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IMPROVED ALUMINUM ALLOYS AND METHODS FOR PRODUCING THE SAME

BACKGROUND
1001} Aluminum alloys are useful in a variety of applications. However, improving one
property of an aluminum alloy without degrading another property is elusive. For example, it
is difficult to increase the strength of an alloy without decreasing the toughness of an alloy.
Other properties of interest for aluminum alloys include corrosion resistance and fatigue crack

growth resisiance, to name two.
SUMMARY OF THE DISCLOSURE

[002] Broadly, the present patent application relates to improved methods of producing
continuously cast heat treatable aluminum alloys. Specifically, the present patent application
relates to improved methods of continuously casting and then quenching and then optionally
aging heat treatable aluminum alloys.

{0031 One conventional process for producing continuously cast aluminum alloy products
is iflustrated in FIG. 1 from U.S. Patent No. 7,182,825, In this process, a continuously-cast
aluminum alloy strip feedstock (1} is optionally passed through shear and trim siations (2),
optionally quenched for temperature adjustment (4), hot-rolled (6), and optionally trimmed (8).
The feedstock is then either anncaled (16) followed by suitable quenching (18) and optional
cotling (20} to produce O temper products (22), or is solution heat treated (10), followed by
suitable quenching (12) and optional coiling (14) to produce T temper products (24).

[004] One embodiment of a new method for producing new continuously cast heat
treatable aluminum alloys is illustrated in FIG. 2. In the illustrated erabodiment, a heat
treatable aluminum alloy is continuously cast as a strip (100), after which it is hot rolled (120),
and then quenched (140). After the quenching step (140), the heat treatable aluminum alloy
may be cold rolled (160) and/or artificially aged (180). Notably, after the quenching step
(1403, the heat treatable aluminum alloy is neither annealed nor solution heat treated (i.e., after
the quenching step (140), the method excludes both (i) annealing of the heat ireatable
aluminum alloy, and (i) solution heat treating of the heat treatable aluminum alloy); this is
because it has been found that such anneal or solution heat treating steps may detrimentally
impact the properties of the continuously cast heat treatable aluminum alloys, as shown below.
Also, alloy products excluding both (i) an anneal step and (ii) a solution heat treatment step
afier the quenching step (140) may achieve comparable properties to alloy products having

either (i) an anneal step or (ii) a solution heat treatment step after the quenching step (140),
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resulting in increased throughput of the new alloy products and with little or no degradation of
properties relative to such alloy products having either (i) an annealing step, or (ii) a solution
heat treatment step after the quenching step (140), and, in some instances, with improved

properties, as shown below.

[GO5] The continuously cast aluminum alloy is a heat treatable aluminum alloy. For
purposes of the present patent application, a heat treatable aluminum alloy is any aluminum
alloy that realizes at least a 1 ksi increase in strength (as compared to the as-cast condition) due
to naturally aging or artificial aging (i.e., is precipitation hardenable). For purposes of the
present patent application, some non-limiting examples of aluminum alloys that may be heat
ireatable using the new processes disclosed herein include the Zxxx (copper based), 3xxx
{manganese based), 4xxx (silicon based), Sxxx (magnesium based), 6xxx (magnesium and
silicon based), 7xxx (zinc based), and some 8xxx aluminum alloys, when such alloys include
sufficient precipitatable solute to facilitate a 1 ksi aging response, among other aluminum
alloys, as described in further detail below.
A. Continuous Casting

{006} The continuously casting step (100) may be accomplished via any continuous
casting apparatus capable of producing continuously cast strips that are solidified at high
solidification rates. High solidification rates facilitate retention of alloying elements in solid
solution. The solid solution formed at high temperature may be retained in a supersaturated
state by cooling with sufficient rapidity to restrict the precipitation of the solute atoms as
coarse, incoherent particles. In one embodiment, the solidification rate is such that the alloy
realizes a secondary dendrite arm spacing of 10 micrometers, or less (on average). [n one
embodiment, the secondary dendrite arm spacing is not greater than 7 micrometers. In another
embodiment, the secondary dendrite arm spacing is not greater than 5 micrometers, In yel
another embodiment, the secondary dendrite arm spacing is not greater than 3 micrometers.
One example of a continuous casting apparatus capable of achieving the above-described
solidification rates is the apparatus described in U.S. Patent Nos. 5,496,423 and 6,672,368, In
these apparatus, the strip typically exits the rolls of the casting at about 1100°F. It may be
desirable to lower the strip temperature to about 1000°F within about 8 to 10 inches of the nip
of the rolls to achieve the above-described solidification rates. In an embodiment, the nip of

the rolls may be a point of minimum clearance between the rolls.

{0671 To continucusly cast, and as illustrated in FIGS, 3-4, a molten aluminum alloy

metal M may be stored in a hopper H (or tundish) and delivered through a feed tip T, in a
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direction B, to a pair of rolls Ry and Ry, having respective roll surfaces Dy and Dy, which are
each rotated in respective directions A; and Ao, to produce a solid strip 8. In an embodiment,
gaps Gy and G, may be maintained between the feed tip T and respective rolls Ry and R; as
small as possible to prevent molten metal from leaking out, and to minimize the exposure of
the molten metal to the atmosphere, while maintaining a separation between the feed tip T and
rolls Ry and Ry. A suitable dimension of the gaps Gy and G; may be 0.01 inch (0.254 mm). A
plane L through the centerline of the rolls Ry and R; passes through a region of minimum
clearance between the rolls Ry and Ry referred to as the roll nip N.

[008] In an embodiment, during the casting step (100), the molten metal M directly
contacts the cooled rolls R, and Ry at regions 2 and 4, respectively. Upon contact with the rolls
R, and Ry, the metal M begins to cool and solidify. The cooling metal produces an upper sheil
6 of solidified metal adiacent the roll Ry and a lower shell 8 of solidified metal adjacent 1o the
roll R,. The thickness of the shells 6 and 8 increases as the metal M advances towards the nip
N. Large dendrites 10 of solidified metal (not shown to scale) may be produced at the
interfaces between cach of the upper and lower shells 6 and 8 and the molten metal M. The
large dendrites 10 may be broken and dragged into a center portion 12 of the slower moving
flow of the molten metal M and may be carried in the direction of arrows Cy and Cy. The
dragging action of the flow can cause the large dendrites 10 to be broken further into smaller
dendrites 14 (not shown to scale). In the central portion 12 upstream of the nip N referred to as
a region 16, the metal M is semi-solid and may include a solid component (the solidified small
dendrites 14) and a molten metal component. The metal M in the region 16 may have a mushy
consistency due in part to the dispersion of the small dendrites 14 therein. At the location of the
nip N, some of the molten metal may be squeezed backwards in a direction opposite fo the
arrows C; and Cp. The forward rotation of the rolls R; and Ry at the nip N advances
substantially only the solid portion of the metal (the upper and lower shells & and 8 and the
small dendrites 14 in the central portion 12) while forcing molten metal in the central portion
12 upstream from the nip N such that the metal may be completely solid as it leaves the point
of the nip N. In this manner and in an embodiment, a freeze front of metal may be formed at
the nip N. Downstream of the nip N, the central portion 12 may be a solid central layer, or
region, 18 containing the small dendrites 14 sandwiched between the upper shell 6 and the
lower shell 8. In the central layer, or region, 18, the small dendrites 14 may be 20 microns to
50 microns in size and have a generally globular shape. The three layers, or regions, of the
upper and lower shells 6 and & and solidified central layer 18 constitute a single, solid cast strip

(S in FIG. 3 and element 20 in FIG. 4), Thus, the aluminum alloy strip 20 may include a first
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layer, or region, of an aluminum alloy and a second layer, or region, of the aluminum alloy
{(corresponding to the shells 6 and 8) with an intermediate layer, or region (the solidified
central layer 18) therebetween, The solid central layer, or region, 18 may constitute 20 percent
to 30 percent of the total thickness of the strip 20. The concentration of the small dendrites 14
may be higher in the solid central layer 18 of the strip 20 than in the semi-solid region 16 of the
flow, or the central portion 12.

[009] The molten aluminum alloy may have an initial concentration of alloying elements
including peritectic forming alloying elements and entectic forming alloying elements, such as
any of the alloying elements described below. Examples of alloying elements that are
peritectic formers with aluminum include Ti, V, Zr and Cr. Examples of eutectic formers with
aluminum include Si, Mg, Cu, Mu, Zn, Fe, and Ni. During solidification of an aluminum alloy
melt, dendrites typically have a lower concentration of eutectic formers than the surrounding
mother melt and higher concentration of peritectic formers. In the region 16, in the center
region upstream of the nip, the small dendrites 14 are thus partially depleted of eutectic
formers while the molten metal surrounding the small dendrites is somewhat enriched in
eutectic formers. Consequently, the solid central layer, or region, 18 of the strip 20, which
contains a large population of dendrites, is depleted of eutectic formers and is enriched in
peritectic formers in comparison to the concentration of the eutectic formers and the peritectic
formers in the upper shell 6 and the lower shell 8. In other words, the concentration of eutectic
forming alloying elements in the central layer, or region, 18 is generally less than in the first
layer, or region, 6 and second layer, or region, 8. Similarly, the concentration of peritectic
forming alloying elements in the central layer, or region, 18 is generally greater than in the first
layer, or region, 6 and second layer, or region, 8, Thus, in some cmbodim_ﬁms, a continuously
cast aluminum alloy strip comprises a larger amount (higher average through thickness
concentration in that region) of at least one of 8i, Mg, Cu, Mn, Zn, Fe, and Ni in the upper
region or lower region of the alloy product as compared to the amount of Si, Mg, Cu, Mn, Zn,
Fe, and/or Ni at the centerline of the aluminum alloy product, wherein the concentration in
these regions is determined using the Concentration Profile Procedure, described below.,

[0010] In one embodiment, an aluminum alloy strip comprises a higher concentration (by
weight) of one or more eutectic formers in the upper region or lower region of the alloy
product, relative to the concentration of those same eutectic formers at the centerline of the
strip. In one embodiment, an aluminum alloy strip comprises a higher concentration of one or

more eutectic formers in both the upper region and the lower region of the alloy product



WO 2013/188668 PCT/US2013/045659

relative to the concentration of those same cutectic former(s) at the centerline of the strip. In
one embodiment, an aluminum alloy strip comprises at least a 1% higher concentration of at
least one entectic former(s) (average concentration in the upper or lower region, as applicable}
relative to the concentration of those same eutectic former(s) at the centerline of the strip. For
example, if an aluminum alloy strip comprises both magnesium and silicon, which are eutectic
formers, the upper region and/or the lower region of the aluminum alloy strip would contain at
least 1% more of magnesium and/or silicon (and sometimes at least 1% more of both
magnesium and silicon) relative to the amount of magnesium and/or silicon at the centerline of
the strip. In one embodiment, an aluminum alloy sirip comprises at least a 3% higher
concentration of at least one eutectic former(s) (average concentration in the upper or lower
region, as applicable) relative to the concentration of those same eutectic former(s) at the
centerline of the strip. In one embodiment, an aluminum alloy strip comprises at least a 5%
higher concentration of at least one eutectic former(s) (average concentration in the upper or
lower region, as applicable) relative to the concentration of those same eutectic former(s) at the
centerline of the strip. In one embodiment, an aluminum alloy strip comprises at least a 7%
higher concentration of at least one eutectic former(s) (average concentration in the upper or
lower region, as applicable) relative to the concentration of those same eutectic former(s) at the
centerline of the strip. In one embodiment, an aluminum alloy sirip comprises at least a %%
higher concentration of at least one eutectic former(s) (average concentration in the upper or
lower region, as applicable) relative to the concentration of those same eutectic former(s) at the

centerline of the strip.
Concentration Profile Procedure

i. Sample Preparation
¢ Aluminum sheet samples are mounted in Lucite and the longitudinal surface

(see, FIG. 15) is polished using the standard metallographic preparation
procedure (ref: ASTM E3-01 (2007) Standard Guide for Preparation of
Metallographic Specimens). The polished surface of the samples is coated with
carbon using commercially available carbon coating equipment. The carbon
coating is a few microns thick.

2. Eleciron Probe Micro Analysis (EPMA) Equipment
s A JEOL JXA8600 Superprobe is used to obtain through-thickness composition

profiles in the prepared aluminum sheet samples. The Superprobe has four
Wave Dispersive Spectrometer (WDS) detectors, two of which are gas flow (P-

10) counters, and the others being Xe-gas sealed counters. The detection range
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of elements is from Beryllium (Be) to Uranium (U). The quantitative analysis
detection limit is 0.02 wi%. The instrument is equipped with Geller
Microanalytical Dspec/Dquant automation which allows stage control and
unatiended guantitative and qualitative analysis.

3. Electron Probe Micro Analysis (EPMA) Analysis Procedure
e The Superprobe is set to the following conditions: accelerating voliage 15kV,

beam intensity 100nA, defocus electron beam to an appropriate size such that a
minimum of 13 different sections of the sample can be measured {e.g.,
defocused to 100um for a 0.060 inch thick specimeny), and exposure time for
each element is 10 seconds. Background correction was done for the sample
surface at three random locations with a counting time of 3 seconds on positive
and negative backgrounds.

e One EPMA linescan is defined as scanning the whole thickness of the sheet
samples at multiple locations along a straight line perpendicular to the rolling
direction of the sample. An odd number of spots are used, with the mid-number
spots at the center line of the sheet sample. The spacing between the spots is
equivalent to the beam diameter. At cach spot, any of the following elements
may be analyzed, as appropriate: Mn, Cu, Mg, Zn, Si, and Fe. Si is analyzed by
a PET diffracting crystal with a gas flow (P-10) counter; Fe, Cu, Zn, and Mn are
by a LIF diffracting crystal with a Xe-gas sealed counter; Mg is analyzed by a
TAP diffracting crystal with a gas flow (P-10) counter. The counting time for
each element is 10 seconds. This linescan is repeated 30 times down the length
of the sheet sample. At any one location of the sample, the reported composition
of cach element should be the averaged value of 30 measurements at the same
thickness locations

e The concentration in the upper and lower regions is the average measured
concentration in each of these regions, excluding (i) the edge (surface) of the
upper region and the lower region and (ii) the transition zone between the center
region and each of the upper region and the lower region. The concentration of
an element must be measured at a minimum of four (4) different locations in
each of the upper and lower regions to determine the average concentration of
such element in each of those regions.

