0025
Zn 0-020
Ti 0-0.15
Others 0 — 0.05 (each)
0 —0.15 (total)
Al Remainder
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In some examples, the alloy can have the following elemental composition as provided

Table 2.
Table 2
Element Weight Percentage (wt. %)
81 0.10-0.20
Fe 0.20-0.38
Cu 0.01 - 0.25
Mu 0.2-055
Mg 50-65
Cr 0.01 -0.25
Zn 0.01 -0.20
Ti 0-01
Others 0 — (.05 (cach)
0 — 0.15 {total)
Al Remainder

In some examples, the alloy can have the following elemental composition as provided in

Table 3.
Table 3
Flement Weight Percentage (wi. %)
81 0.10-0.15
Fe 0.20-0.35
Cy 01-025
Mn (.26 -0.50
Mg 50-6.0
Cr 0.05 -0.20
Zn 0.01 -0.20
Ti 0005
Others 0 —0.05 (each)
0 —0.15 {total)
Al Remainder

(]
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In some examples, the alloy can have the following elemental composition as provided n

Table 4.

Table 4
Flement Weight Percentage (wt. %)
S1 (.05 -0.15
Fe 0.09-0.15
u 0 - 0.05
Mn 0-010
Mg 40-55
Cr 0-020
Zn 0-0.05
Ti 0-0.0S
Others 0 - G.05 {each)
0 —0.15 (total)
Al Remainder

In some examples, the alloy described herein includes silicon (81} in an amount of from
0.05 % to 0.30 % {e.g., from 0.10 % to 0.20 %, from .10 % to 0.15 %, or from 0.05 % to 0.15
%6} based on the total weight of the alloy. For example, the alloy can include 0.05 %, 0.06 %,
0.07 %, 0.08 %, 0.09 %, 0.10 %, 0.11 %, 0.12 %, 0.13 %, 0.14 %, 0.15 %, 0.16 %, 0.17 %, (.18
%6, 0.19 %, 0.20 %, 0.21 %, 0.22 %, 0.23 %, 0.24 %, 0.25 %, 0.26 %, 0.27 %, 0.28 %, 0.29 %, or
0.30 % Si1. All expressed o wt. %.

In some examples, the alloy described herein also includes iron (Fe) in an amount of from
0.08 % t0 0.50 % (e.g., from 0.1 % to 0.50 %, from 0.20 % to 0.35 %, or from 0.09 % 10 0.15 %)
based on the total weight of the ailoy. For example, the alloy can mclude 0.08 %, 0.09 %, 0.10
Yo, 0.11 %, 0.12 %, 0.13 %, 0.14 %, 0.15 %, 0.16 %, 0.17 %, 0.18 %, 0.19 %_ 0.20 %, 0.21 %,
0.22 %, 023 %, 0.24 %, 0.25 %, 0.26 %, 0.27 %, 0.28 %, 0.29 %, 0.30 %, 0.31 %, 0.32 %, (.33
%%, 0.34 %, 0.35 %, 0.36 %, 0.37 %, 0.38 %, 0.39 %, 0.40 %, 0.41 %, 042 %, 0.43 %, 0.44 %,
0.45 %, 0.46 %, 0.47 %, 0.48 %, 0.49 %, or 0.50 % Fe. All expressed in wt. %

In some examples, the alloy described inchudes copper { Cu) in an amount of up to 0.60 %
{e.g., from 0.01 % to 0.25 %, from 0.1 % to 0.25 %, or from 0 % to 0.05 %) based on the total

6



[8]
<

WO 2016/196921 PCT/US2016/035701

weight of the alloy. For example, the alloy can include 0.01 %, 0.02 %, 0.03 %, 0.04 %, 0.05 %
0.06 %, 0.07 %, 0.08 %, 0.09 %, G.10%, 0.11 %, 0.12 %, 0.13 %, 0.14 %, 0.15 %, 0.16 %, G.17
%, 018 %, 0.19 %, .20 %, 0.21 %, 0.22 %, 0.23 %, 0.24 %, 0.25 %, 0.26 %, 0.27 %, 0.28 %
0.29 %, 0.30 %, 0.31 %, 0.32 %, 0.33 %, 0.34 %, 0.35 %, 0.36 %, 0.37 %, 0.38 %, 0.39 %, 0.40
%, 0.41 %, 0.42 %, (.43 %, 0.44 %, (.45 %, 0.46 %, 0.47 %, 0.48 %, 0.49 %, 0.50 %, 0.51 %
0.52 %, 0.53 %, 0.54 %, 0.55 %, 0.56 %, 0.57 %, 0.58 %, 0.59 %, or (.60 % Cu. In some cases,
Cu 1s not present in the alloy (1.e, 0 %). Al expressed m wt. ?

In some examples, the alloy described herein can mnchide manganese (Mn} in an amount
of up to 0.60 % (e.g., from 0.10 % to 0.60 %, from 0.40 % to 0.55 %, from 0.40 % to 0.50 %, or
from © % to 0.1 %) based on the total weight of the alloy. For example, the alloy can include
0.01 %, 0.02 %%, (.03 %, 0.04 %, 0.05 %, 0.06 %, 0.07 %, 0.08 %, 0.09 %, (.16 %, 0.11 %, (.12
%, 0.13 %, 0.14 %, 0.15 %, 0.16 %, 0.17 %, 0.18 %, 0.19 %, 0.20 %, 0.21 %, 0.22 %, 0.23 %,
0.24 %, 0.25 %, 0.26 %, 0.27 %, 0.28 %, 0.29 %, 0.30 %, 0.31 %, 0.32 %, 0.33 %, 0.34 %, 035

o, 0.36 %, 0.37 %, 0.38 %, G.39 %, 0.40 %, 0.41 %, 0.42 %, 0.43 %, 0.44 %, 0.45 %, 0.406 %,
0.47 %, 0.48 %, 0.49 %, 0.50 %, 0.51 %, 0.52 %, 0.53 %, 0.54 %, 0.55 %, 0.56 %, 0.57 %, 0.58
%, 0.59 %, or 0.60 % Mn In some cases, Mn is not present in the alloy (1e, 0 %) All
expressed in wt. %. When present, the Mn content results in the precipitation of ¢-AlFeMnSt
particles during homogenization, which can result in additional dispersoid strengthening.

