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ABSTRACT OF THE DISCLOSURE

Aluminum-magnesium alloys useful as welding wire and mechanical support are
disclosed. The aluminum-magnesium alloys exhibit improved cold wire drawing
performance. Grain refiners and methods of forming the aluminum-magnesium alloys are

further disclosed.
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WELDING WIRES FORMED FROM IMPROVED ALUMINUM-MAGNESIUM
ALLOYS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the priority of U.S. Provisional Patent Application
Serial No. 62/664,887, entitled IMPROVED ALUMINUM-MAGNESIUM ALLOYS
AND METHODS OF FORMING THEREOF, filed April 30, 2018, and hereby

incorporates the same application herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure generally relates to welding wires formed from improved

aluminum-magnesium alloys. Grain refiners for formation of such aluminum-magnesium

alloys are further disclosed.

BACKGROUND

[0003] Certain metal alloys are useful for welding and mechanical support due to the
properties exhibited by such alloys. For example, metal alloys suitable for welding can
exhibit high strength, wetting, and ductility. Generally, welding alloys have the same
base metal as the material to be welded but can have different formulations to enhance
use as a welding alloy. To facilitate use of welding and other mechanical support metal
alloys, 1t 1s common to use cold metal processing techniques such as cold metal wire
drawing. However, known aluminum alloys for welding and mechanical support suffer

from poor cold metal processing.

[0004] U.S. Patent No. 4,183,771 describes an aluminum alloy conductor wire having an
electrical conductivity of at least 60.0% IACS which involves processing an alloy
containing from 0.04 to 1.0% by weight ron, from 0.02 to 0.2% by weight silicon, from
0.1 to 1.0% by weight copper, from 0.001 to 0.2% by weight boron, balance essentially

aluminum and processing said alloy without a final redraw step into wire.
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[0005] U.S. Patent App. Pub. No. 2008/0193792 describes an aluminum-based welding

filler wire which is made with an aluminum alloy that contains between 0.1 and 6 wt. %
titanium, including one portion in the form of TiB;particles, TiC particles, or a

combination thereof, and another portion in the form of free titanium.

[0006] U.S. Patent App. Pub. No. 2015/0030496 describes a non-heat-treatable, wrought
aluminum alloy useful for vehicle parts including wire and wire assemblies. The
aluminum alloy used to manufacturc the parts is formed predominantly from aluminum
(Al) metal, which is alloyed primarily with magnesium (Mg), and which also includes
silicon (Si). iron (Fe), copper (Cu). manganese (Mn), chromium (Cr). zinc (Zn), titanium

(T1), beryllium (Be) and other elements.

[0007] U.S. Patent App. Pub. No. 2015/0132181 describes a composition for producing
aluminum casting, wrought, and welding filler metal alloys having a chemistry
comprising Si varying from approximately 0.1 and 0.9 wt %.Mn varying from
approximately 0.05 to 1.2 wt %, Mg varying from approximately 2.0 to 7.0 wt %, Cr
varying from approximately 0.05 to 0.30 wt %, Zr varying from approximately 0.03 to
0.30 wt %. Ti varying from approximately 0.003 to 0.20 wt %, and B varying from
approximately 0.0010 to 0.030 wt %, and a remainder of aluminum and various trace

elements.

SUMMARY

[0008] In accordance with one embodiment, a welding wire formed from an aluminum-
magnesium alloy including aluminum, magnesium, titanium, boron, about 0.06% to
about 0.12%, by weight, iron, and about 0.06% to about 0.12%, by weight, silicon. The

weight ratio of titanium to boron is about 25:1 or greater.

[0009] In accordance with another embodiment, a method of forming a welding wire
from an aluminum-magnesium alloy includes melting one or more metal components to
form a pre-alloy mixture, combining the pre-alloy mixture with a grain refiner to form an

aluminum-magnesium alloy, and cold drawing the aluminum-magnesium alloy to form

CA 3041702 2019-04-30



the welding wire. The grain refiner includes aluminum, titanium, and boron and has a

welght ratio of titanium to boron of about 25:1 or greater.