¢ FElements measured were calibrated using the DQuant analysis package

CITZAF, v4.01 with ZAF/Phi(pz) correction model Heinrich/Duncumb-Reed.
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This technique comes from Dr. Curt Heinrich of NIST, using a traditional
Duncumb-Reed absorption correction.(see, Heinrich, Microbeam Analysis--

1985, 79;--1989, 223

(0011 The rolls R and R; may serve as heat sinks for the heat of the molten metal M. In
one ermbodiment, heat may be transferred from the molten metal M to the rolls Ry and Ry in a
uniform manner to ensure uniformity in the surface of the cast strip 20. Surfaces Dy and Dy of
the respective rolls R; and R2 may be made from steel or copper and may be textured and may
include surface irregularities (not shown) which may contact the molten metal M: The surface
irregularities may serve to increase the heat transfer from the surfaces Dy and D; and, by
imposing a controlled degree of non-uniformity in the surfaces Dy and Dy, result in uniform
heat transfer across the surfaces Dy and D, The surface irregularities may be in the form of
grooves, dimples, knurls or other structures and may be spaced apart in a regular pattern of 20
to 120 surface irregularities per inch, or about 60 irregularities per inch. The surface
irregularities may have a height ranging from 5 microns to 50 microns, or aliernatively about
30 microns. The rolls Ry and R; may be coated with a material to enhance separation of the

cast sirip from the rolls Ry and R, such as chromium or nickel.

(0012} The control, maintenance and selection of the appropriate speed of the rolls Ry and
R, may impact the ability to continuously cast strips. The roll speed determines the speed that
the molten metal M advances towards the nip N. If the speed is too slow, the large dendrites 10
will not experience sufficient forces to become entrained in the central portion 12 and break
into the small dendrites 14. In an embodiment, the roll speed may be selected such that a
freeze front, or point of complete solidification, of the molten metal M may form at the nip N,
Accordingly, the present casting apparatus and methods may be suited for operation at high
speeds such as those ranging from 25 to 400 feet per minute; alternatively from 50 to 400 feet
per minute; alternatively from 100 to 400 feet per minute; and alternatively from 150 to 300
feet per minute. The linear rate per unit area that molten aluminum is delivered to the rolls R;
and R, may be less than the speed of the rolls Ry and R, or about one guarter of the roll speed.
High-speed continuous casting may be achievable with the presently disclosed apparatus and
methods, at least in part, because the textured surfaces Dy and D, facilitate uniform heat
transfer from the molten metal M. Due to such high casting speeds and associated rapid

solidification rates, the soluble constituents may be substantially retained in solid solution.

[0013] The roll separating force may be a parameter in using the presently disclosed

casting apparatus and methods. One benefit of the presently disclosed continuous casting
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apparatus and methods may be that solid strip is not produced until the metal reaches the nip N.
The thickness is determined by the dimension of the nip N between the rolls Ry and Ry, The
roll separating force may be sufficiently great to squecze molien metal upsiream and away
from the nip N. Excessive molten metal passing through the nip N may cause the layers of the
upper and lower shells 6 and 8 and the solid central region 18 to fall away from each other and
become misaligned. Insufficient molten metal reaching the nip N may cause the strip o form
prematurely. A prematurely formed strip may be deformed by the rolls Ry and R, and
experience centerline segregation. Suitable roll separating forces may range from 25 to 300
pounds per inch of width cast, or 100 pounds per inch of width cast. In general, slower casting
speeds may be needed when casting thicker gauge strips in order to remove the heat. Such
slower casting speeds do not result in excessive roll separating forces because fully solid
aluminum strip is not produced upstream of the nip. The grains in the aluminum alloy strip 20
are substantially undeformed because the force applied by the rolls is low (300 pounds per inch
of width or less). Furthermore, since the strip 20 is not solid until it reaches the nip N; it will
not be "hot rolled”. Thus, the strip 20 does not receive a thermo-mechanical treatment due to
the casting process itself, and when not subsequently rolled, the grains in the strip 20 will
generally be substantially undeformed, retaining their initial structure achieved upon

solidification, i.e. an equiaxial structure, such as globular.

[0014] The roll surfaces D and DD, may heat up during casting and are may be prone o
oxidation at elevated temperatures, Non-uniform oxidation of the roll surfaces during casting
can change the heat transfer properties of the rolls R; and R,. Hence, the roll surfaces D and
D; may be oxidized prior to use to minimize changes thereof during casting. It may be
beneficial to brush the roll surfaces Dy and D; from time-to-time, or continuously, to remove
debris which may build up during casting of aluminum and aluminum alloys. Small pieces of
the cast strip may break free from the strip S and adhere to the roll surfaces II) and Dy, These
small pieces of aluminum alloy sitrip may be prone to oxidation, which may result in non-
uniformity in the heat transfer properties of the roll surfaces Dy and Dj. Brushing of the roll
surfaces D¢ and D, avoids the non-uniformity problems from debris which may collect on the

roll surfaces Dy and .

[0015] Continuous casting of aluminum alloys according o the present disclosure may be
achieved by initially selecting the desired dimension of the nip N corresponding to the desired
gauge of the strip 8. The speed of the rolls R, and R; may be increased to a desired production

rate or to a speed which is less than the speed which causes the roll separating force increases
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to a level which indicates that rolling is occurring between the rolls Ry and Ry, Casting at the
rates contemplated by the present invention (i.e. 25 to 400 feet per minute) solidifies the
aluminum alloy strip about 1000 times faster than aluminum alloy cast as an ingot cast and
improves the properties of the sirip over aluminum alloys cast as an ingot. The rate at which
the molten metal is cooled may be sclected to achieve rapid solidification of the outer regions
of the metal. Indeed, the cooling of the outer regions of metal may occur at a rate of at least
1000 degrees centigrade per second.

{0016} The continuous cast strip may be of any suitable thickness, and is generally of sheet
gauge {0.006 inch to 0.249 inch) or thin-plate gauge (0.250 inch to 0.400 inch), i.e., has a
thickness in the range of from 0.006 inch to 0.400 inch. In one embodiment, the sirip has a
thickness of at least 0.040 inch. In one embodiment, the strip has a thickness of at not greater
than 0.320 inch. In one embodiment, the strip has a thickness of from 0.0070 to 0.018, such as

when used for food and/or beverage containers,

B. Rolling and/or (Juenching
{0017} Once the continuously cast strip is removed from the casting apparatus, 1.e., after
the continuously casting step (100), the continnousty cast strip may be hot rolled (120), such as
to final gauge or an intermediate gauge. In this regard, the heat treatable aluminum alloy strip

may exit the casting apparatus at a temperature below the alloy solidus temperature, which is

alloy dependent, and generally in the range of from 900°F to 1150°F.

{0018] In this embodiment, after the hot rolling step (120), the strip is quenched (140). In
this regard, the heat treatable aluminum alloy strip may exit the hot rolling apparatus at a
temperature of from 550°F to 900F°, or higher. The quenching step (140) may thus comprise
cooling the aluminum alloy strip at a rate of at least 10°F per second. In one embodiment, the
quenching step (140) comprises cooling the aluminum alloy strip at a rate of at least 25°F per
second. In another embodiment, the quenching step (140) comprises cooling the aluminum
alloy strip at a rate of at least 50°F per second. In this regard, the method may comprise
removing the aluminum alloy strip from a hot rolling apparatus, and, after the removing step,
but before the aluminum alloy strip reaches a temperature of S50°F, quenching the aluminum
alloy strip (140). In this regard, the temperature of the aluminum alloy strip as it exits the
continuous casting apparatus and as it exits the hot rolling apparatus is higher than the
temperature of the aluminum alloy strip after it completes the quenching step (140}, In one
embodiment, the quenching step (140) is initiated before the aluminum alloy strip reaches a

temperature of 600°F. In another embodiment, the quenching step (140) is initiated before the
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aluminum alloy strip reaches a temperature of 650°F. In yet another embodiment, the
quenching step (140) is initiated before the aluminum alloy strip reaches a temperature of
700°F. In another embodiment, the quenching step (140) is initiated before the aluminum alloy
strip reaches a temperature of 750°F. In yet another embodiment, the quenching step (140} is
initiated before the aluminum alloy sirip reaches a temperature of 800°F. In another
embodiment, the quenching step (140) is initiated before the aluminum alloy strip reaches a
temperature of 850°F. In yet another embodiment, the quenching step (140) is initiated before

"
L

the aluminum alloy strip reaches a temperature of 900°F. In another embodiment, the
quenching step (140) is initiated before the aluminum alloy strip reaches a temperature of
950°F, In vet another embodiment, the quenching step (140) is initiated before the aluminum
alloy strip reaches a temperature of 1000°F. In another embodiment, the quenching step (140)
is initiated before the aluminum alloy strip reaches a temperature of 1050°F. Similar
quenching rates and temperatures of quench initiation may be employed in embodiments when

rolling is employed after quenching, or when no rolling is applied (described below).

(00197 In one embodiment, the guenching step (140} reduces the temperature of the
aluminum alloy strip at a rate of at least 100°F per second. In another embodiment, the
quenching step (140) reduces the temperature of the aluminum alloy strip at a rate of at least
200°F per second. In yet another embodiment, the quenching step (140) reduces the
temperature of the aluminum alloy strip at a rate of at least 400°F per second. In another
embodiment, the quenching step (140) reduces the temperature of the aluminum alloy strip at a
rate of at least 800°F per second. In yet another embodiment, the quenching step (140) reduces
the temperature of the aluminum alloy strip at a rate of at least 1600°F per second. In another
embodiment, the quenching step (140) reduces the temperature of the aluminum alloy strip at a
rate of at least 3200°F per second. In yet another embodiment, the quenching step (140)
reduces the temperature of the aluminum alloy strip at a rate of at least 6400°F per second.
Similar quenching rates may be employed in embodiments when rolling is employed after

quenching, or when no rolling is applied (described below).

{0020] The quenching step {140} may be accomplished to bring the aluminum alloy strip to
a low lemperature (e.g., due to the optional subsequent cold working (160} and/or artificial
aging steps {180)). In one embodiment, the quenching step (140) comprises cooling the
aluminum alloy strip to a temperature of not greater than 400°F (i.e., the temperature of the
aluminum alloy strip upon completion of the quenching step (140) is not greater than 400°F).

In another embodiment, the quenching step (140) comprises cooling the aluminum alloy strip

10
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o a temperature of not greater than 350°F. In vet another embodiment, the quenching step
(140} comprises cooling the aluminum alloy strip to a temperature of not greater than 300°F.
In ancther embodiment, the quenching step (140) comprises cooling the aluminum alloy strip
to a temperature of not greater than 250°F. In vet another embodiment, the quenching step
{140} comprises cooling the aluminum alloy strip to a temperature of not greater than 200°F.
In another embodiment, the quenching step (140) comprises cooling the aluminum alloy strip
to a temperature of not greater than 150°F. In yet another embodiment, the guenching step
{140) comprises cooling the aluminum alloy sirip to a temperature of not greater than 100°F.
In another embodiment, the quenching step (140) comprises cooling the aluminum alloy strip

to ambient temperature.

(60213 in one embodiment, the quenching step may be accomplished to bring the
aluminum alloy strip to a suitable artificial aging temperature, wherein the aluminum alloy is
artificially aged (180) after the cooling step. In this embodiment, the quenching step (140)
comprises cooling the aluminum alloy strip to a temperature of not greater than 400°F (i.e., the
temperature of the aluminum alloy strip upon completion of the quenching step (140) is not

greater than 400°F), or other suitable artificial aging temperature.

10022} The quenching step (140) may be accomplished via any suitable cooling medium,
such as via a liquid (e.g., via an aqueous or organic solution, or mixtures thereof), 8 gas {e.g.,
air cooling), or even a solid {e.g., cooled solids on one or more sides of the aluminum alloy
strip}. In one embodiment, the quenching step (140) comprises contacting the aluminum alloy
strip with a gas. In one embodiment, the gas is air. In one embodiment, the quenching step
(140) comprises contacting the aluminum alloy strip with a liquid. In one embodiment, the
liquid is aqueous based, such as water or another agueous based cooling sohution. In one
embodiment, the Hguid is an oil. In one embodiment, the oil is hydrocarbon based. In another
embodiment, the oil is silicone based. Mixtures may also be employed (e.g., mixed liguids,
gas-liquid, solid-liquid, etc.). In one embodiment, the quench medium comprises a liquid
having at least oil and water components. In some embodiments, the quenching step (140) is
accomplished via a quenching apparatus downstream of the continuous casting apparatus. In

other embodiments, ambient air cooling is used.

10023} The quenching step (140) has generally been described above as being conducted
after the hot rolling step (120). However, the quenching step may be also / alternatively be
accomplished as part of / during the hot rolling step {e.g., where a coolant is applied during the

rolling processes, such as applied to the rolls used for the hot rolling).
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(00241 After the quenching step (140), the aluminum alloy may be cold rolled (160) and/or
artificially aged (180). The optional cold rolling step (160), may reduce the thickness of the
aluminum alloy strip anywhere from 1-2% to %0%, or more. In some embodiments, a hot
rolling step may be used in conjunction with, or as a substitute for, the cold rolling step (160},
so long as such a hot rolling step does not accomplish an anneal or a solution heat treatment.
[0025] The optional artificial aging step (180) may include heating the aluminum alloy
strip at elevated temperature(s) (but below annealing and solution heat treatment temperatures)
for one or more periods of time, In one embodiment, the continuously cast strip is at final
gauge during the artificial aging step (180), and thus may be of a T5-type or T10-type temper
after the artificial aging step (180). For instance, in embodiments where the aluminum alloy
strip is at final gauge after quenching (140), the method excludes cold rolling (160), and when
subsequently artificially aged (180), the aluminum alloy strip may be of a T3-type temper. In
other embodiments where cold rolling (160) is completed after the quenching (140) and prior
to artificial aging (180), the aluminum alloy strip may be of a T10-type temper afier the
artificial aging step (180). When the aluminum alloy strip is not artificially aged after the
quenching step (140), the strip may be of a T2-type temaper {cold worked after quenching) or of
a T1-type temper (not cold worked after guenching). In yet other embodiments, some rolling,
working or deformation (leveling) may occur afier artificial aging, and in these embodiments
the aluminum alloy sirip may be of a T9-type temper (but not including a separate solution heat
treatment step).