In some examples, the alloy described herein can include magnesium (Mg} in an amount
of from 4.0 t0 7.0 % {e.g., from 4.5 % to 7.0 %, from 5.0 % to 6.5 %, from 5.0 % to 6.0 %, or
from 4.0 % to 5.5 %). In some examples, the alloy can include 4.0 %, 4.1 %, 42 %, 43 %, 4.4
%, 4.5%, 46%,47%,48%,49%, 50%,51%,52%, 53%,54%,55%, 56%, 5.7 %,
58%,59%,60%,61%,62%, 63%, 64%, 65%, 6.6%, 6.7 %, 6.8%, 0.9%, or 7.0 %
Mg, All expressed in wt. %. The inclusion of Mg in the alloys described herein in an amount of
from 5.0 to 7.0 % ts referred 1o as a “high Mg content.” Mg can be included in the alloys
described herein to serve as a solid solution strengthening element for the alloy. As described
further below, and as demonstrated in the Examples, the high Mg content results in the desired
strength and formability, without compromising the corrosion resistance of the materials.

In some examples, the alloy described herein includes chromium (Cr) 1n an amount of up
to 0.25 % {eg., from 0.01 % to 0.25 % or from 0.05 % to 0.20 %) based on the total weight of
the alloy. For example, the alloy can include 0.01 %, 0.02 %, 0.03 %, 0.04 %, 0.05 %, 0.06 %,

0.07 %, 0.08 %, 0.09 %, 0.10 %, 0.11 %, 0.12 %, 0.13 %, 0.14 %, 0.15 %, 0.16 %, 0.17 %, 0.18

~J
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%, G.19 %, 0.20 %, 0.21 %, 0.22 %, 0.23 %, 0.24 %, or 0.25 % Cr. In some cases, {r 1s not
present in the alloy (1.e, 0 %) All expressed in wt. %.

In some examples, the alloy described herein imclades zinc (Zn) in an amount of up to
0.20 % (e.g., from 0.01 % to 0.20 % or from 0 % to 0.05 %) based on the total weight of the
alloy. For example, the alloy can include 0.01 %, 0.02 %, 0.03 %, 0.04 %, 0.05 %, 0.06 %, (.07
%, 0.08 %, 0.09 %, 0.10 %, 0.11 %, 0.12 %, 0.13 %, 0.14 %, 0.15 %, 0.16 %, 0.17 %, 0.18 %,

0.19 %, or 0.20 % Zn. In some cases, Zn 13 not present in the allov (1e., 09%). Al expressed n

In some examples, the alloy described herein includes titanium (T1) in an amount of up to
0.15 % {e.g., from 0 % t0 0.1 % or from 0 % to 0.05 %) based on the total weight of the alloy.
For example, the alloy can include 0.01 %, 0.02 %, 0.03 %, 0.04 %, G.05 %, 0.06 %, 0.07 %,
0.08 %, 0.09 %, 0.10%, 0.11 %, 0.12 %, 0.13 %, 0.14 %, or 0.15 % T1. In some cases, T1 is not
present in the alloy {t.e, 0%). All expressed in wt. %.

Optionally, the alloy compositions described herein can further include other minor
elements, sometimes referred to as impurities, in amounts of 0.05% or below, 0.04% or below,
0.03% or below, 0.02% or below, or 0.01% or below each. These impurities may include, but
are not limited to, V, Zr, Ni, Sn, Ga, Ca, or combinations thereof. Accordingly, V, Zr, Ni, Sn,
Ga, or Ca may be present in alloys in amounts of 0.05% or below, 0.04% or below, 0.03% or
below, 0.02% or below, or 6.01% or below. In some cases, the sum of all impurities does not
exceed 0.15% (e.g., 0.10%). All expressed in wt. %. The remaining percentage of the alloy is

aluvminum.

Methods of Making

The alloys described herein can be cast into ingots using a Direct Chull (BC) process or
can be cast using a Continuous Casting (CC) process. The casting process is performed
according to standards commonly used n the aluminum industry as known to one of skill in the
art. The CC process may include, but s not lumted to, the use of twin belt casters, twin roll
casters, or block casters. In some examples, the casting process 1s performed by a CC process o
form a slab, a strip, or the like. In some examples, the casting process is a DC casting process to
form a cast ingot.

The cast mgot, slab, or strip can then be subjected to further processing steps.
Optionally, the further processing steps can be used to prepare sheets. Such processing steps

mclude, but are not hmited to, a homogenization step, a hot rolling step, an optional first cold
8
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rolling step to produce an intermediate gauge, an annealing step, and a second cold rolling step to
a final gauge. The processing steps are described below n relation to a cast ingot. However, the
processing steps can also be used for a cast slab or strip, using modifications as known to those
of skill in the art.