DETAILED DESCRIPTION

[0010] Known aluminum-magnesium alloys useful for welding and mechanical support
suffer from various issues. For example, common aluminum welding and mechanical
support alloys (hereinafter “aluminum mechanical alloys”), such as 5000-series
aluminum-magnesium alloys, can exhibit poor cold metal processing and can break in
cold wire drawing processes. It has been discovered that modification of aluminum
mechanical alloys to include reduced loading quantities of iron and silicon, and
optionally increased loading quantities of chromium, can result in aluminum mechanical
alloys which exhibit improved cold metal processing. In certain embodiments, such
aluminum mechanical alloys can be further improved by forming the alloys with a grain

refiner including a lower loading level of boron.

[0011] As can be appreciated, a number of aluminum alloy grades have been
standardized by the Accrediting Standards Committee H35 of the Aluminum Association.
Standardized aluminum grades are defined by their elemental compositions with the
various grades generally intended for specific applications and industries. Such aluminum
grades were published by the Aluminum Association in January 2015 in the

“International Alloy Designations and Chemical Composition Limits for Wrought

Aluminum and Wrought Aluminum Alloys."’ According to the Aluminum Association,
1000-series aluminum alloys are defined as being high purity aluminum alloys and 7000-
series aluminum alloys are defined as zinc and magnesium containing alloys. 1000-series
aluminum alloys are useful in the overhead conductor industry while 7000-series
aluminum alloys are useful in the aerospace industry. 5000-series aluminum alloys are
aluminum-magnesium alloys which are useful to form structural articles and as

reinforcement due to the strength imparted by inclusion of high loading quantities of

magnesium.
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[0012] In certain embodiments, the aluminum mechanical alloys described herein can be
5000-series aluminum alloys. In certain embodiments, the aluminum mechanical alloys

described herein can retain the strength of known 5000-series aluminum alloys due to the

retention of high magnesium loading levels.

[0013] It has been discovered that modification of the loading levels of iron, silicon, and
optionally chromium can improve the cold wire drawing performance of aluminum
mechanical alloys. For example, in certain embodiments, the cold wire drawing
performance of a 5000-series aluminum can be improved through the inclusion of iron at
a loading level of about 0.12% or less. In certain embodiments, iron can be included at
about 0.10% or less. In certain embodiments, iron can be included at about 0.06% or less.
In certain embodiments, silicon can be included at about 0.12% or less. In certain

embodiments, silicon can be included at about 0.10% or less. In certain embodiments,

silicon can be included at about 0.06% or less.

[0014] For certain aluminum mechanical alloys, such as aluminum-magnesium alloys
suitable for welding, the loading level of chromium can additionally be increased. In
certain such embodiments, chromium can be included at about 0.08% or greater, In
certain embodiments, at about 0.10% or greater, in certain embodiments, at about 0.12%
or greater, and In certain embodiments, at about 0.15% or greater. In certain

embodiments, such aluminum-magnesium alloys can be an AAS5356 or AAS056

aluminum-magnesium alloys.

[0015] AAS356 aluminum alloys are defined by unified number system (“UNS”)
AAS5356 standard and include, by weight, 0.40% or less iron, 0.25% or less silicon,
0.10% or less copper, 0.05% to 0.20% manganese, 4.5% to 5.5% magnesium, 0.05% to
0.20% chromium, 0.10% or less zinc, 0.06% to 0.20% titanium, 0.0003% or less

beryllium, 0.05% or less each other element with a total of less than 0.15% of each other

element, and the remainder aluminum. AA5356 alloys can be useful for welding

applications.
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[0016] AAS056 aluminum alloys are defined by unified number system (“UNS™) and

include 4.5% to 5.6% magnesium, 0.4% or less iron, 0.3% or less silicon, 0.050% to
0.2% manganese, 0.050% to 0.2% chromium, 0.1% or less chromium, 0.1% or less zinc,
0.1% or less copper, 0.05% or less each other element with a total of less than 0.15% of

each other element, and the remainder aluminum. AA5056 alloys can be useful for

welding applications.