10026} Anocther embodiment of a new method for producing new continuously cast heat
treatable aluminum alloys is illustrated in FIG. 5. In this embodiment, after the continuous
casting step (200) the continuously cast strip is quenched (220), after which it may be
optionally rolled (240) (e.g. to a final or intermediate gauge), and then optionally artificially
aged (260). The guenching step (220) may cool the cast strip to any suitable temperature, such
as a temperature suitable for subsequent optional rolling (240) and or coiling (not illusirated),
and at any of the cooling rates and to any of the temperatures described above relative to
quenching step (140). When the optional rolling step (240) is employed, the quenching step
(220} may comprise cooling the cast strip to a suitable rolling temperature. When the cast strip
is to be "hot rolled” in the optional rolling step (240), the quenching step (220) comprises
cooling the cast sirip to a temperature of not greater than about 1050°F, but above 400°F (i.e.,
cooling the strip to a temperature of from 401°F to 1050°F), as measured proximal the entry

point of the rolling apparatus, ensuring that the eniry temperature is sufficiently low to avoid
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"hot shortness”. When the cast strip is to be "cold rolled” in the optional rolling step (240}, the
guenching step (220) comprises cooling the cast strip to a temperature of not greater than
400°F to about ambient, such as any of the quenching temperatures described above relative to
quenching step (140) of FIG. 2. Similar to FIG. 2, described above, after the initial quenching
step (220), the heat treatable aluminum alloy is neither annealed nor solution heat treated (i.e.,
after the quenching step (220), the method excludes both (i) annealing of the heat treatable
aluminum alloy, and (i1) solution heat treating of the heat treatable aluminum alloy).
100271 When the optional rolling step (120 or 240) is employed, the wmethod may
optionally include gquenching the strip during the optional rolling step (120 or 240}, For
instance, and as described above, a coolant may be applied during the rolling processes, such
as applied to the rolls used for the rolling. Alternatively, and with reference now to FIG. 6, one
or more separate quenching apparatus (610) may be used, wherein a quenching solution (613)
is applied directly to an outer surface of the cast strip (620) after the cast strip exits a first set of
rollers (605a) and prior to the cast sitrip entering a second set of rollers (605b). While two
quenching apparatus (610) and two sets of rollers (605a, 605b) are illustrated in FIG. 6, any
number of quenching apparatus and sets of rollers may be used to achieve the desired result.
{00287 FIG. 7 illusirates a particular embodiment of FIG. 5, where a hot rolling step
(240H) is employed as optional rolling step (240) of FIG. 5. In this embodiment, after casting
(200}, the cast sirip is quenched (220) in a quenching apparatus to a temperature of from 401°F
to 1050°F, after which it is hot rolled (240H) to an intermediate gauge or final gange. After the
hot rofling step (240H), the strip may be optionally quenched (140-0), optionally cold rolled
{160}, and/or optionally artificially aged (180). Optional quench step (140-0) may include any
of the quenching operations / parameters described above relative to quench step (140) of FIG.
2. In the method of FIG,. 7, and as described above, after the initial quenching step (220), the
heat treatable aluminum alloy is neither annealed nor solution heat treated (i.e., after the
quenching step (220), the method excludes both (i) annealing of the heat treatable aluminum
alloy, and (i) solution heat treating of the heat treatable aluminum alloy).

. Properties
[00297 As noted above, after the quenching step (140 or 240), the heat treatable aluminum
alloy is neither annealed nor solution heat treated (i.e., after the quenching step (140 or 240},
the method excludes both (i) annealing of the heat treatable aluminum alloy, and (it) solution
heat treating of the heat treatable aluminum alloy). Such thermal treatments may detrimentally

impact the aluminum alloy. Also, alloy products excluding both (i} an anneal step and (ii) a
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solution heat treatment step after the quenching step (140) may achieve comparable properties
to alloy products having either (i) an anneal step or (ii) a solution heat treatment step after the
quenching step (140 or 240), resulting in increased throughput of the new alloy products and
with little or no degradation of properties relative to such alloy products having either (i) an
annealing step, or (it} a solution heat treatment step after the quenching step (140), and, in
some instances, with improved properties. As used herein, an anneal is a thermal treatment
used to soften an aluminum alloy material, usually by exposing the aluminum alloy material to
a temperature of at least 550°-600°F. A solution heat treatment step (or solutionizing step) is a
thermal treatment used to solutionize an aluminum alloy material, usually by exposing the
aluminum alloy material to a temperature of at least §50°-900°F. Thus, after the quenching
step (140 or 240), the present method is absent of any purposeful thermal treatment steps that
expose the aluminum alloy to temperatures of 550°F, or higher. Due to the absence of such
thermal treatment steps, some elements, such as manganese, may be retained in solid solution,
which may facilitate improvements in strength. Hence, the heat treatable aluminum alloys may
have a lower electrical conductivity as compared to alloys having an anneal or solution heat
treatment step afier the quenching step (140 or 240).

{0030} In one embodiment, a new aluminum alloy strip realizes an electrical conductivity
{(EC) value (% IACS) that is at least 4 units lower than the EC value of a reference-version of
the aluminum alloy strip {e.g., if a new aluminum alloy strip realizes an EC value of 25.6%
TACS, a reference-version of the aluminum alloy strip would realize an EC value of 30.6%
IACS, or higher). To produce a reference-version of the aluminum alloy strip for comparison
to an aluminum alloy strip produced in accordance with the new methods disclosed herein
("new aluminum alloy strip"), one would continuously cast a heat treatable aluminum alloy
strip, and then hot roll this aluminum alloy strip to final gauge, and then quench this aluminum
alloy strip, as described above relative to FIG. 2. After the quenching step, this aluminum
alloy strip is separated into at least a first portion and a second portion. The first portion of the
aluminum alloy strip is then only artificially aged (i.e. this strip is neither subsequently
annealed nor subsequently solution heat treated after the quenching step), thereby producing a
"new aluminum alloy strip”, i.e., an aluminum alloy strip produced in accordance with the new
processes disclosed herein. Conversely, the second portion of the aluminum alloy strip is then
solution heat treated, wherein the aluminum alloy strip is held at a temperature of not more
10°F below the solvas temperature (i.e., SHT emp = 501VUStemy - 10°F) and for at least 30 minutes
while avoiding melting, after which the aluminum alloy strip is then quenched, and then

artificially aged using the same artificial aging conditions employed for the new aluminum
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alloy strip, thereby producing the "reference-version of the aluminum alloy strip”. Since the
new aluminum alloy strip and the reference-version of the aluminum alloy strip are produced
from the same aluminum alloy strip, and since both strips are not further rolled after the
quenching step, both sirips will have the same composition and thickness. The properties
(strength, elongation and/or EC, among others) of the "new aluminum alloy strip” can then be
compared to the "reference-version of the aluminum alloy strip.” As may be appreciated,
multiple artificial aging times can be used to determine one or more properties at such aging
times, and/or to facilitate generation of an appropriate aging curve(s), which aging curve(s) can
be used to determine the peak strength of both the new aluminum alloy strip and the reference-

version of the aluminum alloy strip.

[0031] In one embodiment, a new aluminum alloy strip realizes an EC value that is at least
5 units Jower than the EC value of a reference-version of the aluminum alloy strip. In another
embodiment, a new aluminum alloy strip realizes an EC value that is at least 6 units lower than
the EC value of a reference-version of the aluminum alloy strip. In yet another embodiment, a
new aluminum alloy strip realizes an EC value that is at least 7 units lower than the EC value
of a reference-version of the aluminum alloy strip. In another embodiment, a new aluminum
alloy strip realizes an EC value that is at least 8 units lower than the EC value of a reference-
version of the aluminum alloy strip. In yet another embodiment, a new aluminum alloy strip
realizes an BC value that is at least 9 units lower than the EC value of a reference-version of
the aluminum alloy strip. In another embodiment, a new aluminum alloy strip realizes an EC
value that is at least 10 units lower than the EC value of a reference-version of the aluminum
alloy strip. EC may be tested using a Hocking Auto Sigma 3000DL electrical conductivity
meter, or similar appropriate device,

[0032] In one embodiment, the reference-version of the aluminum alloy sirip realizes at
least 5% higher electrical conductivity as compared to the new aluminum alloy strip (e.g., if a
new aluminum alloy strip realizes an EC value of 25.6% IACS, a reference-version of the
aluminum alloy strip would realize an EC value of 26.88% IACS, or higher). In another
ernbodiment, the reference-version of the aluminum alloy strip realizes at least 10% higher
clectrical conductivity as compared to the new aluminum alloy stip. In yet another
embodiment, the reference-version of the aluminum alloy strip realizes at least 20% higher
electrical conductivity as compared to the new aluminum alloy strip. In another embodiment,
the reference-version of the aluminum alloy strip realizes at least 25% higher electrical

conductivity as compared to the new aluminum alloy strip. In yet another embodiment, the
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reference-version of the aluminum alloy sirip realizes at least 30% higher electrical
conductivity as compared to the new aluminum alloy strip. In yet another embodiment, the
reference-version of the aluminum alloy strip realizes at least 35% higher electrical
conductivity as compared to the new aluminum alloy strip.

[0033] In one embodiment, a new aluminum alloy strip realizes a peak longitudinal (L)
tensile yield strength ("P_TYS") that is at not more than 3 ksi lower than the peak longitudinal
(L) tensile yield strength of the reference-version of the aluminum alloy strip ("P_TYS_R").
In other words:

P TYS=>(® TYS R-3ksi)

In another embodiment, a new aluminum alloy strip realizes a peak longitudinal (L) tensile
yield strength (P_TYS) that is at not more than 2 ksi lower than the peak longitudinal (L)
tensile yield strength of the reference-version of the aluminum alloy strip (P_TYS_R) (i.e,
P TYS > (P _TYS R -2ksi). Inyet another embodiment, a new aluminum alloy strip realizes
a peak longitudinal (L) tensile vield strength that is at not more than 1 ksi lower than the peak
longitudinal (L) tensile yield strength of the reference-version of the aluminum alloy strip (i.e.,
P TYS > (P _TYS R -1 ksi). In another embodiment, a new aluminum alloy sirip realizes a
peak longitudinal (L) tensile yield strength that is at least equivalent to the peak longitudinal
(L) tensile yield strength of the reference-version of the aluminum alloy strip (e, P_TYS 2
(P_TYS R). In yet another embodiment, a new aluminum alloy sirip realizes a peak
longitudinal (L) tensile yield strength that is at least 1 ksi higher than the peak longitudinal (1)
tensile yield strength of the reference-version of the aluminum alloy strip (e, P_TYS 2
(P TYS R + 1 ksi). In another embodiment, a new aluminum alloy strip realizes a peak
longitudinal (L) tensile yield strength that is at least 2 ksi higher than the peak longitudinal (L)
tensile yield strength of the reference-version of the aluminum alloy strip (ie., P_TYS 2
(P_TYS_R + 2 ksi). In yet another embodiment, a new aluminum alloy strip realizes a peak
longitudinal (L) tensile yield strength that is at least 3 ksi higher than the peak longitudinal (1)
tensile yield strength of the reference-version of the aluminum alloy strip (e, P_TYS 2
(P TYS R + 3 ksi). In another embodiment, a new aluminum alloy strip realizes a peak
longitudinal (L) tensile yield strength that is at least 4 ksi higher than the peak longitudinal (L)
tensile yield strength of the reference-version of the aluminum alloy strip (e, P_TYS =
(P_TYS R + 4 ksi). In yet another embodiment, a new aluminur alloy strip realizes a peak
longitudinal (L) tensile yield strength that is at least 5 ksi higher than the peak longitudinal (L)

tensile vield strength of the reference-version of the aluminum alloy strip (ie., P_TYS =
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(P TYS R + 5 ksi). In another embodiment, a new aluminum alloy sirip realizes a peak
longitudinal (L) tensile yield strength that is at least 6 ksi higher than the peak longitudinal (L)
tensile vield strength of the reference-version of the aluminum alloy strip (e, P TYS =
(P_TYS R + 6 ksi). In yet another embodiment, a new aluminum alloy strip realizes a peak
longitudinal (L) tensile yield strength that is at least 7 ksi higher than the peak longitudinal (L)
tensile yield strength of the reference-version of the aluminum alloy strip (e, P_TYS 2
(P TYS R + 7 ksi). In another embodiment, a new aluminum alloy strip realizes a peak
longitudinal (L) tensile yield strength that {s at least 8 ksi higher than the peak longitudinal (L)
tensile vield strength of the reference-version of the aluminum alloy strip (ie, P_TYS >
(P_TYS R + 8§ ksi}). In yet another embodiment, a new aluminurg alloy strip realizes a peak
longitudinal (L) tensile yield strength that is at least 9 ksi higher than the peak longitudinal (L)
tensile yield strength of the reference-version of the aluminum alloy strip (ie., P_TYS 2
(P TYS R + © ksi). In another embodiment, a new aluminum alloy strip realizes a peak
longitudinal (L} tensile yield strength that is at least 10 ksi higher than the peak longitudinal
(L) tensile vield strength of the reference-version of the aluminum alloy strip (ie, P_TYS =
(P_TYS R+ 10 ksi). In vet another embodiment, a new aluminum alloy strip realizes a peak
longitudinal (L) tensile vield strength that is at least 11 ksi {or more) higher than the peak
longitudinal (L) tensile yield strength of the reference-version of the aluminum alloy sirip (i.e.,
P TYS = (P TYS R + 11 ksi). "Tensile yield strength” is measured in accordance with
ASTM E8 and B5357. "Peak longitudinal (L) tensile vield strength” means the highest
measured longitudinal (L) tensile vield strength of an aluminum alloy as determined using an
appropriate aging curve. An appropriate aging curve is an aging curve that bas a peak located
between two fower measured tensile yield strength values, and utilizes a sufficient number of
aging times so as to facilitate identification of a peak among the measured tensile yield
strength values. An example appropriate aging curve is shown in FIG. 14.
B. Composition

[0034] As noted above, the continuously cast aluminum alloy is a heat treatable aluminum
alloy, and thus may be of any composition that realizes at least a 1 ksi increase in strength (as
compared (o the as-cast condition) due to naturally aging or artificial aging (ie., is
precipitation hardenable). Thus, the heat treatable aluminum alloy may be any of 2xxx (copper
based), 6xxx (magnesium and silicon based), and 7xxx (zine based) aluminum alloys, when
such alloys include sufficient precipitatable solute to facilitate a 1 ksi aging response. The new
processes has alse been found to be applicable to 3xxx (manganese based), 4xxx (silicon

based), and 5xxx (magnesium based) aluminum alloys when such alloys include sufficient
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precipitatable solute to facilitaie a [ ksi aging response, and thus these alloys are also
considered heat treatable for purposes of the present patent application. Other heat treatable

aluminum alloy compositions may be employed.

[0035] In one embodiment, the heat treatable aluminum alloy comprises manganese (Mn)
as an alloying element (i.e., not as an impurity). In these embodiments, and at least partially
due to the high solidification rates, described above, the heat treatable aluminum alloy may
include a sufficient amount manganese to facilitate solid solution strengthening. The amount
of manganese useful for these purposes is generally alloy dependent. In one embodiment, the
heat treatable aluminum alloy includes at least 0.05 wi. % Mn. In another embodiment, the
heat treatable aluminum alloy includes at least 0.10 wt. % Mn. In yet embodiment, the heat
treatable aluminum alloy includes at least 0.20 wi. % Mn. In another embodiment, the heat
treatable alumimum alloy includes at least 0.25 wt. % Mn. In yet embodiment, the heat
treatable aluminum alloy includes at least 0.30 wi. % Mn. In another embodiment, the heat
treatable aluminum alloy includes at least 0.35 wi. % Mn. In another embodiment, the heat
treatable aluminum alloy includes at least 0.40 wt. % Mn. In yet embodiment, the heat
treatable aluminum alloy includes at least 0.45 wt. % Mn. In another embodiment, the heat
treatable aluminum alloy includes at least 0.50 wt. % Mn. In yet embodiment, the heat
treatable aluminum alloy includes at least 0.70 wi. % Mn. In another embodiment, the heat
treatable aluminum alloy includes at least 1.0 wi. % Mn. In one embodiment, the heat treatable
aluminum alloy includes not greater than 3.5 wt. % Mn. In another embodiment, the heat
treatable aluminum alloy includes not greater than 3.0 wt. % Mn. In yet another embodiment,
the heat ireatable aluminum alloy includes not greater than 2.5 wi. % Mn. In another
embodiment, the heat treatable aluminum alloy includes not greater than 2.0 wt. % Mn. Inyet
another embodiment, the heat treatable aluminum alloy includes not greater than 1.5 wit. % Mn.
In one embodiment, the heat treatable aluminum alloy is substantially free of manganese, and
includes less than 0.05 wt. % Mn. When a large amount of manganese is included in a heat
treatable aluminum alloy, such a heat treatable aluminum alloy may be considered a 3xxx
aluminum alloy.

