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(57) ABSTRACT

The present disclosure generally provides aluminum alloy
articles having improved bond durability at certain surfaces
of the article. The disclosure also provides methods of
making such materials, for example, via a selective etching
process, as well as methods of using such articles in appli-
cations that involve bonding the article to other articles, such
as other aluminum articles. The disclosure also provides
articles of manufacture made from such articles, including
bonded aluminum articles. The disclosure also provides
aluminum alloy articles having an inert or neutralized sur-
face. The inert or neutralized surfaces described herein are
characterized by surfaces containing oxidized copper. Also
described herein are methods including etching a surface of
the aluminum alloy articles with an oxidant. The resulting
aluminum alloy articles exhibit desirable bond durability
properties and exceptional corrosion resistance. The disclo-
sure also provides various end uses of such articles, such as
in automotive, transportation, electronics, and industrial
applications.
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ALUMINUM ALLOY ARTICLES HAVING
IMPROVED BOND DURABILITY AND
INERT SURFACE ALUMINUM ALLOY

ARTICLES AND METHODS OF MAKING

AND USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application Nos. 62/608,618, filed Dec. 21, 2017, and
62/741,691, filed Oct. 5, 2018, which are incorporated
herein by reference in their entireties.

FIELD

[0002] The present disclosure generally provides alumi-
num alloy articles and the surface features of the same. The
disclosure relates to aluminum alloy articles having
improved bond durability at certain surfaces of the article
and corrosion resistance. The disclosure also provides meth-
ods of making such materials, for example, via a selective
etching process, as well as methods of using such articles in
applications that involve bonding the article to other articles,
such as other aluminum articles. The disclosure also pro-
vides articles of manufacture made from such articles,
including bonded aluminum articles. The disclosure also
provides various end uses of such articles, such as in
automotive, transportation, electronics, and industrial appli-
cations.

BACKGROUND

[0003] Aluminum alloy articles are desirable for use in a
number of different applications, especially those where
lightweight, high strength, and high durability are desirable.
For example, aluminum alloys are increasingly replacing
steel as a structural component of automobiles and other
transportation equipment. Because aluminum alloys are
generally about 2.8 times less dense than steel, the use of
such materials reduces the weight of the equipment and
allows for substantial improvements in energy efficiency.
Even so, the use of aluminum alloy articles can pose certain
challenges.

[0004] One particular challenge relates to the bonding of
various aluminum alloy articles together to form a finished
article of manufacture, such as, for example, a frame or other
body part of a vehicle. When steel is used for such appli-
cations, the various individual articles can be bonded
together by traditional welding processes. But, such welding
processes are not always appropriate for the bonding of
articles made from aluminum alloys. Therefore, such alu-
minum alloy articles are often bonded together using adhe-
sive compositions (for example, epoxy resins) or other
welding materials that are suitable for bonding aluminum
alloy articles to other aluminum alloy articles or articles
made of other materials. Even so, if such aluminum alloy
articles are to compete effectively with steel products in
certain market segments, the bonding processes must result
in bonds that are strong and that exhibit long-term durability
over the potential lifetime of the finished article of manu-
facture. Original equipment manufacturers (OEMs) con-
tinue to face pressure from regulators and consumers to offer
more energy-efficient vehicles that are also safe and durable.
Shifting from the use of steel to the use of aluminum alloys
plays a key role in achieving this goal. Therefore, there is a
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continuing need to develop aluminum alloy articles that
exhibit high bond durability when used in the context of
bonding processes, for example, in the context of adhesive
bonding with epoxy resins.

[0005] Ideally, the aluminum alloy articles also exhibit
strong corrosion resistance. Otherwise, the aluminum alloy
articles would be unsuitable for use in automotive, trans-
portation, electronics, and industrial applications.

SUMMARY

[0006] The covered embodiments of this disclosure are
defined by the claims, not this summary. This summary
provides a high-level overview of various aspects of the
invention and introduces some of the concepts that are
further described in the Detailed Description section below.
This summary is not intended to identify key or essential
features of the claimed subject matter, nor is it intended to
be used in isolation to determine the scope of the claimed
subject matter. The subject matter should be understood by
reference to appropriate portions of the entire specification,
any or all drawings, and each claim.

[0007] The present disclosure provides novel aluminum
alloy articles having one or more surfaces that provide
improved bond durability. The present disclosure also pro-
vides methods of making such aluminum alloy articles and
various articles of manufacture formed from such aluminum
alloy articles, including bonded articles of manufacture. In
some examples, the aluminum alloy article is a rolled article,
such as an aluminum alloy sheet, where the surface of the
sheet exhibits improved bond durability.

[0008] In a first aspect, the disclosure provides an alumi-
num alloy article comprising Cu and Mg, among others, as
alloying elements, wherein the aluminum alloy article com-
prises a subsurface portion and a bulk portion and wherein
an atomic concentration ratio of Cu to Mg in the subsurface
portion is from about 0.2 to about 5.0. In some examples, the
rolled aluminum alloy article is an aluminum alloy sheet.
Such sheets can have any suitable temper (e.g., an O temper
or an F temper or any temper ranging from a T1 to T9
temper) and any suitable gauge. In some cases, the alumi-
num alloy articles are 5xxx series aluminum alloys, 6xxx
series aluminum alloys, or 7xxx series aluminum alloys, as
provided herein.

[0009] In a second aspect, the disclosure provides a
method of making a surface-modified aluminum alloy
article, the method comprising: providing an aluminum
alloy article having a subsurface portion and a bulk portion,
wherein the aluminum alloy article comprises an aluminum
alloy material that comprises Mg and Cu as alloying ele-
ments; and contacting a surface of the subsurface portion
with a surface-modifying composition, wherein an atomic
concentration ratio of Cu to Mg in the subsurface portion is
from about 0.2 to about 5.0.

[0010] In a third aspect, the disclosure provides an alumi-
num alloy article made by the process of the second aspect
or any embodiments thereof.

[0011] In a fourth aspect, the disclosure provides an article
of manufacture, which is comprised of an aluminum alloy
article of the first or third aspects, or any embodiments
thereof. In some embodiments, the article of manufacture
comprises a rolled aluminum alloy sheet. Examples of such
articles of manufacture include, but are not limited to, an
automobile, a truck, a trailer, a train, a railroad car, an
airplane, a body panel or part for any of the foregoing, a
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bridge, a pipeline, a pipe, a tubing, a boat, a ship, a storage
container, a storage tank, an article of furniture, a window,
a door, a railing, a functional or decorative architectural
piece, a pipe railing, an electrical component, a conduit, a
beverage container, a food container, or a foil.

[0012] In a fifth aspect, the disclosure provides a bonded
article of manufacture, comprising a first aluminum alloy
article and a second metal or alloy article; wherein a surface
of'the first aluminum alloy article and a surface of the second
metal or alloy article are bonded together; and wherein one
or both of the first aluminum alloy article and the second
metal or alloy article are an aluminum alloy article of the
first or third aspects, or any embodiments thereof. In some
embodiments, the surface of the first aluminum alloy article
and the surface of the second metal or alloy article are
bonded together by adhesive bonding using, for example, an
adhesive composition, such as an epoxy resin.

[0013] In a sixth aspect, the disclosure provides a method
of bonding aluminum alloy articles as described herein to a
second metal or alloy article (e.g., a second aluminum alloy
article), the method comprising: providing a first aluminum
alloy article and a second metal or alloy article, wherein one
or both of the first aluminum alloy article and the second
metal or alloy article are an aluminum alloy article of the
first or third aspects, or any embodiments thereof;, and
bonding a surface of the first aluminum alloy article and a
surface of the second metal or alloy article. Optionally, the
second metal or alloy article comprises steel or a composite
material, such as a carbon composite. In some embodiments,
the bonding comprises adhesive bonding, for example, with
an adhesive composition, such as an epoxy resin.

[0014] In a seventh aspect, described herein is an alumi-
num alloy article comprising a surface (e.g., an outer surface
of the aluminum alloy), a subsurface portion (e.g., a portion
extending from the surface to a depth of about 5 um into the
aluminum alloy), and a bulk portion (e.g., any remainder of
the aluminum alloy that is not the surface and/or the sub-
surface), wherein the subsurface portion comprises an oxi-
dized copper-containing layer. The oxidized copper-contain-
ing layer comprises copper (1) oxide (i.e., Cu,0), copper (I)
oxide (CuO), copper peroxide (CuQO,), and/or copper (III)
oxide (Cu,0;). The oxidized copper-containing layer can
comprise oxidized copper particles including an atomic ratio
of a copper ion (e.g., Cu*, Cu**, and/or Cu**) concentration
to an elemental copper) (Cu®) concentration of from about
0.5 to about 1. The subsurface portion can comprise an area
from the surface of the aluminum alloy article to a depth of
about 5 um (e.g., from the surface of the aluminum alloy
article to a depth of about 2 pm).

[0015] In an eighth aspect, described herein are methods
of treating a surface of an aluminum alloy article. The
methods of treating a surface of an aluminum alloy article
can comprise providing an aluminum alloy article having a
subsurface portion and a bulk portion, wherein the subsur-
face portion comprises copper (Cu), and etching a surface of
the aluminum alloy article with an etch solution comprising
an oxidizing agent. Optionally, the providing step comprises
providing an aluminum alloy article comprising at least
about 0.001 wt. % Cu (e.g., from about 0.001 wt. % to about
10 wt. % Cu). Optionally, the providing step comprises
providing an aluminum alloy article comprising a 1xxx
series aluminum alloy, a 2xxx series aluminum alloy, a 3xxx
series aluminum alloy, a 4xxx series aluminum alloy, a Sxxx
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series aluminum alloy, a 6xxx series aluminum alloy, a 7xxx
series aluminum alloy, or an 8xxx series aluminum alloy.
[0016] The etching step can comprise oxidizing at least a
portion of the Cu present in the subsurface portion. Option-
ally, the etching step comprises oxidizing at least 30 atomic
percent (at. %) of the Cu present in the subsurface portion.
The oxidizing agent of the etch solution can comprise nitric
acid, perchloric acid, chromic acid, ammonium perchlorate,
ammonium permanganate, barium peroxide, calcium chlo-
rate, calcium hypochlorite, hydrogen peroxide, magnesium
peroxide, potassium bromate, potassium chlorate, potassium
peroxide, sodium chlorate, sodium chlorite, sodium perchlo-
rate, sodium peroxide, any combination thereof, or any
suitable oxidizing agent. The etch solution can further
comprise one or more additional acids, such as phosphoric
acid, sulfuric acid, hydrofluoric acid, acetic acid, and/or
hydrochloric acid. Optionally, the etch solution comprises
nitric acid, phosphoric acid, and sulfuric acid. The volumet-
ric concentration (e.g., volume percent, vol. %) of nitric
acid, phosphoric acid and sulfuric acid can be from about 5
vol. % to about 30 vol. % nitric acid, from about 0 vol. %
to about 75 vol. % phosphoric acid, and from about 7 vol.
% to about 25 vol. % sulfuric acid. In some examples, the
etch solution in the etching step is heated to a temperature
of from about 90° C. to about 110° C. The etching step can
be performed for a dwell time of from about 2 seconds to
about 2 minutes.

[0017] In a ninth aspect, described herein are aluminum
alloy articles prepared according to the methods described
herein. The aluminum alloy articles can comprise motor
vehicle body parts, among others.

[0018] Additional aspects and embodiments are set forth
in the detailed description, claims, and non-limiting
examples, which are included herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 shows the atomic concentration of Mg in a
test sample at depths up to 125 nm for B1, B2, and B3, as
recorded by XPS.

[0020] FIG. 2 shows the atomic concentration of Mg in a
test sample at depths up to 125 nm for B4, BS, and B6, as
recorded by XPS.

[0021] FIG. 3 shows the atomic concentration of Cu in a
test sample at depths up to 125 nm for B1, B2, and B3, as
recorded by XPS.

[0022] FIG. 4 shows the atomic concentration of Cu in a
test sample at depths up to 125 nm for B4, BS, and B6, as
recorded by XPS.

[0023] FIG. 5 shows a plot of the mean number of BD
cycles passed for each sample as a function of the atomic
concentration ratio of Cu to Mg for each sample.

[0024] FIG. 6A is a graph showing X-ray photon spec-
troscopy analysis of surfaces of various aluminum alloy
samples according to certain aspects of the present disclo-
sure.

[0025] FIG. 6B is a graph showing X-ray photon spec-
troscopy analysis of surfaces of various aluminum alloy
samples after sputtering according to certain aspects of the
present disclosure.

DETAILED DESCRIPTION

[0026] In a first embodiment, the present disclosure pro-
vides aluminum alloy articles that exhibit novel composi-
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tional characteristics near the surface, for example, the
beneficial enrichment of Cu coupled with the partial removal
of Mg. In some embodiments, such articles can exhibit
surprisingly improved bond durability with respect to
articles lacking such features. In a second embodiment, the
present disclosure provides aluminum alloy articles that
exhibit novel compositional characteristics near the surface,
for example, the beneficial enrichment of Cu coupled with
the partial removal of Mg. In some embodiments, such
articles can exhibit surprisingly improved bond durability
with respect to articles lacking such features.

[0027] Additionally, the present disclosure provides alu-
minum alloy articles having an inert or neutralized surface.
As used herein, an inert surface refers to a surface that has
been electrochemically modified such that the anodic and/or
cathodic properties of the surface are reduced as compared
to a surface that has not been electrochemically modified.
The inert or neutralized surfaces described herein are char-
acterized by a surface containing oxidized copper, as further
described herein. Also described herein are methods of
preparing the aluminum alloy articles having an inert or
neutralized surface. The methods include etching a surface
of the aluminum alloy articles with an oxidant. The resulting
aluminum alloy articles exhibit desirable bond durability
properties and exceptional corrosion resistance.

Definitions and Descriptions

2

[0028] The terms “invention,” “the invention,” “this
invention” and “the present invention” used herein are
intended to refer broadly to all of the subject matter of this
patent application and the claims below. Statements con-
taining these terms should be understood not to limit the
subject matter described herein or to limit the meaning or
scope of the patent claims below.

[0029] In this description, reference is made to alloys
identified by AA numbers and other related designations,
such as “series” or “6xxx.” For an understanding of the
number designation system most commonly used in naming
and identifying aluminum and its alloys, see “International
Alloy Designations and Chemical Composition Limits for
Wrought Aluminum and Wrought Aluminum Alloys™ or
“Registration Record of Aluminum Association Alloy Des-
ignations and Chemical Compositions Limits for Aluminum
Alloys in the Form of Castings and Ingot,” both published
by The Aluminum Association.

[0030] As used herein, the meaning of “a,” “an,” and “the”
includes singular and plural references unless the context
clearly dictates otherwise.

[0031] As used herein, a “plate” generally has a thickness
of greater than 15 mm. For example, a plate may have a
thickness of greater than 15 mm, greater than 20 mm, greater
than 25 mm, greater than 30 mm, greater than 35 mm,
greater than 40 mm, greater than 45 mm, greater than 50
mm, or greater than 100 mm.

[0032] Asused herein, a “shate” (also referred to as a sheet
plate) generally has a thickness of 4 mm to 15 mm. For
example, a shate may have a thickness of 4 mm, 5 mm, 6
mm, 7 mm, 8 mm, 9 mm, 10 mm, 11 mm, 12 mm, 13 mm,
14 mm, or 15 mm.

[0033] As used herein, a “sheet” generally has a thickness
of less than 4 mm. For example, a sheet may have a
thickness of no more than 3 mm, no more than 2 mm, no
more than 1 mm, no more than 0.5 mm, no more than 0.3
mm, or no more than 0.1 mm.
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[0034] Reference is made in this application to alloy
temper or condition. For an understanding of the alloy
temper descriptions most commonly used, see “American
National Standards (ANSI) H35 on Alloy and Temper Des-
ignation Systems.” An F condition or temper refers to an
aluminum alloy as fabricated. An O condition or temper
refers to an aluminum alloy after annealing. A T1 condition
or temper refers to an aluminum alloy after cooling from hot
working and natural aging (e.g., at room temperature). A T2
condition or temper refers to an aluminum alloy after
cooling from hot working, cold working, and natural aging.
A T3 condition or temper refers to an aluminum alloy after
solution heat treatment (i.e., solutionization), cold working,
and natural aging. A T4 condition or temper refers to an
aluminum alloy after solution heat treatment followed by
natural aging. A TS5 condition or temper refers to an alumi-
num alloy after cooling from hot working and artificial
aging. A T6 condition or temper refers to an aluminum alloy
after solution heat treatment followed by artificial aging
(AA). A'T7 condition or temper refers to an aluminum alloy
after solution heat treatment and is then stabilized. A T8x
condition or temper refers to an aluminum alloy after
solution heat treatment, followed by cold working and then
by artificial aging. A T9 condition or temper refers to an
aluminum alloy after solution heat treatment, followed by
artificial aging, and then by cold working.

[0035] All ranges disclosed herein are to be understood to
encompass any endpoints and any and all subranges sub-
sumed therein. For example, a stated range of “1 to 10”
should be considered to include any and all subranges
between (and inclusive of) the minimum value of 1 and the
maximum value of 10; that is, all subranges beginning with
a minimum value of 1 or more, e.g. 1 to 6.1, and ending with
a maximum value of 10 or less, e.g., 5.5 to 10.

[0036] As used herein, terms such as “cast product,” “cast
metal product,” “cast aluminum product,” “cast aluminum
alloy product,” and the like refer to a product produced by
direct chill casting (including direct chill co-casting) or
semi-continuous casting, continuous casting (including, for
example, by use of a twin belt caster, a twin roll caster, a
block caster, or any other continuous caster), electromag-
netic casting, hot top casting, or any other casting method.

[0037] As used herein, “bond durability” refers to an
ability of a bonding agent bonding two articles together to
withstand cycled mechanical stress after exposure to envi-
ronmental conditions that initiate failure of the bonding
agent. Bond durability is characterized in terms of number
of mechanical stress cycles applied to the bound articles
until the bond fails.