[0017] AAS5154A aluminum alloys are defined by unified number system ("UNS”) and
include, by weight, 0.50% or less iron, 0.50% or less silicon, 0.10% or less copper, 0.50
% manganese, 3.1% to 3.9% magnesium, 0.25% chromium, 0.10% or less zinc, 0.06% to
0.20% titanium, 0.0003% or less beryllium, 0.05% or less each other element with a total
of less than 0.15% of each other element, and the remainder aluminum. AAS5S154A alloys

can be useful to form mechanical support articles such as a wire mesh or auger.

[0018] As can be appreciated, certain aluminum mechanical alloys described herein can
satisfy the requirements of standardized aluminum alloy grades. For example, the loading

quantities of iron, silicon, and chromium can remain within the standards of AA5356,
AA5056, and AAS5154A aluminum alloys. As can be appreciated however, certain

aluminum alloys described herein can alternatively be outside the standards of any named

aluminum alloys.

[0019] In certain embodiments, the cold wire drawing performance of the aluminum

mechanical alloys described herein can be further improved by forming the alloy with a
modified grain refiner. As can be appreciated, modification of the grain refiner can affect

the microstructure of the aluminum mechanical alloys described herein.

[0020] For example, it has been found that improved cold wire drawing performance can
be enhanced by reducing the amount of boron in the grain refiner. As can be appreciated,
the inclustion of boron in a grain refiner forms particles of TiB, which can improve the
homogeneity and distribution of other elements in the aluminum-magnesium alloy.

However, TiB; particles do not dissolve in aluminum and it has been found that reducing
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the quantity of boron can improve the cold metal wire drawing of an aluminum-

magnesium alloy.

[0021]) In certain embodiments, suitable grain refiners can include aluminum, titanium,
and boron. The weight ratio of titanium to boron in the grain refiner can be about 25:1 or
greater, wherein the weight ratio can refer to the weight percent of the first material to the
weight percent of the second material. For example, suitable grain refiners can include
about 0.2% or less boron, 1n certain embodiments, about 0.1% or less boron, in certain
embodiments, about 0.05% or less boron, and in certain embodiments, be substantially
free of boron. As used herein, “substantially free of” means that the component is
included at about 0.001% or less by weight or is present only as an unavoidable
contaminant. In certain embodiments, suitable grain refiners can include about 5%
titanium, about 0.2% boron, and the remainder aluminum. In certain embodiments,
suitable grain refiners can include about 6% titanium and the remainder aluminum,

wherein the grain refiner 1s substantially free of boron.

[0022] In certain embodiments, an aluminum-magnesium alloy formed with the low
boron grain refiners described herein can have a ratio of titanium to boron of about 25:1,
or greater, including a ratio of about 50:1 or greater. In contrast, an aluminum-magnesium
alloy formed using a conventional grain refiner with a typical amount of boron, can have

a ratio of titanium to boron of about 25:1 or less.

[0023] Grain refiners can generally be used as known in the art. For example, grain
refiners can be added as a masterbatch to molten aluminum or aluminum alloy and then
cast into a bar form. In certain embodiments, grain refiners can contribute all of the
titantum and/or boron in an aluminum mechanical alloy as described herein and can be
mixed with aluminum at an appropriate loading quantity to achieve desired loading levels

of titanium and boron.

[0024] Generally, the aluminum mechanical alloys described herein can be formed as

known in the art. For example, substantially pure aluminum can be melted at a

temperature ot about 537 °C to 704 °C (1000 °F to about 1300 °F) and then additional
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elements such as magnesium, iron, and silicon can be added in accordance to their
desired weight percentage. In certain embodiments, certain elements can advantageously
be added using a grain refiner to further control microcrystalline structure. Once all of the
elements are present in accordance to their desired weight percentage, the molten

aluminum mixture can be cast to form an aluminum mechanical alloy as described herein.

