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ABSTRACT

An aluminum alloy having an excellent combination of strength, extrudability and
corrosion resistance may include in weight percent, about 0.01% or less copper; about
0.15% or less iron; about 0.60 to about 0.90% manganese, where manganese and iron
are present in the alloy in a Mn:Fe ratio of at least about 6.6; about 0.02% or less
nickel; about 0.08 to about 0.30% silicon; about 0.10 to about 0.20% titanium; and
about 0.05 to about 0.20% zinc; the balance being aluminum and unavoidable
impurities. Extruded articles and other articles may be formed using the alloy.
Methods of forming such articles may include homogenizing a billet of the alloy prior

to forming the article.
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ALUMINUM ALLOY HAVING AN EXCELLENT COM?INATION
OF STRENGTH, EXTRUDABILITY AND COMOSIWSISTANCE

TECHNICAL FIELD

The present invention relates to an aluminum alloy having an excellent combination
of strength, extrudability and corrosion resistance, as well as to extruded articles and

other articles formed of the alloy and methods of forming such articles.

BACKGROUND

Aluminum alloys are often used for various heat transfer applications. In one
example, tubing for heat exchanger applications, such as HVAC applications (heating
ventilation and air conditioning and refrigeration), may be formed of aluminum alloy,
such as by extrusion. Existing aluminum alloys may not provide satisfactory
properties, including satisfactory combinations of strength, extrudability, formability,
and corrosion resistance. The current baseline alloy is AA3102, which provides the

required strength but has poor corrosion resistance.

The present alloys, articles, and methods are provided to address at least some of the
problems discussed above and other problems, and to provide advantages and aspects
not provided by prior technologies of this type. A full discussion of the features and
advantages of the present invention is deferred to the following detailed description,

which proceeds with reference to the accompanying drawings.

BRIEF SUMMARY

The following presents a general summary of aspects of the invention in order to
provide a basic understanding of the invention. This summary is not an extensive
overview of the invention. It is not intended to identify key or critical elements of the
invention or to delineate the scope of the invention. The following summary merely
presents some concepts of the invention in a general form as a prelude to the more

detailed description provided below.

Aspects of the invention relate to an aluminum alloy having an excellent combination
of strength, extrudability and corrosion resistance. The alloy may be suitable for

various heat transfer applications, including heat exchanger applications such as
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HVAC applications and hairpin type air conditioning condensers. As one example,
the alloy may be used to form tubing for such applications, which may be produced
by extrusion or another forming technique. The alloy may also be suitable for the
manufacture of other products, such as sheet in one example. Tube stock can also be

formed from sheets formed of the alloy, as well as other articles.

According to one aspect, the aluminum alloy may include, in weight percent:

Cu about 0.01% or less;

Fe about 0.15% or less;

Mn  about 0.60% to about 0.90%;

Ni less than about 0.02%;

Si about 0.08% to about 0.30%;

Ti about 0.10% to about 0.20%; and

Zn about 0.05% to about 0.20%;
with the balance being aluminum and unavoidable impurities. The manganese
content and the iron content may be maintained such that manganese and iron are

present in the alloy in a Mn:Fe ratio of at least about 6.6.

According to additional aspects, the iron content of the alloy may be about 0.05% to
about 0.15%, or may be about 0.12% or less, optionally with a minimum of about
0.05%. The manganese content of the alloy may be about 0.80% to about 0.90%.
The nickel content of the alloy may be less than about 0.01%. The silicon content of
the alloy may be about 0.10% to about 0.20%. The zinc content of the alloy may be
about 0.1% to about 0.2%. The Mn:Fe ratio may be about 6.6 to about 11.0, or may
be about 6.6 to about 7.5. The alloy may include any combination of such

compositions in various embodiments.

According to another aspect, the alloy may have a tensile strength of 75MPa or more,

or may have a tensile strength of 80 MPa or more.

According to a further aspect, the alloy may be formed into a billet and the billet may
be formed into another article using a variety of forming techniques, including
extrusion, forging, rolling, and other forming techniques. In one example, the alloy

méy be particularly suitable for forming by extrusion, and may be extruded (e.g. in
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billet form) to form an extruded tube or other extruded article. After extrusion, such
an article may have a grain size of less than about 75 microns, or less than about 100
microns, in the transverse (e.g. circumferential) direction. In another example, the

billet may be rolled to form a sheet, and the sheet may be formed into a tube.