[0036} In one approach, the heat treatable aluminum alloy includes at least one of
magnesium, silicon and copper. In one embodiment, the heat treatable aluminum alloy
includes at least magnesium and silicon, optionally with copper. In one embodiment, the heat

treatable aluminum alloy includes at least all of magnesium, silicon and copper.
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[0037]  In one embodiment, the heat treatable aluminum alloy includes from 0.05 to 2.0 wt.
% Mg. In one embodiment, the heat treatable aluminum alloy includes from 0.10 to 1.7 wt. %
Mg. In one embodiment, the heat treatable aluminum alloy includes from 0.20 to 1.6 wt. %
Mg. In any of these embodiments, the heat treatable aluminum alloy may include at least 0.75
wt, % Mg. More than the above-identified amounts of magnesium may be employed when the

heat treatable aluminum alloy is a Sxxx aluminum alloy.

10038] In one embodiment, the heat treatable aluminum alloy includes from 0.05 to 1.5 wt.
% Si. In one embodiment, the heat treatable aluminum alloy includes from 0.10 10 1.4 wi. %
Si. In one embodiment, the heat treatable aluminum alloy includes from 0.20 to 1.3 wt. % Si.
More than the above-identified amounts of silicon may be employed when the heat treatable

aluminum alloy is a dxxx aluminum alloy.

[0039] In one embodiment, the heat treatable aluminurm alloy includes from 0.035 to 2.0 wi.
% Cu. In one embodiment, the heat treatable aluminum alloy includes from 0.10 o 1.7 wi. %
Cu. In one embodiment, the heat treatable aluminum alloy includes from 0.20 to 1.5 wt. % Cu.
More than the above-identified amounts of copper may be employed when the heat treatable

aluminum alloy is a 2xxx aluminum alloy.

(00401 The heat treatable aluminum alloy may include silver and in amounts similar to that
of copper. For example, the heat treatable aluminum alloy may optionally include up to 2.0 wt.
% Ag. In one embodiment, the heat ireatable aluminum alloy optionally includes up to 1.U wt.
% Ag. In another embodiment, the heat treatable aluminum alloy optionally includes up to 0.5
wt. % Ag. In yet another embodiment, the heat treatable aluminum alloy optionally includes
up to 0.25 wt. % Ag. In embodiments where silver is included, the heat treatable aluminum
alloy generally includes at least 0.05 wi. % Ag. In one embodiment, the heat treatable
aluminum alioy is substantially free of silver, and includes less than 0.05 wt. % Ag. When a
large amount of silver is included in a heat treatable aluminum alloy, such a heat treatable
aluminum alloy may be considered a 8xxx aluminum alloy.

(00417 The heat treatable aluminum alloy may optionally include up to 2.0 wt. % Zn. In
embodiments where zinc is included, the heat treatable aluminum alloy generally includes at
least 0.05 wit. % Zn. In one embodiment, the heat treatable aluminum alloy includes not
greater than 1.0 wi. % Zn. In another embodiment, the heat treatable aluminum alloy includes
not greater than 0.5 wt. % Zn. In yet another embodiment, the heat treatable aluminum alloy
includes not greater than 0.25 wt. % Zn. In another embodiment, the heat treatable aluminum

alloy includes not greater than (.10 wt. % Zn. In one embodiment, the heat treatable aluminum
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alloy is substantially free of zinc, and includes less than 0.05 wt. % Zn. More than the above-
identified amounts of zinc may be employed when the heat treatable aluminum alloy is a 7xxx

aluminum alloy.

(00421 The heat treatable aluminum alloy may optionally include up to 2.0 wt. % Fe. In
embodiments where iron is included, the heat treatable aluminum alloy generally includes at
least 0.05 wit. % Fe. In one embodiment, the heat treatable aluminum alloy optionally includes
up to 1.5 wt. % Fe. In another embodiment, the heat treatable aluminum alloy optionally
includes up to 1.25 wi. % Fe. In yet another embodiment, the heat treatable aluminum alloy
optionally includes up to 1.00 wt. % Fe. In another embodiment, the heat treatable aluminum
alloy optionally includes up to 0.80 wt. % Fe. In yet another embodiment, the heat treatable
aluminum alloy optionally includes up to 0.50 wt. % Fe.  In another embodiment, the heat
treatable aluminum alloy optionally includes up to 0.35 wi. % Fe. In one embodiment, iron is
present and the heat treatable aluminum alloy includes at least 0.08 wi. % Fe. In one
embodiment, iron is present and the heat treatable aluminum alloy includes at least 0.10 wi. %
Fe. In one embodiment, the heat treatable aluminum alloy is substantially free of iron, and
includes less than 0.05 wt. % Fe. When a large amount of iron is inclnded in a heat treatable
aluminum alloy, such a heat treatable aluminum alloy may be considered a 8xxx aluminum
alloy.

[0043] The heat treatable aluminum alloy may optionally include up to 1.0 wt. % of Cr. In
embodiments where chromium is included, the heat treatable aluminum alloy generally
includes at least 0.05 wt. % Cr. In onc embodiment, the heat treatable aluminum alloy
optionally includes up to 0.75 wt. % Cr. In another embodiment, the heat treatable aluminum
alloy optionally includes up to 0.50 wt. % Cr. In yet another embodiment, the heat treatable
aluminum alloy optionally includes up to 0.45 wt, % Cr. In another embodiment, the heat
treatable aluminum alloy optionally includes up to 0.40 wi. % Cr. In yet another embodiment,
the heat treatable aluminum alloy optionally includes up to 0.35 wi. % Cr. In one
embodiment, chromium is present and the heat treatable aluminum alloy includes at least 0.08
wt. % Cr. In one embodiment, the heat treatable aluminum alloy is substantially free of
chromium, and includes less than 0.05 wt. % Cr.

{0044 The heat treatable aluminum alloy may optionally include up to 0.50 wt. % Ti. In
embodiments where titanium is included, the heat treatable aluminum alloy generally includes
at least 0.001 wi. % Ti. In one embodiment, the heat treatable aluminum alloy optionally

includes up to 0.25 wt. % Ti. In another embodiment, the heat treatable aluminum alloy
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optionally includes up to 0.10 wt. % Ti. In yet another embodiment, the heat treatable
aluminum alloy optionally includes up to 0.05 wt. % Ti. In one embodiment, the heat treatable
aluminum alloy includes from .01 to 0.05 wt. % Ti. In one embodiment, the heat treatable

aluminum alloy is substantially free of titanium, and includes less than 0.001 wt. % Ti.

{00457 The heat treatable aluminum alloy may optionally include up to 0.50 wt. % each of
any of Zr, Hf, Mo, V, In, Co and rare carth clements. In embodiments where at least one of Zr,
Hf, Mo, V, In, Co and one or more rare earth elements is included, the heat treatable aluminum
alloy generally includes at least 0.05 wt. % each of such one or more included elements. In
one embodiment, the heat treatable aluminum alloy optionally includes up to 0.25 wt. % each
of any of Zr, Hf, Mo, V, In, Co and rare earth elements. In another embodiment, the heat
treatable aluminum alloy optionally includes up to 0.15 wt. % each of any of Zr, Hf, Mo, V, In,
Co and rare carth elements. In vet another embodiment, the heat treatable aluminum alloy
optionally includes up to 0.12 wt. % each of any of Zr, Hf, Mo, V, In, Co and rare earth
clements. In one embodiment, the heat treatable aluminum alloy optionally includes from 0.05
to 0.20 wt. % each of at least one of Zr and V, and, in this embodiment is substantially free of
Mo, V, In, Co and rare earth elements, i.e., the heat treatable aluminum alloy includes less than
0.05 wt. % each of all of Mo, V, In, Co and rare carth elements in this embodiment. In some
embodiments, the heat treatable aluminum alloy is substantially free of all of Zr, Hf, Mo, V, In,
Co and rare carth elements, and includes less than 0.05 wi. % each of all of Zr, Hf, Mo, V, In,
Co and rare earth elements. The rare earth elements are scandium, yitrium, lanthanum, cerium,
praseodymium, peodymium, promethium, samarfum, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium, and Jutetium,

[0046] The heat treatable aluminum alloy may optionally inchude up to 4.0 wt. % Ni. In
embodiments where nickel is included, the heat treatable aluminum alloy generally includes at
least (.05 wit. % Ni. In one embodiment, the heat treatable aluminum alloy optionally includes
up to 2.0 wi. % Ni. In another embodiment, the heat treatable aluminum alloy optionally
includes up to 1.0 wit. % Ni. In yet another embodiment, the heat treatable aluminum alloy
optionally includes up to 0.50 wt. % Ni. In one embodiment, the heat treatable aluminum alloy
is substantially free of nickel, and includes less than 0.05 wi. % Ni. When a large amount of
nickel is included in a heat treatable aluminum alloy, such a heat treatable aluminum alloy may

be considered a 8x0x aluminum alloy.

100471 The heat treatable aluminum alloy may optionally include up to 2.0 wt. % each of

any of Sn, Bi, Pb, and Cd. In some embodiments, the heat treatable aluminum alioy is
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substantially free of all of Sn, Bi, Pb, and Cd, and includes less than 0.05 wt. % each of all of
Sn, Bi, Pb, and Cd.

[0048] The heat treatable aluminum alloy may optionally include up to 1.0 wt. % each of
any of Sr and 8b.  In some embodiments, the heat treatable aluminum alloy is substantially

free of all of Sn and Sb, and includes less than 0.05 wt. % each of Sr and Sb.

[0049] Aside from the above-listed elements, the balance (remainder) of the heat treatable
aluminum alloy is generally aluminum and other elements, where the heat treatable aluminum
alloy includes not greater than 0.15 wt. % each of these other elements, and where the total of
these other elements does not exceed 0.35 wi. %. As used herein, "other elements" includes
any elements of the periodic table other than the above-identified elements, i.e., any elements
other than Al, Mn, Mg, Si, Cu, Ag, Zn, Fe, Cr, Ti, Zr, Hf, Mo, V, In, Co, rare earth elements,
Ni, Sn, Bi, Pb, Cd, Sr and $b. In one embodiment, the heat treatable aluminum alloy includes
not greater than .10 wt. % each of other elements, and where the total of these other elements
not exceeding 0.25 wt. %. In another embodiment, the heat treatable aluminum alloy includes
not greater than 0.05 wt. % each of other elements, and where the total of these other elements
not exceeding 0.15 wt. %. In yet another embodiment, the heat treatable aluminum alloy
includes not greater than 0.03 wt. % each of other elements, and where the total of these other

elements not exceeding 0.10 wi. %,

[0050] In one embodiment, the heat treatable aluminum alloy strip is used as a stock for
containers {(e.g., a food container; a beverage container), and, in these embodiments, the heat

treatable aluminum alloy strip may include:

from 0.05 to 1.5 wt. % Si;

from 0.05 10 2.0 wt. % Cu;

from 0.05 10 2.0 wt. % Mg;

up to 3.5 wt. % Mn;

up to 1.5 wt. % Fe;

up to 1.0 wt. % Zn;

up to 0.30 wt. % Cr;

up 10 0.25 wt. % Ti;

up to 0.25 wt. % each of any of Zr, Hf, Mo, V, In, Co and rare earth elements;
less than (.05 wt. % each of all of Ag, Ni, Sn, Bi, Pb, Cd, Sr, and Sh;
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the balance being aluminum and other elements, where the aluminum alloy includes not
greater than (.15 wt. % cach of other elements, and where the total of these other elements not
exceeding .35 wi. %.
In some of these embodiments, the heat treatable aluminum alloy container stock may include:

from 0.10 to 1.4 wt. % Si;

from 0.10 10 1.7 wi. 9% Cu

from G.10 to 1.7 wi. % Mg

up to 2.0 wi. % M,

up to 0.8 wit. % Fe;

up to 8.5 wt. % i

up to 0.25 wi. % Cr;

up to .10 wi. % Ti;

less than 0.15 wt. % each of all of Zx, HE, Mo, V, In, Co and rare earth elements;

less than 0.03 wt. % each of all of Ag, Ni, Sn, Bi, Pb, Cd, Sr, and Sb;

the balance being aluminum and other elements, where the aluminum alloy includes not
greater than 0,10 wit. % each of other elements, and where the total of these other elements not
exceeding 0.25 wi. %.
In others of these embodiments, the heat ireatable aluminum alloy container stock may inchade:

from 0.20 to 1.3 wi. % Si;

from 0.20t0 1.5 wi. % Cu;

from (.20 to 1.6 wt. % Mg;

up to 1.5 wi. % Mn;

up to 8.5 wt. % Fe;

up to 0.25 wi. % Zn;

up to (.25 wi. % Cr;

up to 0.05 wt. % Ti;

fess than 0,135 wt. % each of all of Zr, Hf, Mo, V, In, Co and rare carth elements;

less than 0.05 wi. % each of ali of Ag, Ni, Sn, Bi, Pb, Cd, Sr, and 8b;

the balance being aluminum and other elements, where the aluminum alloy jncludes not
greater than 0,035 wt. % each of other elements, and where the total of these other elements not
exceeding 0.15 wt. %.
In any of the above embodiments, the beverage stock heat treatable aluminum alloy strip may

include at least 0.75 wt. % Mg. In any of the above embodiments, the beverage stock heat
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treatable aluminum alloy sirip may include at least 0.05 wt. % Mn, or more, such as any of the
manganese amounts described above. Additionally, any other amounts of the alloying
elements described above may be used in conjunctions with any of the these container stock

embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] FIG. 1 is a flow chart from U.S. Patent No. 7,182,825 illustrating one conventional

process for producing continuously cast aluminum alloy products.

{0052} FIG. 2 is a flow chart illustrating one embodiment of a new process for producing

continuously cast aluminum alloy products.

[00S3] FIGR, 3-4 are schematic views illusirating one embodiment of continuous casting
apparatus for continuously casting a strip and a corresponding strip microstructure.

[00541 FIG. 5§ is a flow chart illustrating another embodiment of a new process for
producing continuously cast aluminum alloy products.

00551 FIG. 6 is schematic view of one embodiment of a quenching arrangement useful in
accordance with the new processes disclosed herein.

{00561 FIG. 7 is a flow chart illustrating another embodiment of a new process for
producing continuously cast aluminum alloy products.

{0057} FI1G. & is graph illustrating results from Example 1.

0058} FIGS. 9-10 are graphs illustrating results from Example 2.

(00597 FIG. 11 is a graph illustrating results from Example 4.

100607 FIGS. 12-1 and 12-2 are graphs illustrating results from Example 5.

{00611 FIG. 13 is a graph illustrating results of Example 7.

