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RADIATION SHIELDING AND MITIGATING ALLOYS, METHODS OF
MANUFACTURE THEREOF AND ARTICLES COMPRISING THE SAME

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
[0001] This invention was made with government support under Contract Number

NNX14AL04A awarded by NASA. The government has certain rights in the invention.

BACKGROUND

[0002] This disclosure relates to a radiation shielding and mitigating alloys, to
methods of manufacture thereof and to articles comprising the same.

[0003] Articles used in outer space interplanetary applications are subjected to high
energy protons. These high energy protons interact with the articles producing neutron
radiation that is harmful to living beings that occupy the article. It is therefore desirable to
produce articles that are used in outer space in interplanetary applications that can either

absorb the neutrons, resist absorption of high energy protons, or accomplish both.

SUMMARY

[0004] Disclosed herein is a first composition comprising magnesium; where the
magnesium is present in an amount of 50 to 99.5 wt%; based on the total weight of the
composition; and gadolinium.

[0005] Disclosed herein too is a second composition comprising magnesium; where
the magnesium is present in an amount of 50 to 99.5 wt%; based on the total weight of the
composition; and one or more metals; where the metals are aluminum, boron, manganese,
scandium, lithium, yttrium, zinc, calcium or zirconium; and where the composition is devoid
of gadolinium.

[0006] Disclosed herein is a method comprising molding a composition comprising
magnesium and gadolinium; where the magnesium is present in an amount of 50 to 99.5
wt%; based on the total weight of the composition.

[0007] Disclosed herein is a method comprising molding a composition comprising
magnesium; where the magnesium is present in an amount of 50 to 99.5 wt%; based on the
total weight of the composition; and one or more metals; where the metals are aluminum,
boron, manganese, scandium, lithium, yttrium, zinc, calcium or zirconium; and where the

composition is devoid of gadolinium.
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DETAILED DESCRIPTION

[0008] Disclosed herein is are compositions that comprise magnesium and that are
less likely (than existing aluminum, iron, and titanium-based metals) to interact ultra-high-
energy cosmic rays (UHECR) (e.g., high energy protons having a kinetic energy greater than
10'® eV), reducing the production of damaging additional neutrons or that can absorb the
ultra-high-energy cosmic rays and also absorb any additional neutrons that are produced or
absorb neutrons in low energy neutron environments such as near nuclear reactors. The
compositions therefore comprise magnesium and other light weight elements that result in
light weight alloys having structural integrity and high strength.

[0009] This disclosure contains two type of compositions-a first composition that
comprises magnesium and gadolinium, where the composition is used primarily to absorb
low energy neutrons (also referred to herein as slow neutrons) that are generated from the
irradiation of the high energy protons. This composition could also be used as shielding in
other neutron environments, such as, but not limited to: upper atmosphere aerospace
applications, nuclear reactors, nuclear warheads, and nuclear accident robotics.

[0010] The second composition contains magnesium and other elements such as
magnesium, aluminum, boron, manganese, scandium, lithium, yttrium, zinc, and zirconium.
This second composition is devoid of gadolinium. The second composition is used for
reducing the absorption of ultra-high-energy cosmic rays (UHECR) (e.g., super high energy
protons having a kinetic energy greater than 10'® eV), compared to existing structural
materials like aluminum and titanium alloys and steels. Less interaction with UHECRs will
result in lower levels of damaging secondary neutron production.

[0011] The compositions disclosed herein have a number of advantages. As the
lightest structural metal, magnesium can contribute to weight savings over conventional steel,
titanium, and aluminum alloys. The combination of these factors leads to a lightweight,
neutron radiation resistant structural material. These compositions would be particularly well-
suited to space missions outside of low earth orbit (LEO), where galactic cosmic rays (GCR)
interact with spacecraft and produce a cascade of neutrons. These neutrons, in turn, present a
significant risk to the health of crew members and the reliability of sensitive electronic
components. The disclosed compositions would significantly reduce the neutron dose to the
interior of spacecraft.

[0012] In one embodiment, the first composition contains magnesium and
gadolinium. Magnesium is the lightest weight structural metal (i.e., a metal that has a high

tensile strength) and hence is used as the base material in the composition. The use of
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magnesium imparts structural integrity as well as light weight to the alloys. The magnesium
is used in an amount 50 to 99.5 weight percent (wt%), preferably 70 to 95 wt%, and more
preferably 75 to 90 wt%, based on the total weight of the first composition.