Additional aspects of the invention relate to a method of forming an article formed at
least partially of an alloy as described above. In an embodiment, the alloy is shaped
into a billet (e.g. by casting), and then the billet may be subjected to a homogenizing
heat treatment, e.g. at a temperature of about 600-640°C for about 2-8 hours. The
billet may optionally be cooled at a rate of about 250°C/hour or less to a temperature
of about 300°C. The billet may then be formed into one or more articles, by using a
forming technique such as those described above. In one embodiment, the billet may

be subjected to extrusion to form an extruded article such as extruded tubing.

According to one aspect, the homogenized billet may have a conductivity of 32-42%
IACS (international annealed copper standard), or may have a conductivity of 33-38%
IACS. The homogenized billet has a flow stress of less than about 22 MPa when

measured at 500°C, at a strain rate of 0.1/sec.

According to another aspect, the article formed may have a tensile strength of 75MPa

or more, or may have a tensile strength of 80 MPa or more.

Further aspects of the invention relate to an article partially or completely formed of
an alloy as described above. Such an article may be formed using a method as
described above as well. The article may be an extruded article in one example, such
as extruded tubing or another component for use in heat exchanger applications. The
article may be tubing or another component for heat exchanger applications formed in

a different manner, in another example.

According to one aspect, an extruded article may have a grain size of less than about
75 microns, or less than about 100 microns, in the transverse direction. The article
may also have may have a tensile strength of 7SMPa or more, or may have a tensile

strength of 80 MPa or more.

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

description taken in conjunction with the attached drawings.



10

15

20

25

CA 02776003 2012-04-27

DESCRIPTION OF THE DRAWINGS

To allow for a more full understanding of the present invention, it will now be

described by way of example, with reference to the accompanying drawings in which:

Figure 1 is a graph showing SWAAT results for Example 1 described in the present

specification; and

Figure 2 shows metallographic transverse cross-sections for alloys C, D and E

according to Example 2 described in the present specification.

DETAILED DESCRIPTION

In the following description of various example structures according to the invention,
reference is made to the accompanying drawings, which form a part hereof, and in
which are shown by way of illustration various example devices, systems, and
environments in which aspects of the invention may be practiced. It is to be
understood that other specific arrangements of parts, example devices, systems, and
environments may be utilized and structural and functional modifications may be

made without departing from the scope of the present invention.

Aspects of the present invention relate to aluminum alloys that can provide
advantageous tensile strength, corrosion resistance, extrudability, and/or formability,
as well as articles formed partially or entirely of such alloys and methods of
producing such articles. Alloys according to the present invention may include

alloying additions and limits as described below.

Copper may be included in embodiments of the alloy, such as in an amount of about
0.01% or less in one embodiment. This amount of copper can improve corrosion

resistance over alloys with higher copper contents.

Iron may be included in embodiments of the alloy, such as in an amount of about
0.15% or less in one embodiment. In other embodiments, the iron content of the alloy
may be about 0.05% to about 0.15%, or may be about 0.12% or less, optionally with a
minimum of about 0.05%. This amount of iron can improve corrosion resistance over

alloys with higher iron contents.
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Manganese may be included in embodiments of the alloy, such as in an amount of
about 0.60 to about 0.90% in one embodiment. The manganese content of the alloy
may be about 0.80% to about 0.90% in another embodiment. Manganese additions in
these amounts can increase the strength of the alloy, which may compensate for lower

strength that may result from lower iron contents.

Nickel may be included in embodiments of the alloy, such as in an amount of about
0.02% or less in one embodiment. The nickel content of the alloy may be about

0.01% or less in another embodiment.

Magnesium may be included in embodiments of the alloy, such as in an amount of
less than about 0.05% in one embodiment. Magnesium may be in the form of an

impurity, and may not be required, in one embodiment.

Silicon may be included in embodiments of the alloy, such as in an amount of about
0.08 to about 0.30% in one embodiment. The silicon content of the alloy may be
about 0.10% to about 0.20% in another embodiment. Silicon additions in these
amounts can reduce flow stress and improve extrudability of the alloy, which may be

negatively affected by manganese additions.