{0062] FIG. 14 is an example graph showing an example of an aging curve appropriate for
determining a peak longitudinal (L) tensile yield strength of an aluminum alloy strip.

10063] FIG. 15 is a schematic view illustrating the L, LT and ST directions of a rolled

product.
DETAILED DESCRIPTION
Example 1

[00064] A heat treatable aluminum alloy having the composition in Table 1, below, is
continuously cast, then hot rolled, then quenched, and then artificially aged in accordance with

the new processes described herein.
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Table 1 - Composition of Ex. 1 Alloy (in wi, %)

Si Fe Cu Mn Mg Cr Zn Ti Lr
0.44 0.21 0.35 0.39 148 | 0.079 | 0005 | 0.02 8

The remainder of the aluminum alloy was aluminum and other elements, where the aluminum
alloy included not greater than 0.03 wi. % each of other clements, and where the total of these
other elements not exceeding 0.10 wt. %. That same alloy is also continuously cast, then hot
rolled, then quenched, and then solution heat treated (for 0.5 hours and also 8 hours), then
guenched and then artificially aged. As shown in FIG. §, the new process having no separate
solution heat treatment step results in higher tensile yield strengths (about 10% higher) and

with peak strength being reached sooner.
Example 2
[0065]

quenched, and then artificially aged in accordance with the new processes described herein.

Three heat treatable aluminum alioys were continuously cast, then hot rolled, then

The compositions of these alloys are provided in Table 2, below.

Table 2 - Composttion of BEx. 2 Alloys (in wi. %)
Alley | Si Fe Ce | Mn Mg | Zn Ti
A 0.29 0.26 $5.20 1.08 (.81 0.04 (0.017
B $.29 (.69 0.20 0.73 0.80 (.01 0.015 |
C (.49 3,49 0.41 (.49 1.1 0.01 0.034

The r@mainderv of these aluminum alloys was aluminum and other elements, where the
aluminum alloys included not greater than 0.03 wt. % each of other elements, and where the
total of these other elements not exceeding 0.10 wit. %,

0066}

then solution heat treated (for 2 hours), then quenched and then artificially aged. As shown in

These same alloys were also continuously cast, then hot rolled, then quenched, and

FI1G. 9, the new process having no separate solution heat treatment step results in higher yield
strengths and with peak strength being reached sooner. The new heat treatable aluminum
alloys also have lower electrical conductivity (EC), indicating that more alloying elernents
{such as manganese) have been retained in solid solution, as shown in FIG. 10. Indeed, the
alloys made by the new process have from about 8.0 to about 10.0 lower EC values (units) (%
IACS) as compared to the alloy processed by the conventional method. Stated differently, the
conventionally processed alloys have from about 24% to about 36% higher electrical

conductivity as compared to the alloys produced by the new process,
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Example 3
0067} Several heat treatable aluminum alloys were continuous cast to a thickness of about
0.100 inch. The alloys compositions are provided in Table 3, below.

Table 2 ~ Composition of Ex. 3 Alloys {in wt, %)

Alloy Si Fe Cu Mn Mg Ti Zr
1 039 | 028 | 039 | 073 | 077 | 0.037 | -
2 1 020 1 027 @ 042 | 072 | 080 | 0035 | -
3 01 039 1 028 § 020 | 074 | 1.18 | 0.032 -
4 022 | 029 | 028 i 076 | 0.81 | 0.023 .
5 041 | 020 1 042 § 030 | 117 | 0025 -
6 021 | 028 | 021 | 068 { 1.19 | 0024 | -
7 020 | 027 | 043 | 031 | 080 | 0.024 | -~
8 020 | 027 | 021 | 631 | 1.20 | 0020 1 -
9 038 | 0.26 121 1 030 | 679 | 0.018 -
10 | 041 | 027 | 042 | 078 | L19 | 0.022 -
11 | 022 | 028 | 045 | 029 | 121 { 0013
12 1 030 | 027 | 031 | 049 | 099 | 0.031 “
13 1 030 0 021 | 031 | 051 | 1.01 | 0.027 -
14 | 030 | 036 | 030 | 050 | 099 {0026 | -
15 1 030 | 059 | 031 @ 052 | 099 {0020 0 -
16 | 030 | 028 | 147 | 1.51 | 1.48 | 0020 ¢ 0.11
7 1 039 | 030 | 147 | 097 | 1.50 | 0.021 | 011

The remainder of these aluminum alloys was aluminum and other elements, where the
aluminum alloys included not greater than 0.03 wi. % each of other clements, and where the
total of these other elements not exceeding 0.10 wi. %,

[00638] After continucusly casting the alloys were immediately quenched as the alloys exit
the casting apparatus, A first portion of these cast and gquenched alloys was then aged, i.e., was
processed in accordance with the new methods deseribed herein where the heat {reatable
aluminum alloys were neither subsequently annealed nor subsequently solution heat treated. A
second portion of the cast and quenched alloys was processed according to conventional
methods in that the alloys were solution heat treated, and then quenched, and then aged. Both
the first and the second portions were aged at 325°F. Mechanical properties of the alloys were
obtained in in the long-transverse direction (LT) in accordance with ASTM EB and BSS57.
Electrical conductivity resulis were obtained using a Hocking Auto Sigma 3000DL electrical

conductivity meter. The results are provided in Tables 4-3, below.
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Table 4 ~ Properties (LT} of B, 3 alloys processed sceording fo new methods (N allovs)

Alloy ' Aging EC ’E‘Y’S UTS Total £
: (%IACS) (ksi) (ksi) (%)
None 300 168 | 335 | 185
325F/2hrs | 300 19.8 36.3 18.0
N 325F/4hs | 300 | 215 368 1160
325F / 8 hrs 302 | 25.1 38.7 14.0
325F / 16 hrs 30.6 29.9 41.0 125
325F /24 hrs 30.6 32.0 41.5 11.0
None 30.1 13.0 281 | 260
325F /2 hrs 30.0 152 30.9 25.0
N 325F /4 hrs 297 | 163 1 315 18.5
325F /8 hrs 29.8 18.1 325 18.0
32SF/16hrs | 299 210 | 340 16.5
325F / 24 hrs 29.9 22.6 346 15.0
None 29.0 18.0 30.7 17.5
325F /2 hrs 28.8 20.1 345 16.0
AN 325F /4 hrs 28.8 21.3 36.0 16.0
325F / 8 hrs 28.8 22.8 36.5 16.0
325F/16hrs | 288 24,7 37.8 1 145
325F /24 hrs 289 1 260 38.5 12.0
 None 30.3 11.6 27.4 21.0
325F /2 hrs 298 0 137 1 291 1 200
AN 325F /dhrs 1 298 151 1300 18.5
325F / 8 hrs 29.9 176 311 | 180
325F / 16 hrs 30,0 20.6 32.4 15.0
325F /24 hrs 301 222 33.1 14.0
None 34.5 18.2 35.4 20.5
325F /2 hrs 342 22.3 38.5 18.5
SN 325F / 4 hrs 34.5 23.8 39.1 175
325F / 8 hrs 34.7 25.4 40.1 16.5
325F / 16 hrs 346 1 27.8 412 1 145
325F /24 hrs 34,7 29.5 42.1 13.0
None 30.0 1 133 | 297 28.0
325F /2 hrs 296 155 31.4 190
6N 325F /4 hs 29.6 166 1 327 23.0
325F / 8 hrs 29.9 18.5 33.4 19.5
325F /16hrs | 29.9 208 34.1 16.5
325F /24 hrs 298 224 1 347 15.0
None 1376 1 119 28.1 26.5
325F /2 hrs 373 15.8 31.8 23.5
7-N 325F /4hrs | 372 N/A N/a | N/A
325F /8 hrs 371 N/A | NA N/A
325F / 16 hrs 17.3 234 1 358 | 185
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Alloy Aging - EC "1"‘@ UTs Total Ei
{WBIACS) (ki) (ksi) | (%)
) 325F / 24 hrs 377 252 36.6 165
None 3.0 | 130 | 297 | 270
325F /2 hrs 35.6 16.3 314 23.5
o 325F / 4 hrs 357 {180 322 1220
325F / 8 hrs 35.4 20.0 33.2 19.0
325F / 16 hres 157 22.9 34.8 17.5
325F/24hrs | 358 244 15,3 145
None - 36.6 167 | 33.0 22.0
325F/2hrs | 36.3 193 34.9 22.0
o.N 325F/4tys | 363 212 i 362 | 200
’ 325F/8ls | 363 24.4 37.8 18.5
325K /16 hrs 36.8 292 | 398 15.0
325F / 24 hrs 371 31.8 40,9 13.5
 None 27.8 19.9 37.4 20.0
- 325F /2 hrs 273 1 234 39.9 18.5
JoN  L..325F /4 hrs 273 1 246 40.7 14.0
325F / § his 27.4 25.8 41.6 150
325F / 16 hrs 27.6 282 43.0 1 160
325F /24 s | 277 294 43.3 15.0
None 359 13.1 313 1 270
325F/2hrs | 35.6 181 | 349 24.0
LN 325F /4ts | 357 193 | 355 23.0
325F / 8 hrs 5.5 21.1 36.2 19.5
325F / 16 hrs 35.7 23.7 376 19.0
325F /24 hrs 35.9 25.5 387 18.0
None 32.5 16.0 12.7 210
325F /2 hrs 320 1 181 L 355 19.5
2N 325F /4hws | 323 202 36.6 20.5
325F / 8 hrs 32.3 22.3 373 1 185
325F/16hrs | 325 1 253 386 | 180
325F /24 hrs | 327 269 1 391 16.0
None 32.6 15.7 33.2 25.0
325F/2hrs | 322 194 35.5 21.5
3N 325F /4 hrs 323 20.5 35.8 19.0
| 325F / 8 hrs 32.4 22.2 37.2 18.0
- 325F /16 hrs 32.5 24.6 38.2 17.0
325F /24 hrs 327 263 | 390 16.0
None 32.7 14.9 315 1 225
325F /2hws | 324 | 183 34.8 20.0
AN 32SF /4 hus 324 1196 356 200
325F / 8 hrs 32.5 21.5 36.8 18.5
325F /16 hrs 32.7 246 | 382 170
325F /24 hrs | 327 267 39.3 15.0
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Alloy Aomg EC | TYyS | UTS Total Bl

® (%%IACS) (ksi) (ksi) (%)
None 332 14.4 310 20.5
325F / 2 hrs 32.8 17.5 34.1 22.0
15N L..325F/4hrs 32.9 195 1 352 | 185
325F / 8 hrs 32.9 22.0 36.2 18.5

325F /16 hrs | 332 24.8 37.7 160 |

325F /24 hrs | 334 26.4 38.4 140
None 217 23.6 434 14.5
325F /2 hrs 21.4 297 1 465 12.0
6N 325F/4hes | 213 307 480 115
325F / 8 hrs 21.4 315 478 1 110
325F / 16 hrs 21.4 32.6 489 10.5
325F /24 hrs 21.5 33.1 48.6 9.5
None 245 24.3 427 13.5
325F /2 hrs 242 30.7 46.4 11.0
17N 325F / 4 s 24.1 31.4 470 | 95
325F / 8 hrs 24.1 32.8 48.1 9.5
325F /16 hrs | 243 334 48.1 9.0
325F /24 s | 24.3 33.8 48.0 9.0

Table 5 - Praperties (L) of Ex. 3 allovs wocessed according to conventional methods ("C"

alloys)

Alloy Aging EC TYS | UTS Total Bl
| ® (%IACS) (ksi) {ksi) (%)
None 39.3 11.2 26.4 21.0
325F /2 hrs 393 24.4 36.8 15.5
LC 325F / 4 hrs 394 29.5 39,7 12.0

325F/8hrs | 395 32.8 41.6 115

325F /16hrs | 398 1 336 420 120

325F /24 hrs 40.2 34.0 42.3 2.0
None 36.5 120 24.7 240

325F /2 his 36.2 129 | 266 25.5
" 325F /4hrs | 36.1 135 269 235
325F / 8 hrs 36.2 16.2 28.8 21.5
325F/16hrs | 36.1 189 1 300 17.0
325F /24 hrs | 362 202 30.7 16.0
None 373 13.1 27.6 24.0
325F /2 hrs 73 28.4 292 12.0
3-C 325F [4hws | 371 1 326 415 9.5
325F / 8 hrs 37.3 30.9 40.7 10.5
325F /16 hrs 37.5 33.6 42.0 9.5
325F / 24 hrs 37.4 34.2 422 100
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AHW” ' Aging EC TYS ' UTS Total Ei
; (YIACS) | (ksi) (ksi) (%)
None 373 | IL5 1 240 24.5
325F /2 bhrs 36.8 12.3 249 1 225
4 325F /4hrs | 373 1 128 253 215
325F/8hrs | 373 13.5 25.4 21.0
325F / 16 hrs 36.8 161 | 269 17.5
325F / 24 hrs 37.0 177 27.6 15.5
None 405 11.3 27.9 24.5
325F /2hrs | 402 35.8 47.2 14.5
s 325F /4 hrs 39.9 36.2 476 | 140
] 325F / 8 hrs 401 . 387 48.9 14.0
325F /16 hrs 40.3 394 0 491 1 140
325F /24 hrs 40.0 403 49.2 11.5
None 35.8 12.7 258 1 220
325F/2hrs | 3558 14.3 28.3 20.0
6. 325K /4hrs | 354 17.3 30.2 190
325F / § hrs 35.6 21.2 32.7 16.0
325F /16 hrs 36.1 23.4 33.8 15.0
325F /24 hrs | 364 23.8 33.6 13.0
None 422 0.0 | 233 28.5
325F /2 hus 41.7 155 288 26.5
0 325F / 4 hrs 42.0 195 3146 20.0
325F / 8 hrs 423 242 34.4 16.5
325F /16 hrs 426 | 266 35.5 | 140
325F / 24 hrs 42.6 273 359 1 135
None 40.3 10.2 24.9 28.0
325F / 2 hrs 40.0 19.8 32.1 19.5
0.0 325F /4hrs 1 40.2 23.6 34.7 17.0
325F / 8 hrs 40.3 26.8 36.6 15.0
325F / 16 hrs 40.4 27.8 37.1 14.0
325F /24 tus 40.3 283 1 373 13.0
None 42.8 107 1 243 32.0
325F /2 hrs 428 1 319 40.9 14.5
9.0 325F /4 hrs 428 35.7 435 b 130
‘ 325F / 8 s 43.0 37.0 43.8 12.5
3257 / 16 hrs 434 37.7 440 1 115
325F / 24 hrs 438 38.0 44.1 11.0
None 368 13.7 3.0 1 265
325F /2 hrs 36.6 30.7 43.8 16.0
L0-C 325F / 4 hys 366 | 333 453 1 150
325F / 8 hrs 36.6 35.0 46.3 15.5
325F /16 hrs | 36.8 35.6 46.3 13.5
325F /24 hrs 36.9 35.8 46.6 13.0
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Alloy Aging EC TYS | UTS Total El
, (%%IACS) (ksi) (ksi) (%)
None 40.7 12.5 25.5 24.5
""" 325F /2 hrs 40.2 22.1 35.5 21.0
e 325F/4brs | 403 257 378 1 180
325F / 8 hrs 405 1 285 39.2 16.5
325F/16hrs | 408 29.5 40.2 17.0