The homogenization 15 carried out to precipitate a-AlFeMnSi particles. The a-AlFeMnSt
particles can result in the formation of dispersoids during subsequent strengthening processes.
In the homogenization step, an ngot prepared from the alloy compositions described herein is
heated to attain a peak metal temperature of at least 470 °C {e.g, at least 475 °C, at least 480 °C,
at least 485 °C, at least 490 °C, at least 495 °C, at least 500 °C, at least 505 °C, at least 510 °C, at
least 515 °C, at least 520 °C, at least 525 °C, or at least 530 °C}. In some examples, the ingot is
heated to a temperature ranging from 500 °C to 535 °C. The heating rate to the peak metal
temperature is sufficiently low to allow time for AlsMgs phase dissolution. For example, the
heating rate to the peak metal temperature can be 50 °C/hour or less, 40 °C/hour or less, or 30
°C/hour or less. The ingot is then allowed to soak {(1.e., held at the indicated temperature) for a
period of time during the first stage. In some cases, the ingot is allowed to soak for up to S hours
{e.g., from 30 minutes to 5 hours, inclusively). For example, the ingot can be soaked at the
temperature of at least 500 °C for 30 minutes, 1 hour, 2 hours, 3 hours, 4 hours, or S hours.

Optionally, the homogenization step described herein can be a two-stage homogenization
process. In these cases, the homogenization process can include the above-described heating and
soaking steps, which can be referred to as the first stage, and can further include a second stage.
In the second stage of the homogenization process, the ingot temperature i1s increased to a
temperature higher than the temperature used for the first stage of the homogenization process.
The ingot temperature can be increased, for example, 10 a temperature at least five degrees
Celsius higher than the ingot temperature during the first stage of the homogenization process.
For example, the ingot teraperature can be increased to a temperature of at least 475 °C {e.g,, at
least 480 °C, at least 485 °C, at least 490 °C, at least 495 °C, at least 500 °C, at least 505 °C, at
feast 510 °C, at least 515 °C, at least 520 °C, at least 525 °C, at least S30 °C, or at least 535 °().
The heating rate to the second stage homogenization temperature can be 5§ °C/hour or less, 3
°C/hour or less, or 2.5 “C/hour or less. The ingot 1s then allowed to soak for a period of time
during the second stage. In some cases, the mgot 15 allowed to soak for up to 5 howrs {e.g., from

15 minutes to 5 hours, inclustvely). For example, the ingot can be soaked at the temperature of
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at least 475 °C for 30 munutes, 1 hour, 2 hours, 3 hours, 4 hours, or 5 hours. Following
homogenization, the igot can be allowed to cool to room temperature in the ambient air.

The homogenization step should be performed fully to elimunate low melting constituents
and prevent edge cracking. Incomplete homogenization causes massive edge cracks which
originate from segregation of MgsAlg precipitates.  Therefore, in some cases, MgsAls i3
minimized or eliminated prior to hot rolling, which can improve fabricability.

Following the homogenization step, a hot rolling step can be performed. To avoid ingot
cracking during the hot rolling step, the ingot temperature can be reduced to a temperature lower
than the eutectic melting temperature of the MgsAls precipitates (1.e., 450 °C). Therefore, prior

to the start of hot rolling

o0

the homogenized ingot can be allowed to cool to approximately 450 °C
or less. The ingots can then be hot rolled o a 12 mm thick gauge or less. For example, the
mgots can be hot rolled to a 10 mm thick gauge or less, 9 mm thick gauge or less, 8 mm thick
gauge or less, 7 mm thick gauge or less, 6 mm thick gauge or less, 5 mm thick gauge or less, 4
mm thick gauge or less, 3 mm thick gauge or less, 2 mm thick gauge or less, or 1 mm thick
cauge or less. In some examples, the ingots can be hot rolled to a 2.8 mm thick gauge. The hot
rolled gauge can then undergo an annealing process at a temperature of from about 300 °C to 450
°C.

Optionally, a cold rolling step can then be performed to result in an intermediate gauge.
The rolled gauge can then undergo an annealing process at a temperature of from about 300 °C
to about 450 °C, with a soak time of approximately | hour and controlled cooling to room
temperature at a rate of about 30 °C/hour.  Alternatively, a batch annealing process or a
continuous annealing process can be performed. Following the annealing process, the rolled
gauge can be cold rolled to a final gauge thickness of from 0.2 mm to 7 mam. The cold rolling
can be performed to result in a final gauge thickness that represents an overall gauge reduction
by 20 %, 50 %, 75 %, or 85 %. In some cases, the resulting sheet can be stabilized by holding
the sheet at a temperature of from 100 °C - 250 °C (e.g, 1353 °C, 160 °C, 185 °C, or 200 °C) for
a period of time from 30 minates to 2 howrs {e.g., 1 hour}.

The resulting sheets have the combination of desired properties described herein,
meluding high strength, msensitivity to intergranular corrosion, and high formability under a
variety of temper conditions, including O-temper and H3X-temper conditions, where H3X
tempers include H32, H34, H36, or H38. Under O-temper conditions, the alloys can exhibit an

ultimate tensile strength of greater than 310 MPa, a yield strength of greater than 160 MPa, and a
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percent elongation of greater than 22 %. Under H3X-temper conditions, the alloys can exhibit
an ultimate tensile strength of greater than 420 MPa, 3 vield strength of greater than 360 MPa,
and a percent elongation of greater than 12 %.

The alloys and methods described herein can be used in automotive, electronics, and
transportation applications, among others. In some cases, the alloys can be used i O-temper,
H2X, F, T4, T6, and m H3X temper for apphications that require alloys with high formability.
As mentioned above, the H3X tempers include H32, H34, H36, or H38  In some cases, the
alloys are useful mn applications where the processing and operating temperature is 150 °C or
lower. For example, the alloys and methods described herein can be used to prepare automobile
body parts, such as inner panels. The alloys and methods described herein can also be used to
prepare housings for electronic devices, including mobile phones and tablet computers. In some
cases, the alloys can be used to prepare housings for the outer casing of mobile phones {e.g,
smart phones) and tablet bottom chassis.

The following examples will serve to further illustrate the present invention without, at
the same time, however, constituting any limitation thereof. On the contrary, it 1s to be clearly
understood that resort may be had to vartous embodiments, modifications and equivalents
thereof which, after reading the description herein, may suggest themselves to those of ordinary

skill in the art without departing from the spirit of the invention.