[0038] As used herein, “room temperature” can include a
temperature of from about 15° C. to about 30° C., for
example about 15° C., about 16° C., about 17° C., about 18°
C., about 19° C., about 20° C., about 21° C., about 22° C.,
about 23° C., about 24° C., about 25° C., about 26° C., about
27° C., about 28° C., about 29° C., or about 30° C.

[0039] In various examples and embodiments, the alumi-
num alloys are described in terms of their elemental com-
position in percent by weight (wt. %). In each alloy, the
remainder is aluminum, if not otherwise indicated. In some
embodiments, the alloys disclosed herein have a maximum
percent by weight of 0.15% for the sum of all impurities.

29 <

2 <
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Aluminum Alloy Article Having Improved Bond Durability

Aluminum Alloy Article

[0040] Described herein is an aluminum alloy article that
includes an aluminum alloy material. In some embodiments,
the aluminum alloy article as described herein includes one
or two rolled surfaces. In some such embodiments, the
aluminum alloy article is a rolled aluminum alloy sheet or
shate, which can be formed by hot rolling, cold rolling, or
any combination thereof, as further described below.
Optionally, the aluminum alloy article can be a rolled
aluminum alloy sheet. The aluminum alloy article includes
a subsurface portion and a bulk portion.

[0041] As used herein, the term “subsurface” refers to the
portion of the aluminum alloy article that extends from the
exterior surface of the aluminum alloy article into an interior
of the article to a depth of up to 5 um, but generally much
less. For example, the subsurface can refer to the portion of
the alloy that extends into the interior of the alloy article
from (and including) the exterior surface to a depth of 0.01
um, 0.05 pm, 0.10 um, 0.15 pm, 0.20 um, 0.25 pm, 0.3 pm,
0.35 um, 0.4 um, 0.45 pm, 0.50 pm, 0.55 um, 0.60 pm, 0.65
um, 0.70 pm, 0.75 pm, 0.80 um, 0.85 um, 0.9 pm, 0.95 pm,
1.0 um, 1.5 pm, 2.0 pm, 2.5 pm, 3.0 um, 3.5 pm, 4.0 pm, 4.5
pw.m, or 5.0 um, or anywhere in between. In some embodi-
ments, the subsurface extends from the external surface to a
depth ranging from 100 nm to 200 nm within the interior of
the aluminum alloy article. In some further such embodi-
ments, the subsurface extends from the external surface to a
depth of 100 nm, 110 nm, 120, nm, 130 nm, 140 nm, 150
nm, 160 nm, 170 nm, 180 nm, 190 nm, or 200 nm within the
interior of the aluminum alloy article. The portion of the
aluminum alloy article excluding the subsurface portion
(e.g., the remainder of the alloy article) is referred to herein
as the “bulk” or “bulk portion” of the aluminum alloy article.
Note that, for articles having two rolled surfaces, such as
with an aluminum alloy sheet or shate, the article can have
two subsurface portions with a bulk portion lying between
them.

[0042] The term “portion,” as used herein, should not be
construed to refer to layers, as in layers of a clad material.
Rather, the rolled surface and subsurface portions of the
aluminum alloy articles disclosed herein have a unitary
structure, but have compositional differences in alloying
elements at different depths from the surface within that
structure.

[0043] The aluminum alloy material in the aluminum alloy
article comprises Cu and Mg, among others, as alloying
elements. The atomic concentrations of the alloying ele-
ments within the portions of the aluminum alloy article vary
based on the particular location (e.g., depth) within the
aluminum alloy article, the identity of the element, and the
methods of preparing, processing, and treating the aluminum
alloy article. The atomic concentrations can be measured
using techniques as known to those of ordinary skill in the
art, including x-ray photoelectron spectroscopy (XPS).
[0044] Cuand Mg, for example, can be present in both the
subsurface portion and the bulk portion of the aluminum
alloy article. The atomic concentration ratio of Cu to Mg in
the subsurface portion of the aluminum alloy article can
have any suitable value, generally ranging from about 0.15
to about 5.0. In some cases, the atomic concentration ratio
of Cu to Mg in the subsurface portion of the aluminum alloy
article is at least about 0.15, at least about 0.16, at least about
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0.17, at least about 0.18, at least about 0.19, at least about
0.20, at least about 0.21, at least about 0.22, at least about
0.23, at least about 0.24, or at least about 0.25. In some
cases, the atomic concentration ratio of Cu to Mg in the
subsurface portion of the aluminum alloy article is no more
than 5.0, no more than 4.5, no more than 4.0, no more than
3.5, no more than 3.0, no more than 2.5, no more than 2.0,
no more than 1.5, no more than 1.0, or no more than 0.5. In
some cases, the atomic concentration ratio of Cu to Mg in
the subsurface portion of the aluminum alloy article ranges
from 0.2 to 5.0, from 0.2 to 4.5, from 0.2 to 4.0, from 0.2 to
3.5, from 0.2 to 3.0, from 0.2 to 2.5, from 0.2 to 2.0, from
0.2 to 1.5, from 0.2 to 1.0, or from 0.2 to 0.5. The atomic
concentration ratio of Cu to Mg can be calculated by taking
the simple ratio of the atomic concentration of Cu to that of
Mg in the subsurface portion, where the concentration is
measured using, for example, XPS as described above.
[0045] The aluminum alloy article, treated according to
methods as described herein (e.g., etched), can have an
atomic concentration ratio of Cu to Mg in the subsurface
portion that is different from the Cu to Mg atomic concen-
tration ratio in the subsurface portion of an untreated alu-
minum alloy article. For example, a treated (e.g., an etched)
aluminum alloy article can have a Cu to Mg atomic con-
centration ratio in the subsurface portion that is higher than
the Cu to Mg atomic concentration ratio in the subsurface
portion of an untreated (e.g., an unetched) aluminum alloy
article. Such a treated article can be characterized as having
a Mg depletion in the subsurface portion as compared to the
subsurface portion of an untreated article.

[0046] In addition, the aluminum alloy articles as
described herein can have varying distributions of Mg
within the subsurface portion and the bulk portion of the
article. For example, the Mg concentration can be lower in
the subsurface portion of a particular article as compared to
the bulk portion of the same article. In other examples, the
Mg concentration can be higher in the subsurface portion of
a particular article as compared to the bulk portion of the
same article. In still other examples, the Mg concentration in
the subsurface portion of a particular article can be equal to
the Mg concentration in the bulk portion of the same article.
[0047] Insome cases, the subsurface portion of the treated
aluminum alloy article can have a higher concentration of
Cu as compared to the subsurface of an untreated article or
the bulk portion of the treated article. Such articles, exhib-
iting a higher Cu concentration in the subsurface portion of
the treated aluminum alloy article as compared to a subsur-
face portion of an untreated aluminum alloy article or as
compared to bulk portion of the same treated aluminum
alloy article, are characterized as having a Cu enrichment in
the subsurface portion. In some embodiments, the aluminum
alloy articles disclosed herein exhibit both Mg depletion and
Cu enrichment.

[0048] Inaddition, the treatment methods described herein
can cause the concentration of certain alloying elements
within the treated aluminum alloy article to be different in
the subsurface portion in comparison to the bulk portion. For
example, the subsurface portion of a treated aluminum alloy
article can have a Cu to Mg atomic concentration ratio in the
subsurface portion that is higher than the Cu to Mg atomic
concentration ratio in the bulk portion of the treated alumi-
num alloy article. The higher Cu to Mg atomic concentration
ratio in the subsurface portion of the treated aluminum alloy
article can be achieved by using, for example, a treatment
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process that results in a loss of Mg from the subsurface
portion of the aluminum alloy article. In some examples, the
subsurface portion of a treated aluminum alloy article can
have a Cu to Mg atomic concentration ratio in the subsurface
portion that is lower than the Cu to Mg atomic concentration
ratio in the bulk portion of the treated aluminum alloy
article.

[0049] As illustrated in the Examples below, articles
exhibiting such compositional features have certain benefi-
cial properties. For example, aluminum alloy articles exhib-
iting Mg depletion and/or Cu enrichment can have improved
bond durability, which means that such articles may be more
suitable for use in contexts where it is desirable to bond the
article to other articles. In particular, Cu enrichment can
surprisingly improve bond durability. Thus, by enriching Cu
near the surface, coupled with depleting Mg, through the
methods described herein, one can tune the surface to have
a cathodic character suitable for good bond durability.
[0050] As noted above, the treatment methods disclosed
herein can be used to produce an aluminum alloy article
having Mg depletion. This Mg depletion can be determined
by using XPS to calculate the concentration of Mg at
different depths from the external surface, and then integrat-
ing the resulting curve to determine the atomic concentra-
tions of Mg in the subsurface portion and the bulk portion of
the aluminum alloy article. In some such embodiments, the
atomic concentration of Mg in the subsurface portion of the
treated aluminum alloy article is at least 5%, at least 10%,
at least 15%, at least 20%, or at least 25% lower than the
atomic concentration of Mg in the subsurface portion of the
untreated aluminum alloy article.

[0051] Further, in some additional embodiments, the treat-
ment methods disclosed herein can be used to produce an
aluminum alloy article having Cu enrichment. This Cu
enrichment can be determined by using XPS to calculate the
concentration of Cu at different depths from the external
surface, and then integrating the resulting curve to determine
the atomic concentrations of Cu in the subsurface portion
and the bulk portion of the aluminum alloy article. In some
such embodiments, the concentration of Cu in the subsur-
face portion of the aluminum alloy article is at least 5%, at
least 10%, at least 15%, at least 20%, at least 40%, at least
60%, at least 80%, at least 100%, at least 150%, or at least
200% greater than the atomic concentration of Cu in the bulk
portion of the aluminum alloy article (based on the atomic
concentration of Cu in the bulk portion of the aluminum
alloy article). Note that “at least 100% greater than,” in this
context, means that the concentration is at least double, and
“at least 200% greater than,” in this context, means that the
concentration is at least triple, and so forth.

[0052] In some further embodiments, it can also be useful
to refer to the atomic concentration ratio of Cu to Mg in the
subsurface portion of an aluminum alloy article as described
herein (e.g., a treated aluminum alloy article) relative to that
in the bulk portion of the aluminum alloy article or to that
in a subsurface portion of an untreated aluminum alloy
article, where such concentration ratios are measured as
described above. In general, in instances where the subsur-
face portion has undergone Mg depletion and/or Cu enrich-
ment, the atomic concentration ratio of Cu to Mg will be
higher in the subsurface portion of the aluminum alloy
article than in the bulk portion of the aluminum alloy article
or than in a subsurface portion of an untreated aluminum
alloy article. In some further such embodiments, the atomic
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concentration ratio of Cu to Mg in the subsurface portion is
at least 20%, at least 40%, at least 60%, at least 80%, at least
100%, at least 150%, or at least 200% greater than the
atomic concentration ratio of Cu to Mg in the bulk portion
(based on the atomic concentration ratio of Cu to Mg in the
bulk portion of the aluminum alloy article) or in the sub-
surface portion of an untreated aluminum alloy article.

[0053] In certain instances, certain surface properties may
be improved when Cu is dissolved in the aluminum alloy
material instead of existing within the metal as intermetallic
particles (i.e., agglomerated particles having a particle size
greater than 200 nm). Thus, in certain cases, it is desirable
that the Cu in the subsurface portion exists in a form such
that the subsurface portion has a low concentration of Cu
aggregates. Thus, in some embodiments, no more than 10
wt. %, no more than 5 wt. %, no more than 3 wt. %, no more
than 1 wt. %, no more than 0.5 wt. %, or no more than 0.1
wt. % of the Cu present in the subsurface portion is in an
agglomerated form (i.e., as intermetallic particles having a
particle size of greater than 200 nm), based on the total
amount of Cu present in the subsurface portion. The alumi-
num alloy article can be comprised of any suitable alumi-
num alloy that comprises Cu and Mg as alloying elements.
In some such embodiments, the aluminum alloy material is
a 5xxx series aluminum alloy, a 6xxx series aluminum alloy,
or a 7xxx series aluminum alloy. In such embodiments, the
aluminum alloy article can employ any suitable 5xxx series
aluminum alloy, 6xxx series aluminum alloy, or 7Xxx series
aluminum alloy, so long as Cu and Mg are present in the
alloy.

[0054] In some non-limiting examples, the Sxxx series
aluminum alloy can include AAS005, AAS005A, AAS5205,
AA5006, AAS5106, AAS010, AAS110A, AAS016, AAS017,
AA5018, AAS018A, AAS019, AAS019A, AA5119,
AAS119A, AAS021, AAS022, AAS023, AAS024, AAS026,
AA5027, AAS5028, AAS040, AAS5140, AAS041, AA5042,
AA5043, AAS049, AAS149, AA5249, AAS349, AA5449,
AA5449A, AAS050, AAS050A, AAS050C, AA5150,
AA5051, AAS051A, AAS1SI, AAS251, AAS251A,
AAS5351, AAS5451, AAS052, AAS5252, AAS352, AA5154,
AAS5154A, AAS154B, AAS154C, AAS5254, AA5354,
AA5454, AAS554, AAS654, AAS654A, AASTS54, AAS854,
AA5954, AAS056, AAS356, AAS5356A, AA5456,
AAS5456A, AAS5456B, AAS5556, AAS556A, AAS556B,
AAS5556C, AAS257, AAS5457, AAS557, AAS657, AAS058,
AA5059, AAS5070, AAS180, AASI80A, AAS082, AA5182,
AA5083, AAS5183, AAS5I83A, AAS5283, AAS5S283A,
AAS5283B, AAS383, AA5483, AAS086, AAS186, AAS087,
AAS5187, or AA5088.

[0055] In some further non-limiting examples, the 6xxx
series aluminum alloy can include AA6101, AAG101A,

AAGIOIB, AA6201, AAG201A, AAG401, AAGS01,
AAG002, AAG003, AAG103, AAG6005, AAGOOSA,
AAGO0SB, AAG6005C, AAG6105, AA6205, AAG305,

AAG006, AA6106, AAG206, AAG306, AA6008, AAGO0Y,
AAGO10, AA6110, AA6110A, AAGOL1, AAGL11, AAGO12,
AAGO12A, AAGO13, AA6113, AAG6014, AAGO15, AAGOL6,
AAGO16A, AAG116, AAGO1S, AA6019, AAG020, AAGO21,
AAG022, AAGO23, AAG024, AAGD25, AA6026, AAGO27,
AAG028, AAGO31, AAGO32, AAGO33, AA6040, AAGO41,
AAG042, AAGO43, AAGL51, AA6351, AA63S1A, AAGAS],
AAG951, AAG0S3, AAGOS5, AAGDS6, AA6156, AAGOGO,
AAG160, AAG260, AA6360, AAGAGO, AAGA60B, AAGS60,
AAGG60, AAGO61, AAGOGLA, AA6261, AA6361, AAGL62,
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AAG262, AAG262A, AAGOG3, AAG063A, AAGA63,
AAGAG3A, AAGT63, AGI63, AA6064, AAGOGAA, AAGOGS,
AAGO66, AAGOGS, AAGOGY, AAGOTO, AA6081, AAGISI,
AAGISIA, AAG0S2, AAGOS2A, AA6182, AAGO91, or
AAG092.

[0056] In some non-limiting examples, the 7xxx series
aluminum alloy can include AA7020, AA7021, AA7039,
AA7072, AAT075, AAT085, AA7108, AA7108A, AA7015,
AA7017, AAT018, AA7019, AAT019A, AAT024, AAT025,
AA7028, AA7030, AA7031, AA7035, AAT035A, AAT046,
AA7046A, AAT003, AA7004, AA7005, AA7009, AA7010,
AA7011, AA7012, AA7014, AA7016, AAT116, AAT122,
AA7023, AA7026, AA7029, AA7129, AA7229, AAT032,
AA7033, AA7034, AA7036, AA7136, AAT037, AA7040,
AA7140, AAT041, AA7049, AAT049A, AA7149,7204,
AAT7249, AAT349, AAT449, AAT050, AAT050A, AA7150,
AA7250, AAT055, AA7155, AA7255, AAT056, AA7060,
AA7064, AAT065, AAT068, AAT168, AAT175, AAT475,
AA7076, AAT178, AAT278, AAT278A, AAT081, AA7181,
AA7185, AAT7090, AA7093, AA7095, or AA7099.

[0057] In some embodiments, the aluminum alloy article
disclosed herein is comprised of an aluminum alloy material
that has the elemental composition set forth in Table 1.

TABLE 1
Element Weight Percentage (wt. %)
Si 0.2-1.4
Mg 0.4-5.0
Cu 0.01-2.0
Fe 0.05-0.5
Mn 0-0.25
Cr 0-0.25
Zn 0-0.15
Ti 0-0.20
Zr 0-0.05
Pb 0-0.05
Impurities 0-0.15
Al Remainder

[0058] In some such embodiments, the aluminum alloy
material has the elemental composition set forth in Table 2.
TABLE 2

Element Weight Percentage (wt. %)
Si 0.4-1.0
Mg 0.5-1.5
Cu 0.05-1.2

Fe 0.1-0.4
Mn 0.05-0.20
Cr 0-0.15
Zn 0-0.15
Ti 0-0.15
Zr 0-0.05
Pb 0-0.05
Impurities 0-0.15
Al Remainder

[0059] In some embodiments of any of the foregoing
embodiments, the aluminum alloy material includes silicon
(Si) in an amount from 0.2% to 1.4%. In some further
embodiments of any of the aforementioned embodiments,
the alloy compositions have from 0.3% to 1.1% Si, from
0.4% to 1.0% Si, from 0.4% to 0.9% Si, from 0.4% to 0.8%
Si, or from 0.4% to 0.7% Si. For example, the aluminum
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alloy material can include 0.2%, 0.3%, 0.4%, 0.5%, 0.6%,
0.7%, 0.8%, 0.9%, 1.0%, 1.1%, 1.2%, 1.3%, or 1.4% Si. All
are expressed in wt. %.