[0013] Gadolinium possesses the largest neutron absorption cross section of any
element by nearly an order of magnitude, making it the most efficient element to use in a
neutron shielding material. In addition, magnesium alloys that contain substantial amounts of
gadolinium produce highly refined and optimally oriented precipitates when heat treated.
Additionally, as the lightest structural metal, Mg can contribute to weight savings over
conventional steel, titanium, and aluminum alloys.

[0014] Gadolinium is used in amounts of 0.5 to 50 wt%, preferably 5 to 30 wt% and
more preferably 10 to 25 wt%, based on the total weight of the first composition. The first
composition may effectively be used to absorb thermal and slow neutrons, produced not
exclusively by interaction of material with ultra-high-energy cosmic rays. The first
composition may also be used in situations where it is desirable to generate very few high
speed neutrons.

[0015] In an embodiment, the second composition may comprise one or more metals,
where the metals are aluminum, boron, manganese, scandium, lithium, yttrium, zingc, calcium
or zirconium. The second composition may use aluminum in an amount of up to 40 wt%,
boron in an amount of up to 50 wt%, manganese in an amount of up to 3 wt%, scandium in
an amount of up to 30 wt%, lithium in an amount of up to 11 wt%, yttrium in an amount of
up to 36 wt%, zinc in an amount of up to 50 wt%, calcium in an amount of up to 40 wt%, and
zirconium in an amount of up to 4 wt%. All weight percents are based on the total weight of
the first composition. Combinations of the foregoing metals may also be used in the first
composition.

[0016] The second composition comprises magnesium as a base metal and is devoid
of gadolinium. The use of magnesium imparts structural integrity as well as light weight to
the alloys. The magnesium is used in an amount 50 to 99.5 weight percent, preferably 70 to
97 wt%, and more preferably 80 to 95 wt%, based on the total weight of the first
composition.

[0017] The second composition may comprise one or more of aluminum, boron,
manganese, scandium, lithium, yttrium, zinc, calcium and zirconium.

[0018] In an embodiment, the second composition may further comprises aluminum
in an amount of up to 40 wt%, preferably 0.5 to 5 wt% and more preferably 1 to 3 wt%,

based on the total weight of the composition.
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[0019] In another embodiment, the second composition may further comprise boron
in an amount of up to 50 wt%, preferably 0.5 to 5 wt% and more preferably 1 to 3 wt%,
based on the total weight of the composition.

[0020] In yet another embodiment, the second composition may further comprise
manganese in an amount of up to 3 wt%, preferably 0.5 to 2 wt% and more preferably 0.7 to
1.5 wt%, based on the total weight of the composition.

[0021] In yet another embodiment, the second composition may further comprise
scandium in an amount of up to 30 wt%, preferably 0.5 to 5 wt% and more preferably 1 to 3
wt%, based on the total weight of the composition.

[0022] In yet another embodiment, the second composition may further comprise
lithium in an amount of up to 11 wt%, preferably 0.5 to 5 wt% and more preferably 1 to 3
wt%, based on the total weight of the composition.

[0023] In yet another embodiment, the second composition may further comprise
yttrium in an amount of up to 36 wt%, preferably 0.5 to 5 wt% and more preferably 1 to 3
wt%, based on the total weight of the composition.

[0024] In yet another embodiment, the second composition may further comprise zinc
in an amount of up to 50 wt%, preferably 0.5 to 5 wt% and more preferably 1 to 3 wt%,
based on the total weight of the composition.

[0025] In yet another embodiment, the second composition may further comprise
calcium in an amount of up to 40 wt%, preferably 0.5 to 5 wt% and more preferably 1 to 3
wt%, based on the total weight of the composition.

[0026] In yet another embodiment, the second composition may further comprise
zirconium in an amount of up to 4 wt%, preferably 0.5 to 2 wt% and more preferably 0.7 to
1.5 wt%, based on the total weight of the composition. Combinations of aluminum, boron,
manganese, scandium, lithium, yttrium, zinc, calcium and zirconium may also be used in
conjunction with magnesium.

[0027] The first and second compositions both display numerous advantages. They
are light weight and are structurally strong and versatile. They can be used for shielding in
nuclear reactors, aerospace vehicles, and spacecraft. The spacecraft may be used on space
missions outside of low earth orbit.