325F /24hrs | 407 302 | 407 1 150
None 39.3 107+ 257 27.0
325F /2 hrs 38.8 240 363 L 190
(9.0 325F/4hrs | 396 28.1 386 15.0
325F / 8 hrs 39.6 30.9 49.1 13.0
325F / 16 hrs 39.9 322 1 408 13.0
325F / 24 hrs 39.6 32.2 40.8 13.0
~ None 395 1 112 260 270
325F/2hrs | 394 26.3 38.4 18.5
1.0 325F / 4 brs 397 | 2938 405 1 165
325F /& hrs 39.6 31.9 413 | 145
325F / 16 hrs 39.8 33,0 41.6 128
325F / 24 hrs 40.1 33.3 41.8 1 140
None 39.5 10.6 25.8 25.0
325F /2 hes 38.8 22.4 35.1 17.5
e 325F /4hrs | 392 267 | 383 17.5
325F / 8 hrs 39.3 295 | 397 14.0
325F / 16 hrs 39.9 1.0 1 403 13.0
325F /24 s 400 31.2 40.5 13.5
None 401 10.1 26.1 250
- 325F/2hrs 398 1 185 324 1 185
5.0 L..325F/4hrs 401 | 235 35.9 16.5
325F /& hrs 40.0 27.3 38.1 13.5
325F / 16 hrs 40.0 28.6 386 13.5
325F/24hrs | 400 287 38.3 12.0
None 277 15.4 391 17.0

325F /2 hrs 26.2 295 49.5 13.0

16.C 325F [dhws | 262 30.3 50.8 155
325F/8hrs | 263 31.0 51.0 14.5
325F/16hrs | 265 11.9 50.8 15.0
325F/24hrs | 268 | 323 50.9 13.5
~ None 311 1 153 373 19.5
325F /2 hrs 29.6 33.0 52.8 14.0
e L. 325F /4 hrs 204 347 537 1 140
325F / & hrs 29.8 36.9 542 1 140
325F/16hrs | 294 37.1 540 | 115
325F / 24 hrs 297 38.2 554 | 145
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100691 Table 6, below, compares the peak tensile yield strengths for each of alloys 1-17 as
processed by the new process and the conventional process.

Table & - Comparison between pealyiensile vield strepeth of new allovs and copventional
[iinls k « & ¢

Alloy Peak 'E;YS (LT for Peak TYS fm‘ (L1} | 4 DBELTA
y UNY (New) alleys | "CY (Convent. ) alloys | (T minus N)

1 32 34 2

2 226 202 2.4

3 26 34.2 8.2

4 2.2 177 4.5
5 29.5 403 -10.8
6 22.4 1 23.8 .14

7 25.2 27.3 ' 2.1

g 244 8.3 3.9

9 318 g 6.2
10 29.4 358 -6.4
11 25.5 30.2 4.7
12 26.9 32.2 53
13 26.3 33.3 7

14 26.7 312 4.5
15 26.4 287 2.3
16 33.1 32.3 0.8

7 33.8 382 4.4

(00701 As shown, the new alloys that have a high amount of Mn (e.g., $.45 wi. % or
higher) tend to achieve similar peak yield strengths relative to the conventionally processed
materials. For example, new alloys 2, 4 and 16 achieve similar or beiter peak vield strengths
than their counterpart conventionally processed alloys. Alloys 2, 4 and 16 all have at least 0.71
wi. % Mn. In this regard, the conventionally processed alloys may have restricted the potential
strengthening effect of Mn. Specifically, the Mn included in solid solution due to the
continuous casting step may have been subsequently precipitated out of solid solution via the
conveniional solutionizing step, thereby preventing such Mn from acting as g strengthening
agent during subsequent aging. Conversely, the newly processed alloys may harness the
strengthening effect of Mn by excluding a solution heat treatment step (and by excluding an
anneal step), thereby restricting (and sometimes avoiding) precipitation of Mn {rom solid

solution,
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[0071]  MNew alloys 1, 6, 7, and 1S achieve peak yield strengths that are close to (within 3
ksi of) the peak yield strengths of the their counterpart conventional alloys. All of these alloys
have at least 0.52 wt. % Mn, except alloy 7, which had 0.31 wi. % Mn. However, alloy 7 had
fower amounts of Si and Mg, so the conventional solutionizing step appears to have been less
beneficial due to less solufe being available for placing back into solid solution via the
conventional solutionizing step. Indeed, as the data shows, alloys that contain less solute (e.g.,
less Mg, St and Cu) tend to benefit more from the new processes, potentially because less
solute is available for placing back into solid solution afier casting via a subsequent
solutionizing step. Likewise, alloys that contain more solute tend to benefit more from the
conventional processes, potentially because more solute is available for placing back into solid
solution after casting via a subseqguent solutionizing step. Purthermore, as shown in the data,
when lower amounis of Mn are present, the conventional processing is less detrimental to
strength, potentially because precipitating lower amounts of Mn will only marginally affect
strengthening. However, as shown below, sufficient deformation in the form of hot rolling
and/or cold rolling may f{acilitate further increases in strength in the alloys made by the new
processes deseribed herein.

Example 4
100721 Several manganese-containing heat treatable aluminum alloys were continuous cast
to a thickness of about 0,100 inch. The alloys compositions are provided in Table 7, below.

Table 7 - Composition of Ex. 4 Alloys (in wt. %

Alloy 51 Fe Cu Mun Mg Cr | T
AA | 030 0.30 0.29 0.99 10,98 —~ | 003
BB | 030 | 028 | 0.30 1.7 097 | - | 002
cC i 030 | 031 0.29 3.1 1.00 0.02
DD | 029 | 030 020 | 101 | 099 025 | 0.02
G2 1030 0.31 030 | 099 0.99 | 040 0.02

The remainder of these aluminum alloys was aluminum and other elements, where the
aluminum alloys included not greater than 0.03 wi. % each of other elements, and where the
total of these other elements not exceeding 0.10 wt. %. As shown, all alloys contain from
about 1.0 wit. % Mn 10 3.1 wi. % Mn. Alloys DD and EE also contain chromiur.

{00731 After continuously casting the alloys were either immediately quenched as the
alloys exit the casting apparatus. A first portion of these cast and quenched alloys was then

aged, i.e., was processed in accordance with the new methods described herein where the heat
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treatable aluminum alloys were neither annealed nor solution heat treated. A second portion of
the cast and quenched alloys was processed according to conventional methods in that the
alloys were solution heat treated, and then quenched, and then aged. Both the first and second
portions were aged at 325°F. Mechanical properties of the alloys were obtained in in the
longitudinal direction (1) in accordance with ASTM E8 and B5537. Electrical conductivity
results were obtained using a Hocking Auto Sigma 3000DL electrical conductivity meter. The

results are provided in Tables &-9, below,

Table 8 - Properties (I3 of Ex, 4 alloys processed apcording to nes methods (N alloys)

Allov Aging EC TY§ - UTS | Total EI
’ (Y%IACS) (ksi) (ksi) (%)
Nong 27.4 15.7 33.3 17.5
325F /2 hrs 26.8 18.9 36.3 18.0
AAN 325F / 4 hrs 26.5 201 37.2 20.0
‘ 325F / 8 hrs 26.5 21.9 380 | 180
325F / 16 hrs 26.7 24.6 39.1 17.0
325F /24 hrs | 266 264 | 396 16.0
None 22.0 15.2 33.6 16.5
325F /2 hrs 21.4 18.2 36.4 C19.0
BB.N 325F /4 brs 201192 36.4 155
325F / § hrs 211 211 37.3 15.5
 325F /16 hrs 21.1 24.1 38.7 14.5
325F / 24 hrs 21.1 255 39.0 13.0
None 18.1 157 1 322 100
325F / 2 hrs 18.0 15.7 32.7 12.0
CON 325F /4hes | 176 16.2 32.6 10.5
325F / 8 hrs 17.7 172 | 337 11.5
325F / 16 hrs 17.8 18.3 33.5 | 105
325F / 24 hrs 17.7 19.1 343 1 110
None 24.2 16.0 33.3 180
325F / 2 hrs 23.8 18.5 35.1 180
4 325F /4hrs | 237 19.5 35.8 17.0
PD-N 325F/8hrs | 236 1 215 37.4 17.5
325F / 16 hrs 23.5 23.0 36.8 150
325F /24hes | 236 250 1 390 15.0
None 22.4 161 | 339 21.5
325F /2 hrs 22,0 191 | 366 18.5
BEN 325F / 4 hrs 21.8 201 | 373 | 183
325F / 8 hrs 21.9 22.2 38.3 7.0
325F /16 hrs 1.8 24.4 139.0 16.5
325F / 24 hrs 21,9 25.9 398 | 160
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Table 9 - Froperiies (1) of Bx. 4 allovs processed aceording to ponventional methods {7

i

alloys)

Allov Aging EC TYS UTs Total £
/ : (YIACS) (ksi) (ksi) (%)
None 16.4 11.8 27.4 21.5
 325F /2 hrs 35.2 14.5 298 | 195
AAC 32’5’5@'1 / 4 hrs 35.0 18.1 32.9 21.0
325F / 8 hus 35.3 22.0 34.4 2.0
325F / 16 hrs 35.9 24.5 35.3 15.0
325F / 24 hrs 35.9 24.5 35.4 13.5
None 30.6 14.2 289 18.0

325F / 2 hrs 29.8 14.8 30.6 17.0

BB.O 325F / 4 hrs 29.4 14.6 30.1 18.0
325F / 8 hrs 29.6 14.9 30.3 17.0
325F / 16 hrs 29.6 15.1 31.3 20.0
325F / 24 hrs 29.6 15.5 31.3 16.0
None 26.5 14.0 30.6 13.5
325F /2 hrs 25.7 13.7 30.4 11.0
coc L3258 /4 s 25.6 15.4 313 11.0
' 325F / & hrs 25.6 16.4 31.9 11.0
325F / 16 hrs 25.5 169 32.0 10.0
325F / 24 hrs 25.7 17.7 32.4 8.5
None 32.0 13.0 27.7 18.5
325F /2 hrs 31.1 13.7 29.0 16.5
— 325F / 4 hrs 30.6 14.9 295 16.3
325F / 8 hrs 30.7 16.6 30.6 18.0
325F / 16 hrs 31.1 19.6 32.9 15.5
325F /24 hrs 3t 20.4 33.3 14.0
None 29.9 15.0 29.1 14,5
325F /2 hrs 29.8 15.1 30.4 16.0
SR 325F /4 s 29.0 15.3 30.4 15.5
325F / & hrs 29.1 17.0 31.2 15.0
325F / 16 hrs 29.4 19.7 33.0 20,0
325F / 24 hrs 29.3 21.4 34.3 20.0

[0074]

relative to the conventionally processed materials. These results indicate that Mn can facilitate

As illustrated in FIG, 11, all of the new alloys achieve better peak vield strengths

improved properties in continuously cast heat treatable alloys and in amounts exceeding the 3.1

wt. % Mn of alloy CC {e.g., up to 3.5 wt. %).
treatable alloys may include up to 0.50 wt. % Cr, or more, and still realize improved results

over conventionally processed alloys.
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[0075] Alloys AA-EE from Example 4 and three new alloys (FE-HH) were continuously
cast, and then hot rolled about 30% (a reduction in thickness of about 30%}) as the aluminum
alloy strip exits the continuous casting apparatus, and then water quenched as the aluminum
alloy sirip exits the hot rolling apparatus. The composiiions of alloys FF-HH are provided in
Table 10, below.

Table 10 - Composition of Ex. § Alloys (in wt. %

Alley | Si Fe Cu Mn Mg | Ti
FF | 0.30 0.31 0.30 0.51 1.00 0.02
GG | 028 0.29 0.31 0.06 097 | 001
HH | 071 015 | 074 | 1. 0.96 | 0.02

The remainder of these aluminum alloys was aluminum and other elements, where the
aluminum alloys included not greater than 0.03 wi. % each of other elements, and where the
total of these other elements not exceeding 0.10 wt. %o,

[0076] A first portion of these cast, hot rolled, and quenched alloys was then aged, i.e., was
processed in accordance with the new methods described herein where the heat freatable
aluminum alloys were neither annealed nor solution heat treated. A second portion of these
cast, hot rolled, and quenched alloys was processed according to conventional methods in that
the alloys were solution heat freaied, and then quenched, and then aged. Both the first and
second portions were aged at 325°F. Mechanical properties of the alloys are obtained in in the
longitudinal direction (L) in accordance with ASTM E& and B557. Elecirical conductivity
results were obtained using a Hocking Auto Sigma 3000DL clectrical conductivity meter. The

resulis are provided in Tables 11-12, below,

Table 11 - Properties (1.} of Ex. S alloys processed according fo new methods ("N alloys)

oy | PO i EC TYS | UTS | Total i
ARG Em% siig (%IACS) (ksi) (ksi) (%)
Nome | 275 260 | 347 12.0

325F /2hes | 272 20.6 38,6 16.0

325F /4 hes | 271 316 | 396 12.5

AAN-2 | 0.084 A : ,

A 0.08 325F / 8 hrs 273 331 1398 1110
325F / 16 hrs 275 1349 1409 100

| 325F/24tus 272|361 | 4Ls 9.5

, None 22.0 262 359 14.5

BB-N-2 | 0.070 - ;
325F /2 hrs 21.6 300 307 16.0
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Alloy | ‘Couge | Aging EC | TYS | UTS | Tofal Ei
. (i) - (“%IACS) (ksi) Gsi) | (%)
325F / 4 hrs 21.4 31.8 408 | 180
325F / 8 hrs 21.4 33.9 42.1 14.0
325F /16 hrs | 212 36.1 42.8 13.0
325F /24 hrs | 212 36.2 427 13.0
None 18.5 29.6 39.1 11.0
325F /2 hrs 178 31.9 42,9 140
- 325F / 4 hrs 16.9 33.7 438 1.5
CC-N-2 1 0.057 325F / 8 hrs 17.0 34.5 438 12.5
 325F /16 hrs 16.4 35.9 44.8 13.5
325F / 24 hrs 16.5 35.9 44.7 13.0
None 24.4 - 25.1 34.9 13.5
325F /2 hus 23.9 29.1 38.8 16.5
L 325F / 4 hrs 23.8 31.5 40.3 14.5
DD-N-2 4 0.071 3255/ 8 hrs 23.8 142 42.3 15.5
325F / 16 hrs 23.8 362 429 | 13.0
325F / 24 hrs 23.9 36.7 43.0 12.0
None L 227 25.7 35.9 15.0
I125F/2hrs | 224 29.8 39.7 16.5
V ‘ 325F / 4 hrs 22.2 31.9 41.1 16.5
EE-N-2 | 0.073 325F / 8 hrs 2.2 34.3 421 15.0
325F / 16 hrs 2.2 36.0 42.9 13.5
325F / 24 hrs 22.1 36.5 43.1 12.0
None 34.4 22.6 32.5 19.5
325F /2 hrs 33.8 27.5 37.9 19.0
N 325F / 4 hrs 33.3 29.9 19.4 19.0
FE-N-2 + 0.087 325F / & hrs 334 327 1405 15.5
325F / 16 hrs 33.5 35.2 41.9 15.0
325F / 24 hrs 33.6 35.6 416 14.0
~ None 43.2 21.7 32.7 21.5
325F /2 hrs 42.8 26.3 36.5 220
o 325F / 4 hrs 42.6 28.7 38.7 20.0
‘%"N'z 0.085 325F / 8 hrs 43.0 32.2 402 16.5
325 /16 hrs 43.4 35.0 41.4 13.5
- 325F /24 hrs 43.6 36.4 42.3 13.5
None 30.1 316 41.7 16.0
325F / 2 hrs 29.6 352 45.0 14.5
o 325F / 4 brs 29.3 37.2 46.4 14.0
HH-N-2 - 0.069 325¥ / & hrs 29.7 403 48.0 12.5
325F / 16 hrs 29.4 41.6 47.9 9.5
325F / 24 hrs 29,7 42.4 48.3 10.5
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Ax0