[0060] In some embodiments of any of the foregoing
embodiments, the aluminum alloy material includes mag-
nesium (Mg) in an amount from 0.4% to 5.0%. In some
further embodiments of any of the aforementioned embodi-
ments, the alloy compositions have from 0.4% to 4.5% Mg,
from 0.4% to 4.0% Mg, from 0.5% to 3.5% Mg, from 0.5%
to 3.0% Mg, or from 0.5% to 2.5% Mg. For example, the
aluminum alloy material can include 0.4%, 0.5%, 0.6%,
0.7%, 0.8%, 0.9%, 1.0%, 1.1%, 1.2%, 1.3%, 1.4%, 1.5%,
1.6%, 1.7%, 1.8%, 1.9%, 2.0%, 2.1%, 2.2%, 2.3%, 2.4%,
2.5%, 2.6%, 2.7%, 2.8%, 2.9%, 3.0%, 3.1%, 3.2%, 3.3%,
3.4%, 3.5%, 3.6%, 3.7%, 3.8%, 3.9%, 4.0%, 4.1%, 4.2%,
4.3%, 4.4%, 4.5%, 4.6%, 4.7%, 4.8%, 4.9%, or 5.0% Mg.
All are expressed in wt. %.

[0061] In some embodiments of any of the foregoing
embodiments, the aluminum alloy material includes copper
(Cu) in an amount from 0.01% to 2.0%. In some further
embodiments of any of the aforementioned embodiments,
the alloy compositions have from 0.01% to 1.2% Cu, from
0.05% to 1.1% Cu, from 0.1% to 1.0% Cu, from 0.1% to
0.9% Cu, or from 0.1% to 0.8% Cu. For example, the
aluminum alloy material can include 0.01%, 0.03%, 0.05%,
0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%,
1.0%, 1.1%, 1.2%, 1.3%, 1.4%, 1.5%, 1.6%, 1.7%, 1.8%,
1.9%, or 2.0% Cu. All are expressed in wt. %.

[0062] In some embodiments of any of the foregoing
embodiments, the aluminum alloy material includes iron
(Fe) in an amount from 0.05% to 0.5%. In some further
embodiments of any of the aforementioned embodiments,
the alloy compositions have from 0.1% to 0.4% Fe or from
0.1% to 0.3% Fe. For example, the aluminum alloy material
can include 0.05%, 0.1%, 0.15%, 0.2%, 0.25%, 0.3%,
0.35%, 0.4%, 0.45%, or 0.5% Fe. All are expressed in wt. %.
[0063] In some embodiments of any of the foregoing
embodiments, the aluminum alloy material includes man-
ganese (Mn) in an amount of up to 0.25%. In some further
embodiments of any of the aforementioned embodiments,
the alloy compositions have from 0.05% to 0.20% Mn, from
0.01% to 0.10% Mn, or from 0.02% to 0.05% Mn. For
example, the aluminum alloy material can include 0.01%,
0.02%, 0.03%, 0.04%, 0.05%, 0.06%, 0.07%, 0.08%,
0.09%, 0.10%, 0.11%, 0.12%, 0.13%, 0.14%, 0.15%,
0.16%, 0.17%, 0.18%, 0.19%, 0.20%, 0.21%, 0.22%,
0.23%, 0.24%, or 0.25% Mn. In some cases, Mn is not
present in the alloy (i.e., 0%). All are expressed in wt. %.
[0064] In some embodiments of any of the foregoing
embodiments, the aluminum alloy material includes chro-
mium (Cr) in an amount of up to 0.25%, or up to 0.15%. In
some further embodiments of any of the aforementioned
embodiments, the alloy compositions have from 0.01% to
0.10% Cr or from 0.02% to 0.05% Cr. For example, the
aluminum alloy material can include 0.01%, 0.02%, 0.03%,
0.04%, 0.05%, 0.06%, 0.07%, 0.08%, 0.09%, 0.10%,
0.11%, 0.12%, 0.13%, 0.14%, 0.15%, 0.16%, 0.17%,
0.18%, 0.19%, 0.20%, 0.21%, 0.22%, 0.23%, 0.24%, or
0.25% Cr. In some cases, Cr is not present in the alloy (i.e.,
0%). All are expressed in wt. %.

[0065] In some embodiments of any of the foregoing
embodiments, the aluminum alloy material includes zinc
(Zn) in an amount of up to 0.15%. In some further embodi-
ments of any of the aforementioned embodiments, the alloy
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compositions have from 0.01% to 0.10% Zn or from 0.02%
to 0.05% Zn. For example, the aluminum alloy material can
include 0.01%, 0.02%, 0.03%, 0.04%, 0.05%, 0.06%,
0.07%, 0.08%, 0.09%, 0.10%, 0.11%, 0.12%, 0.13%,
0.14%, or 0.15% Zn. In some cases, Zn is not present in the
alloy (i.e., 0%). All are expressed in wt. %.

[0066] In some embodiments of any of the foregoing
embodiments, the aluminum alloy material includes tita-
nium (Ti) in an amount of up to 0.20%, or up to 0.15%. In
some further embodiments of any of the aforementioned
embodiments, the alloy compositions have from 0.01% to
0.10% Ti or from 0.02% to 0.05% Ti. For example, the
aluminum alloy material can include 0.01%, 0.02%, 0.03%,
0.04%, 0.05%, 0.06%, 0.07%, 0.08%, 0.09%, 0.10%,
0.11%, 0.12%, 0.13%, 0.14%, 0.15%, 0.16%, 0.17%,
0.18%, 0.19%, or 0.20% Ti. In some cases, Ti is not present
in the alloy (i.e., 0%). All are expressed in wt. %.

[0067] In some embodiments of any of the foregoing
embodiments, the aluminum alloy material includes zirco-
nium (Zr) in an amount of up to 0.05%. In some further
embodiments of any of the aforementioned embodiments,
the alloy compositions have from 0.01% to 0.05% Zr. For
example, the aluminum alloy material can include 0.01%,
0.02%, 0.03%, 0.04%, or 0.05% Zr. In some cases, Zr is not
present in the alloy (i.e., 0%). All are expressed in wt. %.
[0068] In some embodiments of any of the foregoing
embodiments, the aluminum alloy material includes lead
(Pb) in an amount of up to 0.05%. In some further embodi-
ments of any of the aforementioned embodiments, the alloy
compositions have from 0.01% to 0.05% Pb. For example,
the aluminum alloy material can include 0.01%, 0.02%,
0.03%, 0.04%, or 0.05% Pb. In some cases, Pb is not present
in the alloy (i.e., 0%). All are expressed in wt. %.

[0069] In some embodiments of any of the foregoing
embodiments, the aluminum alloy material includes one or
more elements selected from the group consisting of Sc, Ni,
Sn, Be, Mo, Li, Bi, Sb, Nb, B, Co, Sr, V, In, Hf, and Ag in
an amount of up to 0.10% (e.g., from 0.01% to 0.10%, from
0.01% to 0.05%, or from 0.03% to 0.05%), based on the total
weight of the alloy. For example, the aluminum alloy
material can include 0.01%, 0.02%, 0.03%, 0.04%, 0.05%,
0.06%, 0.07%, 0.08%, 0.09%, or 0.10% of one or more
elements selected from the group consisting of Sc, Ni, Sn,
Be, Mo, Li, Bi, Sb, Nb, B, Co, Sr, V, In, Hf, and Ag. All are
expressed in wt. %.

[0070] In some embodiments of any of the foregoing
embodiments, the aluminum alloy material includes one or
more elements selected from the group consisting of Y, La,
Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and
Lu in an amount of up to 0.10% (e.g., from 0.01% to 0.10%,
from 0.01% to 0.05%, or from 0.03% to 0.05%), based on
the total weight of the alloy. For example, the aluminum
alloy material can include 0.01%, 0.02%, 0.03%, 0.04%,
0.05%, 0.06%, 0.07%, 0.08%, 0.09%, or 0.10% of one or
more elements selected from the group consisting of Y, La,
Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and
Lu. All are expressed in wt. %.

[0071] In some embodiments of any of the foregoing
embodiments, the aluminum alloy material includes other
minor elements, sometimes referred to as impurities, in
amounts of 0.15% or below, 0.14% or below, 0.13% or
below, 0.12% or below, 0.11% or below, 0.10% or below,
0.09% or below, 0.08% or below, 0.07% or below, 0.06% or
below, 0.05% or below, 0.04% or below, 0.03% or below,
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0.02% or below, or 0.01% or below. In some embodiments,
these impurities include, but are not limited to, Ga, Ca, Na,
or combinations thereof. Accordingly, in some embodi-
ments, one or more elements selected from the group
consisting of Ga, Ca, and Na may be present in the alumi-
num alloy material in amounts of 0.15% or below, 0.14% or
below, 0.13% or below, 0.12% or below, 0.11% or below,
0.10% or below, 0.09% or below, 0.08% or below, 0.07% or
below, 0.06% or below, 0.05% or below, 0.04% or below,
0.03% or below, 0.02% or below, or 0.01% or below. The
sum of all impurities does not exceed 0.15% (e.g., 0.10%).
All expressed in wt. %. The remaining percentage of the
alloy is aluminum.

[0072] The alloy compositions disclosed herein, including
the aluminum alloy material of any of foregoing embodi-
ments, have aluminum (Al) as a major component, for
example, in an amount of at least 95.0% of the alloy. In some
embodiments of any of the foregoing embodiments, the
alloy compositions have at least 95.5% Al, at least 96.0% Al,
at least 96.5% Al, at least 97.0% Al, at least 97.5% Al, or at
least 98.0% Al. All expressed in wt. %.

[0073] Inthis aspect and the various embodiments thereof,
the features of the aluminum alloy articles are not neces-
sarily limited by any means of obtaining the features set
forth. Even so, the foregoing aspect sets forth various
embodiments of methods suitable for preparing aluminum
alloy articles having certain of the features set forth herein.

Methods of Preparing Aluminum Alloy Articles

[0074] In certain aspects and embodiments, the aluminum
alloy articles disclosed above are products of methods
disclosed herein. Without intending to limit the scope of
what is set forth herein, certain properties of the aluminum
alloy articles disclosed herein are at least partially deter-
mined by the formation of certain compositional features
during the preparation thereof.

[0075] In at least another aspect, the disclosure provides a
method of making a surface-modified aluminum alloy article
(which is also referred to herein as a treated aluminum alloy
article). The method includes the steps of providing an
aluminum alloy article having a subsurface portion and a
bulk portion, wherein the aluminum alloy article comprises
an aluminum alloy material that comprises Mg and Cu as
alloying elements; and contacting a surface of the subsurface
portion with a surface-modifying composition. The atomic
concentration ratio of Cu to Mg in the subsurface portion is
from about 0.2 to about 5.0. In some embodiments thereof,
the aluminum alloy article is formed by processes that
include, among other steps, casting a molten aluminum alloy
to form an aluminum alloy cast product, homogenizing the
aluminum alloy cast product to form a homogenized alumi-
num alloy cast product, rolling the homogenized aluminum
alloy product to form a rolled aluminum alloy product, and
solutionizing the rolled aluminum alloy product to form the
aluminum alloy article. Such processing steps, as well as the
treating steps, are set forth in further detail below.

[0076] Further, the methods disclosed herein use an alu-
minum alloy material that comprises both Mg and Cu. For
this aspect, any suitable such aluminum alloy can be used,
including the aluminum alloy compositions set forth in
various embodiments of the preceding aspect, which
description is incorporated herein by reference.
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[0077] Casting

[0078] The methods disclosed herein comprise a step of
casting a molten aluminum alloy to form an aluminum alloy
cast product. In some embodiments, the alloys are cast using
a direct chill (DC) casting process to form an aluminum
alloy ingot. The resulting ingots can then be scalped. The
cast product can then be subjected to further processing
steps. In one non-limiting example, the processing method
includes homogenizing the aluminum alloy ingot and hot
rolling the aluminum alloy ingot to form an aluminum alloy
hot band. The aluminum alloy hot band can then be sub-
jected to cold rolling, solution heat treatment, and optionally
a pretreatment step.

[0079] In some other embodiments, the alloys are cast
using a continuous casting (CC) process that may include,
but is not limited to, the use of twin-belt casters, twin-roll
casters, or block casters. In some embodiments, the casting
process is performed by a CC process to form a cast product
in the form of a billet, a slab, a shate, a strip, and the like.

[0080] In some embodiments of any of the foregoing
embodiments, the molten alloy may be treated before cast-
ing. The treatment can include one or more of degassing,
inline fluxing, and filtering.

[0081] The cast product can then be subjected to further
processing steps, as described in further detail below. In
some embodiments, the processing steps can be used to
prepare aluminum alloy sheets. The processing steps can be
suitably applied to any cast product, including, but not
limited to, ingots, billets, slabs, strips, etc., using modifica-
tions and techniques as known to those of skill in the art.

[0082]

[0083] The homogenization step can include heating an
aluminum alloy cast product prepared from an alloy com-
position described herein to attain a peak metal temperature
(PMT) of at least 450° C. (e.g., at least 450° C., at least 460°
C., at least 470° C., at least 480° C., at least 490° C., at least
500° C., at least 510° C., at least 520° C., at least 530° C.,
at least 540° C., at least 550° C., at least 560° C., at least
570° C., or at least 580° C.). For example, the cast product
can be heated to a temperature of from 450° C. to 600° C.,
from 500° C. to 590° C., from 520° C. to 580° C., from 530°
C.to 575° C., from 535° C. to 570° C., from 540° C. to 565°
C., from 545° C. to 560° C., from 530° C. to 560° C., or from
550° C. to 580° C. In some embodiments of any of the
foregoing embodiments, the heating rate to the PMT is 100°
C./hour or less, 75° C./hour or less, 50° C./hour or less, 40°
C./hour or less, 30° C./hour or less, 25° C./hour or less, 20°
C./hour or less, or 15° C./hour or less. In some other such
embodiments, the heating rate to the PMT is from 10°
C./min to 100° C./min (e.g., from 10° C./min to 90° C./min,
from 10° C./min to 70° C./min, from 10° C./min to 60°
C./min, from 20° C./min to 90° C./min, from 30° C./min to
80° C./min, from 40° C./min to 70° C./min, or from 50°
C./min to 60° C./min).

[0084] In most instances, the aluminum alloy cast product
is then allowed to soak (i.e., held at the indicated tempera-
ture) for a period of time. In some embodiments, the
aluminum alloy cast product is allowed to soak for up to 15
hours (e.g., from 30 minutes to 6 hours, inclusively). For
example, in some embodiments, the aluminum alloy cast
product is soaked at a temperature of at least 450° C. for 30
minutes, for 1 hour, for 2 hours, for 3 hours, for 4 hours, for
5 hours, for 6 hours, for 7 hours, for 8 hours, for 9 hours, for

Homogenization
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10 hours, for 11 hours, for 12 hours, for 13 hours, for 14
hours, for 15 hours, or for any time period in between.
[0085] In some embodiments, the homogenization
described herein can be carried out in a two-stage homog-
enization process. In some such embodiments, the homog-
enization process can include the above-described heating
and soaking steps, which can be referred to as the first stage,
and can further include a second stage. In the second stage
of the homogenization process, the temperature of the alu-
minum alloy cast product is increased to a temperature
higher than the temperature used for the first stage of the
homogenization process. The aluminum alloy cast product
temperature can be increased, for example, to a temperature
at least 5° C. higher than the aluminum alloy cast product
temperature during the first stage of the homogenization
process. For example, the aluminum alloy cast product
temperature can be increased to a temperature of at least
455° C. (e.g., at least 460° C., at least 465° C., or at least
470° C.). The heating rate to the second stage homogeniza-
tion temperature can be 5° C./hour or less, 3° C./hour or less,
or 2.5° C./hour or less. The aluminum alloy cast product is
then allowed to soak for a period of time during the second
stage. In some embodiments, the aluminum alloy cast prod-
uct is allowed to soak for up to 10 hours (e.g., from 30
minutes to 10 hours, inclusively). For example, the alumi-
num alloy cast product can be soaked at the temperature of
at least 455° C. for 30 minutes, for 1 hour, for 2 hours, for
3 hours, for 4 hours, for 5 hours, for 6 hours, for 7 hours, for
8 hours, for 9 hours, or for 10 hours. In some embodiments,
following homogenization, the aluminum alloy cast product
is allowed to cool to room temperature in the air.

[0086] Insome embodiments, homogenization may not be
performed, such as in certain continuous casting (CC) meth-
ods where such steps may not be necessary.

[0087] Optional Quenching

[0088] In some embodiments, the cast product can be
quenched prior to hot rolling, particularly in some embodi-
ments where the cast product was formed by continuous
casting (CC). In some such embodiments, the homogeniza-
tion disclosed above may not be performed. Thus, in some
embodiments involving CC, after the casting step, the cast
product is quenched. In the quenching step, the cast product
can be cooled to a temperature at or below about 300° C. For
example, the cast product can be cooled to a temperature at
or below 290° C., at or below 280° C., at or below 270° C.,
at or below 260° C., at or below 250° C., at or below 240°
C., ator below 230° C., at or below 220° C., at or below 210°
C., at or below 200° C., at or below 190° C., at or below 180°
C., ator below 170° C., at or below 160° C., at or below 150°
C., ator below 140° C., at or below 130° C., at or below 120°
C., at or below 110° C., at or below 100° C., at or below 90°
C., at or below 80° C., at or below 70° C., at or below 60°
C., at or below 50° C., or at or below 40° C. (e.g., about 25°
C.). The quenching step can be performed using a liquid
(e.g., water), a gas (e.g., air), or another selected quench
medium.

[0089] Hot Rolling

[0090] Following the homogenization step, one or more
hot rolling passes may be performed. In certain cases, the
aluminum alloy cast products are laid down and hot rolled
at a temperature ranging from 250° C. to 550° C. (e.g., from
300° C. to 500° C., or from 350° C. to 450° C.).

