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USE OF ALLOY CONTAINING ALUMINIUM
FOR ADDITIVE MANUFACTURING

Field of the Invention

The present disclosure relates to an alloy containing aluminum and magnesium, a method for the
preparation of said alloy, a method for the preparation of a product comprising said alloy, a
product comprising said alloy, and in particular to the use of said alloy in an additive

manufacturing process.

Background

The additive manufacturing, also referred to as 3D printing, is a vastly growing technology for
the manufacture of metallic structures. However, the growth is slowed down by the relatively
few number of different materials which may be used for such processes. The development of

new materials for additive manufacturing is thus an essential basis to enlarging the field.

Aluminum alloys are broadly used in large industries, such as vehicle construction, ship
construction, building industry, and engine and plant construction. The additive manufacturing
allows for a high degree of freedom in the topology optimisation of workpieces, and aluminum
appears to be the ideal material for weight reduction in weight optimised components.
Aluminum alloys with a high ratio of stability to density are promising materials which may
further increase the use of aluminum alloys in additive manufacturing. Thinner walls or ¢ven the
replacement of materials having a higher specific weight reduce the amount of material used,
which not only reduces the weight in the workpiece itself, but also reduces the weight of the
entire vehicle, engine or plant in of multiple way. A reduction in weight, however, always results
in a reduction of resources and energy, such as are reduced fuel consumption, or increased range,

in our vehicle.

Summary

There is still a need for an aluminum alloy that may be used in additive manufacturing, allowing
for the preparation of aluminum products having good mechanical properties, in particular good

tensile strength, good yicld strength and good clongation.

It has now been found out that the aluminum alloys of the present disclosure have good
mechanical properties, in particular high tensile strength, high yield strength and high elongation,

while allowing the use of the alloy in additive manufacturing.
1
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In a first aspect, the present disclosure relates to an aluminum alloy comprising

g.

from 9 to 14 % by mass of magnesium (Mg);
from 0.011 to 1 % by mass of titanium (T1);

0.1 % by mass or less of manganese (Mn);

0.1 % by mass or less of iron (Fe);

from 0.001 to 0.1 % by mass of beryllium (Bc);
from 0.0009 to 0.2 % by mass of boron (B); and

1 % by mass or less of silicon (Si);

with the balance being aluminum (Al);

each in relation to the total mass of the alloy composition, and wherein all compounds of the

alloy add up to a total of 100 % by mass.

A second aspect of the present disclosure relates to a method for the preparation of an aluminum

alloy according to the first aspect as disclosed above, comprising the steps of

d.

c.

Providing a raw aluminum;

Heating the raw aluminum to a temperature in the range of from 650 to 800 °C,

preferably from 700 to 770 °C;
Adding Mg and Be to result in a raw alloy;
Optionally degassing the raw alloy;

Adding Tiand B to the optionally degassed raw alloy to prepare the aluminum alloy.

In a third aspect, the present disclosure relates to a method for the additive manufacture (AM) of

a workpiece comprising the steps of

Setting a layer of aluminum powder comprising an aluminum alloy according to the

first aspect, preferably in vacuo or an inert gas atmosphere;
Selectively melting the powder by using at least one laser beam;
Iterating steps f. and g. until the workpiece is finished;

Optionally treating the workpiece by blasting, machining, heat or other treatments.
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A fourth aspect of the present disclosure relates to the use of an aluminum alloy ofthe first

aspect in an additive manufacturing process.

A fifth aspect of the present disclosure relates to an aluminum alloy product comprising or

consisting of an aluminum alloy according to the first aspect, and/or being prepared by a method

according to the third aspect, wherein

D

at least parts of the product have a thickness in the range of from 1 to 23 mm, or 3 to

15 mm, or from 6 to 12 mm, or from 6 to 9 mm; or 1 to 10 mm, or 3 to 10 mm; and/or

ii) the aluminum of the product has a tensile strength of at least 290 MPa, or at least

iii)

320 MPa, or at least 360 MPa, or at least 370 MPa, or at least 380 MPa; and/or

the aluminum of the product has a yield strength of at least 170 MPa, or at least
180 MPa, or at least 200 MPa, or at least 215 MPa; and/or

iv) the aluminum of the product has elongation of at least 5 %, or at least 15 %, or at least

20 %, or at least 30 %, or at least 34 %.