Table 12 - Propertics (L) of Ex, 5 allovy processed ageording o conventional methods (7€

alloys)
Alloy fgg;: ] Aging EC‘ : TY;S | UT§ Total Ei
: (i) (%IACS) | (ks) (ksiy | (%)
' None 36.3 13.3 27.1 22.5
325F /2 hrs 35.4 14.4 29.0 18.5
} 325F / 4 hrs 35.3 17.5 31.6 17.5
AAC2 SO0 T e 355 | 222 34.1 140
325F/16hrs | 354 252 362 12.5
325F / 24 hrs 35.5 24.8 36.1 17.5
None 30.6 12.2 29.1 23.5
325F /2 hrs 30.0 131 | 295 200
o m 325F / 4 hrs 29.5 13.8 299 | 220
BE-C-2 1 ~0.070 e g T 558 T 300 23.5
325F /16hrs | 294 153 | 30.8 21.5
325F /24 hrs 1 29.6 156 | 312 21.5
None 286 13.2 32.0 25.0
325F/2hrs | 282 14.8 33.6 20.0
o . | 325F/4 hrs 27.4 14.3 3.0 18.5
CO-C2 1 ~005T e T e e 27.9 16.1 337 21.0
325F / 16 hrs 277 18.1 35.1 17.5
325F /24 hrs 275 1 194 352 1 165
None P32 127 281 | 245
325F /2 hrs 314 0 146 | 296 20.0
. 325F /4 hrs 30.9 14.9 30.1 20.0
PD-C2 4 =007 s e T8 s 31.1 15.7 31.4 18.5
325F /16 hrs 311 204 1 336 16.0
325F /24 hrs | 310 20.8 34.0 15.5
None 316 14.2 29.8 21.0
325F/2hs | 312 17.1 1.5 18.0
. . 325F / 4 hrs 30.7 16.9 31.5 19.0
BEC2 00T e T e 30.7 | 189 32.9 19.0
325F / 16 hus 312 0 219 351 1 170
325F / 24 hrs 312 | 222 346 | 170
~ None 40.2 10.9 75.9 28.5
325F /2 hrs 39.6 25.0 373 1 205
- . 325F / 4 lirs 39.3 29.0 39.7 17.5
FEC2 1 0087 e F T S hrs 39.9 32.0 412 15.0
325F /16hes | 299 32.9 41.8 16.0
325F /24hrs | 397 333 425 150
None | 465 10.6 24.0 28.0
GG-C-2 | ~0.085 | 325F/2 hrs 45.6 29.7 40.2 17.5
325F /4 hrs 454 330 1 422 160
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Alloy Agfi;j Aging EC TYS | UTS  TowlEl |
(in) (%IACS) (ksi) (ksi) (Vo)
| 325F/ 8 hrs 455 | 350 437 | 150
A25F / 16 hrs 456 1 35.8 44,4 15.0
325F /24 hrs 456 | 367 44.8 15.0
None 37.7 14.1 34.1 23.5
325F /2 hes | 36.5 402 L 553 185
N | 325F / 4 hrs 36.0 413 55.8 200
HHAC2 1 0069 e e 36.2 43 1 573 18.5
325F /16 hrs | 367 47.8 58.6 16.5
325F /24 hrs | 369 47.1 | 577 13.0

(00771 As Hustrated in FIGS. 12-1 and 12-2, all of the new alloys achieve comparable or
better peak vield strengths relative 1o the conventionally processed materials, except for alloy
HH. Indeed, alloys AA-EE having about 1.0 wt. % Mn or more achieved superior resulls over
their conventional counterpart alloys, achieving higher peak tensile yield strengths over their
conventional counterpart alloys.  Alloy FF having 0.51 wi. % Mn also achieved superior
results over its conventional counterpart alloy achieving a peak tensile yield strength of 35.6
kst as compared {o its conventional counterpart alloy's peak tensile yield strength of 33.3 kst
Even new alloy GG having 0.06 wt. % Mn achieved comparable results to its conventional
counterpart alloy, achieving a peak tensile yield strength of 36.4 ksi as compared fo ifs
conventional counterpart alloy's peak teansile vield strength of 36.7 ksi. Only new alloy HH,
having more solute (more 8i, Mg, and Cu) did not achieve a peak tensile yield strength within
3 ksi of its conventional counterpart alloy. As noted in Example 3 above, alloys that contain
less solute (e.g., Mg, Si and Cu) tend to benefil more from the new processes, potentially
because less solute is available for placing back into solid solution after casting vis a
subsequent solutionizing step. Likewise, alloys that contain more solute tend to benefit more
from the conventional processes, potentially because more solute is available for placing back
into solid solution after casting via a subsequent solutionizing step. However, as shown below,
in the new process imparting more work prior to quenching may facilitate achievement of
higher strength and results comparable to that achieved by the prior conventional process.
Example &

[0078] Alloy HH of Example 5 was produced as per Example 5, but was hot rolled about
60% (a reduction in thickness of about 60%) to a gauge of about 0.040 inch as the aluminum

alloy strip exits the continuous casting apparatus, and then water quenched as the aluminum
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alloy strip exits the hot rolling apparatus. A first portion of this HH-60% alloy was processed
in accordance with the new methods described herein where alloy HH-60% was neither
annealed nor solution heat freated. A second portion of alloy HH-60% was processed
according to conventional methods in that it was solution heat treated, and then quenched, and
then aged. Both the first and second portions were aged at 325°F. Mechanical properties were
obtained in in the longitudinal direction (L) in accordance with ASTM E8 and B357.
Flectrical conductivity results were obtained using a Hocking Auto Sigma 3000DL electrical
conductivity meter. The results are provided in Table 13, below.

Table 13 - Properties (L).of Ex. 6 alloys processed according 1o new ("N” alloys) and

conventional ("C" alloys) methods

Alloy Aging EC “}S H UT,S Total EI
| (%IACS) (ksi} (ksi) (%)
None 30.7 368 | 424 8.0
325F / 2 hrs 30.3 412 | 460 | 75
325F / 4 hrs 295 424 | 466 7.0
N e T S s 301 439 47,7 7.0
325F/16hrs | 30.0 43.8 47.2 6.0
- 325F /24 hirs 29.3 47.4 49.7 6.0
None 37.3 - 11.8 18.0
325F /2 hrs 369 0 400 1 531 1 13.0
o | 325F /4 ks 363 41.5 54.3 14.5
HHO0%-C s o T 8 s 36.4 4.9 54.9 140
325F /16 hrs | 369 45.7 55.7 12.0
325F /24 hes | 371 41.4 51.0 1.0

{0079] As shown in Table 13, alloy HH-60%-N (using the new process) achieved superior
results over its conventional counterpart alloy achieving a peak tensile yield strength of 474
ksi as compared {0 its conventional counterpart alloy's peak tensile yield strength of 45.7 kst
These results indicate that, even in heat treatable alloys having higher amounts of solute, the

new process can achigve comparable or superior results to the conventional process.

Example 7

{0080] Three alloys were continuously cast, then hot rolled about 40% (a reduction in
thickness of about 40%) to a gange of about 0.085 inch as the alloy exits the continuous casting
apparatus, and then water quenched as the aluminum alloy strip exits the hot rolling apparatus.
The compositions of these alloys are provided in Table 14, below.

Tahle 14 - Composition of Ex. 7 Allovs finwt. ¥
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Alloy | Si Fe . Cu | Mn = Mg | Ti
18 1.30 0.12 | 1.150 0.05 0.27 0.04
19 | 127 0.13 | 0.856 0.08 | 0.13 0.03
200 L 130 0.13 | 0.878 605 | 022 0.03

The remainder of these aluminum alloys was aluminum and other eclements, where the
aluminum alloys included not greater than 0.03 wt. % each of other elements, and where the
total of these other elements not exceeding 0.10 wt. %.

{00817 A first portion of these cast, hot rolled, and guenched alloys was then aged, i.e., was
processed in accordance with the new methods described herein where the heat treatable
aluminum alloys were neither annealed nor solution heat treated. A second portion of these
cast, hot rolled, and quenched alloys was processed according to conventional methods in that
the alloys were solution heat treated, and then quenched, and then aged. Both the first and
second portions were aged at 325°F, Mechanical properties of the alloys are obtained in in the
longitudinal direction (LT} in accordance with ASTM E8 and B557. Electrical conductivity
results were obtained using a Hocking Auto Sigma 3000DL electrical conductivity meter.

results are provided in Tables 15-16, below.

Table 15 - Properties (1T of Bx, 7 allovs provessed severding te now methods ("N alloys)

Alloy Aging RC TYS UT.S Total Kl
’ (YIACS) | (hsi) (ksi) (%)
None 416 L 229 36.6 17.5
325F /2 hrs 43.7 30.2 41.8 175
18N | 325F /4 hrs 446 33.2 435 140
a 325F / 8§ hrs 46.6 34.1 43.6 12.0
325F / 16 hrs 494 | 331 425 12.0
325F / 24 hys 50.6 30.4 39.3 10.5
None 414 152 31.8 28.5
325F /2 hrs 42.5 19.0 327 22.5
(o L.325F/dhrs | 432 | 236 364 1190
325F / 8 hrs 44.6 27.2 386 | 14.0
325F / 16 hrs 47.9 26.9 376 | 13.0
 325F/24hrs | 49.6 245 34.8 12.0
None 426 1 215 3153 1 265
325F /2 hrs 44.9 29.5 40.2 17.5
o L.325F/dbrs | 460 32.6 425 | 145
325F / 8§ hrs 47.2 3.0 42.3 12.5
325F /16 hrs | 50.3 321 | 413 11.5
325F /24 hrs | 513 295 1 382 12.0
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Table 16 - Praperties (1T of Bx. 7 alloys processed according to vonventional metbods ("¢

alloys)
Alloy Aging BC ‘ TYS UTS  Total Ei
; ; (%IACS) | (ksi) (ksi) (%)
' None 416 13.4 33.6 | 330
325F/2hrs | 417 309 | 475 24.0
la.C 325F / 4 hrs 41.4 322 1 477 1220
325F / 8 hrs 41.0 34.9 48.6 19.0
325F /16 hrs 43.9 361 | 488 | 175
325F / 24 hrs 44.9 37.5 49.2 15.5
~ None 433 9.7 25.0 31.0
325F /2 hrs 429 | 243 374 1 19.0
(o.c L.325F /4 hrs 430 | 253 37.9 219
325F / 8 hrs 43.5 27.2 39.1 17.5
- 325F /16 hus 47 .4 283 | 397 15.0
325F /24 hrs | 49.8 28.4 394 | 145
None 426 10.5 290 | 285
325F / 2 hys 430 | 299 44.0 22.0
ro. L 325F /4 D 427 310 | 442 21.0
‘ 325F / 8 hrs 42.6 323 | 450 20.0
- 325F/ 16 hus 45.5 335 | 452 17.0
325F / 24 hrs 47.4 34.0 45.4 15.5

[0082] As shown in FIG, 13, the new alloys reach near peak tensile yield strength more
rapidly than the conventionally processed alloys. MNew alloys 19 and 20 also achieve
comparable peak tensile yield strengths relative to their conventional counterpart alloys. New
alloy 18 achieves a lower peak tensile yield strength than ifs conventional counterpart alloy,
but would be expected to achieve a comparable tensile yield strength by imparting more work
prior to quenching, as shown in Example 6, above.

[0083] While various emnbodiments of the present disclosure have been described in detail,
it is apparent that modifications and adaptations of those embodiments will ocewr to those
skilled in the art. However, it is to be expressly understood that such modifications and

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

What is claimed is:

f. A method comprising:
(a} continuously casting a heat treatable aluminum alloy strip;
{(b) after the continuously casting step, rolling the heat treatable ahuminum alloy strip to
an intermediate or {inal gauge: and
{¢y quenching the heat treatable aluminum alloy strip, wherein the quenching step (¢}
occurs:
(1) after the continuously casting step (a) and before the rolling step (b);
(i1} concomitant to the rolling step (b);
(ii1) after the rolling step (b), and
{(iv) combinations of thereof)
wherein, after the quenching step (¢), the method excludes both (i) annealing of the heat
treatable aluminam alloy strip, and (ii) solution heat treating of the heat treatable aluminum
alloy strip.
2. The method of claim 1, wherein the heat treatable aluminum alloy strip includes from
0.05 wi. % Mn to 3.5 wi. % Mn.
3. The method of any of claims 1-2, comprising:
after the quenching step (¢}, artificially aging the heat treatable aluminum alloy strip.
4, The method of claim 3, comprising:
after the quenching step (¢) and prior to the artificially aging step, cold rolling the heat
treatable aluminurn alloy strip.
5. The method of any of claims 1-4, wherein the continuously casting step (&) comprises:
(A} delivering a molten aluminum alloy to a pair of spaced apart rotating casting rolls
defining a uip therebetween;
(B) advancing the molten aluminum alloy between surfaces of the casting rolls,
wherein g freeze front of metal is formed at the nip; and
{C) withdrawing the heat treatable aluminum alloy strip from the nip.
6. The method of claim 5, wherein the heat treatable aluminum alloy strip includes as
least one eutectic former selected from the group consisting of $i, Fe, Ni, Zn, Mg, Cu, Mn,
and combinations thereof, and wherein the advancing step (B) comprises:
first forming two outer concentration regions;

second forming an inner conceniration region;

43



WO 2013/188668 PCT/US2013/045659

wherein the inner concentration region is located between the two outer

concentration regions;

wherein the first forming and second forming steps are completed concomitant to one
another;

wherein an average concentration of a eutectic former in the two outer regions is higher
than the concentration of the eutectic former at a centerline of the inner concentration region;

wherein the two outer concentration regions have a long axis that is coincidental to the
long axis of the heat treatable aluminum alloy strip; and

wherein the inner concentration region has g long axis that is coincidental to the long
axis of the heat treatable aluminum alloy strip.
7. The method of any of claims 1-4, wherein the continuously casting step (a) comprises:

{A) delivering a molten aluminum alloy 1o a pair of spaced apart rotating casting rolls
defining a nip therebetween;

(B} advancing the metal between surfaces of the casting device rolls, wherein the
advance comprises:

(1) first forming two solid outer regions adjacent surfaces of the casting device

rolls;
(I} second forming a semi-solid inner region containing dendrites of the metal;
(11} wherein the inner region is located between the two outer concentration
regions;

(IV} wherein the first forming and second forming steps are completed
concomitant to one another;
(V) breaking the dendrites in the inner region at or before the nip; and
{C) solidifying the semi-solid inner region to produce the heat treatable aluminum alloy
strip comprised of the inner region and the cuter regions.
8. The method of claim 7, wherein breaking the dendrites in the inner region is completed
at or before the nip, and wherein solidification of the inner region is completed at the nip.
9. The method of any of claims 5-8, wherein the casting rolls are rotating at a casting
speed
ranging between 25 to 400 feet per minute,
i0. The method of any of claims 5-9, wherein a roll separating force applied by the casting
rolls to the molten aluminum alloy passing though the nip is between 25 to 300 pounds per

inch of width of the strip.