[0091] In certain embodiments, the aluminum alloy cast
product is hot rolled to a 4 mm to 15 mm thick gauge (e.g.,
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from 4 mm to 15 mm thick gauge), which is referred to as
a shate. For example, the aluminum alloy cast product can
be hot rolled to a 15 mm thick gauge, a 14 mm thick gauge,
a 13 mm thick gauge, a 12 mm thick gauge, a 11 mm thick
gauge, a 10 mm thick gauge, a 9 mm thick gauge, a 8 mm
thick gauge, a 7 mm thick gauge, a 6 mm thick gauge, a 5
mm thick gauge, or a 4 mm thick gauge.

[0092] In certain other embodiments, the aluminum alloy
cast product can be hot rolled to a gauge greater than 15 mm
thick (e.g., a plate). For example, the aluminum alloy cast
product can be hot rolled to a 25 mm thick gauge, a 24 mm
thick gauge, a 23 mm thick gauge, a 22 mm thick gauge, a
21 mm thick gauge, a 20 mm thick gauge, a 19 mm thick
gauge, a 18 mm thick gauge, a 17 mm thick gauge, or a 16
mm thick gauge.

[0093] In other cases, the aluminum alloy cast product can
be hot rolled to a gauge no more than 4 mm (i.e., a sheet).
In some such embodiments, the aluminum alloy cast product
is hot rolled to a 1 mm to 4 mm thick gauge. For example,
the aluminum alloy cast product can be hot rolled to a 4 mm
thick gauge, a 3 mm thick gauge, a 2 mm thick gauge, or a
1 mm thick gauge.

[0094] Cold Rolling

[0095] Following the hot rolling, one or more cold rolling
passes may be performed. In certain embodiments, the rolled
product from the hot rolling step (e.g., the plate, shate, or
sheet) can be cold rolled to a thin-gauge shate or sheet. In
some embodiments, this thin-gauge shate or sheet is cold
rolled to have a thickness (i.e., a first thickness) ranging
from 1.0 mm to 10.0 mm, or from 2.0 mm to 8.0 mm, or
from 3.0 mm to 6.0 mm, or from 4.0 mm to 5.0 mm. In some
embodiments, this thin-gauge shate or sheet is cold rolled to
have a thickness of 12.0 mm, 11.9 mm, 11.8 mm, 11.7 mm,
11.6 mm, 11.5 mm, 11.4 mm, 11.3 mm, 11.2 mm, 11.1 mm,
11.0 mm, 10.9 mm, 10.8 mm, 10.7 mm, 10.6 mm, 10.5 mm,
10.4 mm, 10.3 mm, 10.2 mm, 10.1 mm, 10.0 mm, 9.9 mm,
9.8 mm, 9.7 mm, 9.6 mm, 9.5 mm, 9.4 mm, 9.3 mm, 9.2 mm,
9.1 mm, 9.0 mm, 8.9 mm, 8.8 mm, 8.7 mm, 8.6 mm, 8.5 mm,
8.4 mm, 8.3 mm, 8.2 mm, 8.1 mm, 8.0 mm, 7.9 mm, 7.8 mm,
7.7 mm, 7.6 mm, 7.5 mm, 7.4 mm, 7.3 mm, 7.2 mm, 7.1 mm,
7.0mm, 6.9 mm, 6.8 mm, 6.7 mm, 6.6 mm, 6.5 mm, 6.4 mm,
6.3 mm, 6.2 mm, 6.1 mm, 6.0 mm, 5.9 mm, 5.8 mm, 5.7 mm,
5.6 mm, 5.5 mm, 5.4 mm, 5.3 mm, 5.2 mm, 5.1 mm, 5.0 mm,
4.9 mm, 4.8 mm, 4.7 mm, 4.6 mm, 4.5 mm, 4.4 mm, 4.3 mm,
4.2mm, 4.1 mm, 4.0 mm, 3.9 mm, 3.8 mm, 3.7 mm, 3.6 mm,
3.5mm, 3.4 mm, 3.3 mm, 3.2 mm, 3.1 mm, 3.0 mm, 2.9 mm,
2.8 mm, 2.7 mm, 2.6 mm, 2.5 mm, 2.4 mm, 2.3 mm, 2.2 mm,
2.1 mm,2.0mm, 1.9 mm, 1.8 mm, 1.7 mm, 1.6 mm, 1.5 mm,
1.4mm, 1.3 mm, 1.2 mm, 1.1 mm, 1.0 mm, 0.9 mm, 0.8 mm,
0.7 mm, 0.6 mm, 0.5 mm, 0.4 mm, 0.3 mm, 0.2 mm, or 0.1
mm.

[0096] In some embodiments, the one or more cold rolling
passes reduce the thickness of the rolled aluminum product
by at least 30%, at least 35%, at least 40%, at least 45%, at
least 50%, at least 55%, at least 60%, at least 65%, or at least
70%. In some embodiments, the one or more cold rolling
passes reduces the cast product to a thickness (i.e., a first
thickness) of no more than 10 mm, no more than 9 mm, no
more than 8 mm, no more than 7 mm, no more than 6 mm,
or no more than 5 mm.

[0097] Solutionizing

[0098] The cold rolled coil can then be solutionized in a
solution heat treatment step to form an aluminum alloy
article. The solutionizing can include heating the unwound
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final gauge aluminum alloy from room temperature to a
temperature of from 450° C. to 590° C. (e.g., from 475° C.
to 585° C., from 500° C. to 580° C., from 515° C. to 575°
C., from 525° C. to 570° C., from 530° C. to 565° C., from
535° C. to 560° C., or from 540° C. to 555° C.). In some
examples, the solutionizing is performed at a temperature of
560° C. or below (e.g., from 520° C. to 560° C.). For
example, the solutionizing can be performed at a tempera-
ture of 450° C., 455° C., 460° C., 465° C., 470° C., 475° C.,
480° C., 485° C., 490° C., 495° C., 500° C., 505° C., 510°
C., 515° C., 520° C., 525° C., 530° C., 535° C., 540° C.,
545° C., 550° C., 555° C., or 560° C.

[0099] The final gauge aluminum alloy can soak at the
solutionizing temperature for a period of time. In certain
aspects, the final gauge aluminum alloy is allowed to soak
for up to approximately 5 hours (e.g., from about 1 second
to about 5 hours, inclusively). For example, the cold rolled
coil can be soaked at the solutionizing temperature of from
525° C. to 590° C. for 1 second, 5 seconds, 10 seconds, 15
seconds, 20 seconds, 25 seconds, 30 seconds, 35 seconds, 40
seconds, 45 seconds, 50 seconds, 55 seconds, 60 seconds, 65
seconds, 70 seconds, 75 seconds, 80 seconds, 85 seconds, 90
seconds, 95 seconds, 100 seconds, 105 seconds, 110 sec-
onds, 115 seconds, 120 seconds, 125 seconds, 130 seconds,
135 seconds, 140 seconds, 145 seconds, 150 seconds, 5
minutes, 10 minutes, 15 minutes, 20 minutes, 25 minutes, 30
minutes, 35 minutes, 40 minutes, 45 minutes, 50 minutes, 55
minutes, 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, or
anywhere in between.

[0100] Insomeembodiments, a shorter soaking duration is
desirable. For example, the cold rolled coil can be allowed
to soak for about 30 seconds or less (e.g., 25 seconds or less,
20 seconds or less, 15 seconds or less, 10 seconds or less, 5
seconds or less, or 1 second).

[0101]

[0102] In certain embodiments, the aluminum alloy article
is then cooled to a temperature of about 30° C. at a quench
speed that can vary between 50° C./s to 400° C./s in a
quenching step that is based on the selected gauge. For
example, the quench rate can be from 50° C./s to 375° C./s,
from 60° C./s to 375° C./s, from 70° C./s to 350° C./s, from
80° C./s to 325° C./s, from 90° C./s to 300° C./s, from 100°
C./s10275° C./s, from 125° C./s to 250° C./s, from 150° C./s
to 225° C./s, or from 175° C./s to 200° C./s.

[0103] In the quenching step, the aluminum alloy article is
quenched with a liquid (e.g., water) and/or gas or another
selected quench medium. In certain aspects, the aluminum
alloy article can be air quenched. The aluminum alloy article
can optionally undergo certain treating steps, as further
described below.

[0104] Surface Modification

[0105] The methods disclosed herein include the step(s) of
treating the rolled surface to form a treated aluminum alloy
article, wherein the treating comprises contacting the rolled
surface with a treatment composition. In general, the surface
treating processes set forth herein play a role in the Mg
depletion and/or Cu enrichment of the aluminum alloy
article, as described above.

[0106] With reference to the treating and other steps of the
methods, reference is made to a “subsurface portion” and a
“bulk portion.” Those terms have the same meanings as set
forth above in the description of the aspect relating to the
aluminum alloy articles, including any embodiments and

Quenching
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combinations of embodiments thereof, which description is
hereby incorporated by reference into this discussion of the
methods.

[0107] In some embodiments, the treating comprises
cleaning the surface with an alkaline cleaning composition.
Such cleaning removes residual oils or certain adhering
oxides (e.g., MgO) from the surface. In some embodiments,
the cleaning composition is an alkaline solution having a pH
of 7.5 or above. In some further such embodiments, the pH
of the alkaline solution can be about 8, about 8.5, about 9,
about 9.5, about 10, about 10.5, about 11, about 11.5, about
12, about 12.5, or about 13. In some such embodiments, the
concentration of the alkaline agent ranges from 1% to 10%
(e.g., 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, or 10%, based
on the volume of the alkaline solution). Suitable alkaline
agents include, for example, hydroxides (e.g., sodium
hydroxide, potassium hydroxide, ammonium hydroxide, and
the like). The alkaline solution can further include one or
more surfactants, including anionic and non-ionic surfac-
tants. In some embodiments, the alkaline solution does not
include a strong oxidizing agent, or has a very low concen-
tration of a strong oxidizing agent (e.g., a concentration of
no more than 1000 ppm, no more than 500 ppm, no more
than 300 ppm, no more than 100 ppm, no more than 50 ppm,
no more than 25 ppm, or no more than 10 ppm). The alkaline
wash can be performed using, for example, spray impinge-
ment which can remove Mg, in the form of MgO, from the
surface. Further, in some embodiments, the alkaline wash
can be followed by spraying the washed surface with water
or an aqueous medium under high pressure. The post-wash
spray can serve to remove oxidized Mg (e.g., as MgO) from
the surface of the aluminum alloy article.

[0108] The pretreatment process described herein can also
include a step of etching the surface of the aluminum alloy
article. The surface of the aluminum alloy article can be
etched using a chemical etch such as an acid etch (i.e., an
etching procedure that includes an acid solution having a pH
of less than 7), an alkaline etch (i.e., an etching procedure
that includes a basic solution having a pH of greater than 7),
or an etch under neutral conditions (i.e., an etching proce-
dure that includes a neutral solution having a pH of 7). The
chemical etch prepares the surface to accept the subsequent
application of a pretreatment. Any loosely adhering oxides,
such as Al oxides and Mg rich oxides, entrapped oils, or
debris, can be adequately removed during this step. Exem-
plary chemicals for performing the acid etch include sulfuric
acid, hydrofluoric acid, nitric acid, phosphoric acid, and
combinations of these. Exemplary chemicals for performing
the alkaline etch include sodium hydroxide and potassium
hydroxide. After the acid etching step, the surface of the
aluminum alloy article can be rinsed with an aqueous or
organic solvent.

[0109] Further, in some embodiments, the treating
includes carrying out both an acid etch and an alkaline wash,
according to any of the foregoing embodiments for each
process. In some such embodiments, the acid etch precedes
the alkaline wash.

[0110] As noted above, the treatment step(s) selectively
remove Mg from the surface portion of the aluminum alloy
article relative to Cu. In some such embodiments, the
treating reduces the atomic concentration of Mg in the
surface portion by at least 5%, at least 10%, at least 15%, at
least 20%, at least 25%, at least 30%, at least 35%, or at least
40%, i.e., based on the initial atomic concentration of Mg
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present in the surface portion. It should be noted that Mg in
its oxidized form, e.g., as MgO, contributes to the atomic
concentration of Mg. In some further such embodiments, the
treating reduces the atomic concentration of Cu in the
surface portion by no more than 10%, no more than 9%, no
more than 8%, no more than 7%, no more than 6%, no more
than 5%, no more than 4%, no more than 3%, no more than
2%, or no more than 1%, i.e., based on the initial atomic
concentration of Cu present in the surface portion.

[0111] Pretreatment

[0112] A pretreatment can then be applied to the surface of
the aluminum alloy article. Optionally, the pretreatment can
include an adhesion promoter, a corrosion inhibitor, a cou-
pling agent, an antimicrobial agent, or a mixture thereof. It
should be noted that the surface application processes dis-
closed immediately above can be used in combination with
the pretreatment processes in any suitable combination. For
example, in some embodiments, the surface of an aluminum
alloy article is contacted with an acidic etchant composition,
and, then, is contacted with a pretreatment, such as an
adhesion promoter. In some other embodiments, an alumi-
num alloy article is contacted with an alkaline composition
followed by strong spray with water, and, then, is contacted
with a pretreatment, such as an adhesion promoter. In some
further embodiments, the surface of an aluminum alloy
article is contacted with an acidic etchant composition, and,
then, is contacted with an alkaline composition followed by
strong spray with water, and, then, is contacted with a
pretreatment, such as an adhesion promoter. In some other
embodiments, the surface of an aluminum alloy article is
contacted with an alkaline composition followed by strong
spray with water, and, then, is contacted with an acidic
etchant composition, and, then, is contacted with a pretreat-
ment, such as an adhesion promoter.

[0113] Rinsing and Drying After Pretreatment

[0114] After the application of the pretreatment, the sur-
face of the aluminum alloy article optionally can be rinsed
with a solvent (e.g., an aqueous or an organic solvent). The
surface of the aluminum alloy article can be dried after the
rinsing step.

[0115] Finishing

[0116] Following the treating step(s) and any optional
additional treatment, the aluminum alloy article can be
finished to have a final temper. In some embodiments, the
final temper is an O temper, an F temper, or any temper
ranging from T1 to T9. In some further such embodiments,
the final temper is an F temper, a T4 temper, a T6 temper, or
a T8x temper.

[0117] In one or more further aspects, the disclosure
provides aluminum alloy articles formed by the processes
set forth above, or any embodiments thereof.

Articles of Manufacture

[0118] In at least another aspect, the disclosure provides
an article of manufacture, which is comprised of an alumi-
num alloy article of the any of the aforementioned aspects,
or any embodiments thereof. In some embodiments, the
article of manufacture comprises a rolled aluminum alloy
sheet. Examples of such articles of manufacture include, but
are not limited to, an automobile, a truck, a trailer, a train,
a railroad car, an airplane, a body panel or part for any of the
foregoing, a bridge, a pipeline, a pipe, a tubing, a boat, a
ship, a storage container, a storage tank, an article of
furniture, a window, a door, a railing, a functional or
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decorative architectural piece, a pipe railing, an electrical
component, a conduit, a beverage container, a food con-
tainer, or a foil.

[0119] In some other embodiments, the aluminum alloy
articles disclosed herein can be used in automotive and/or
transportation applications, including motor vehicle, air-
craft, and railway applications, or any other desired appli-
cation. In some examples, the aluminum alloy articles
disclosed herein can be used to prepare motor vehicle body
part products, such as bumpers, side beams, roof beams,
cross beams, pillar reinforcements (e.g., A-pillars, B-pillars,
and C-pillars), inner panels, outer panels, side panels, inner
hoods, outer hoods, or trunk lid panels. The aluminum alloys
and methods described herein can also be used in aircraft or
railway vehicle applications, to prepare, for example, exter-
nal and internal panels.

[0120] In some other embodiments, the aluminum alloy
articles disclosed herein can be used in electronics applica-
tions. For example, the aluminum alloy articles disclosed
herein can also be used to prepare housings for electronic
devices, including mobile phones and tablet computers. In
some examples, the alloys can be used to prepare housings
for the outer casing of mobile phones (e.g., smart phones)
and tablet bottom chassis.

[0121] In some other embodiments, the aluminum alloy
articles disclosed herein can be used in industrial applica-
tions. For example, the aluminum alloy articles disclosed
herein can be used to prepare products for the general
distribution market.

[0122] In some other embodiments, the aluminum alloy
articles disclosed herein can be used as acrospace body
parts. For example, the aluminum alloy articles disclosed
herein can be used to prepare structural aerospace body
parts, such as a wing, a fuselage, an aileron, a rudder, an
elevator, a cowling, or a support. In some other embodi-
ments, the aluminum alloy articles disclosed herein can be
used to prepare non-structural aerospace body parts, such as
a seat track, a seat frame, a panel, or a hinge.

Bonded Articles of Manufacture

[0123] In at least another aspect, the disclosure provides a
bonded article of manufacture, comprising a first aluminum
alloy article as described herein and a second metal or alloy;
wherein a surface of the first aluminum alloy article and a
surface of the second metal or alloy article are bonded
together. In some cases, one or both of the first aluminum
alloy article and the second metal or alloy article are an
aluminum alloy article of the first or third aspects, or any
embodiments thereof. Optionally, the second metal or alloy
article comprises steel (e.g., galvanized steel) or a composite
material, such as a carbon composite. In some embodiments,
the surfaces of the first aluminum alloy article and of the
second metal or alloy article are bonded together by adhe-
sive bonding using, for example, an adhesive composition,
such as an epoxy resin. In some other embodiments, the
surfaces of the first aluminum alloy article and of the second
metal or alloy article are bonded together by a weld using,
for example, a welding composition.