Titanium may be included in embodiments of the alloy, such as in an amount of about
0.10 to about 0.20% in one embodiment. Titanium additions in these amounts can

improve corrosion resistance of the alloy.

Zinc may be included in embodiments of the alloy, such as in an amount of about 0.05
to about 0.20% in one embodiment. The zinc content of the alloy may be about 0.1%
to about 0.2% in another embodiment. Zinc additions in these amounts can improve

corrosion resistance of the alloy.

In example embodiments, the manganese and iron contents of the alloy may be
maintained in a Mn:Fe ratio of at least about 6.6,, or about 6.6 to about 11.0, or about
6.6 to about 7.5. Using manganese and iron in the above ratios can produce alloys
with improved corrosion resistance and comparable or superior strength to existing

aluminum alloys.

In one example embodiment, the alloy includes:
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e about 0.01% or less copper;

e about 0.15% or less iron;

e about 0.60 to about 0.90% manganese, where the manganese and iron are
present in the alloy in a Mn:Fe ratio of at least about 6.6;

e about 0.02% or less nickel;

e about 0.08 to about 0.30% silicon;

e about 0.10 to about 0.20% titanium; and

about 0.05 to about 0.20% zinc;

with the balance being aluminum and unavoidable impurities.

In another example embodiment, the alloy includes:

about 0.01% or less copper;

e about 0.15% or less iron;

e about 0.80 to about 0.90% manganese, wherein manganese and iron are
present in the alloy in a Mn:Fe ratio of at least about 6.6;

e about 0.02% nickel or less;

e about 0.10 to about 0.20% silicon;

e about 0.10 to about 0.20% titanium; and

about 0.10 to about 0.20% zinc;

with the balance being aluminum and unavoidable impurities.

In further embodiments, alloys of the present invention may comprise other
combinations of the above alloying additions, or may consist only of or consist
essentially of the combinations identified above. In one embodiment, the unavoidable
impurities in the alloy may be present in amounts of 0.05% or less individually and

0.15% or less in aggregate.

Various embodiments of aluminum alloys as described herein may be used to produce
a large number of different articles. In one embodiment, the alloy may have
properties suitable for extrusion to produce a variety of extruded products, including
tubing and other articles for use in heat exchanger and HVAC applications. Such

extruded articles may have a constant cross-sectional shape over the entire length of
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the article. In another embodiment, other articles may be produced using an
embodiment of the alloy, using other forming techniques. The alloy may be used to
produce rolled sheet in one example, and such sheet may further be used to produce
other articles, such as tubing and other articles for use in heat exchanger and HVAC
applications. As an example, a rolled sheet produced using an embodiment of the
alloy may be formed and welded (e.g. resistance welding) to form round tubestock.
The article formed may have additional components that may or may not be formed of
an alloy as described herein. For example, the article may have other components
connected thereto by various connection techniques, such as by incorporating the
article into a larger assembly, and/or may have coatings or other materials applied
thereto. Additionally, the article may not be made entirely from the alloy in another
embodiment, and may include other materials, such as being at least partially made

from a composite material that includes the alloy.

Different methods may be used to produce different articles using embodiments of the
aluminum alloy described herein. In one general embodiment, the alloy may be used
to produce a billet, such as by casting, which can then be used to produce one or more
articles, using one or more forming techniques. The term “billet” as used herein may
refer to traditional billets, as well as ingots and other intermediate products that may
be produced via a variety of techniques, including casting techniques such as

continuous or semi-continuous casting and others.

After being shaped into a billet (e.g. by casting), the alloy/billet may be subjected to a
modified homogenization cycle to develop and/or maintain desired properties. For
example, such a homogenization treatment can assist in minimizing the alloy flow
stress and creating an excellent combination of corrosion resistance, extrudability and

grain size.

In one embodiment, the homogenizing heat treatment may include heating at a
temperature of about 570-640°C or 580-640°C for about 2-8 hours. In another
embodiment, the heat treatment may be conducted at about 600-640°C for about 2-8
hours. As one example of this, the homogenizing treatment may be performed at a
temperature of about 620°C for about 4 hours. After the homogenizing treatment, the

billet may then optionally be cooled at a rate of about 250°C/hour or less to a
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temperature of about 300°C. Additional or alternate heat treatments may be used in
other embodiments, including alternate homogenizing treatments, which may include

different heating and/or cooling cycles.