[0028] In one method of manufacturing the first composition or the second
composition, the ingredients can be mixed together following which they are melted and

poured into a mold. The mold is cooled and the molded object removed. The molded object



WO 2016/118444 PCT/US2016/013784

may be used “as-is” or it may be subjected to additional finishing processes such as grinding,
welding, polishing, adhesion, extrusion, or rolling to form articles for commercial use.

[0029] In another method of manufacturing the molded object may be ground into a
powder and re-cast or sintered to form the article. The article may be subjected to the
finishing processes listed above to form a commercial article.

[0030] In yet another method of manufacturing, the ingredients in powder (prior to
molding) form may be sintered under pressure together to form an article. The article may be
subjected to the finishing processes listed above to form a commercial article.

[0031] In one embodiment, the first composition and the second composition may be
used in a multilayered article. For example, the first composition may be used in a first layer
while the second composition is used in a second layer that is disposed parallel to the first
layer. In one embodiment, the first layer and the second layer are in direct contact with each
other.

[0032] Tt is to be noted that all ranges detailed herein include the endpoints.
Numerical values from different ranges are combinable.

[0033] The transition term comprising encompasses the transition terms “consisting
of” and “consisting essentially of”.

[0034] The term “and/or” includes both “and” as well as “or”. For example, “A
and/or B” is interpreted to be A, B, or A and B.

[0035] While the invention has been described with reference to some embodiments,
it will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope of the
invention. In addition, many modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing from essential scope thereof.
Therefore, it is intended that the invention not be limited to the particular embodiments
disclosed as the best mode contemplated for carrying out this invention, but that the invention
will include all embodiments falling within the scope of the appended claims.

[0036] What is claimed is:
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CLAIMS

1. A first composition comprising:

magnesium; where the magnesium is present in an amount of 50 to 99.5 wt%; based
on the total weight of the composition; and

gadolinium.

2. The composition of Claim 1, where the first composition further comprises
one or more metals, where the metals are aluminum, boron, manganese, scandium, lithium,
yttrium, zingc, calcium or zirconium.

3. The composition of Claim 1, where the first composition comprises aluminum
in an amount of up to 40 wt%, boron in an amount of up to 50 wt%, manganese in an amount
of up to 3 wt%, scandium in an amount of up to 30 wt%, lithium in an amount of up to 11
wt%, yttrium in an amount of up to 36 wt%, zinc in an amount of up to 50 wt%, calcium in

an amount of up to 40 wt%, and/or zirconium in an amount of up to 4 wt%.

4. An article comprising the composition of Claim 1.
5. The article of Claim 4, where the article comprises multiple layers.
6. A second composition comprising

magnesium; where the magnesium is present in an amount of 50 to 99.5 wt%; based
on the total weight of the composition; and

one or more metals; where the metals are aluminum, boron, manganese, scandium,
lithium, yttrium, zinc, calcium or zirconium; and where the composition is devoid of
gadolinium.

7. The composition of Claim 6, where the aluminum is present in an amount of
up to 40 wt%, boron is present in an amount of up to 50 wt%, manganese is present in an
amount of up to 3 wt%, scandium is present in an amount of up to 30 wt%, lithium is present
in an amount of up to 11 wt%, yttrium is present in an amount of up to 36 wt%, zinc is
present in an amount of up to 50 wt%, calcium is present in an amount of up to 40 wt%o,
and/or zirconium is present in an amount of up to 4 wt%; where all weight percents are based
on the total weight of the composition.

8. The composition of Claim 7, where the aluminum, boron, manganese,
scandium, lithium, yttrium, zinc, calcium and/or zirconium is present in an amount of 0.5 to 3
wt%, based on the total weight of the composition.

0. An article comprising the composition of Claim 6.

10. The article of Claim 9, where the article comprises multiple layers.
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11. A method comprising:

molding a composition comprising magnesium and gadolinium; where the
magnesium is present in an amount of 50 to 99.5 wt%; based on the total weight of the
composition.

12. A method comprising:

molding a composition comprising magnesium; where the magnesium is present in an
amount of 50 to 99.5 wt%; based on the total weight of the composition; and one or more
metals; where the metals are aluminum, boron, manganese, scandium, lithium, yttrium, zinc,

calcium or zirconium; and where the composition is devoid of gadolinium.
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