[0124] Examples of such bonded articles of manufacture
include, but are not limited to, an automobile, a truck, a
trailer, a train, a railroad car, an airplane, a body panel or part
for any of the foregoing, a bridge, a pipeline, a pipe, a
tubing, a boat, a ship, a storage container, a storage tank, an
article of furniture, a window, a door, a railing, a functional
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or decorative architectural piece, a pipe railing, an electrical
component, a conduit, a beverage container, a food con-
tainer, or a foil.

[0125] In some other embodiments, the aluminum alloy
articles disclosed herein can be bonded as described above
and used in automotive and/or transportation applications,
including motor vehicle, aircraft, and railway applications,
or any other desired application. In some examples, the
aluminum alloy articles disclosed herein can be used to
prepare motor vehicle body part products, such as bumpers,
side beams, roof beams, cross beams, pillar reinforcements
(e.g., A-pillars, B-pillars, and C-pillars), inner panels, outer
panels, side panels, inner hoods, outer hoods, or trunk lid
panels. The aluminum alloys and methods described herein
can also be used in aircraft or railway vehicle applications,
to prepare, for example, external and internal panels.
[0126] In some other embodiments, the aluminum alloy
articles disclosed herein can be bonded as described above
and used in electronics applications. For example, the alu-
minum alloy articles disclosed herein can also be used to
prepare housings for electronic devices, including mobile
phones and tablet computers. In some examples, the alloys
can be used to prepare housings for the outer casing of
mobile phones (e.g., smart phones) and tablet bottom chas-
sis.

[0127] In some other embodiments, the aluminum alloy
articles disclosed herein can be bonded as described above
and used in industrial applications. For example, the alumi-
num alloy articles disclosed herein can be used to prepare
products for the general distribution market.

[0128] In some other embodiments, the aluminum alloy
articles disclosed herein can be bonded as described above
and used as aerospace body parts. For example, the alumi-
num alloy articles disclosed herein can be used to prepare
structural aerospace body parts, such as a wing, a fuselage,
an aileron, a rudder, an elevator, a cowling, or a support. In
some other embodiments, the aluminum alloy articles dis-
closed herein can be used to prepare non-structural aero-
space body parts, such as a seat track, a seat frame, a panel,
or a hinge.

Methods of Bonding Aluminum Alloy Articles

[0129] In at least another aspect, the disclosure provides a
method of bonding aluminum alloy articles, the method
comprising: providing a first aluminum alloy article having
a surface and a second metal or alloy article having a
surface, wherein one or both of the first aluminum alloy
article and the second metal or alloy article are an aluminum
alloy article of the first or third aspects, or any embodiments
thereof; and bonding the surface of the first aluminum alloy
article and the surface of the second metal or alloy article.
In some embodiments, the bonding comprises adhesive
bonding, for example, with an adhesive composition, such
as an epoxy resin. In some other embodiments, the bonding
comprises welding.

Inert Surface Aluminum Alloy Articles

Aluminum Alloy Articles

[0130] Described herein are aluminum alloy articles hav-
ing desired surface properties, including exceptional bond
durability and corrosion resistance. Among other composi-
tional features, the aluminum alloy articles described herein



US 2019/0194780 Al

contain oxidized copper within the subsurface portion of the
aluminum alloy article. The oxidized copper can be present
within the subsurface portion as copper (I) oxide (i.e.,
Cu,0), copper (II) oxide (CuO), copper peroxide (CuO,),
and/or copper (III) oxide (Cu,0;). The oxidized copper-
containing layer can include oxidized copper particles
including an atomic ratio of a copper ion (e.g., Cu*, Cu*,
and/or Cu®*) concentration to an elemental copper (Cu°)
concentration of from about 0.5 to about 1 (e.g., from about
0.6 to about 0.9, or form about 0.7 to about 0.8). For
example, the oxidized copper-containing layer can have an
atomic ratio of copper ions to elemental copper of about 0.5,
0.6, 0.7, 0.8, 0.9, or 1. The oxidized copper within the
subsurface functions as a barrier layer to impart corrosion
resistance to the article. In addition, the oxidized copper
imparts an inert or neutralized surface to the article which in
turn results in high bond durability properties for the article.

[0131] As used herein, the term “subsurface” refers to the
portion of the aluminum alloy article that extends from the
exterior surface of the alloy article into an interior of the
alloy article to a depth of up to about 5 pm. Optionally, the
subsurface refers to the portion of the alloy article that
extends into the interior of the alloy article to a depth of
about 0.01 um, about 0.05 pum, about 0.1 pm, about 0.15 pm,
about 0.2 um, about 0.25 pm, about 0.3 um, about 0.35 pm,
about 0.4 um, about 0.45 pum, about 0.5 um, about 0.55 pm,
about 0.6 um, about 0.65 pum, about 0.7 um, about 0.75 pm,
about 0.8 um, about 0.85 pum, about 0.9 um, about 0.95 pm,
about 1.0 um, about 1.5 um, about 2.0 um, about 2.5 pm,
about 3.0 um, about 3.5 um, about 4.0 um, about 4.5 um, or
about 5.0 um, or anywhere in between. In some examples,
the subsurface extends from the surface to a depth of about
2.0 um within the interior of the alloy article. In some
aspects, the subsurface can extend from any exterior surface
of the alloy article. For example, the subsurface can extend
from a first side of the alloy article (e.g., a top surface of an
alloy sheet), a second side of the alloy article (e.g., a bottom
surface of an alloy sheet), a third side of the alloy article
(e.g., a first edge of an alloy sheet), or a fourth side of the
alloy article (e.g., a second edge of an alloy sheet). The
portion of the aluminum alloy article excluding the subsur-
face portion (e.g., the remainder of the alloy article) is
referred to herein as the bulk of the alloy article.

[0132] The aluminum alloy article can have any suitable
composition. In some examples, the aluminum alloy article
can be prepared from any aluminum alloy that includes at
least about 0.001 wt. % Cu. For example, the aluminum
alloy article can be prepared from an aluminum alloy that
includes from about 0.001 wt. % to about 10 wt. % Cu (e.g.,
from about 0.01 wt. % to about 9 wt. %, from about 0.05 wt.
% to about 8 wt. %, or from about 0.1 wt. % to about 8 wt.
%). Optionally, the aluminum alloy for use in the aluminum
alloy articles described herein includes Cu in an amount of
about 0.001 wt. %, 0.002 wt. %, 0.003 wt. %, 0.004 wt. %,
0.005 wt. %, 0.006 wt. %, 0.007 wt. %, 0.008 wt. %, 0.009
wt. %, 0.01 wt. %, 0.02 wt. %, 0.03 wt. %, 0.04 wt. %, 0.05
wt. %, 0.06 wt. %, 0.07 wt. %, 0.08 wt. %, 0.09 wt. %, 0.1
wt. %, 0.11 wt. %, 0.12 wt. %, 0.13 wt. %, 0.14 wt. %, 0.15
wt. %, 0.16 wt. %, 0.17 wt. %, 0.18 wt. %, 0.19 wt. %, 0.2
wt. %, 0.3 wt. %, 0.4 wt. %, 0.5 wt. %, 0.6 wt. %, 0.7 wt.
%, 0.8 wt. %, 0.9 wt. %, 1.0 wt. %, 1.1 wt. %, 1.2 wt. %, 1.3
wt. %, 1.4 wt. %, 1.5 wt. %, 1.6 wt. %, 1.7 wt. %, 1.8 wt.
%, 1.9 wt. %, 2.0 wt. %, 2.1 wt. %, 2.2 wt. %, 2.3 wt. %, 2.4
wt. %, 2.5 wt. %, 2.6 wt. %, 2.7 wt. %, 2.8 wt. %, 2.9 wt.
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%, 3.0 wt. %, 3.1 wt. %, 3.2 wt. %, 3.3 wt. %, 3.4 wt. %, 3.5
wt. %, 3.6 wt. %, 3.7 wt. %, 3.8 wt. %, 3.9 wt. %, 4.0 wt.
%, 4.1 wt. %, 4.2 wt. %, 4.3 wt. %, 4.4 wt. %, 4.5 wt. %, 4.6
wt. %, 4.7 wt. %, 4.8 wt. %, 4.9 wt. %, 5.0 wt. %, 5.1 wt.
%, 5.2 wt. %, 5.3 wt. %, 5.4 wt. %, 5.5 wt. %, 5.6 wt. %, 5.7
wt. %, 5.8 wt. %, 5.9 wt. %, 6.0 wt. %, 6.1 wt. %, 6.2 wt.
%, 6.3 wt. %, 6.4 wt. %, 6.5 wt. %, 6.6 wt. %, 6.7 wt. %, 6.8
wt. %, 6.9 wt. %, 7.0 wt. %, 7.1 wt. %, 7.2 wt. %, 7.3 wt.
%, 7.4 wt. %, 7.5 wt. %, 7.6 wt. %, 7.7 wt. %, 7.8 wt. %, 7.9
wt. %, 8.0 wt. %, 8.1 wt. %, 8.2 wt. %, 8.3 wt. %, 8.4 wt.
%, 8.5 wt. %, 8.6 wt. %, 8.7 wt. %, 8.8 wt. %, 8.9 wt. %, 9.0
wt. %, 9.1 wt. %, 9.2 wt. %, 9.3 wt. %, 9.4 wt. %, 9.5 wt.
%, 9.6 wt. %, 9.7 wt. %, 9.8 wt. %, 9.9 wt. %, or 10.0 wt.
%.

[0133] In non-limiting examples, the aluminum alloy
articles can include 1xxx series aluminum alloys, 2xxx
series aluminum alloys, 3xxx series aluminum alloys, 4xxx
series aluminum alloys, 5xxx series aluminum alloys, 6xxx
series aluminum alloys, 7xxx series aluminum alloys, or
8xxx series aluminum alloys, wherein Cu is added as an
alloying element, or Cu is present as an impurity.

[0134] Suitable 1xxx series aluminum alloys for use as the
aluminum alloy article include, for example, AA1050,
AA1060, AA1070, AA1100, AAI100A, AA1200,
AA1200A, AA1300, AAI1110, AA1120, AA1230,
AA1230A, AA1235, AA1435, AA1145, AA1345, AA1445,
AA1150, AA1350, AAT350A, AA1450, AA1370, AA1275,
AA1185, AA1285, AA1385, AA1188, AA1190, AA1290,
AA1193, AA1198, and AA1199.

[0135] Suitable 2xxx series aluminum alloys for use as the
aluminum alloy article include, for example, AA2001,
A2002, AA2004, AA2005, AA2006, AA2007, AA2007A,
AA2007B, AA2008, AA2009, AA2010, AA2011,
AA2011A, AA2111, AA2111A, AA2111B, AA2012,
AA2013, AA2014, AA2014A, AA2214, AA2015, AA2016,
AA2017, AA2017A, AA2117, AA2018, AA2218, AA2618,
AA2618A, AA2219, AA2319, AA2419, AA2519, AA2021,
AA2022, AA2023, AA2024, AA2024A, AA2124, AA2224,
AA2224A, AA2324, AA2424, AA2524, AA2624, AA2724,
AA2824, AA2025, AA2026, AA2027, AA2028, AA2028A,
AA2028B, AA2028C, AA2029, AA2030, AA2031,
AA2032, AA2034, AA2036, AA2037, AA2038, AA2039,
AA2139, AA2040, AA2041, AA2044, AA2045, AA2050,
AA2055, AA2056, AA2060, AA2065, AA2070, AA2076,
AA2090, AA2091, AA2094, AA2095, AA2195, AA2295,
AA2196, AA2296, AA2097, AA2197, AA2297, AA2397,
AA2098, AA2198, AA2099, and AA2199.

[0136] Suitable 3xxx series aluminum alloys for use as the
aluminum alloy article include, for example, AA3002,
AA3102, AA3003, AA3103, AA3103A, AA3103B,
AA3203, AA3403, AA3004, AA3004A, AA3104, AA3204,
AA3304, AA3005, AA3005A, AA3105, AA3105A,
AA3105B, AA3007, AA3107, AA3207, AA3207A,
AA3307, AA3009, AA3010, AA3110, AA3011, AA3012,
AA3012A, AA3013, AA3014, AA3015, AA3016, AA3017,
AA3019, AA3020, AA3021, AA3025, AA3026, AA3030,
AA3130, and AA3065.

[0137] Suitable 4xxx series aluminum alloys for use as the
aluminum alloy article include, for example, AA4004,
AA4104, AA4006, AA4007, AA4008, AA4009, AA4010,
AA4013, AA4014, AA4015, AA4O15A, AA4115, AA4016,
AA4017, AA4018, AA4019, AA4020, AA4021, AA4026,
AA4032, AA4043, AA4043A, AA4143, AA4343, AA4643,
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AA4943, AA4044, AA404S, AAG145, AAG145A, AAL046,
AA4047, AALO4TA, and AA4147.

[0138] Suitable Sxxx series aluminum alloys for use as the
aluminum alloy article include, for example, AAS5182,
AA5183, AAS005, AASO0SA, AAS205, AAS305, AASS05,
AA5605, AA5006, AA5106, AAS010, AAS110, AASTI10A,
AA5210, AA5310, AAS016, AAS017, AAS018, AASO18A,
AA5019, AASO019A, AASI119, AASII9A, AAS021,
AA5022, AAS023, AAS5024, AAS026, AAS027, AAS028,
AA5040, AAS140, AAS041, AAS042, AAS043, AAS049,
AA5149, AA5249, AAS349, AAS449, AAS449A, AAS050,
AA5050A, AAS5050C, AAS5150, AAS051, AASOS51A,
AAS5151, AA5251, AAS251A, AAS351, AAS451, AAS052,
AA5252, AAS352, AAS5154, AASI54A, AAS154B,
AAS5154C, AA5254, AAS354, AAS454, AAS554, AAS654,
AA5654A, AAST54, AAS854, AAS954, AAS056, AAS356,
AA5356A, AAS5456, AAS456A, AAS5S456B, AAS556,
AAS5556A, AAS556B, AAS5556C, AAS257, AAS5457,
AAS5557, AAS657, AAS058, AAS059, AAS070, AAS180,
AAS5180A, AAS5082, AA5182, AA5083, AAS5183,
AAS5183A, AA5283, AAS5283A, AAS5283B, AAS383,
AA5483, AA5086, AAS5186, AAS5087, AAS5187, and
AAS5088.

[0139] Suitable 6xxx series aluminum alloys for use as the
aluminum alloy article include, for example, AA6101,
AAG101A, AAG6101B, AA6201, AAG6201A, AA6401,
AAG6501, AAG002, AAGO03, AAG6103, AA6005, AAGOOSA,
AAG6005B, AA6005C, AAG6105, AA6205, AA6305,
AAG6006, AA6106, AAG206, AA6306, AAGO08, AAG009,
AAG6010, AA6110, AA6110A, AAG6011, AA6111, AA6012,
AAG012A, AA6013, AA6113, AAG014, AAG015, AA6016,
AAG016A, AA6116, AAG018, AAG019, AA6020, AA6021,
AAG6022, AA6023, AAGO24, AA6025, AAG0D26, AA6027,
AAG6028, AA6031, AAGO32, AA6033, AAGO40, AAGD41,
AA6042, AAGD43, AAG151, AAG351, AAG6351A, AA645],
AAG6951, AA6053, AAGOSS, AA6056, AA6156, AAG060,
AAG6160, AA6260, AAG360, AAG460, AAG460B, AA6560,
AAG6660, AAGO6T, AAGOGTA, AA6261, AA6361, AA6162,
AAG6262, AAG6262A, AAG063, AAG6063A, AAG6463,
AAG463A, AA6763, A6963, AAGO64, AAGO64A, AAGO6S,
AAG6066, AAG068, AAGO69, AA6070, AAGOR1, AA618],
AAGI8IA, AAG082, AAGOR2A, AA6182, AA6091, and
AAG6092.

[0140] Suitable 7xxx series aluminum alloys for use as the
aluminum alloy article include, for example, AA7011,
AAT019, AA7020, AAT021, AAT7039, AAT072, AAT075,
AAT085, AAT108, AAT108A, AAT015, AA7017, AAT018,
AATO019A, AAT7024, AAT025, AAT028, AA7030, AAT7031,
AA7033;, AA7035, AA7035A, AA7046, AATO046A,
AAT003, AA7004, AAT005, AA7009, AA7010, AA7011,
AAT012, AA7014, AAT016, AA7116, AAT122, AAT023,
AAT026, AAT029, AAT129, AAT229, AAT032, AAT033,
AAT034, AAT036, AAT136, AAT037, AAT040, AA7140,
AAT041, AAT049, AATO49A, AAT149, AAT249, AAT349,
AAT449, AAT050, AATOS0A, AAT150, AAT7250, AAT055,
AAT155, AAT255, AAT056, AAT060, AAT064, AAT065,
AAT068, AAT168, AAT1TS5, AAT4T5, AATOT76, AATLTS,
AAT278, AAT278A, AAT081, AAT7181, AAT185, AA7090,
AAT093, AA7095, and AA7099.

[0141] Suitable 8xxx series aluminum alloys for use as the
aluminum alloy article include, for example, AA8005,
AA8006, AABD07, AASD0S, AAS010, AA8D11, AASOLIA,
AA8111, AA8211, AA8112, AA8O14, AA8OD1S5, AAR01G,
AA8017, AAR018, AAS8019, AA8021, AAS021A,

Jun. 27,2019

AA8021B, AA8022, AAS023, AAS024, AAS025, AASO26,
AAS030, AAS130, AAS040, AAS050, AAS150, AASOT6,
AAS076A, AAS176, AASO77, AAS177, AAS079, AAS090,
AA8091, and AAS093.