Example 1

Alloys were prepared as described herein with or without the optional cold rolling to
mntermediate gauge step (see Figure 1). Specifically, the ingots were preheated from room
temperature to 525 °C and allowed to soak for three hours. In the processing route without the
optional cold rolling to intermediate gauge step, the mgots were then hot rolled to a 2.8 num thick
gauge, annealed at 450 °C for 1 hour followed by cooling to room temperature at a rate of
50 °C/hour, and then cold rolled to a final gauge thickness representing an overall gauge
reduction by 85 %. The resulting sheets were allowed to stabilize at either 135 °C or at 185 °C
for 1 hour. In the processing route with the optional cold rolling to intermediate gauge step, the
mgots were hot rolled to a 2.8 mm thick gauge, cold rolled to an intermediate gauge, annealed at
300 to 450 °C for 1 hour, and then cold rolled to a final gauge thickness representing an overall

gauge reduction by 50 % or 75 %. The resulting sheets were allowed to stabilize at either 135 °C

11
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or at 185 °C for 1 hour. The annealing process can be a controlled heating and cooling as

described above, or alternatively can be a batch annealing or continuous annealing step.

Example 2

Five alloys were prepared or obtained for tensile elongation testing (see Table 5). Alloy
K5182, Al, A2, A3, and A4 were prepared according to the methods described heremn.
Specifically, the mgots having the alloy composition shown below in Table 5 were heated to
525 °C and soaked for 3 hours. The ingots were then hot rolled to a 2.8 mm thick gauge, cold
rolled to an intermediate gauge, and annealed at 300 to 450 °C for 1 hour followed by cooling to
room temperature at a rate of 50 °C/hour.

Cold rolling was then carried out to a final gauge thickness of from approximately 0.43
mm to 0.46 mm {overall gauge reduction by 50 % or by 75 %}. The resulting sheets were
allowed to stalilize at erther 135 °C or at 185 °C for 1 hour. The elemental compositions of the
The elemental

tested alloys are shown in Table S5, with the balance being aluminum.

compositions are provided in weight percentages. Alloy KS182 s an existing alloy
commercially available from Novelis, Inc. (Atlanta, GA). Alloys Al, A2, A3, and A4 are

prototype alloys prepared for the tensile, bendability, and corrosion resistance tests described

below.
Table 5

Alloy Si Fe Cu Mn Mg Cr Zan Ti
KS182 101 0.27 0.06 0.40 45 0.01 0.01 0.01
Al 0.1 0.27 0.20 0.50 45 0.15 0.20 0.015
A2 0.25 0.27 0.20 0.70 4.5 0.10 0.20 0.015
A3 0.1 27 0.20 0.50 52 0.15 0.20 0.015
A4 0.1 0.27 0.06 0.40 6.0 0.01 0.01 0.01

All expressed in wt. %.
Recyclability
The recyclability was estimated for each of the alloys from Table 5. The recycle content
and prime content are listed below in Table 6. The recycle content is an estimate and was

calculated using known models, which blend scrap chemustries from different sources.

12
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Table 6
K5182 Al A2 A3 A4
Recycle Content 38% 92 % 79 % 92 % 38 %
Prime Content 39% 5% 14 % 5% 39%

Mechanical Properties

Tensile strength, yield strength, and elongation data were obtained for each alloy from
Table 5. The testing was performed according to ASTM B557. The tensile strength, vield
strength, and elongation data obtained from the four prototype alloys and from KS182 were
compared, as shown in Figures 2A, 2B, and 2C, respectively. The data obtained from K5182
was included as a baseline comparison and is labeled in Figures 2A-2C as “B” All alloys were
in their O-tempered conditions prior to tensile testing.

The four prototype alloys and K5182 from Table 5 were prepared under O-temper
conditions, H38-temper conditions with stabilization at 135 °C, and H38-temper conditions with
stabilization at 185 °C.  The tensile strength, vield strength, and elongation data were obtained

and are shown 1n Table 7. The testing was performed according to ASTM B357.

Table 7
Alloy Temper | UTS(MPa) | YS(MPa) | EI(%)

Baseline 300 152 23
Al 314 162 23
A2 O-temper 313 164 22
A3 332 168 22
Ad 337 166 26

Baseline 419 362 8
Al 453 395 7.7
A2 ( Ei? f{‘) 455 404 7.0
A3 T 480 415 8.4
Ad 482 407 8.

Baseline 402 336 92
Al 431 368 8.8
A2 (ii?’ing) 434 377 8.2
A3 ’ 456 383 8.2
Ad 460 370 9.6

To determine the effect of Mg content in the alloys on the mechanical properties in the
resulting sheets, the mechanical properties for Alloys A2, A3, and A4 were compared. Alloys
A2, A3, and A4 contain 4.5, 5.2, and 6.0 wt. %, respectively. Figure 3A shows the effect of Mg
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on tensile properties with Alloys A2, A3, and A4 in thewr O-tempered conditions prior o testing,
Figure 3B shows the effect of Mg on tensile properties with Alloys A2, A3, and A4 in their H38-
tempered conditions, where the stabilization was performed at 135 °C, prior to testing. Figure
3C shows the effect of Mg on tensile properties with Alloys A2, A3, and A4 in their H38-
tempered conditions, where the stabilization was performed at 185 °C, prior to testing. The
tensile strengths of Alloys A3 and A4, which contain 5.2 wi. % and 6.0 wt. % Mg, respectively,

were consistently higher than that of Alloy A2, which contains Mg in an amount of 4.5 wt. %.