In one embodiment, the homogenized billet may have an electrical conductivity of 32-
42% IACS (international annealed copper standard), or may have an electrical
conductivity of 33-38% IACS. Conductivities in these ranges can be used to measure
and/or determine that the billet has a proper combination of composition and
homogenization processing. In another embodiment, the homogenized billet may
have a flow stress of less than about 22 MPa when measured at 500°C, at a strain rate

of 0.1/sec, which is beneficial for extrusion.

The method may further include forming the billet into one or more articles using one
or more forming techniques, such as the example articles and forming techniques
discussed herein. For example, the billet may be shaped into tubing for use in heat
transfer applications. In one embodiment, the billet is extruded into tubing, resulting
in tubing that has an excellent combination of corrosion resistance, extrudability and
formability. One embodiment of such extruded tubing may have a tensile strength
(UTS) of about 75MPa or more, or a tensile strength of about 80 MPa or more.
Additionally, one embodiment of such extruded tubing may have a grain size of less
than about 75 microns in the transverse direction (i.e. transverse to the extrusion
direction), and in another embodiment, the grain size may be less than about 100
microns in the transverse direction. In an extruded tube, the transverse direction is
generally the circumferential direction. In a further embodiment, tubing may be
formed from rolled sheet produced from an ingot, as described above, and such tubing
may have similar properties. Other forming techniques may be used to produce these
and other articles from billets formed of the alloy in accordance with further

embodiments.

Below are examples illustrating alloys produced according to embodiments of the
present invention, and examples of properties that can be achieved by such alloys and

articles formed therefrom.
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Example 1

The alloys in Table 1 were DC cast as 101 mm diameter ingots and homogenized with
a cycle of 4 hours at 580°C, then cooled at less than 200°C/hour. These included
reference alloys AA3102 and AA1235A and an experimental alloy A in accordance
with an embodiment of the invention, containing deliberate additions of Zn and Ti,

reduced Fe content and an increased Mn content.

Table 1: Experimental Compositions — Example 1

AA3102 |AA1235 A
Si 0.07 0.12 0.08
Fe 0.44 0.33 0.1
Cu <.01 <.01 0.002
Mn 0.23 <.01 0.68
Mg <.01 <.01 <.01
Ni <.01 0.01 <.01
Zn 0.02 0.02 0.16
Ti 0.02 0.02 0.14
Mn/Fe 0.52 6.80

The three alloys were extruded into a 30 x 1.4 mm strip using the following
conditions:

e Billet temperature:  500°C

o Exitspeed: 63 m/min

¢ Extrusion ratio: 210

The strip was water quenched after extrusion, cut into coupons then degreased and
exposed to the SWAAT test (ASTM G85 A3) for 5, 10, 15 and 20 days. The resulting
pit depth (mean of 6 deepest pits) was assessed according to ASTM G46, and these

values are presented in Figure 1.

Alloy A clearly exhibited reduced depth of attack compared to the standard alloys
tested. Tensile properties and corrosion potentials (G69) for each alloy were

measured and the results are given in Table 2.
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Table 2: Tensile Strength and Corrosion Potential — Example 1

Alloy UTS Ecorr mV
AA1235 74.5 -758
AA3102 77.9 -742

A 79.3 -735

The modified alloy composition A is capable of meeting the same strength as the
standard alloys, and the corrosion potential is slightly more noble, which increases

galvanic protection when coupled with a fin material.

Example 2

A tensile strength of about 80MPa or more is more desirable for HVAC applications
to permit thinner tube walls while still meeting burst pressure requirements. In order
to approach this property target, a series of alloys were produced containing increased
Mn content and an Fe content that was reduced with respect to the reference alloys.

The alloys were cast as in Example 1. The alloy compositions are listed in Table 3.