[0142] While aluminum alloy articles are described
throughout the text, the methods and articles apply to any
metal. In some examples, the metal article is aluminum, an
aluminum alloy, magnesium, a magnesium-based material,
titanium, a titanium-based material, copper, a copper-based
material, steel, a steel-based material, bronze, a bronze-
based material, brass, a brass-based material, a composite, a
sheet used in composites, or any other suitable metal or
combination of materials. The article may include mono-
lithic materials, as well as non-monolithic materials such as
roll-bonded materials, clad materials, composite materials,
or various other materials. In some examples, the metal
article is a metal coil, a metal strip, a metal plate, a metal
sheet, a metal billet, a metal ingot, or the like. The Cu
present in the aluminum alloy article can be distributed
between the subsurface portion and the bulk portion of the
aluminum alloy article. In some examples, Cu can be
equally distributed between the subsurface and bulk portions
of the aluminum alloy article. In other examples, a majority
(i.e., greater than 50%) of the Cu can be localized within the
subsurface portion of the aluminum alloy article. In still
other examples, a majority of the Cu can be localized within
the bulk portion of the aluminum alloy article. In either
portion (i.e., whether in the subsurface portion or the bulk
portion of the aluminum alloy article), Cu can be homog-
enously populated or variably populated within the portion.
As used herein, “homogeneously populated” as related to Cu
presence means that Cu is evenly distributed within the
subsurface portion or the bulk portion of the aluminum alloy
article. In these cases, the concentration of Cu per region
(i.e., within a region of the subsurface portion or within a
region of the bulk portion) is relatively constant across
regions, on average. As used herein, “relatively constant™ as
related to Cu distribution means that the concentration of Cu
in a first region of the subsurface or bulk of the aluminum
alloy article can differ from the concentration of Cu in a
second region of the subsurface or bulk of the aluminum
alloy article up to about 20% (e.g., by up to about 15%, by
up to about 10%, by up to about 5%, or by about up to 1%).

[0143] In other cases, the concentration of Cu in a region
is variably populated within the subsurface portion or the
bulk portion of the aluminum alloy article. As used herein,
“variably populated” as related to Cu distribution means that
the Cu is not evenly distributed within the subsurface
portion or the bulk portion of the aluminum alloy article. For
example, a higher concentration of Cu can be localized in a
first portion of the subsurface of the aluminum alloy article
(or in a first portion of the bulk of the aluminum alloy article)
as compared to the concentration of Cu in a second portion
of the subsurface of the aluminum alloy article (or in a
second portion of the bulk of the aluminum alloy article).

[0144] As described above, at least about 30 at. % of the
Cu present in the subsurface portion of the aluminum alloy
article is oxidized. For example, the amount of Cu present in
the subsurface portion that can be oxidized is at least about
30 at. %, at least about 31 at. %, at least about 32 at. %, at
least about 33 at. %, at least about 34 at. %, at least about
35 at. %, at least about 36 at. %, at least about 37 at. %, at
least about 38 at. %, at least about 39 at. %, at least about
40 at. %, at least about 41 at. %, at least about 42 at. %, at
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least about 43 at. %, at least about 44 at. %, at least about
45 at. %, at least about 46 at. %, at least about 47 at. %, at
least about 48 at. %, at least about 49 at. %, at least about
50 at. %, at least about 51 at. %, at least about 52 at. %, at
least about 53 at. %, at least about 54 at. %, at least about
55 at. %, at least about 56 at. %, at least about 57 at. %, at
least about 58 at. %, at least about 59 at. %, at least about
60 at. %, at least about 61 at. %, at least about 62 at. %, at
least about 63 at. %, at least about 64 at. %, at least about
65 at. %, at least about 66 at. %, at least about 67 at. %, at
least about 68 at. %, at least about 69 at. %, at least about
70 at. %, at least about 71 at. %, at least about 72 at. %, at
least about 73 at. %, at least about 74 at. %, at least about
75 at. %, at least about 76 at. %, at least about 77 at. %, at
least about 78 at. %, at least about 79 at. %, at least about
80 at. %, at least about 81 at. %, at least about 82 at. %, at
least about 83 at. %, at least about 84 at. %, at least about
85 at. %, at least about 86 at. %, at least about 87 at. %, at
least about 88 at. %, at least about 89 at. %, at least about
90 at. %, at least about 91 at. %, at least about 92 at. %, at
least about 93 at. %, at least about 94 at. %, at least about
95 at. %, at least about 96 at. %, at least about 97 at. %, at
least about 98 at. %, at least about 99 at. %, or at least about
100 at. %.

[0145] The aluminum alloy article described herein can
have any suitable gauge. For example, the aluminum alloy
article can be an aluminum alloy plate, an aluminum alloy
shate, or an aluminum alloy sheet having a gauge between
about 0.5 mm and about 50 mm (e.g., about 0.5 mm, about
1 mm, about 2 mm, about 3 mm, about 4 mm, about 5 mm,
about 6 mm, about 7 mm, about 8 mm, about 9 mm, about
10 mm, about 15 mm, about 20 mm, about 25 mm, about 30
mm, about 35 mm, about 40 mm, about 50 mm, or anywhere
in between).

Methods of Preparing the Alloy Articles

[0146] In certain aspects, the aluminum alloy articles
described herein can be prepared using a method as
described herein. Without intending to limit the scope,
aluminum alloy article properties are partially determined by
the formation of certain compositional features during the
preparation of the articles. For example, the methods of
preparation result in the formation of the oxidized copper-
containing layer within the subsurface portion of the article.
The oxidized copper-containing layer imparts an inert sur-
face quality to the article, which in turn results in excep-
tional bond durability and corrosion resistance.

[0147] Any suitable aluminum alloy as described herein
(i.e., containing at least some amount of Cu) can be cast by
any suitable method to result in a cast article. In some
examples, the alloys can be cast using a direct chill (DC)
casting process to form an aluminum alloy ingot. In some
examples, the alloys can be cast using a continuous casting
(CC) process that may include, but is not limited to, the use
of twin-belt casters, twin-roll casters, or block casters, to
form a cast article in the form of a billet, a slap, a shate, a
strip, and the like. The cast article can then be subjected to
processing steps, including, but not limited to, homogeni-
zation, hot rolling, cold rolling, solution heat treatment,
quenching, and/or aging based on the particular aluminum
alloy series used to prepare the article. Following process-
ing, the aluminum alloy article can undergo surface prepa-
ration steps as further described below.
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Surface Preparation

[0148] The aluminum alloy articles described herein and
cast by DC casting or CC or otherwise and subsequently
processed can be subjected to surface preparation processes
described below.

[0149] Cleaning

[0150] Optionally, the surface preparation process
described herein includes a step of applying a cleaner (also
referred to herein as an entry cleaner or pre-cleaner) to one
or more surfaces of the aluminum alloy article. The entry
cleaner removes residual oils, or loosely adhering oxides,
from the aluminum alloy article surface. Optionally, the
entry cleaning can be performed using an alkaline solution
having a pH of 7.5 or above. In some cases, the pH of the
alkaline solution can be about 8, about 8.5, about 9, about
9.5, about 10, about 10.5, about 11, about 11.5, about 12,
about 12.5, or about 13. The concentration of the alkaline
agent in the alkaline solution can be from about 1% to about
5% (e.g., about 1%, about 2%, about 3%, about 4%, or about
5% based on the volume of the alkaline solution). Suitable
alkaline agents include, for example, silicates and hydrox-
ides (e.g., sodium hydroxide). The alkaline solution can
further include one or more surfactants, including for
example anionic and non-ionic surfactants.

[0151] Etching

[0152] The surface preparation process described herein
includes a step of etching the surface of the aluminum alloy
article. The surface of the aluminum alloy article can be
etched using an acid etch (i.e., an etching procedure that
includes an acidic solution). The etching step oxidizes at
least a portion of the Cu present within the subsurface
portion of the aluminum alloy article. In addition, the
etching step prepares the surface to accept the subsequent
application of a pretreatment. Any loosely adhering oxides,
such as Al oxides and Mg rich oxides, entrapped oils, or
debris, should be adequately removed during this step.
[0153] The etching step is performed using an etch solu-
tion that includes at least one oxidizing agent. Suitable
oxidizing agents for performing the etch include, for
example, nitric acid, perchloric acid, chromic acid, ammo-
nium perchlorate, ammonium permanganate, barium perox-
ide, calcium chlorate, calcium hypochlorite, hydrogen per-
oxide, magnesium peroxide, potassium bromate, potassium
chlorate, potassium peroxide, sodium chlorate, sodium chlo-
rite, sodium perchlorate, and sodium peroxide, among oth-
ers. Optionally, the etch solution can include one or more
additional acids, including phosphoric acid, sulfuric acid,
hydrofluoric acid, acetic acid, and/or hydrochloric acid. The
etching step can be performed at any suitable temperature.
[0154] The etch solution can be applied by any suitable
means. Optionally, the etch solution can be circulated to
ensure a fresh solution is continuously exposed to the sheet
surfaces. The dwell time for the etching can be from about
2 seconds to about 2 minutes. For example, the dwell time
for the etching can be about 2 seconds, 3 seconds, 4 seconds,
5 seconds, 6 seconds, 7 seconds, 8 seconds, 9 seconds, 10
seconds, 11 seconds, 12 seconds, 13 seconds, 14 seconds, 15
seconds, 16 seconds, 17 seconds, 18 seconds, 19 seconds, 20
seconds, about 21 seconds, about 22 seconds, about
seconds, about 24 seconds, about seconds, about
seconds, about 27 seconds, about seconds, about
seconds, about 30 seconds, about seconds, about
seconds, about 33 seconds, about seconds, about
seconds, about 36 seconds, about seconds, about
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about seconds,
seconds, about 75 seconds, about 80 seconds, about 90
seconds, about 100 seconds, about 110 seconds, or about
120 seconds (i.e., about 2 minutes), or anywhere in between.
[0155] As noted above, the etching step oxidizes at least
some of the Cu present within the subsurface of the alumi-
num alloy article. In some examples, the etching step
oxidizes at least about 30 at. % of Cu within the subsurface
of the aluminum alloy article. For example, the etching step
can oxidize at least about 30 at. % Cu, about 35 at. % Cu,
about 40 at. % Cu, about 45 at. % Cu, about 50 at. % Cu,
about 55 at. % Cu, about 60 at. % Cu, about 65 at. % Cu,
about 70 at. % Cu, about 75 at. % Cu, about 80 at. % Cu,
about 85 at. % Cu, about 90 at. % Cu, about 95 at. % Cu,
about 100 at. % Cu, or anywhere in between.

[0156] Rinsing After Etching

[0157] After the etching step, the surface of the aluminum
alloy article can be rinsed with a solvent. Optionally, the
solvent can be an aqueous solution, such as deionized (DI)
water or reverse osmosis (RO) water. The rinsing step can be
performed at any suitable temperature.

[0158] Applying a Pretreatment

[0159] Optionally, a pretreatment can then be applied to
the surface of the aluminum alloy article. Suitable pretreat-
ments include, for example, adhesion promoters and corro-
sion inhibitors. The pretreatment can be applied at any
suitable temperature and for any suitable duration as known
in the art.

[0160] Application of the pretreatment produces a thin
layer of the pretreatment on the surface of the aluminum
alloy article. In some cases, the surface of the aluminum
alloy article can be rinsed and/or dried after application of
the pretreatment.

seconds,
seconds,
seconds,
seconds,
seconds,
seconds,
seconds,
seconds,
seconds,
seconds,
seconds,
seconds,

Methods of Using

[0161] The aluminum alloy articles and methods
described herein can be used in automotive, electronics, and
transportation applications, such as commercial vehicle,
aircraft, or railway applications, or any other suitable appli-
cation. For example, the aluminum alloy articles can be used
for chassis, cross-member, and intra-chassis components
(encompassing, but not limited to, all components between
the two C channels in a commercial vehicle chassis) to gain
strength, serving as a full or partial replacement of high
strength steels. In certain examples, the aluminum alloy
articles can be used in the F, O, T4, T6, or T8x tempers.

[0162] In certain aspects, the aluminum alloy articles and
methods can be used to prepare motor vehicle body part
articles. For example, the disclosed aluminum alloy articles
and methods can be used to prepare automobile body parts,
such as bumpers, side beams, roof beams, cross beams,
pillar reinforcements (e.g., A-pillars, B-pillars, and C-pil-
lars), inner panels, side panels, floor panels, tunnels, struc-
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ture panels, reinforcement panels, inner hoods, or trunk lid
panels. The disclosed aluminum alloy articles and methods
can also be used in aircraft or railway vehicle applications,
to prepare, for example, external and internal panels.
[0163] The aluminum alloy articles and methods
described herein can also be used in electronics applications,
to prepare, for example, external and internal encasements.
For example, the aluminum alloy articles and methods
described herein can also be used to prepare housings for
electronic devices, including mobile phones and tablet com-
puters. In some examples, the aluminum alloy articles can be
used to prepare housings for the outer casing of mobile
phones (e.g., smart phones) and tablet bottom chassis.
[0164] In certain aspects, the aluminum alloy articles and
methods can be used to prepare acrospace vehicle body part
articles. For example, the disclosed aluminum alloy articles
and methods can be used to prepare airplane body parts,
such as skin alloys.

ILLUSTRATIONS

[0165] Illustration 1 is an aluminum alloy article, com-
prising an aluminum alloy material that comprises Cu and
Mg as alloying elements, wherein the aluminum alloy article
comprises a subsurface portion and a bulk portion; and
wherein an atomic concentration ratio of Cu to Mg in the
subsurface portion is from about 0.2 to about 5.0.

[0166] Illustration 2 is the aluminum alloy article of any
preceding or subsequent illustration, wherein the aluminum
alloy material comprises a 5Sxxx series aluminum alloy, a
6xxx series aluminum alloy, or a 7xxx series aluminum
alloy.

[0167] Illustration 3 is the aluminum alloy article of any
preceding or subsequent illustration, wherein the aluminum
alloy material comprises: from 0.2 to 1.4 wt. % Si; from 0.4
to 5.0 wt. % Mg; from 0.01 to 2.0 wt. % Cu; from 0.05 to
0.50 wt. % Fe; up to 0.25 wt. % Mn; up to 0.25 wt. % Cr;
up to 0.15 wt. % Zn up to 0.20 wt. % Ti; up to 0.05 wt. %
Zr; up to 0.05 wt. % Pb; and up to 0.15 wt. % impurities;
with the remainder being Al

[0168] Illustration 4 is the aluminum alloy article of any
preceding or subsequent illustration, wherein the aluminum
alloy material comprises: from 0.6 to 0.95 wt. % Si; from
0.55 to0 0.75 wt. % Mg; from 0.05 to 0.60 wt. % Cu; from
0.20 to 0.35 wt. % Fe; from 0.05 to 0.20 wt. % Mn; up to
0.15 wt. % Cr; up to 0.15 wt. % Zn up to 0.15 wt. % Ti; up
to 0.05 wt. % Zr; up to 0.05 wt. % Pb; and up to 0.15 wt. %
impurities; with the remainder being Al.

[0169] Illustration 5 is the aluminum alloy article of any
preceding or subsequent illustration, further comprising up
to 0.10 wt. % of one or more elements selected from the
group consisting of Ni, Sc, Sn, Be, Mo, Li, Bi, Sb, Nb, B,
Co, Sr, V, In, Hf, and Ag.

[0170] Illustration 6 is the aluminum alloy article of any
preceding or subsequent illustration, further comprising up
to 0.10 wt. % of one or more elements selected from the
group consisting of Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb,
Dy, Ho, Er, Tm, Yb, and Lu.

[0171] Illustration 7 is the aluminum alloy article of any
preceding or subsequent illustration, wherein the aluminum
alloy article is a rolled aluminum alloy shate or a rolled
aluminum alloy sheet.

[0172] Illustration 8 is the aluminum alloy article of any
preceding or subsequent illustration, wherein the aluminum
alloy article has a thickness of no more than 15 mm, or no
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more than 14 mm, or no more than 13 mm, or no more than
12 mm, or no more than 11 mm, or no more than 10 mm, or
no more than 9 mm, or no more than 8 mm, or no more than
7 mm, or no more than 6 mm, or no more than 5 mm, or no
more than 4 mm, or no more than 3 mm, or no more than 2
mm, or no more than 1 mm, or no more than 0.5 mm, or no
more than 0.3 mm, or no more than 0.1 mm.

[0173] Illustration 9 is the aluminum alloy article of any
preceding or subsequent illustration, wherein the subsurface
portion extends from an external surface of the aluminum
alloy article to a depth of up to 5 pm.

[0174] Illustration 10 is the aluminum alloy article of any
preceding or subsequent illustration, wherein the subsurface
portion extends from the external surface of the aluminum
alloy article to a depth ranging from 100 to 200 nm.
[0175] Illustration 11 is the aluminum alloy article of any
preceding or subsequent illustration, wherein the atomic
concentration ratio of Cu to Mg in the aluminum alloy
material of the subsurface portion is at least 20%, or at least
40%, or at least 60%, or at least 80%, or at least 100%, or
at least 150%, or at least 200%, greater than the atomic
concentration ratio of Cu to Mg in the aluminum alloy
material of the bulk portion, based on the atomic concen-
tration ratio of Cu to Mg in the aluminum alloy material of
the bulk portion.

[0176] Illustration 12 is the aluminum alloy article of any
preceding or subsequent illustration, wherein the atomic
concentration ratio of Cu to Mg in the aluminum alloy
material of the subsurface portion is at least 20%, or at least
40%, or at least 60%, or at least 80%, or at least 100%, or
at least 150%, or at least 200%, greater than an atomic
concentration ratio of Cu to Mg in the aluminum alloy
material of a subsurface portion of an untreated aluminum
alloy material.

[0177] Illustration 13 is the aluminum alloy article of any
preceding or subsequent illustration, wherein the atomic
concentration ratio of Cu to Mg in the aluminum alloy
material of the surface portion ranges from 0.2 to 4.5, or
from 0.2 to 4.0, or from 0.2 to 3.5, or from 0.2 to 3.0, or from
0.2to 2.5, or from 0.2 to 2.0, or from 0.2 to 1.5, or from 0.2
to 1.0, or from 0.2 to 0.5.