A sixth aspect of the present disclosure relates to an aluminum alloy product prepared, obtained

or obtainable by a method according to the third aspect.

Short description of Figures

Figure 1:

Figure 2:

Figure 3:

Figure 4

Electron microscopical picture of a cross section of the sample of Example 2 after
homogenization;

EDX analysis showing distribution of a) aluminum, b) magnesium, ¢) iron, and d)
copper along the line indicated in Fig. 1;

DSC analysis showing the heat flow of a sample according to Example 3;
Schematic representation of an exemplary method for the preparation of metal

powders using a de laval nozzle.

Detailed Description

In a first aspect, the present disclosure relates to an aluminum alloy comprising

a.

b.

C.

d.

from 9 to 14 % by mass of magnesium (Mg);
from 0.011 to 1 % by mass of titanium (Ti);
0.1 % by mass or less of manganese (Mn);

0.1 % by mass or less of iron (Fe);
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e. from0.001 to 0.1 % by mass of beryllium (Be);

f. from 0.0009 to 0.2 % by mass of boron (B); and
g. 1% by mass or less of silicon (Si);

with the balance being aluminum (Al);

each in relation to the total mass of the alloy composition, and wherein all compounds of the

alloy add up to a total of 100 % by mass.

It has been found that the aluminum alloy of the first aspect has high tensile strength (Rm), high
yield strength (Rp0.2) and good elongation (A). In particular, when the resulting body made of
the alloy of the present disclosure has a thickness in the range of from 1 to 23mm, or from 1 to

10 mm, the material has a high tensile strength, a high yield strength and good elongation.

In a preferred embodiment of the first aspect, the aluminum alloy comprises inevitable
impuritics. It is known in the art that the process of preparing aluminum almost inevitably
results in the presence of impurities, such as other metals. Even though the level of impurity is
preferably very low, or even non-existent, the presence of impurities may be inevitable in some

Cascs.

In a further preferred embodiment, the inevitable impurities are present in an amount of less than
0.15 % by mass, or in an amount of less than 0.1 % by mass, or in an amount of less than 0.05 %

by mass. This relates to the total amount of impurities as present in the alloy.

In another preferred embodiment, each individual impurity is present in an amount of less than
0.05 % by mass, or in an amount of less than 0.01 % by mass, or in an amount of less than

0.001 % by mass, or in an amount of less than 0.0001 % by mass. If more than one impurity is
present, each impurity is termed as “individual impurity”. The amount of each individual
impurity is preferably less than the respective given amount, and the sum of the amounts of cach

individual impurity results in the total amount of impuritics.

Onc of these individual impuritics may be scandium (Sc), resulting in an amount of Sc¢ of less
than 0.05 % by mass, or in an amount of less than 0.01 % by mass, or in an amount of less than

0.001 % by mass, or in an amount of less than 0.0001 % by mass.

Another one of these individual impurities may be calcium (Ca), resulting in an amount of Ca of
less than 0.05 % by mass, or in an amount of less than 0.01 % by mass, or in an amount of less

than 0.001 % by mass, or in an amount of less than 0.0001 % by mass.

4
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Still another one of these individual impurities may be chromium (Cr), resulting in an amount of
Cr of less than 0.05 % by mass, or in an amount of less than 0.01 % by mass, or in an amount of

less than 0.001 % by mass, or in an amount of less than 0.0001 % by mass.
Other examples of individual impuritics include zirconium (Zr), vanadium (V) or phosphor (P).

As onc of the essential clements, the aluminum alloy of the present disclosure contains
magnesium (Mg) as a main ingredient in an amount of from 9 to 14 % by mass. In a preferred
embodiment of the first aspect, Mg is present in an amount of from 9.1 to 13.9 % by mass, or in
an amount of from 9.2 to 13 % by mass, or in an amount of from 9.5 to 12 % by mass, or in an
amount of from 9.8 to 11 % by mass, or in an amount of from 10.2 to 11.8 % by mass, or in an
amount of from 10.2 to 13 % by mass, or in an amount of from 9.2 to 10.2 % by mass, or in an

amount of from 9.6 to 10.2 % by mass.