44



WO 2013/188668 PCT/US2013/045659

11, The method any of claims 5-10, wherein the casting rolls each have a textured surface,
and wherein the method comprises brushing the textured surfaces of the casting rolls.
12, The method of any of claims 7-11, wherein the heat treatable aluminum alloy strip
includes at least one eutectic former selected from the group consisting of Si, Mg, Cu, Zn, Mn,
Fe, Ni, and combinations thereof, wherein an average concentration of a eutectic former in the
two ouler regions is higher than the concentration of the eutectic former at a centerline of the
inner concentration region.
13, An aluminum alloy strip having a thickness of from 0.006 inch to 0.400 inch, wherein
the aluminum alloy strip consists oft

from 0.05 to 1.5 wt. % Si;

from (.05 10 2.0 wt. % Cy;

from 0.05 to 2.0 wt. % Mg;

up to 3.5 wit, % Mn;

up to 2.0 wt. % Ag;

up to 2.0 wi. % Fe;

upto 2.0 wt. % Zn;

up to 1.0 wt. % Cr;

up to 0.50 wt. % Ti;

up to 0.50 wt. % each of any of Zr, Hf, Mo, V, In, Co, and rare earth elements;

up to 4.0 wi. % Ni;

up to 2.0 wi. % each of any of Sn, By, Ph, and Cd;

up to 1.0 wt. % each of any of Sr, and Sb;

the balance being aluminum and other elements, where the aluminum alloy includes not
greater than .13 wt. % cach of other elements, and where the total of these other elements not
exceeding 0.35 wi. %;
wherein the aluminum alloy strip realizes a peak longitudinal (L) tensile yield strength
{P_TYS)of:

P TYS (ksi)> P _TYS R (ksi) minus 3.0 ksi;
wherein P_TYS R is the peak longitudinal (L) tensile yield strength of a reference-version of

the aluminum alloy strip.

14.  The aluminum alloy strip of claim {3, wherein the aluminum alloy strip includes from
0.10 to 1.4 wt. % Si.
15.  The aluminum alloy strip of any of claims 13-14, wherein the aluminum alloy strip

includes {from 0.20 to 1.3 wt. % Si.

45



WO 2013/188668 PCT/US2013/045659

16.  The aluminum alloy strip of any of claims 13-15, wherein the aluminum alloy strip
includes from 0.10 to 1.7 wi. % Cu,

17.  The aluminum alloy strip of any of claims 13-16, wherein the aluminum alloy strip
includes from 0.20 to 1.5 wt. % Cu.

18.  The aluminum alloy strip of any of claims 13-17, wherein the aluminum alloy sirip
includes from 0,10 to 1.7 wt. % Mg.

19.  The aluminum alloy sirip of any of claims 13-18, wherein the aluminum alloy strip
includes from 0.20 1o 1.6 wt. % Mg.

20.  The aluminum alloy strip of any of claims 13-19, wherein the aluminum alloy strip
includes at least .75 wt. % Mg.

21.  The aluminum alloy strip of any of claims 13-20, wherein the aluminum alloy strip
includes at least .05 wt. % Mn,

22, The aluminum alloy strip of any of claims 13-21, wherein the aluminum alloy strip
includes at least 0.35 wt. % Mn.

23, The aluminum alloy strip of any of claims 13-22, wherein the aluminum alloy strip
includes at least 0.50 wt. % Ma.

24.  The aluminum alloy strip of any of claims 13-23, wherein the aluminum alloy strip
includes at least 8,70 wt. % Mn.

25. The aluminum alloy strip of any of claims 13-24, wherein the aluminum alloy strip
includes at least 1.0 wt. % Mn.

26.  The aluminum alloy strip of any of claims 13-25, wherein the aluminum alloy strip
includes at least .05 wt. % Fe.

27.  The aluminum alloy strip of any of claims 13-26, wherein the aluminum alloy strip
includes not greater than 1.50 wt. % Fe.

28.  'The aluminum alloy strip of any of claims 13-27, wherein the aluminum alloy strip
includes not greater than 1.0 wit. % Fe.

29.  The aluminum alloy strip of any of claims 13-28, wherein the aluminum alloy strip
includes not greater than (.8 wi, % Fe.

30.  The aluminum alloy strip of any of claims 13-29, wherein the aluminum alloy strip
includes not greater than 0.50 wt, % Fe.

31, The aluminum alloy strip of any of claims 13-30, wherein the aluminum alloy strip
includes not greater than 1.0 wt, % Zn,

32. The aluminum alloy strip of any of claims 13-31, wherein the aluminum alloy strip

includes not greater than 0.5 wt. % Zn.
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33.  The aluminum alloy strip of any of claims 13-32, wherein the aluminum alloy strip
includes not greater than 0.25 wt. % Zn.

34.  The aluminum alloy strip of any of claims 13-33, wherein the aluminum alloy strip
includes from 0.05 to 0.50 wit. % of Cr.

35.  The aluminum alloy strip of any of claims 13-34, wherein the aluminum alloy strip
includes from 0.08 to 0.35 wt. % of Cr.

36.  The aluminum alloy strip of any of claims 13-35, wherein the aluminum alloy strip
includes from 0.001 to 0.10 wt. % Ti.

37.  The aluminum alloy strip of any of claims 13-36, wherein the aluminum alloy strip
includes from 0.01 t0 0.05 wit. % Ti.

38,  The aluminum alloy strip of any of elaims 13-37, wherein the aluminum alloy strip
includes not greater than 0.50 wt, % Ag.

39.  The aluminum alloy strip of any of claims 13-38, wherein the aluminum alloy strip
includes less than 0.05 wt. % Ag.

40.  The aluminum alloy strip of any of claims 13-39, wherein the aluminum alloy strip
inchudes not greater than 0.25 each of any of Zr, Hf, Mo, V, In, Co, and rare earth elements.
41, The aluminum alloy strip of any of claims 13-40, wherein the aluminum alloy strip
includes from 0.05 to 0.20 wt. 96 each of at least one of Zr and V, and less than 0.05 wt. %
each of all of Mo, V, In, Co and rare earth elements.

42, The aluminum alloy strip of any of claims 13-40, wherein the aluminum alloy strip
includes less than 0.05 wt. % each of all of Zr, Hf, Mo, V, In, Co, and rare earth elements,
43, The aluminum alloy strip of any of claims 13-42, wherein the alominum alloy strip
includes not greater than 0.50 wt. % Ni.

44, The aluminum alloy strip of any of claims 13-43, wherein the aluminum alloy strip
includes less than 0.05 wi. % Ni.

45.  The aluminum alloy strip of any of claims 13-44, wherein the aluminum alloy strip
includes less than 0.05 wt. % each of all of Sn, Bi, Pb, and Cd.

46.  The aluminum alloy strip of any of claims 13-45, wherein the aluminum alloy strip
includes less than 0.05 wi. % each of Sr and Sb.

47, The aluminum alloy strip of any of claims 13-46, where the aluminum alloy includes
not greater than 0.10 wi. % each of other elements, and where the total of these other elements

not exceeding (.25 wt. %.
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48.  The aluminum alloy strip of any of claims 13-47, where the aluminum alloy includes
not greater than 0.05 wt. % each of other elements, and where the total of these other elements
not exceeding 0.15 wt. %.
49.  The aluminum alloy strip of any of claims 13-48, where the aluminum alloy includes
not greater than 0.03 wi. % each of other elements, and where the total of these other elements
not exceeding 0.10 wit. %.
50.  The aluminum alloy strip of any of claims 13-49, wherein the aluminom alloy strip
realizes a peak longitudinal (L) tensile yield strength (P_TYS) of:

P TYS (ksi)> P TYS R (ksi) minus 1.0 ksi.
51, The aluminum alloy strip of any of claims [3-49, wherein the aluminum alloy strip
realizes a peak longitudinal (L) tensile yield strength (P_TYS) of:

P TYS (st} 2 P TYS R (ksi)
52.  'The aluminum alloy strip of any of claims 13-49, wherein the aluminum alloy strip
realizes a peak longitudinal (L) tensile yield strength (P_TYS) of:

P TYS (ksi)> P TYS R (ksi)plus 1 ksi.
53.  The aluminum alloy strip of any of claims 13-49, wherein the aluminum alloy strip
realizes a peak longitudinal (L) tensile yield sirength (P_TYS) oft

P TYS (ksi) = P_TYS R (ksi} plus 3 ksi.
54, The aluminum alloy strip of any of claims 13-49, wherein the aluminum alloy strip

P TYS(ksi})> P TYS R (ksi)plus 5 ksi.
55, The aluminum alloy strip of any of claims 13-49, wherein the aluminum alloy strip
realizes a peak longitudinal (L) tensile yield strength (P_TYS) of:

P TYS (ksiy> P TYS R (ksi) plus 7 ksi.
56. The aluminum alloy strip of any of claims 13-49, wherein the aluminum alloy strip
realizes a peak longitudinal (L) tensile vield strength (P TYS) of:

P TYS (ksi)= P TYS R (ksi)plus 10 kst.
57. An aluminum alloy strip having a thickness of from 0.006 inch to 0.400 inch made
from a 3xxx aluminum alloy, wherein the aluminum alloy strip realizes a peak longitudinal (L)
tensile yield strength (P_TYS) of:

P TYS (ksi)= P TYS R (ksi) minus 3.0 ksi;
wherein P_TYS R is the peak longitudinal (L) tensile yield strength of a reference-version of

the aluminum alloy strip.
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58, An aluminum alloy strip having a thickness of from $.006 inch to 0.400 inch made
from a 6xxx aluminum alloy, wherein the aluminum alloy strip realizes a peak longitudinal (L)
tensile yield strength (P_TYS) oft

P TYS (kst)y 2P TYS R (ksi) minus 3.0 ksi;
wherein P_TYS R is the peak longitudinal (L} tensile yield strength of a reference-version of
the aluminum alloy strip.
59. An aluminum alloy strip having a thickness of from 0.006 inch to 0.400 inch made
from a 4o aluminum alloy, wherein the aluminum alloy strip realizes a peak longiiudinal (L)
tensile vield strength (P TYS) of:

P TYS (ksi)= P TYS R (ksi) minus 3.0 ksi;
wherein P TYS R is the peak longitudinal (L) tensile yield strength of a reference-version of
the alominum alloy strip.
60.  An aluminum alloy strip having a thickness of from 0.006 inch to 0.400 inch made
from a 2xxx aluminum alloy, wherein the aluminum alloy strip realizes a peak longitudinal (1)
tensile yield strength (P TYS) oft

P TYS(ksi)> P TYS R (ksi) minus 3.0 ksi;
wherein P_TYS R is the peak longitudinal (L) tensile vield strength of a reference-version of
the aluminuro alloy strip,
61, An aluminum alloy strip having a thickness of from 0.006 inch to 0.400 inch made
from a Sxxx aluminum alloy, wherein the aluminum alloy strip realizes a peak longitudinal (1)
tensile yield strength (P TYS) oft

P TYS (ksiy > P TYS R (ksi) minus 3.0 ksi;
wherein P_TYS R is the peak longitudinal (L) tensile yield strength of a reference-version of
the aluminum alloy strip.
62. Analuminum alloy strip having a thickness of from 0,006 inch to 0.400 inch made
from a 7xxx aluminum alloy, wherein the aluminum alloy strip realizes a peak longitudinal (L)
tensile yield strength (P_TYS) oft

P TYS (kst) 2 P TYS R (ksi) minus 3.0 ksi;
wherein P_TYS R is the peak longitudinal (L) tensile vield strength of a reference-version of
the aluminum alloy sirip.
63. An aluminum alloy strip having a thickness of from 0.006 inch to 0.400 inch made
from a Sxxx aluminum alloy, wherein the aluminum alloy strip realizes a peak longitudinal (1)
tensile vield strength (P_TYS) of.

P TYS (ksi)> P TYS R (ksi} minus 3.0 ksi;
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wherein P_TYS R is the peak longitudinal (1) tensile yvield strength of a reference-version of
the aluminum alloy strip.

64, An aluminum alloy strip for producing a container, wherein the aluminum alloy strip
has a thickness of from 0.007 inch to 0.018 inch, and wherein the aluminum alloy strip consists
of:

from 0.05 to 1.5 wi. % Si;

from .05 to 2.0 wt. % Cu;

from 0.05 to0 2.0 wt. % Mg;

up to 3.5 wi. % Mn;

up 0 1.5 wi. % Fe;

up to 1.0 wi. % Zn;

up to 6.30 wt, % Cr;

up to 0.25 wi. % Ti;

up to 0.25 wt. % each of any of Zr, Hf, Mo, V, In, Co and rare earth elements;

less than (.05 wi, % cach of all of Ag, Ni, Sn, Bi, Pb, Cd, Sr, and Sb;

the balance being aluminum and other elements, where the aluminum alloy includes not
greater than 0.15 wt, % each of other elements, and where the fotal of these other elemenis not
exceeding (.35 wit. 9%;
wherein the alurninum alloy strip realizes a peak longitudinal (L) tensile yield strength
(P_TYS)of:

P TYS (ksi}y =2 P_TYS R (ksi) minus 3.0 ksi;
wherein P TYS R is the peak longitudinal (L) tensile yield strength of a reference-version of
the aluminum alloy strip.
65. A food container at least partially made from the aluminum alloy strip of claim 64.
66, A beverage container at least partially made from the aluminum alloy strip of claim 64,
67. A method comprising:

{a) continuously casting a heat treatable alominum alloy strip;

(b} after the continuously casting step, quenching the heat treatable aluminum alloy
sirip, wherein the quenching step (¢) occurs:

wherein, after the guenching step (b}, the method excludes both (i) annealing of the
heat treatable aluminum alloy strip, and (ii) solution heat treating of the heat treatable
aluminum alloy strip.

68. 'The method of claim 67, wherein the method consists of steps {a) and (b).
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69, The method of claim 1, wherein the method consists of steps (a), (b}, and {c),
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