Bendabifity

The bendability was determined for each of the prototype alloys, for the comparison
material K5182, and for Alloy G, which 1s commercially available as Alloy GMS5 from
Sumitomo (Japan). The bendability was determined by measuring the hemming ability under a
90-180° bend and a radius of 0.5 mm. The samples were then ranked on a scale from 1 10 4
based on the surface appearance at the bend area. A ranking of “17 indicates a good surface
appearance with no cracks. A ranking of “4” indicates that the samples contained short and/or
long cracks at the bend area. Exemplary pictures of surface areas for alloys for each of the
available ranking values are provided in Figure 4 The results are shown for each of the alloys in
their O-tempered conditions; H38-tempered conditions, where the stabilization was performed at
135 °C; and H38-tempered conditions, where the stabilization was performed at 185 °C (see

Table 8).

14
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Corrosion Resistance

Corrosion resistance was determined for each of the prototype alloys Al — A4, K5182,
and Alov G using the intergranular corrosion test NAMLT (“Nitric Acid Mass Loss Test)”
ASTM-G67). The amount of weight loss that occurs after stabilizing the samples at 135 °C, 185
°C, and 350 °C (which represents a full anneal) are depicted in Figure 5. As shown in Figure 5,
weight loss results after subjecting the samples to stabilization temperatures of 135 °C and 185
°C for 1 hour. Figure 6A shows the effects of subjecting the Alloy G matenial to stabilization at
a temperature ranging from 100 — 130 °C. Figure 6B shows the effects of subjecting the Alloy

A4 matenial to stabilization at 135 °C. The effects of stabilization at 135 °C, stabilization at 185

Table 8
Alloy Temper Rating
K5182 1
Al 1
A2 O-temper 1
A3 1
A4 1
KS5182 3
Al 4
H38
A2 ) 4
{135C)
A3 4
A4 4
K5182 3
Al 4
H38
A2 4
(185C)

A3 4
A4 4
Alloy G H38 1

PCT/US2016/035701

°C, and full anneal at 350 °C are also shown for Alloys Al, A3, and Ad in Figure 7.
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Iftect of Cold Working Percentage on Mechanical Properties
To determine the effect of the cold working percentage on mechanical properties, the

mechanical properties of Alloys Al, A4, and Alloy G were compared. Alloys Al and A4 were
prepared under cold work percentage of 50% or 75%, and the tensile strength, vield strength,

percent elongation, and hemming were determined. The results are shown mn Table 9.

Table @
Alloy | Condition | Stabilization | Gauge{mm) | UTS{(MPa) | YS(MPa) | EL% | Hemming
temp test
Al 75% CW 135 °C 0.435 432 373 8 4
50% CW 0.448 402 332 ] i
Ad | 75% CW 0.437 457 373 10 3
50% CW 0.452 423 327 it 1
Al 75% CW 185 C 0.453 418 354 7 3
50% CW 0.455 399 323 9 I
Ad | 75% CW 0.434 444 352 9 3
50% CW 0.456 415 315 13 1
Alloy H3X 0.397 394 313 10 1
G

For Alloy Ad, the strength versus the percentage cold work (CW) was plotted for the
materials prepared at a stabilization temperature of 135 °C (Figure 8A) and 185 °C (Figure §B).
The process modification with 50 % CW significantly affected the mechanical properties of
Alov A4, which is a high Mg content alloy. The mechanical properties are higher than Alloy G,

and the bendability was also good as demonstrated by the hemming testing.

Example 3

Alloys as described herein were prepared according to one of the processes shown in
Figure 9. In a first process, the cast ingots were preheated from room temperature to 515 °C and
allowed to soak for 1 hour. The total time lapsed for the preheating and soaking averaged 10
hours. The ngots were then hot rolled at 340 °C for 1 hour to a 4.5 mom thick gauge, annealed at
300 °C for 3 hours to result mn a 1.0 mm thick gauge, and then cold rolied to a final gauge
thickness of 0.7 mm, representing a 30% gauge reduction from the annealed gauge The
resulting sheets were allowed to stabilize at 135 °C for 1 hour. In a second process, the cast

mgots were preheated, soaked, and hot rolled as described above for the first process. The
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annealing step was performed at 330 °C for 1 hour to result n a 2.0 mm thick gauge, and then
cold rolled to a final gauge thickness of 0.7 mum, representing a 65% gauge reduction from the
annealed gauge. The resulting sheets were allowed to stabilize at 160 °C for 1 hour.

In a third process, the cast ingots were preheated from room temperature to 480 °C and
allowed to soak for 2 hours. The ingots were then heated to a second temperature of 525 °C and
allowed to soak for 2 additional hours. The total tume lapsed for the preheating, soaking, heating,
and additional soaking steps averaged 14 hours. The ingots were then hot rolled at 340 °C for 1
hour to a 10.5 mm thick gauge, annealed at 330 °C for 1 hour to result in a 1.0 mm thick gauge,
and then cold rolled to a final gauge thickness of 0.7 mm, representing a 30% gauge reduction
from the annealed gauge. The resuiting sheets were allowed to stabilize at 160 °C for 1 hour. In
a fourth process, the cast ingots were preheated, soaked, heated, scaked, and hot rolled as
described above for the third process. The annealing step was performed at 330 °C for 1 hour to
result in a 2.0 mm thick gauge, and then cold rolled to a final gauge thickness of 0.7 mm,
representing a 65% gauge reduction from the annealed gauge. The resulting sheets were allowed
to stabtlize at 200 °C for 1 hour. The processes described above resulted in alloys in their H32

tempered conditions.