[0178] Illustration 14 is a method of making a surface-
modified aluminum alloy article according to any preceding
or subsequent illustration, the method comprising: providing
an aluminum alloy article having a subsurface portion and a
bulk portion, wherein the aluminum alloy article comprises
an aluminum alloy material that comprises Mg and Cu as
alloying elements; and contacting a surface of the subsurface
portion with a surface-modifying composition, wherein an
atomic concentration ratio of Cu to Mg in the subsurface
portion is from about 0.2 to about 5.0.

[0179] Illustration 15 is the method of any preceding or
subsequent illustration, wherein the providing comprises:
casting a molten aluminum alloy to form an aluminum alloy
cast product; optionally homogenizing the aluminum alloy
cast product to form a homogenized aluminum alloy cast
product; rolling the homogenized aluminum alloy cast prod-
uct or the aluminum alloy cast product to form a rolled
aluminum alloy product; and solutionizing the rolled alu-
minum alloy product to form the aluminum alloy article.
[0180] Illustration 16 is the method of any preceding or
subsequent illustration, wherein the aluminum alloy material
comprises a 5xxx series aluminum alloy, a 6xxx series
aluminum alloy, or a 7xxx series aluminum alloy.
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[0181] Illustration 17 is the method of any preceding or
subsequent illustration, wherein the aluminum alloy material
comprises: from 0.2 to 1.4 wt. % Si; from 0.4 to 5.0 wt. %
Mg; from 0.01 to 2.0 wt. % Cu; from 0.05 to 0.50 wt. % Fe;
up to 0.25 wt. % Mn; up to 0.25 wt. % Cr; up to 0.15 wt. %
Zn up to 0.20 wt. % Ti; up to 0.05 wt. % Zr; up to 0.05 wt.
% Pb; and up to 0.15 wt. % impurities; with the remainder
being Al.

[0182] Illustration 18 is the method of any preceding or
subsequent illustration, wherein the aluminum alloy material
comprises: from 0.6 to 0.95 wt. % Si; from 0.55 to 0.75 wt.
% Mg; from 0.05 to 0.60 wt. % Cu; from 0.20 to 0.35 wt.
% Fe; from 0.05 to 0.20 wt. % Mn; up to 0.15 wt. % Cr; up
t0 0.15 wt. % Zn up to 0.15 wt. % Ti; up to 0.05 wt. % Zr;
up to 0.05 wt. % Pb; and up to 0.15 wt. % impurities; with
the remainder being Al.

[0183] Illustration 19 is the method of any preceding or
subsequent illustration, further comprising up to 0.10 wt. %
of one or more elements selected from the group consisting
of Ni, Sc, Sn, Be, Mo, Li, Bi, Sb, Nb, B, Co, Sr, V, In, Hf,
and Ag.

[0184] Illustration 20 is the method of any preceding or
subsequent illustration, further comprising up to 0.10 wt. %
of one or more elements selected from the group consisting
of'Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Yb, and Lu.

[0185] Illustration 21 is the method of any preceding or
subsequent illustration, wherein the casting is carried out by
direct chill (DC) casting.

[0186] Illustration 22 is the method of any preceding or
subsequent illustration, wherein the casting is carried out by
continuous casting.

[0187] Illustration 23 is the method of any preceding or
subsequent illustration, wherein the casting is carried out by
twin-belt continuous casting.

[0188] Illustration 24 is the method of any preceding or
subsequent illustration, wherein the rolling comprises hot
rolling, cold rolling, or any combination thereof.

[0189] Illustration 25 is the method of any preceding or
subsequent illustration, wherein the aluminum alloy article
is a rolled aluminum alloy shate or a rolled aluminum alloy
sheet.

[0190] Illustration 26 is the method of any preceding or
subsequent illustration, wherein the aluminum alloy article
has a thickness of no more than 15 mm, or no more than 14
mm, or no more than 13 mm, or no more than 12 mm, or no
more than 11 mm, or no more than 10 mm, or no more than
9 mm, or no more than 8 mm, or no more than 7 mm, or no
more than 6 mm, or no more than 5 mm, or no more than 4
mm, or no more than 3 mm, or no more than 2 mm, or no
more than 1 mm, or no more than 0.5 mm, or no more than
0.3 mm, or no more than 0.1 mm.

[0191] Illustration 27 is the method of any preceding or
subsequent illustration, wherein the subsurface portion
extends from an external surface of the aluminum alloy
article to a depth of up to 5 pm.

[0192] Illustration 28 is the method of any preceding or
subsequent illustration, wherein the subsurface portion
extends from the the external surface of the aluminum article
to a depth ranging from 100 to 200 nm.

[0193] Illustration 29 is the method of any preceding or
subsequent illustration, wherein the surface-moditying com-
position comprises a strong oxidizing agent at a concentra-
tion of no more than 1000 ppm, or no more than 500 ppm,
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or no more than 300 ppm, or no more than 100 ppm, or no
more than 50 ppm, or no more than 25 ppm, or no more than
10 ppm.

[0194] Illustration 30 is the method of any preceding or
subsequent illustration, wherein the treatment composition
is an acidic composition.

[0195] Illustration 31 is the method of any preceding or
subsequent illustration, wherein the treatment composition
is an alkaline composition.

[0196] Illustration 32 is the method of any preceding or
subsequent illustration, further comprising finishing the sur-
face-modified aluminum alloy article to form a finished
aluminum alloy article having a final temper.

[0197] Illustration 33 is the method of any preceding or
subsequent illustration, wherein the final temper is selected
from the group consisting of: an F temper, a T4 temper, a T6
temper, and a T8x temper.

[0198] Illustration 34 is an aluminum alloy article,
wherein the aluminum alloy article is the surface-modified
aluminum alloy article formed by the method of any one of
any preceding or subsequent illustration.

[0199] Illustration 35 is an aluminum alloy article,
wherein the aluminum alloy article is the finished aluminum
alloy article formed according to any preceding or subse-
quent illustration.

[0200] Illustration 36 is an article of manufacture, which
is comprised of an aluminum alloy article of any preceding
or subsequent illustration.

[0201] Illustration 37 is the article of manufacture of any
preceding or subsequent illustration, wherein the article of
manufacture is an automobile, a truck, a trailer, a train, a
railroad car, an airplane, a body panel or part for any of the
foregoing, a bridge, a pipeline, a pipe, a tubing, a boat, a
ship, a storage container, a storage tank, a an article of
furniture, a window, a door, a railing, a functional or
decorative architectural piece, a pipe railing, an electrical
component, a conduit, a beverage container, a food con-
tainer, or a foil.

[0202] Illustration 38 is a bonded article of manufacture,
comprising a first aluminum alloy article and a second metal
or alloy article; wherein the first aluminum alloy article and
the second metal or alloy article are bonded together; and
wherein one or both of the first aluminum alloy article and
the second metal or alloy article are an aluminum alloy
article according to any preceding or subsequent illustration.
[0203] Illustration 39 is the bonded article of manufacture
of any preceding or subsequent illustration, wherein the first
aluminum alloy article and the second metal or alloy article
are bonded together by a weld.

[0204] Illustration 40 is the bonded article of manufacture
of any preceding or subsequent illustration, wherein the first
aluminum alloy article and the second metal or alloy article
are bonded together by an adhesive composition.

[0205] Illustration 41 is the bonded article of manufacture
of any preceding or subsequent illustration, wherein the
adhesive composition is an epoxy resin.

[0206] Illustration 42 is a method of bonding aluminum
alloy articles, the method comprising: providing a first
aluminum alloy article and a second metal or alloy article,
wherein one or both of the first aluminum alloy article and
the second metal or alloy article are an aluminum alloy
article according to any preceding or subsequent illustration;
bonding the first aluminum alloy article and the second
metal or alloy article.
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[0207] Illustration 43 is the method of any preceding or
subsequent illustration, wherein the bonding comprises
welding.

[0208] Illustration 44 is the method of any preceding or
subsequent illustration, wherein the bonding comprises
adhesive bonding with an adhesive composition.

[0209] Illustration 45 is the method of any preceding or
subsequent illustration, wherein the adhesive composition is
an epoxy resin.

[0210] Illustration 46 is an aluminum alloy article accord-
ing to any preceding or subsequent illustration comprising a
surface, a subsurface portion and a bulk portion, wherein the
subsurface portion comprises an oxidized copper-containing
layer.

[0211] Illustration 47 is the aluminum alloy article of any
preceding or subsequent illustration, wherein the oxidized
copper-containing layer comprises at least one of copper (I)
oxide (i.e., Cu20), copper (II) oxide (CuO), copper peroxide
(Cu02), and copper (I11I) oxide (Cu203).

[0212] Illustration 48 is the aluminum alloy article of any
preceding or subsequent illustration, wherein the oxidized
copper-containing layer comprises oxidized copper particles
including an atomic ratio of a copper ion concentration to an
elemental copper concentration of from about 0.5 to about 1.
[0213] Illustration 49 is the aluminum alloy article of any
preceding or subsequent illustration, wherein the subsurface
portion comprises an area from a surface of the aluminum
alloy article to a depth of about 5 pm.

[0214] Illustration 50 is the aluminum alloy article of any
preceding or subsequent illustration, wherein the subsurface
portion comprises an area from the surface of the aluminum
alloy article to a depth of about 2 pm.

[0215] Illustration 51 is a method of treating a surface of
an aluminum alloy article according to any preceding or
subsequent illustration, comprising: providing an aluminum
alloy article having a subsurface portion and a bulk portion,
wherein the subsurface portion comprises Cu; and etching a
surface of the aluminum alloy article with an etch solution
comprising an oxidizing agent.

[0216] Illustration 52 is the method of any preceding or
subsequent illustration, wherein the providing step com-
prises providing an aluminum alloy article comprising at
least about 0.001 wt. % Cu.

[0217] Illustration 53 is the method of any preceding or
subsequent illustration, wherein the providing step com-
prises providing an aluminum alloy article comprising from
about 0.001 wt. % to about 10 wt. % Cu.

[0218] Illustration 54 is the method of any of any preced-
ing or subsequent illustration, wherein the providing step
comprises providing an aluminum alloy article comprising a
1xxx series aluminum alloy, a 2xxx series aluminum alloy,
a 3xxx series aluminum alloy, a 4xxx series aluminum alloy,
a 5xxx series aluminum alloy, a 6xxx series aluminum alloy,
a 7xxx series aluminum alloy, or an 8xxx series aluminum
alloy.

[0219] Illustration 55 is the method of any preceding or
subsequent illustration, wherein the etching step comprises
oxidizing at least a portion of the Cu present in the subsur-
face portion.

[0220] Illustration 56 is the method of any preceding or
subsequent illustration, wherein the etching step comprises
oxidizing at least 30 at. % of the Cu present in the subsurface
portion.
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[0221] Illustration 57 is the method of any of any preced-
ing or subsequent illustration, wherein the oxidizing agent
comprises nitric acid, perchloric acid, chromic acid, ammo-
nium perchlorate, ammonium permanganate, barium perox-
ide, calcium chlorate, calcium hypochlorite, hydrogen per-
oxide, magnesium peroxide, potassium bromate, potassium
chlorate, potassium peroxide, sodium chlorate, sodium chlo-
rite, sodium perchlorate, sodium peroxide, or any combina-
tion thereof.

[0222] Illustration 58 is the method of any preceding or
subsequent illustration, wherein the etch solution further
comprises one or more additional acids.

[0223] Illustration 59 is the method of any preceding or
subsequent illustration, wherein the one or more additional
acids comprises phosphoric acid, sulfuric acid, hydrofluoric
acid, acetic acid, and/or hydrochloric acid.

[0224] Illustration 60 is the method of any preceding or
subsequent illustration, wherein the etch solution comprises
nitric acid, phosphoric acid, and sulfuric acid.

[0225] Illustration 61 is the method of any preceding or
subsequent illustration, wherein a volumetric concentration
of nitric acid, phosphoric acid and sulfuric acid comprises
from about 5 vol. % to about 30 vol. % nitric acid, from
about 0 vol. % to about 75 vol. % phosphoric acid, and from
about 7 vol. % to about 25 vol. % sulfuric acid.

[0226] Illustration 62 is the method of any preceding or
subsequent illustration, wherein the etch solution in the
etching step is heated to a temperature of from about 90° C.
to about 110° C.

[0227] Illustration 63 is the method of any preceding or
subsequent illustration, wherein the etching step is per-
formed for a dwell time of from about 2 seconds to about 2
minutes.

[0228] Illustration 64 is an aluminum alloy article pre-
pared according to the method of any preceding or subse-
quent illustration.

[0229] Illustration 65 is the aluminum alloy article of any
preceding or subsequent illustration, wherein the aluminum
alloy article comprises a motor vehicle body part.

[0230] The following examples serve to further illustrate
certain embodiments of the present disclosure without, at the
same time, however, constituting any limitation thereof. On
the contrary, it is to be clearly understood that resort may be
had to various embodiments, modifications and equivalents
thereof which, after reading the description herein, may
suggest themselves to those of ordinary skill in the art
without departing from the spirit of the disclosure.

EXAMPLES
Example 1

Alloy Composition

[0231] An aluminum alloy was prepared, whose elemental
composition is set forth in Table 3 below. The elemental
compositions are provided in weight percentages.
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Example 2

Manufacture and Treatment of Aluminum Alloy
Sheet

[0232] Alloy Al (Table 3) was direct chill casted, homog-
enized, and hot rolled according to methods as described
herein. The rolled sheet was then cooled, coiled, and sub-
jected to batch annealing (heating to 375° C. to 425° C. and
soaked for at least an hour). The annealed rolls were cooled,
and the sheet was further rolled using cold rolling to reach
a final gauge of 1.5 mm. Six different samples were prepared
from Alloy Al. The samples are differentiated by: (a) the
method of hot rolling and (b) what combination and order of
surface treatments were applied following cold rolling (from
among alkaline washing, acid etching, and pretreatment
application).

[0233] When used, the alkaline washing was carried out
by suitable methods, described in detail above, followed by
strong wash with water. When used, the acid etching was
carried out by suitable methods, described in detail above.
When used, the pretreatment was carried out by suitable
methods, described in detail above.

[0234] Samples treated in these different ways are identi-
fied as B1-B6, and are shown in Table 4 below.
TABLE 4
Alkaline Acid
Sample Washing Etching Pretreatment
B1 — Step 1 Step 2
B2 Step 2 Step 1 Step 3
B3 Step 1 Step 2 Step 3
B4 — Step 1 Step 2
B5 Step 2 Step 1 Step 3
B6 Step 1 Step 2 Step 3
Example 3
Bond Durability Testing
[0235] Each of the six samples from Example 2 (Samples

B1 to B6) were subjected to bond durability (BD) testing. In
the BD test, a set of 6 lap joints (bonds) were connected in
sequence by bolts and positioned vertically in a 90%=+5%
relative humidity (RH) humidity cabinet. The temperature
was maintained at 50° C.+2° C. A force load of 2.4 kN was
applied to the bond sequence. The BD test is a cyclic
exposure test that is conducted for up to 45 cycles. Each
cycle lasts for 24 hours. In each cycle, the bonds are exposed
in the humidity cabinet for 22 hours, then immersed in 5%
NaCl for 15 minutes, and finally air-dried for 105 minutes.
Upon the breaking of three joints, the test is discontinued for
the particular set of joints and is indicated as a first failure.
The number “45” in a cell indicates that the joints remained
intact for 45 cycles without failure. Table 5 reports the mean
number of BD cycles to failure for the six joints, the standard
deviation among the six joints, and the number of cycles of
earliest failure. A value of “45” indicates that the sample did
not fail at any point during the testing.

TABLE 3 TABLE 5
Alloy Si Mg Cu Fe Mn Ti Cr Al Sample Mean St. Dev First Fail
Al 0.8 065 0.1 0.25 0.08 0.05 0.08 bal. Bl 45 6 32
B2 45 0 45
Nominal value; all expressed in wt. %. B3 25 0 25
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TABLE 5-continued TABLE 7
Sample Mean St. Dev First Fail Etch Dwell Time  Temperature
Reference Etch Solution (s) °C)
B4 33 10 16
BS 45 0 45 1 7% H,S04/Fes(SO,)3 5 67
B6 23 0 23 2 H;PO,/H,S0, 60 105
3 H3PO4/H,S0, 5 105
4 (1) Kleen 4005 followed by (1)3and (2)5 (1) 65 and
(2) 7% H,S0,4/Fey(SO,)s (2) 67
5 (1) 7% H,S0,/Fe,(SO,); 2) (1) 5and (2)3 (1) 67 and
Example 4 Kleen 4005 () 65
6 Kleen 4005 3 65
. . 7 H3PO,/H,SO,/HNO, 60 105
Atomic Concentrations of Cu and Mg 8 H.PO,/HSO.,/HNO, 5 105
. . . 9 Electrolytic (80% H3PO, and N/A N/A
[0236] Using XPS, the atomic concentrations of Cu and 20% EtOH)
Mg were measured for each of the six samples of Example
2 (Samples B1 to B6). The atomic concentrations of Cu and . .
[0239] Bond durability testing was performed on the alu-

Mg were measured at different depths from the surface to a
depth of 125 nm from the surface. FIG. 1 shows the atomic
concentration of Mg in a test sample at depths up to 125 nm
for B1, B2, and B3, as recorded by XPS. FIG. 2 shows the
atomic concentration of Mg in a test sample at depths up to
125 nm for B4, BS, and B6, as recorded by XPS. FIG. 3
shows the atomic concentration of Cu in a test sample at
depths up to 125 nm for B1, B2, and B3, as recorded by
XPS. FIG. 3 also shows a comparison to a comparable
article (C1) that did not undergo any of the surface-modi-
fying treatments set forth in Example 2. FIG. 4 shows the
atomic concentration of Cu in a test sample at depths up to
125 nm for B4, B5, and B6, as recorded by XPS. FIG. 4 also
shows a comparison to a comparable article (C2) that did not
undergo any of the surface-modifying treatments set forth in
Example 2.