[0025] As can be appreciated, many variations to the process of casting an aluminum
alloy are known. For example, various stirring steps can be performed on the molten
aluminum mixture to improve homogeneity. Additionally, or alternatively, the molten
aluminum mixture can be allowed to settle for a period of time to allow unwanted
inclusion particles to be deposited as sediment and be removed. In certain embodiment,
the molten aluminum mixture can also be refined to remove impurities using, for
example, alloying constituents and precise temperature control to precipitate undesired

impurities out of the molten mixture.

[0026] Generally, the aluminum mechanical alloys described herein can exhibit desirable
microcrystalline properties. For example, the aluminum mechanical alloys can exhibit a
shrinkage porosity of about 10% or less in certain embodiments, a shrinkage porosity of
about 8% or less in certain embodiments, and a shrinkage porosity of about 5% or less in
certain embodiments. The radial grain size difference can be about 20% or less in certain
embodiments, about 15% or less in certain embodiments, and about 5% or less in certain
embodiments. The interdendritic spacing of the aluminum mechanical alloys described

herein can be about 3 microns to about 12 microns in certain embodiments, about 6

microns to about 10 microns in certain embodiments, or about 5 microns to about 8
microns 1n certain embodiments. Shrinkage porosity can refer to cavities formed in the
alloy as the alloy cools and shrinks from the molten state. Radial grain size refers to the
size of the crystalline grain in a cross-section of the alloy. Interdendritic spacing can refer

to the spacing between adjacent dendritic structures in the aluminum-magnesium alloy.

[0027] As can be appreciated, the aluminum mechanical alloys described herein can be

useful for a variety of tasks. For example, in certain embodiments, the aluminum
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mechanical alloy can be an AA5356 or an AA5056 aluminum-magnesium alloy and can

be useful as welding material and can be useful, for example, for the formation of
welding wire or welding electrodes. Alternatively, certain aluminum mechanical alloys
described herein, such as AAS154A alloys, can be used as mechanical support and can
form reinforcement structures such as meshes and augers. The improved cold wire
drawing performance of the aluminum mechanical alloys described herein can facilitate
such uses by decreasing breakage of the alloy when processing into a welding wire or

supportive mechanical shape.

EXAMPLES

[0028] Table 1 depicts the compositional formulations of Examples 1 to 9. Examples 1 to
9 are examples of AAS5356 aluminum-magnesium alloys. Examples 1 to 3 are
commercial samples of AAS5356 aluminum-magnesium alloys obtammed from the
Aluminum Association, Inc. (Arlington, VA) (Example 1) or General Cable
Technologies Corp. (Highland Heights, KY) (Examples 2 and 3). Examples 2 to 4, and 7
were formed using a grain refiner including 5% titanium, 1% boron, and remainder
aluminum obtained from AMG Aluminum North America, LLC (Wayne, PA). Similar
grain refiners are sold under the names AITi5B1, AA-H2252, and CEN-92256).
Examples 4 to 9 are AA5356 aluminum-magnesium alloys with certain quantities of iron,
silicon, and chromium that differ from conventional AA5356 aluminum-magnesium

alloys. Examples 4 to 9 remain within the standards of AAS3356 aluminum alloys

however.

[0029] Specifically, Examples 4 to 6 include low loading levels of iron and silicon and
high loading levels of chromium. Example 4 specifically includes 0.098% iron, 0.049%
silicon, and 0.122% chromium. Examples 5 and 6 are similar to Example 4 (Example 5

has 0.102% Fe, 0.051% Si, and 0.128% Cr and Example 6 has 0.103% Fe, 0.051% Si,
and 0.128% Cr) but were formed with alternative grain refiners. Example 5 was formed
using a grain refiner including 5% titanium, 0.2% boron, and remainder aluminum

obtained from AMG Aluminum North America, LLC (Wayne, PA). Similar grain
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refiners are sold under the names AITi5B0.2, AA-H2207, and CEN-92252). Example 6

was formed using a grain refiner including 6% titanium and remainder aluminum

obtained from AMG Aluminum North America, LLC (Wayne, PA). Similar grain

refiners are sold under the name AlTi6.