Table 3: Alloy Compositions — Example 2

B (AA3102) C ] E F G H | J K L

Si 0.33 0.09 0.15 0.24 0.08 0.09 0.11 <.10 0.15 0.15 0.23
Fe 0.53 0.12 0.12 0.11 0.11 0.09 0.11 0.25 0.25 0.4 0.4
Cu 0.003 0.002 <.01 0.002 <.01 <.01 <.01 <.01 <.01 <.01 <.01
Mn 0.34 0.82 0.82 0.82 0.22 0.62 0.25 0.6 0.84 0.84 0.84
Mg <01 <.01 <01 <01 <01 <.01 <.01 <01 <01 <.01 <.01
Ni <.01 <.01 <.01 <.01 <.01 <.01 <.01 <01 <.01 <.01 <01
n 0.02 0.16 0.16 0.16 0.01 <.01 0.18 0.17 0.17 0.17 0.17
Ti 0.02 0.14 0.14 0.15 0.02 0.02 0.19 0.15 0.15 0.15 0.15
Mn/Fe 0.64 6.83 6.83 7.45 2.00 6.89 2.27 2.40 3.36 2.10 2.10

Alloys A (Example 1), B, C, D and E were homogenized for 4 hours at either 620 or
580°C and cooled at less than 200°C/hr. Samples having 10 mm diameters and
15 mm length were machined and tested under plane strain compression at an applied
strain rate of 0.1/sec and a test temperature of 500°C. The results are presented in
Table 4, ranked in terms of decreasing flow stress (o7). For 3XXX alloy extrusions,
the flow stress is a good indicator of extrusion pressure which in turn is an indicator

of the ease or extrusion or the extrudability. A more extrudable alloy can be extruded

10
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faster on a given press and the profile die exit temperature is lower, which extends the
life of the tooling. The results (Table 4) show that increasing the Mn content from
alloy A to C to increase the tensile strength and burst pressure of the alloy when
extruded as tubing increases the flow stress by ~3 to 5%. However, this can be offset
by raising the homogenization temperature to 620°C and further offset by increasing
the silicon content from <0.10 wt% to 0.15 wt% (i.e. alloy D). Still further increasing
the Si content to 0.24 wt% (alloy E) gives even further reductions in flow stress.
Additionally, it was observed that the use of the higher homogenization temperature
(620°C in this example) achieves greater benefits in flow stress with alloys having
higher silicon contents (e.g. Alloy E). In this way, the alloy tensile strength can be
increased without loss of extrudability. Alloy B also exhibited good flow stress,
although it is noted that alloy B has corrosion resistance that is inferior to that of
alloys A, C, D, and E. Testing was also performed to determine electrical
conductivity (%IACS). Table 4 illustrates these test results for the various example
alloys. Please note that A% indicates the difference in flow stress (of) from the
sample with the highest flow stress among those tested, which in this case, was alloy

E homogenized at 580°C.

Table 4: Plane Strain Compression Results

Alloy| Mn | Fe | Si |[Homo Temp "C| o A% |9IACS |UTS (MPa)
B 034053033 620 1480 | 133 | 5181 8430
B (034|053 033 580 18% -17.8 K17 91.00
E (082011024 620 192% -13.3 3739 86.50
D |082|012({0.15 62 2010 495 .32 8270
A |0568(010|0.08 530 2. 90 M43 75.30
A 1068 (010|D.08 620 2027 87 367 80.80
C (082|012 0.09 [ v, |] 2060 -2 332% 87.50
C 082|012/0.08 580 2130 41 U5 a87.0d
D (082|012(0.15 580 2150 32 Ir4r 8.9
E 108 011|024 o580 2N 0.0 4171 86.70

Alloys C, D and E were homogenised to the same conditions as shown in Table 4
were extruded into a 11.3 x 0.71 mm tube at a billet temperature of 480°C, an exit

speed of 50 m/min and an extrusion ratio of 535. Cross sections were taken and

11
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prepared metallographically. Figure 2 shows the transverse grain structure. The grain
sizes of these samples in the transverse (circumferential) direction were as follows:

e Alloy C/580°C: 121 microns

o Alloy C/620°C: 46 microns

e Alloy D/620°C: 56 microns

e Alloy E/620°C: 51 microns

A fine grain size advantageously avoids “orange peel” formation on the tube surface
during bending, expansion or flaring. This defect results from independent
deformation of individual grains, which can result in surface roughening and grain
boundary cracking. The grain size for alloy C homogenised at 580°C was >100
microns, which is large enough to promote this defect. Increasing the homogenisation
temperature for alloy C decreased the grain size to a more desirable level (e.g. less
than 100 microns or less than 75 microns), and this was maintained for alloys D and E

at the high homogenisation temperature.