[0237] Table 6 shows the ratio of the atomic concentra-
tions of Cu to Mg within the outermost 125 nm of material
(referred to as “Cu/Mg” in Table 6) for each of the six
samples of Example 2 (Sampled B1 to B6). FIG. 5 shows a
plot of the mean number of BD cycles passed for each
sample as a function of the atomic concentration ratio of Cu
to Mg for each sample. Note from the data in Tables 5 and
6 and FIG. 5 that, when the atomic concentration ratio of Cu
to Mg is about 0.2 or more in the subsurface portion,
superior bond durability is achieved.

TABLE 6
Sample Cu/Mg
B1 0.057
B2 0.208
B3 0.100
B4 0.072
B5 0.256
Bo6 0.110

Example 5

Bond Durability with Oxidized Cu

[0238] An AA7xxx series aluminum alloy was prepared
by direct chill casting and was processed by homogenizing,
hot rolling, cold rolling, solution heat treating, air quench-
ing, aging, and etching using an etch solution containing
various etchants. The alloy was in a T6 temper. Etch
parameters are presented in Table 7 below.

minum alloy articles etched according to the conditions
shown in Table 7. The prepared samples were bonded
together and subjected to a stress durability test. In the stress
durability test, a set of 6 lap joints/bonds were connected in
sequence by bolts and positioned vertically in a 90% relative
humidity (RH) humidity cabinet. The temperature was
maintained at 50° C. A force load of 2.4 kN was applied to
the bond sequence. The stress durability test is a cyclic
exposure test that is conducted for up to 45 cycles. Each
cycle lasted for 24 hours. In each cycle, the bonds were
exposed in the humidity cabinet for 22 hours, then immersed
in a 5% aqueous sodium chloride (NaCl) solution for 15
minutes, and finally air-dried for 105 minutes. Upon the
breaking of three joints, the test was discontinued for the
particular set of joints and indicated as a first failure. For this
experiment, the completion of 45 cycles indicates that the set
of joints passed the bond durability test. The test results are
shown below in Table 8. In Table 8, each of the joints are
numbered 1 through 6, where joint 1 is the top joint and joint
6 is the bottom joint when oriented vertically. The number
in the cells, except for “45,” indicates the number of
successful cycles before a break. The number “45” in a cell
indicates that the joints remained intact for 45 cycles without
failure. The results are summarized in Table 8 below:

TABLE 8

Etch 6- Std.
Reference  1-Top 2 3 4 5 Bottom Mean Dev.

1 10 16 15 13 16 16 14 2

2 N/A 15 11 19 10 N/A 14 4

3 N/A 3 10 10 3 N/A 7 4

4 10 5 10 10 10 7 9 2

5 10 10 10 2 3 3 6 4

6 10 11 14 10 14 14 12 2

7 N/A 27 34 31 45 N/A 33 6

8 N/A 19 19 19 19 N/A 19 0

9 N/A 10 16 18 15 N/A 15 3

[0240] Alloys etched according to the procedure in Etch
References 1, 6, and 9 were performed as comparative
samples using commercially available etchants that do not
contain oxidizers. As evident in Table 8, the alloys etched
according to the procedure in Etch References 1, 6, and 9
exhibited poor bond durability. Additionally, alloys etched
according to the procedure in Etch References 4 and 5 were
performed as comparative samples using commercially
available etchants without oxidizers in a two-step procedure.
As evident in Table 8, the alloys etched according to the
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procedure in Etch References 4 and 5 exhibited poor bond
durability. The alloys etched according to the procedure in
Etch References 2 and 3 were performed as comparative
samples using an etchant without oxidizers. As evident in
Table 8, the alloys etched according to the procedure in Etch
References 2 and 3 exhibited poor bond durability. The
alloys etched according to the procedure in Etch References
7 and 8 were performed according to the methods described
herein, using an exemplary etchant containing an oxidizer
(e.g., nitric acid (HNO,). As evident in Table 8, the alloy
etched according to the procedure in Etch Reference 7 (i.e.,
including an oxidizer and at an appropriate temperature for
an appropriate time) exhibited superior bond durability.
However, the alloy etched using an oxidizer but for a dwell
time of 5 seconds (i.e., according to the procedure in Etch
Reference 8) did not result in the desired bond durability
results.

Example 6

Surface Characteristics

[0241] Surfaces of the aluminum alloy sheets were ana-
lyzed by X-ray photon spectroscopy (XPS). Amounts of
copper metal and copper oxide were analyzed. Measure-
ments were conducted on the surface as etched and pre-
treated, and after sputtering for 10 seconds. FIG. 6 A shows
data for the copper oxide content present at the surface of the
alloy. FIG. 6B shows data for the copper oxide content
present at the surface of the alloy after the 10 second
sputtering procedure to remove oxidized species (e.g., cop-
per oxide) at the surface of the alloy. In FIGS. 6A and 6B,
the alloys etched with a comparative etching procedure (see
Table 8, Etch Reference 2), where the etchant did not contain
an oxidizer, did not exhibit any copper oxide (see plot V2 in
FIGS. 6 A and 6B), but did exhibit presence of copper metal,
indicated by the strong peak at ca. 933 eV. The alloys etched
with the etchant containing an oxidizer (e.g., HNO;, see
Table 8, Etch Reference 7) exhibited copper oxide present at
the surface of the alloy (see FIG. 6A, plot V7) in an
as-etched condition, as indicated by the peaks at ca. 934,
935, and 937 eV. Additionally, sputtering the sample of the
V7 plot exhibited removal of the copper oxide at the surface
of the alloy, indicating copper oxide was present at the
surface as a result of etching with an oxidizer, and copper
oxide was not present in the subsurface of the alloy and
merely exposed by the etching procedure. Controlled oxi-
dation of copper at the surface of the aluminum alloy can be
desirable for bonding and joining applications. Further,
observed oxidation of species at the surface of an aluminum
alloy indicates the aluminum alloy can have superior bond
durability.

[0242] All patents, patent applications, publications, and
abstracts cited above are incorporated herein by reference in
their entireties. Various embodiments of the invention have
been described in fulfillment of the various objectives of the
invention. It should be recognized that these embodiments
are merely illustrative of the principles of the present
invention. Numerous modifications and adaptations thereof
will be readily apparent to those of ordinary skill in the art
without departing from the spirit and scope of the invention
as defined in the following claims.
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What is claimed is:

1. An aluminum alloy article, comprising an aluminum
alloy material that comprises Cu and Mg as alloying ele-
ments,

wherein the aluminum alloy article comprises a subsur-

face portion and a bulk portion; and

wherein an atomic concentration ratio of Cu to Mg in the

subsurface portion is from about 0.2 to about 5.0.

2. The aluminum alloy article of claim 1, wherein the
aluminum alloy material comprises a 5xxx series aluminum
alloy, a 6xxx series aluminum alloy, or a 7xxx series
aluminum alloy.

3. The aluminum alloy article of claim 1, wherein the
aluminum alloy material comprises:

from 0.2 to 1.4 wt. % Si;

from 0.4 to 5.0 wt. % Mg;

from 0.01 to 2.0 wt. % Cu;

from 0.05 to 0.50 wt. % Fe;

up to 0.25 wt. % Mn;

up to 0.25 wt. % Cr;

up to 0.15 wt. % Zn;

up to 0.20 wt. % Ti;

up to 0.05 wt. % Zr;

up to 0.05 wt. % Pb; and

up to 0.15 wt. % impurities;
with the remainder being Al

4. The aluminum alloy article of claim 3, wherein the
aluminum alloy material comprises:

from 0.6 to 0.95 wt. % Si;

from 0.55 to 0.75 wt. % Mg;

from 0.05 to 0.60 wt. % Cu;

from 0.20 to 0.35 wt. % Fe;

from 0.05 to 0.20 wt. % Mn;

up to 0.15 wt. % Cr;

up to 0.15 wt. % Zn;

up to 0.15 wt. % Ti;

up to 0.05 wt. % Zr;

up to 0.05 wt. % Pb; and

up to 0.15 wt. % impurities;
with the remainder being Al

5. The aluminum alloy article of claim 1, further com-
prising up to 0.10 wt. % of one or more elements selected
from the group consisting of Ni, Sc, Sn, Be, Mo, Li, Bi, Sb,
Nb, B, Co, Sr, V, In, Hf, Ag, Y, La, Ce, Pr, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu.

6. The aluminum alloy article of claim 1, wherein the
aluminum alloy article is a rolled aluminum alloy shate or a
rolled aluminum alloy sheet, wherein the aluminum alloy
article has a thickness of no more than 15 mm, or no more
than 14 mm, or no more than 13 mm, or no more than 12
mm, or no more than 11 mm, or no more than 10 mm, or no
more than 9 mm, or no more than 8 mm, or no more than 7
mm, or no more than 6 mm, or no more than 5 mm, or no
more than 4 mm, or no more than 3 mm, or no more than 2
mm, or no more than 1 mm, or no more than 0.5 mm, or no
more than 0.3 mm, or no more than 0.1 mm.

7. The aluminum alloy article of claim 1, wherein the
subsurface portion extends from an external surface of the
aluminum alloy article to a depth of up to 5 pm.

8. The aluminum alloy article of claim 1, wherein the
atomic concentration ratio of Cu to Mg in the aluminum
alloy material of the subsurface portion is at least 20%, or at
least 40%, or at least 60%, or at least 80%, or at least 100%,
or at least 150%, or at least 200%, greater than the atomic
concentration ratio of Cu to Mg in the aluminum alloy
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material of the bulk portion, based on the atomic concen-
tration ratio of Cu to Mg in the aluminum alloy material of
the bulk portion.

9. The aluminum alloy article of claim 1, wherein the
atomic concentration ratio of Cu to Mg in the aluminum
alloy material of the subsurface portion is at least 20%, or at
least 40%, or at least 60%, or at least 80%, or at least 100%,
or at least 150%, or at least 200%, greater than an atomic
concentration ratio of Cu to Mg in the aluminum alloy
material of a subsurface portion of an untreated aluminum
alloy material.

10. The aluminum alloy article of claim 1, wherein the
atomic concentration ratio of Cu to Mg in the aluminum
alloy material of the subsurface portion ranges from 0.2 to
4.5, or from 0.2 to 4.0, or from 0.2 to 3.5, or from 0.2 to 3.0,
or from 0.2 to 2.5, or from 0.2 to 2.0, or from 0.2 to 1.5, or
from 0.2 to 1.0, or from 0.2 to 0.5.

11. A method of making a surface-modified aluminum
alloy article, the method comprising:

providing an aluminum alloy article having a subsurface

portion and a bulk portion, wherein the aluminum alloy
article comprises an aluminum alloy material that com-
prises Mg and Cu as alloying elements; and

contacting a surface of the subsurface portion with a

surface-modifying composition,

wherein an atomic concentration ratio of Cu to Mg in the

subsurface portion is from about 0.2 to about 5.0.

12. The method of claim 11, wherein the providing
comprises:

casting a molten aluminum alloy to form an aluminum

alloy cast product;
optionally homogenizing the aluminum alloy cast product
to form a homogenized aluminum alloy cast product;

rolling the homogenized aluminum alloy cast product or
the aluminum alloy cast product to form a rolled
aluminum alloy product; and

solutionizing the rolled aluminum alloy product to form

the aluminum alloy article.

13. The method of claim 12, wherein the aluminum alloy
material comprises:

from 0.2 to 1.4 wt. % Si;

from 0.4 to 5.0 wt. % Mg;

from 0.01 to 2.0 wt. % Cu;

from 0.05 to 0.50 wt. % Fe;

up to 0.25 wt. % Mn;

up to 0.25 wt. % Cr;

up to 0.15 wt. % Zn;

up to 0.20 wt. % Ti;

up to 0.05 wt. % Zr;

up to 0.05 wt. % Pb; and

up to 0.15 wt. % impurities;
with the remainder being Al

14. The method of claim 12, wherein the aluminum alloy
material comprises:

from 0.6 to 0.95 wt. % Si;

from 0.55 to 0.75 wt. % Mg;

from 0.05 to 0.60 wt. % Cu;

from 0.20 to 0.35 wt. % Fe;

from 0.05 to 0.20 wt. % Mn;

up to 0.15 wt. % Cr;

up to 0.15 wt. % Zn;

up to 0.15 wt. % Ti;
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up to 0.05 wt. % Zr;

up to 0.05 wt. % Pb; and

up to 0.15 wt. % impurities;
with the remainder being Al

15. The method of claim 11, further comprising up to 0.10
wt. % of one or more elements selected from the group
consisting of Ni, Sc, Sn, Be, Mo, Li, Bi, Sb, Nb, B, Co, Sr,
V, In, Hf, Ag, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy,
Ho, Er, Tm, Yb, and Lu.

16. The method of claim 11, wherein the aluminum alloy
article has a thickness of no more than 15 mm, or no more
than 14 mm, or no more than 13 mm, or no more than 12
mm, or no more than 11 mm, or no more than 10 mm, or no
more than 9 mm, or no more than 8 mm, or no more than 7
mm, or no more than 6 mm, or no more than 5 mm, or no
more than 4 mm, or no more than 3 mm, or no more than 2
mm, or no more than 1 mm, or no more than 0.5 mm, or no
more than 0.3 mm, or no more than 0.1 mm.

17. The method of claim 11, wherein the subsurface
portion extends from an external surface of the aluminum
alloy article to a depth of up to 5 pum.

18. The method of claim 11, wherein the surface-modi-
fying composition comprises a strong oxidizing agent at a
concentration of no more than 1000 ppm, or no more than
500 ppm, or no more than 300 ppm, or no more than 100
ppm, or no more than 50 ppm, or no more than 25 ppm, or
no more than 10 ppm.

19. An aluminum alloy article, wherein the aluminum
alloy article is the surface-modified aluminum alloy article
formed by the method of claim 11.

20. The aluminum alloy article of claim 19, wherein the
aluminum alloy article is an automobile, a truck, a trailer, a
train, a railroad car, an airplane, a body panel or part for any
of'the foregoing, a bridge, a pipeline, a pipe, a tubing, a boat,
a ship, a storage container, a storage tank, a an article of
furniture, a window, a door, a railing, a functional or
decorative architectural piece, a pipe railing, an electrical
component, a conduit, a beverage container, a food con-
tainer, or a foil.

21. An aluminum alloy article comprising a surface, a
subsurface portion and a bulk portion, wherein the subsur-
face portion comprises an oxidized copper-containing layer.

22. The aluminum alloy article of claim 21, wherein the
oxidized copper-containing layer comprises at least one of
copper (I) oxide (i.e., Cu,O), copper (II) oxide (CuO),
copper peroxide (Cu0O,), and copper (III) oxide (Cu,O;).

23. The aluminum alloy article of claim 21, wherein the
oxidized copper-containing layer comprises oxidized copper
particles including an atomic ratio of a copper ion concen-
tration to an elemental copper concentration of from about
0.5 to about 1.

24. The aluminum alloy article of claim 21, wherein the
subsurface portion comprises an area from a surface of the
aluminum alloy article to a depth of about 5 pm.

25. The aluminum alloy article of claim 24, wherein the
subsurface portion comprises an area from the surface of the
aluminum alloy article to a depth of about 2 pm.

26. A method of treating a surface of an aluminum alloy
article, comprising:

providing an aluminum alloy article having a subsurface

portion and a bulk portion, wherein the subsurface
portion comprises Cu; and

etching a surface of the aluminum alloy article with an

etch solution comprising an oxidizing agent.
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27. The method of claim 26, wherein the providing step
comprises providing an aluminum alloy article comprising
at least about 0.001 wt. % Cu.

28. The method of claim 27, wherein the providing step
comprises providing an aluminum alloy article comprising
from about 0.001 wt. % to about 10 wt. % Cu.

29. The method of claim 26, wherein the providing step
comprises providing an aluminum alloy article comprising a
1xxx series aluminum alloy, a 2xxx series aluminum alloy,
a 3xxx series aluminum alloy, a 4xxx series aluminum alloy,
a 5xxx series aluminum alloy, a 6xxx series aluminum alloy,
a 7xxx series aluminum alloy, or an 8xxx series aluminum
alloy.

30. The method of claim 26, wherein the etching step
comprises oxidizing at least a portion of the Cu present in
the subsurface portion.

31. The method of claim 26, wherein the etching step
comprises oxidizing at least 30 at. % of the Cu present in the
subsurface portion.

32. The method of claim 26, wherein the oxidizing agent
comprises nitric acid, perchloric acid, chromic acid, ammo-
nium perchlorate, ammonium permanganate, barium perox-
ide, calcium chlorate, calcium hypochlorite, hydrogen per-
oxide, magnesium peroxide, potassium bromate, potassium
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chlorate, potassium peroxide, sodium chlorate, sodium chlo-
rite, sodium perchlorate, sodium peroxide, or any combina-
tion thereof.

33. The method of claim 26, wherein the etch solution
further comprises one or more additional acids.

34. The method of claim 33, wherein the one or more
additional acids comprises phosphoric acid, sulfuric acid,
hydrofluoric acid, acetic acid, and/or hydrochloric acid.

35. The method of claim 26, wherein the etch solution
comprises nitric acid, phosphoric acid, and sulfuric acid.

36. The method of claim 35, wherein a volumetric con-
centration of nitric acid, phosphoric acid and sulfuric acid
comprises from about 5 vol. % to about 30 vol. % nitric acid,
from about 0 vol. % to about 75 vol. % phosphoric acid, and
from about 7 vol. % to about 25 vol. % sulfuric acid.

37. The method of claim 26, wherein the etch solution in
the etching step is heated to a temperature of from about 90°
C. to about 110° C.

38. The method of claim 26, wherein the etching step is
performed for a dwell time of from about 2 seconds to about
2 minutes.

39. An aluminum alloy article prepared according to the
method of claim 26.

40. The aluminum alloy article of claim 39, wherein the
aluminum alloy article comprises a motor vehicle body part.
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