[0030] Examples 7 to 9 are similar to Examples 4 to 6, but include low loading levels of

tron and silicon, and no adjustment to chromium. Example 7 includes 0.092% iron and

0.048% silicon. Examples 8 and 9 each include 0.089% i1ron and 0.048% silicon.

Examples 8 and 9 use the grain refiners of Examples 5 and 6 respectively (5% titanium,

0.2% boron, and remainder aluminum for Example 8 and 6% titanium and remainder

aluminum for Example 9).

TABLE 1
Ex. | Si(%) | Fe Cu | Mn | Mg | Cr Zn | Ti l B | Be V | Other | Other
(%) (%) (%) (Vo) (%) (%) (%) (%) (%) (%) | (each) | (total)
I N B B S B N L e | %
1 [ <025 <040 [ <0.10 [0.05—] 45— [0.05- <0.10 [0.06—| - [<0.00| - [<0.05]<0.15
020 | 55 | 020 0.20 03 |
2 | <0.10 [ 0.10 -] <0.05 ‘0.13- 4.55~{0.05-] <0.10 | 0.060 l 0.000 | <0.00 [ <0.03 [ -- [ <0.15
0.18 0.18 | 4.85 | 0.07 _ _ 03
0.090 | 0.001
5
3 | 007 | 0.14 | 002 | 0.15 | 4.763 | 0.054 | 0.01 | 0.09 | 0.01 | 000 | 0.02 | - -
4 (0049|0098 [ 0001|0154 | 458 | 0.122 [ 0.003 | 0.093 | 0005 | o0 | 0018 | - | -
5 [0.051 010200010161 477 [0.128 | 0.004 | 0.091 | 0.001 0 |o0019] - -
|
6 | 0.051 | 0.103 | 0.001 | 0.16 | 4.766 | 0.128 | 0.004 | 0.093 | 0 0 | 0019 | - | -
7 10.048 | 0092 | 0 | 0.145 | 4.606 | 0.059 | 0.003 | 0.091 | 0.005 ] 0 100211 - | -
8 | 0048 | 0.089 | 0 | 0.146 | 4.539 | 0.059 | 0.003 | 0.094 | 0.001 | ©0 |o0021 | - | —
— : | | | | ] | d
9 (0047 10088 | 0 [ 0.144 | 4.548 | 0.057 0.003] 009 | 0 0 002 | -- -
. } .
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[0031] Table 2 reports the results of cold wire drawing on the aluminum-magnesium

alloys of Examples 3 to 9. For the cold wire drawing tests, rods of diameter 9.5 mm were

successively reduced using a cold wire drawing process to diameters of 2.5 mm, 1.8 mm,




and 0.9 mm wires. Table 2 also reports the shrinkage porosity, radial grain size

difference, and interdendritic spacing of each of Examples 3 to 9.

[0032] Shrinkage porosity was measured using 7x micrographs of transverse cross-
sections of cast bars. Radial grain size differences were measured using electron
backscatter diffraction per ASTM E2627-13. Grain sizes were measured close to bar
center and bar surface respectively and then calculating the respective differences.

Interdendritic spacing was measured in accordance to GMW16436 2™ Edition 2015,
Method A.

Radial
Shrinkage Grain

Porosity Size
(mmz) Difference

Wire
Drawing

(2.5
mm)

Interdendritic
Spacing (um)

Multiple
breaks

[0033] As depicted in Table 2, Examples 5§ and 6 are considered inventive examples
because each was able to be drawn down to a diameter of 0.9 mm without breakage.
Examples 5, 6, 8 and 9 also demonstrated substantially reduced radial grain size
differences compared to known AA5356 aluminum-magnesium alloys (Example 3) and

AA35356 aluminum-magnesium alloys formed using a known grain refiner formed of 5%

titanium, 1% boron, and remainder aluminum.