Example 3

Manganese can have a considerable effect on the conductivity of the billet. Thus,
conductivity may be used to track the homogenization process in one embodiment of
the present invention. Electrical conductivity IACS (international annealed copper
standard) of the homogenised billets was measured using a hand-held probe at the end

of the billet. The results are presented in Table 5 below.

Table 5: Conductivity IACS Results

A B C D E F G
Ahrs/SR0C 362 53.2 346 375 418 488 3.6 3
Aws/6200 M6 33 343 374

As evidenced by the above examples, alloys as described herein can provide
beneficial properties, including good tensile strength, excellent corrosion resistance,
excellent extrudability, and/or excellent formability, offering a combination of such

properties that exceeds those of other alloys tested. Such properties provide

12
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advantages for use in certain applications, for example aluminum tubing (extruded or
other) for heat transfer applications, such as heat exchangers, hairpin type air
conditioning condensers, and other components. Still other advantages are

recognizable to those skilled in the art.

While the invention has been described with respect to specific examples including
presently preferred modes of carrying out the invention, those skilled in the art will
appreciate that there are numerous variations and permutations of the above described
systems and methods. Thus, the spirit and scope of the invention should be construed
broadly as set forth in the appended claims. All compositions herein are expressed in
weight percent, unless otherwise noted. It is understood that compositions and other
numerical values modified by the term “about” herein may be within the exact
numerical values listed (i.e. disregarding the term “about”) in alternate embodiments,

without departing from the present invention.

13



CLAIMS

1. An aluminum alloy consisting of, in weight percent:

about 0.01% or less copper;

about 0.15% or less iron;

about 0.60 to about 0.90% manganese, wherein manganese and iron are present
in the alloy in a Mn:Fe ratio of at least 6.6;

about 0.02% or less nickel;

about 0.08 to about 0.30% silicon;

about 0.10 to about 0.20% titanium; and

about 0.05 to about 0.20% zinc;

optionally, about 0.05% or less of magnesium; and

the balance being aluminum and unavoidable impurities.

2. The aluminum alloy of claim 1, wherein the iron content is about 0.05 to about
0.15%.

3. The aluminum alloy of claim 1, wherein the iron content is about 0.12% or less.
4. The aluminum alloy of any one of claims 1 to 3, wherein the manganese content

1s about 0.80 to about 0.90%.

5. The aluminum alloy of any one of claims 1 to 4, wherein the nickel content is
about 0.01% or less.

6. The aluminum alloy of any one of claims 1 to 5, wherein the silicon content is
about 0.10 to about 0.20%.

7. The aluminum alloy of any one of claims 1 to 6, wherein the zinc content is
about 0.10 to about 0.20%.

8. The aluminum alloy of any one of claims 1 to 7, wherein the Mn:Fe ratio is
between 6.6 to 11.0.

9. The aluminum alloy of any one of claims | to 8, wherein the Mn:Fe ratio is
between 6.6 to 7.5.

10. The aluminum alloy of any one of claims 1, 8 or 9, wherein the alloy comprises,
in weight percent, about 0.05 to about 0.12% iron; about 0.80 to about 0.90%
manganese; about 0.01% or less nickel; about 0.10 to about 0.20% silicon; and about
0.10 to about 0.20% zinc.

11.  The aluminum alloy of any one of claims 1 to 10, comprising about 0.05% or

less magnesium.

14
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12. The aluminum alloy of any one of claims 1 to 11, wherein the unavoidable
impurities are present individually in an amount of 0.05% or less and in an amount of
0.15% or less in aggregate.
13, Analuminum alloy consisting essentially of, in weight percent:

about 0.01% or less copper;

about 0.15% or less iron;

about 0.80 to about 0.90% manganese, wherein manganese and iron are present
in the alloy in a Mn:Fe ratio of at least 6.6;

less than 0.01% nickel;

about 0.10 to about 0.20% silicon;

about 0.10 to about 0.20% titanium; and

about 0.10 to about 0.20% zinc;

optionally about 0.05% or less magnesium; and

the balance being aluminum and unavoidable impurities.