Example 4
Prototype alloy Example 1 was prepared for anodizing quality testing and tensile property
testing.  The elemental composition of Example 1 is shown in Table 10, with the balance being
aluminum, and values are provided in weight percentages. Example 1 was prepared according to
the methods described herein. Alloys AASOS2 and AAS5182 were obtained and were also tested
for anodizing quality and tensile properties. Alloy AAS182 15 an existing alloy commercially

avatlable from Novelis, Inc. (Atlanta, GA). Alloy AAS0S52 1s an alloy that was prepared in the

laboratory.
Table 10
Alloy 5i Fe Cu Mn Mg Cr In T
] 0.05- 0.09-
Example 1 ~0.05 | ~010 | 40-55 | ~020 | ~0005{~005
0.15 0.15

[u——y
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Anodizing Quality

The anodizing responses under acidic and caustic conditions were obtained for prototype
alloy Example 1, for comparative alloy AASI82, and for comparative alloy AAS0S2Z.
Specifically, the brightness {represented as “L7}, the white index (represented as “WI”), and the
vellow mdex (represented as “YI7} for the alloys were determuned.  As illustrated 10 Figures
10A-~10B, the prototype alloy showed mmproved anodizing qualities, such as lower Y1 values,
which may be due to the reduced size and number density of mtermetallic particles m the alloy

sample.

Mechanical Properties

Yield strength, ultimate tensile strength, uniform elongation, and total elongation data
were obtained for prototype alloy Example 1, for comparative alloy AAS182Z, and for
comparative alloy AAS052. The testing was performed according to ASTM BS557. The tensile
strength, vield strength, and elongation data obtained from the alloys were compared, as shown
m Figure 11, The strength and formability values of prototype alloy Example 1 were higher than

those of AASO52 and comparable to those of AAS182.

All patents, patent applications, publications, and abstracts cited above are incorporated
herein by reference in their entirety. Various embodiments of the invention have been described
in fulfiliment of the various objectives of the mvention. Tt should be recognized that these
embodiments are merely illustrative of the principles of the present mvention. Numerous
modifications and adaptations thereof will be readily apparent to those of ordinary skill in the art

without departing from the spirit and scope of the mvention as defined in the following claims.
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WHAT IS CLAIMED IS:

L. An aluminum alloy comprising about 0.05 — 0.30 wt. % 81, 0.08 — 0.50 wt. % Fe, 0 —
0.60 wt. %o Cu, 0 —0.60 wt. % Mn, 40— 7.0 wi. %o Mg, 0 - 025 wt. % Cr, 0 —0.20 wi. % Zn, 0 —

0.15 wit. % Ti, and up to 0.15 wt. % of impurities, with the remainder as Al

2. The aluminum alloy of claim 1, comprising about 0.05 - 030 wi. % 51, 0.1 - 0.50 wt. %
Fe, 0—-0.60wt. % Cu, 0.10 - 0.60 wt. % Mn, 45— 7.0 wt. % Mg, 0 - 025 wt. % Cr, 0 - 0.20 wt.
% Zn, 0-0.15 wt. % T1, and up to 0.15 wt. % of impurities, with the remamder as Al

B

3. The aluminum alloy of claim 1, comprising about 0.10 — 0.20 wt. % 81, 0.20 — 0.35 wt.
Y E g

% Fe, 0.01 —~ 025 wt % Cu, 0.20 — 0.55 wit. % Mn, 5.0 - 6.5 wt. % Mg, 0.01 — 0.25 wt. % Cr,

0.01 -020wt. % Zn, 0~ 0.1 wt. % T1, and up to 0.15 wit. % of impurities, with the remainder as

Al

4. The aluminum alloy of claim 1, comprising about 0.10 - 0.15 wt. % $1, 0.20 - 0.35 wt. %
Fe, 0.1 - 0.25 wt % Cu, 0.20 - 0.50 wt. % Mun, 5.0 - 6.0 wt. % Mg, 0.05 - 0.20 wt. % Cr, 0.01 —
0.20 wi. % Zn, 0 0.05 wt. % T3, and up to 0.15 wt. % of impurities, with the remainder as Al

~

5 The aluminum alloy of claim 1, comprising about 0.05 - 0.15 wt. % 51, 0.09 - 0.15 wt. %
Fe, 0~ 005wt % Cu, 0010 wt. % Mn, 40~ 55 wt. % Mg, 0 - 020 wit. % Cr, 0~ 0.05 wt. %
Zn, 0005wt % T, and up to 0.15 wt. % of immpurities, with the remainder as Al

6. The aluminum alloy of any of claims 1-5, wherein the alloy includes a-AlFeMnSi
particles.

7. The aluminum alloy of any of claims 1-6, wherein the alloy 1s produced by direct chull
casting,

3. The aluminum alloy of any of claims 1-7, wherein the alloy s produced by
homogenization, hot rolling, cold rolling, and annealing.

9. An automotive body part comprising the aluminem alloy of any of claims 1-8.

10, The automotive body part of claim 9, wheren the automotive body part comprises an
mner panel.

11 An electronic device housing comprising the aluminum alloy of any of claims 1-8.

12, The electronic device housing of claim 11, wherein the electronic device housing

comprises an outer casing of a mobile phone or a tablet bottom chassis.
19
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13. A transportation body part comprising the aluminum alloy of any of claims 1-8.

14, A method of producing a metal product, comprising;

direct chill casting an alominum alloy to form an mngot, wherein the alumunum alloy
comprises about 0.05 — 0.30 wt. % S1, 0.08 — 0.50 wit. % Fe, 0 — 0.60 wt. % Cu, 0 - 0.6 wt. %
Mn, 4.0- 7.0 wt. % Mg, 0-025wt. % Cr, 0~ 020 wt. % Zn, 0~ G.15 wt. % T1, up to 0.15 wt.
% of impurities, with the remainder as Al,

homogenizing the ingot to form a plurality of u-AlFeMnS1 particles in the mngot;

cooling the ingot to a temperature of 450 °C or less;

hot rolling the ingot to produce a rolled product;

atlowing the rolled product to seif-anneal; and

cold rolling the rolled product to a final gauge.