[0034] Table 3 depicts the compositional formulations of AAS154A aluminum-

magnesium alloys. Example 10 is a commercial AA5154A aluminum-magnesium alloy

jpmammah

0

CA 3041702 2019-04-30



obtained from the Aluminum Association, Inc. (Arlington, VA). Example 10 has a total

amount of manganese and chromium between 0.10% to 0.50%. Example 11 1s a

commercial AAS5154A aluminum-magnesium alloy obtained from General Cable

Technologies Corp. (Highland Heights, KY). Example 11 was formed using a grain

refiner having 5% titanium, 1% boron, and the remainder being aluminum obtained from

AMG Aluminum North America, LLC (Wayne, PA). Example 12 1s an AA5154A

aluminum-magnesium alloy formed using lowered loading quantities of wron (0.06-

0.12%) and silicon (0.07% or less) and was formed using a 5% titanium, 0.2% boron, and

remainder aluminum grain refiner obtained from AMG Aluminum North America, LLC

(Wayne, PA).
TABLE 3
Other- | Other
. Fe Cu Mn Mg Cr Zn . oy | o \'
Ex. | S1(%) (%) (%) (%) (%) (%) (%) T1 (%) | B(%) | Be (%) (%) Eﬁlch Tf))tal
T R | _ P e | e
:
10 | <050 | <050 | <0.10 | 0.50 | .| 025 | <020 [ <020 | - - - | <0.05 | <0.15
) T I 0.0000 | 0.0 |
i
" 10.055 | 0.134 | 0.001 | 0.113 | 3.56 | 0.005 | 0.003 | 0.014 | 0.0024 | 1 | 13 | %05 | <010
1, | 0.045]0.074 [ 0.000 | 0.116 | 3.53 0.002 | 0.012 [ 0.0003 | 0.0000 | 0.0 [ | _ |
07 | 13 | 93 | 8 | 833 |0002| 33 | 57 5 1 1ss | '

[0035] Table 4 reports the results of cold wire drawing on the aluminum-magnesium

alloys of Examples 11 and 12. For the cold wire drawing tests, rods of diameter 9.5 mm

were successively reduced using a cold wire drawing process to a diameter of 0.2 mm. If

the wire fractured during wire drawing, a break was recorded.

TABLE 4
R —
Example Wire Drawing (0.2 mm)
|
11 Multiple Breaks
11
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s s iy

12 No Break

[0036] As depicted by Table 4, AA5154A aluminum-magnesium alloys formed with
reduced loading quantities of iron and silicon and formed using an alternative grain

refiner demonstrated better cold metal working than a convention aluminum-magnesium

alloy.

[0037] 1t should be understood that every maximum numerical limitation given
throughout this specification includes every lower numerical limitation, as if such lower
numerical limitations were expressly written herein. Every minimum numerical limitation
given throughout this specification will include every higher numerical limitation, as if
such higher numerical limitations were expressly written herein. Every numerical range
given throughout this specification will include every narrower numerical range that falls

within such broader numerical range, as iIf such narrower numerical ranges were all

expressly written herein.

[0038] Every document cited herein, including any cross-referenced or related patent or
application, 1s hereby incorporated herein by reference in its entirety unless expressly
excluded or otherwise limited. The citation of any document is not an admission that it 1s
prior art with respect to any invention disclosed or claimed herein or that it alone, or in
any combination with any other reference or references, teaches, suggests, or discloses
any such invention. Further, to the extent that any meaning or definition of a term in this
document contlicts with any meaning or definition of the same term in a document

incorporated by reference, the meaning or definition assigned to that term in the

document shall govern.

[0039] The foregoing description of embodiments and examples has been presented for
purposes of description. It 1s not intended to be exhaustive or limiting to the forms
described. Numerous modifications are possible in light of the above teachings. Some of

those modifications have been discussed and others will be understood by those skilled in

12
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the art. The embodiments were chosen and described for tllustration of ordinary skill in
the art. Rather it is hereby intended the scope be defined by the claims appended various
embodiments. The scope 1s, of course, not limited to the examples or embodiments set
forth herein, but can be employed 1in any number of applications and equivalent articles

by those of hereto.