14, The aluminum alloy of claim 13, wherein the iron content is about 0.05 to about
0.12%.
15.  The aluminum alloy of claim 13 or claim 14, wherein the Mn:Fe ratio is

between 6.6 to 11.0.
16. The aluminum alloy of any one of claims 13 to 15, wherein the Mn:Fe ratio is
between 6.6 to 7.5.
17. The aluminum alloy of any one of claims 13 to 16, including about 0.05% or
less magnesium.
18.  The aluminum alloy of any one of claims 13 to 17, wherein the unavoidable
impurities are present individually in an amount of 0.05% or less and in an amount of
0.15% or less in aggregate.
19.  An extruded article formed of an aluminum alloy consisting of, in weight
percent:

about 0.01% or less copper;

about 0.15% or less iron;

about 0.60 to about 0.90% manganese, wherein manganese and iron are present
in the alloy in a Mn:Fe ratio of at least 6.6;

about 0.02% or less nickel;

about 0.08 to about 0.30% silicon;

about 0.10 to about 0.20% titanium; and
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about 0.05 to about 0.20% zingc;

the balance being aluminum and unavoidable impuritics.
20. The article of claim 19, wherein the article has a tensile strength of 75MPa or
more.
21.  The article of claim 19, wherein the article has a tensile strength of 80 MPa or
more.
22.  The article of any one of claims 19 to 21, wherein the article is extruded tubing,.
23. The article of any one of claims 19 to 22, wherein the article has a grain size of
less than 100 microns in a transverse direction to the extrusion direction.
24, The article of any one of claims 19 to 23, wherein the alloy comprises, in weight
percent, about 0.05 to about 0.12% iron; about 0.80 to about 0.90% manganese; about
0.01% or less nickel; about 0.10 to about 0.20% silicon; and about 0.10 to about 0.20%
zine.
25.  The article of any one of claims 19 to 24, wherein the Mn:Fe ratio of the alloy is
between 6.6 to 11.0.
26. The article of any one of claims 19 to 25, wherein the Mn:Fe ratio of the alloy is
between 6.6 to 7.5.
27. A method of forming an article, comprising:

forming a billet of an aluminum alloy consisting of, in weight percent, about
0.01% or less copper; about 0.15% or less iron; about 0.60 to about 0.90% manganese,
wherein manganese and iron are present in the alloy in a Mn:Fe ratio of at least 6.6;
about 0.02% or less nickel; about 0.08 to about 0.30% silicon; about 0.10 to about
0.20% titanium; and about 0.05 to about 0.20% zinc; the balance being aluminum and
unavoidable impurities;

homogenizing the billet at a temperature of about 600°C to about 640°C for
about 2 to about 8 hours; and

forming the article from the billet.
28. The method of claim 27, further comprising cooling the billet, after the
homogenizing, at a rate of about 250°C per hour or less to a temperature of about 300
°C.
29.  The method of claim 27 or 28, wherein the alloy comprises, in weight percent,
about 0.05 to about 0.12% iron; about 0.80 to about 0.90% manganese; about 0.01% or
less nickel; about 0.10 to about 0.20% silicon; and about 0.10 to about 0.20% zinc.
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30. The method of any one of claims 27 to 29, wherein the Mn:Fe ratio of the alloy
is betweent 6.6 to 11.0.

31.  The method of any one of claims 27 to 29, wherein the Mn:Fe ratio of the alloy
is between 6.6 to 7.5.

32. The method of any one of claims 27 to 29, wherein the homogenized billet has a
conductivity of 32-42% IACS and a flow stress of less than 22 MPa when measured at
500°C at a strain rate of 0.1/sec.

33.  The method of any one of claims 27 to 32, wherein the article is an extruded
article, and the article is formed by using the billet in an extrusion process.

34.  The method of claim 33, wherein the article is an extruded tube.

35. The method of any one of claims 27 to 31, wherein the article is a tube, and
wherein the article is formed by rolling the billet into a sheet and forming the sheet into

the tube.
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Figure 2: Extruded Grain Structures — Transverse
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