15. The method of claim 14, further comprising cold rolling the rolled product to an
mtermediate gauge after the hot rolling step.
16. A metal product, wherein the metal product 1s prepared by a method comprising the

method of claim 14 or 15,

17. The metal product of claim 16, wheremn the metal product is an automotive body part.

18 The metal product of claim 17, wherein the automotive body part comprises an inner
panel.

19. The metal product of claim 16, wherein the metal product 15 an electronic device housing,
20. The metal product of claim 19, wherein the electronic device housing comprises an outer

casing of a mobile phone or a tablet bottom chassis.

21 The metal product of claim 16, wherein the metal product is a transportation body part.

20



WO 2016/196921 PCT/US2016/035701

1/11
Processing route
Route 1
Pre heat practice:
RT to 525°C
(3hr soak)
! Route 2
Hot band (2.8mm) _ Coldol
intermediate gauge
\ 4 \ 4
anneal @ anneal @
450°C 450°C
A A
Coldégllljézﬁnal Cold roll to final Gauge
* 0, 0,
*85% CW 50% (A) & 75% CW(B)
\ 4
Stabilize at
temperature for 1hr |~
135C 185C

Figure 1



WO 2016/196921

PCT/US2016/035701

2111

Strength (Mpa)

520
470

w W
N ~N DN
o O O

270
220
170
120

Tensile Strength

-<- A3
--0- A4

RT

135

185 200 300 350 400 450
Temperature (°C)

Figure 2A

Strength (Mpa)

520
470

w W
N ~N DN
o O O

270
220

Yield Strength

170

120

RT

135

185 200 300 350 400 450
Temperature (°C)

Figure 2B



WO 2016/196921

PCT/US2016/035701

3/11
Elongation(%)
520
470
5 420
= 370
€ 320
o
2 270
[72]
220
170
120
RT 135 185 200 300 350 400 450
Temperature (°C)
Figure 2C
Effect of Mg on tensile properties
O temper
_ 0.4Mn
400 0.7Wn 0.5Wn N 30
350 y r .
Eap===Ltaeaa—aoog =/—°A—4———-25
£ 250 A2 o e TS
3 — - Y.S
& 200 20 o El(%)
150 pF/—/—————————= O
100 1 1 1 1 15
4 4.5 5 55 6 6.5
Wt% Mg

Figure 3A



WO 2016/196921 PCT/US2016/035701

4/11

Effect of Mg on tensile properties
H38 temper - 135°C
0.5Mn 0.4Mn
|
500 0.7Mn ] Y 15
480 [ — VS S S S ST ST SN VoY
v ... Ad
460 >~ A3 13
= M0 A2
S N p=—————= T I . 11
< 400 — -0 - UTS
2 380 o S 9 o VS
% 360 o/ —— E|(%)
340 7
320
300 [ [ L [ 5
4 4.5 5 55 6 6.5
Wt% Mg
Figure 3B
Effect of Mg on tensile properties
H38 Temper - 185°C
500 0.5Mp —— 04Mn 15
460 v —— o 13
= 440 e Ad
S 420 A2 11
= 400 — -0 UTS
2 380 —_— & 9 =o-YS
% 360 e —— S / 0 —— El(%)
340 7
320
300 ! ! ! ! 5
4 4.5 5 55 6 6.5
Wt% Mg

Figure 3C



WO 2016/196921 PCT/US2016/035701

5/11

40 1k
35
Susceptible to IGC
o ¥ 6.0Mg
5 - ¥ i
B 2 im
£ 20 (1] E3135C
@ —
s 5?§/|g = B185C
£ 1 T =
2 > Non susceptible to IGC H = B350C
= 104 45Mg — 4.5Mg — =
= = 4Mg S =
5 ¢ == s = 5.3M
= = =ZE= = 5.3Mg
0 = T _J =1 T = T ——=.TF7'/|. i
B At A2 A3 A4 G55

Figure 5



WO 2016/196921 PCT/US2016/035701

6/11

Figure 6A

Figure 6B



PCT/US2016/035701

WO 2016/196921

711

, 2inbi4

%

S

%

J,06€




WO 2016/196921

PCT/US2016/035701
8/11
Stabilization @ 135C
540 15
= 500 H34 H36 H38 13 —_
o X
= 460 = — UTS
= 2 _—
B 420 5 Y.S
e g """" EL
& 380 — i
[ 7T T T T ?:, }71’7—,’:} FRIFIFIT A TeTeTe7rd 7
340 ——e=
-
300 T T . . T 5
40 50 60 70 80 90 100
Percentage Cold Work
Figure 8A
Stabilization @ 185C
540 15
H34
500 5 13
s ~.. H36 H38 —
o X
= 40 L 5| [—uts
.‘a 420 V/A S - YS
b 7 7T rd x?‘x?‘x????._{?!?x‘?x‘?ﬂx?‘x?‘x?‘x g,
o A L 0 g """" EL
@ 380 T
7‘;’7777?7;’7;’7-’/7;‘7;7/7‘/3'&??%’7777?7;’7;’73_ 7
M——————= —
e
300 . . . . . 5
40 50 60 70 80 90 100
Percentage Cold Work

Figure 8B



6 24nbi4

PCT/US2016/035701

9/11

WO 2016/196921

Yl “0000Z:B3ULY o (49 %59) ww (g :ebneg e Al oBneq o oBnee o
W01 ) Beg e LW 1 Bneg WX D068 Ww G'Ql :ebneg e ww 9/ :sbneg
P abneog j=10) [eauue
CEH | uoneziigeig UL A||Q 3 oy [
(dup | 1B10)) Uz X 0,626
YL X 0,07¢ +4g X 0,081
%mo._ pueq J0H |« %%_ OWoH [«
UL D091 BSULY o (49 %0¢) Www '} :ebneg e Ww g/ :9bneg e
ww /() :ebneo e wuw /' :8bneg e 4l X0,0¢¢
P abneog =19 [eauue
CEH | uoneziiqels eud  [<geT Jaw €
4 56neq) - 96nee) o 1Se9 sy
Yl ‘05091 :[€3UUY o (49 %59) Ww (g :36neo e 5Ty 900 I 9L S0
ww /() :ebnes e ww /' :ebneg e 4L X0,0€€
P abneg |, ¥ [eauue |,
¢EH uofezijiqes [eul [ qe -19)u|
YL X 0,07€ (U0l [e3o) Ju} X 0,616
) pueq JoH |« aH OWoH [«
Yl ‘DoGE L [BAULY o (49 %0¢) wuw ('}, :96neg « | 9€T 1
ww /() :ebneg e ww /' :ebneg e Y€ X 0,00€
P abnegy |, D [esuue |,
Nm_l_ uofezijiqes [eul4 h QNl_ -I9JU|