13
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WHAT IS CLAIMED IS:
1. A welding wire formed from an aluminum-magnesium alloy comprising:
aluminum;
magnesium;
titanium;
boron:
about 0.12% or less, by weight, iron; and
about 0.12% or less, by weight, silicon; and
wherein the weight ratio of titanium to boron 1s about 25:1 or greater.

2. The welding wire of claim 1, wherein the aluminum magnesium alloy is formed

with a grain refiner, wherein the grain refiner comprises:
aluminum;
about 5% to about 6%, by weight, titanium; and

about 0.2% or less, by weight, boron.

3. The welding wire of claim 2, wherein the grain refiner is substantially free of
boron.
4, The welding wire of claim 1, wherein the aluminum magnesium alloy further

comprises chromium.

5. The welding wire of claim 4, wherein the aluminum magnesium alloy comprises

about 0.10% to about 0.14%, by weight, chromium.

14
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6. The welding wire of claim 1, wherein the aluminum magnesium alloy 1s an

AAS5356 aluminum-magnesium alloy.

7. The welding wire of claim 6, wherein the aluminum magnesium alloy comprises,

by weight:
about 0.12% or less iron;
about 0.12% or less silicon;
about 0.0005% to about 0.002% copper;
about 0.12% to about 0.18% manganese;
about 4.55% to about 4.85% magnesium;
about 0.05% to about 0.15% chromium;
about 0.002% to about 0.006% zinc;
about 0.08 to about 0.10% titanium; and
about 0.01% or less boron; and
about 0.15% to about 0.025% vanadium: and

wherein the remainder i1s aluminum.

8. The welding wire of claim 1, wherein the aluminum magnesium alloy exhibits an

interdendritic spacing of about 3 um to about 7 um.

9. The welding wire of claim 1, wherein the aluminum magnesium alloy exhibits a

- shrinkage porosity of about 9% or less.

10.  The welding wire of claim 1, wherein the aluminum magnesium alloy exhibits a

radial grain size difference of about 20% or less.

15
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11.  The welding wire of claim 1, wherein the aluminum magnesium alloy exhibits a

radial grain size difference of about 5% or less.

12.  The welding wire of claim 6 1s a welding electrode.

13.  The welding wire of claim 1, wherein the aluminum magnesium alloy 1s an

AA5154A aluminum-magnesium alloy.

14. The welding wire of claim 13, wherein the aluminum magnesium alloy

comprises, by weight:
about 0.12% or less 1ron;
about 0.12% or less silicon;
about 0.03% or less copper;
about 3.50% to about 3.70% magnesium;.
about 0.04% or less zinc;
about 0.03% or less titanium;
about 0.001% or less boron;
about 0.0003% or less beryllium; and
about 0.02 to about 0.04% vanadium; and

wherein the remainder is aluminum.

15.  The welding wire of claim 1, wherein the aluminum magnesium alloy is an

AA5056 aluminum-magnesium alloy.

16. A method of forming a welding wire from an aluminum-magnesium alloy

comprising:

16
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melting one or more metal components to form a pre-alloy mixture;

combining the pre-alloy mixture with a grain refiner to form an aluminum-

magnesium alloy; and

cold drawing the aluminum-magnesium alloy to form the welding wire;

wherein the grain refiner comprises aluminum, titanium, and boron and has a

weight ratio of titanium to boron of about 25:1 or greater.

17. The method of claim 16, wherein the aluminum-magnesium alloy of claim 16
COMprises:

aluminum;

magnesium;

about 0.12% or less, by weight, iron; and
about 0.12% or less, by weight, silicon;
wherein the grain refiner comprises:
about 5% to about 6%, by weight, titanium; and

about 0.2% or less, by weight, boron.

18.  The method of claim 16, wherein the aluminum-magnesium alloy comprises

about 0.10% to about 0.14%, by weight, chromium.

19.  The method of claim 18, wherein the aluminum-magnesium alloy is an AA5356

aluminum-magnesium alloy.

20.  The method of claim 16, further comprising the step of cold wire drawing the

aluminum-magnesium alloy to a diameter of about 0.9 mm or less.
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