WO 2016/196921 PCT/US2016/035701

10/11

Acidic Anodizing Response
1 L 8w oV ’
80 - % / > _
»
= 00 -
40 - , E
i =
20 5 / - 1
0 T - 0
AA5052 Example 1 AA5182
Figure 10A
Caustic Anodizing Response
' BL Bw OV !
- 6
80 / / I o
=N\ Um U=
" 4 - > % - 3 %
% »
’ AA5052 I Example 1 I AA5182 ’

Figure 10B



WO 2016/196921

PCT/US2016/035701
11/11
Tensile Properties
400 20
E3YS (MPa) M UTS (MPa)
350 - <O Uni. El (%) O Total El. (%)
—— | 15
= 300 A ] =
=3 256.34 260921537 ]
= 10.57 B
=§, 250 - o 7 -10 §
g 210.89 5
P04 U642 w
-5
150 - /
100 / , : 0
AA5052 Example 1 AA5182

Figure 11



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/035701

A. CLASSIFICATION OF SUBJECT MATTER

INV. C22F1/047 C22C21/06
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

C22F C22C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, CHEM ABS Data, WPI Data, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

the whole document

the whole document

the whole document

2 June 2005 (2005-06-02)
the whole document

X CA 2 882 691 Al (HYDRO ALUMINIUM ROLLED 1
PROD [DE]) 27 February 2014 (2014-02-27) 6

X CN 103 243 247 A (ZHEJIANG GKO ALUMINIUM 1
CO LTD) 14 August 2013 (2013-08-14) 6

X EP 0 681 034 Al (FURUKAWA ELECTRIC CO LTD 1
[JP]) 8 November 1995 (1995-11-08) 7

X JP 2005 139494 A (FURUKAWA SKY KK)

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

8 August 2016

Date of mailing of the international search report

19/10/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Abrasonis, Gintautas

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/035701

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

"International Alloy Designations and
Chemical Composition Limits for Wrought
Aluminum and Wrought Aluminum Alloys With
Support for On-Tline Access From: Aluminum
Extruders Council Aluminium Federation of
South Africa Australian Aluminium Council
Ltd. European Aluminium Association Japan
Aluminium Ass",

1 February 2009 (2009-02-01), XP055136121,
Retrieved from the Internet:
URL:http://www.aluminum.org/sites/default/
files/Teal Sheets.pdf

[retrieved on 2014-08-22]

page 6 - page 8

EP 0 818 553 Al (HOOGOVENS ALUMINIUM NV
[BE]) 14 January 1998 (1998-01-14)

the whole document

EP 1 748 088 Al (HYDRO ALUMINIUM
DEUTSCHLAND [DE])

31 January 2007 (2007-01-31)

the whole document

SUBODH K. DAS: "Designing Aluminium
Alloys for a Recycling Friendly World",
MATERIALS SCIENCE FORUM,

vol. 519-521, 1 January 2006 (2006-01-01),
pages 1239-1244, XP055293707,

DOI:
10.4028/www.scientific.net/MSF.519-521.123
9

the whole document

GABRIELLE GAUSTAD ET AL: "Design for
Recycling",

JOURNAL OF INDUSTRIAL ECOLOGY,

vol. 14, no. 2, 1 March 2010 (2010-03-01),
pages 286-308, XP055293708,

ISSN: 1088-1980, DOI:
10.1111/3.1530-9290.2010.00229.x

the whole document

1-4

1-4,6-13

1-4,6-13

1-4,6-13

1-4,6-13

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




International application No.
INTERNATIONAL SEARCH REPORT PLT/052016/035701
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

2-4(completely); 1, 6-13(partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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International Application No. PCT/ US2016/ 035701

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 2-4(completely); 1, 6-13(partially)

Aluminium alloy comprising 0.05 - 0.30 wt. % Si, 0.1 -
wt. % Fe, 0.10 - 0.60 wt. % Mn, 4,5- 7.0 wt. % Mg, O -
wt. $ Cr, O - 0.20 wt. % Zn, 0 - 0.15 wt. % Ti, and up to
0.15 wt. % of impurities, with the remainder Al. This
invention solves the problem providing a recycable aluminium
alloy with high strength, high formability and corrosion
resistance.

0.50
0.25

2. claims: 5(completely); 1, 6-13(partially)

Aluminium alloy comprising 0.05 - 0.15 wt. % Si, 0.09 - 0.15
wt. % Fe, 0 - 0.05 wt. % Cu, 0 - 0.10 wt. % Mn, 4,0- 5.5 wt.
% Mg, 0 - 0.20 wt. % Cr, O - 0.05 wt. % Zn, 0 - 0.05 wt. %
Ti, and up to 0.15 wt. % of impurities, with the remainder
as Al. This invention solves the problem of providing a
recycable aluminium alloy with high strength, high
formability and corrosion resistance.

3. claims: 14-21

Method of producing a metal product. This invention solves
the problem of providing a method of producing a recyclable,
high strength, high formability and corrosion resistance
5xxx aluminium alloy product.
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