Another essential element in the composition of the aluminum alloy of'the present disclosure is
titanium (T1), present in an amount of from 0.011 to 1 % by mass. In a preferred embodiment, Ti
is present in an amount of from 0.011 to 0.9 % by mass, preferably in an amount of from 0.012
to 0.8 % by mass, preferably in an amount of from 0.013 to 0.5 % by mass, or in an amount of
0.011 % by mass or more. In another preferred embodiment, Ti is present in an amount of

0.015 % by mass or more, or in an amount of 0.15 % by mass or more, or in an amount 0f 0.2 %
by mass or more, or in an amount of 0.3 % by mass or more. In still another preferred
embodiment, Ti is present in an amount of 0.9 % by mass or less, or in an amount of 0.8 % by
mass or less, or in an amount of 0.7 % by mass or less, or in an amount of 0.6 % by mass or less,

or in an amount 0f 0.4 % by mass or less.

The aluminum alloy of the present disclosure contains manganese (Mn) at an amount of 0.1 %
by mass or less. In a preferred embodiment, Mn is present in an amount of 0.09 % by mass or
less, or in an amount of 0.08 % by mass or less, or in an amount of 0.04 % by mass or less, or in
an amount of 0.005 % by mass or less. In still another embodiment, it is advantageous if small
amounts of Mn are present, and is may be preferred that Mn is present in in an amount of

0.0001 % by mass or more, or in an amount of 0.0005 % by mass or more.

Also iron (Fe) is present in the aluminum alloy of the present disclosure at low amounts of 0.1 %
by mass or less. In a preferred embodiment, Fe is present in an amount of 0.09 % by mass or
less, or in an amount of .08 % by mass or less, or in an amount of 0.05 % by mass or less, or in

an amount of 0.03 % by mass or less. In still another embodiment, it is advantageous if small
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amounts of Fe are present, and is may be preferred that Fe is present in an amount of0.01 % by

mass or more, preferably in an amount 0of 0.05 % by mass or more.

Another element in the aluminum alloy of the present disclosure — apart from aluminum — is
beryllium (Be), present in an amount of from 0.001 to 0.1 % by mass. In a preferred
embodiment, Be is present in an amount of from 0.002 to 0.09 % by mass, or in an amount of
from 0.003 to 0.08 % by mass, or in an amount of from 0.007 to 0.06 % by mass. In another
preferred embodiment, Be is present in an amount of 0.002 % by mass or more, or in an amount
0f 0.003 % by mass or more, or in an amount of 0.004 % by mass or more, or in an amount of
0.005 % by mass or more, or in an amount of 0.015 % by mass or more. In still another
embodiment, Be is present in an amount of 0.09 % by mass or less, or in an amount of 0.08 % by
mass or less, or in an amount of 0.07 % by mass or less, or in an amount of 0.06 % by mass or

less, or in an amount 0of 0.04 % by mass or lcss.

In a preferred embodiment of the present disclosure, Ti an B are added to the aluminum alloy
melt together, further preferably in bars containing Tiand B ina ratio of Ti:B of 5:1. However,
the ratio of Tiand B in the final alloy may differ from the ratio of Ti and B when added to the
melt. Without being bound to said theory, it is assumed that some of the B is removed when
removing the foam from the melt. Said foam is removed as it contains agglomerated impurities
which are not desired in the final alloy. It is furthermore assumed that B is enriched in said
foam, in particular in relation to Ti, due to the low specific weight of B. As such, it is preferred
that the ratio of Ti:B in the final alloy is in the range of 5:1 to 10:1, and it is further preferred
that the ratio is 5:1 or 10:1, preferably 10:1.

In a preferred embodiment of the aluminum alloy of the present disclosure, boron (B) is present
in an amount of from 0.0009 to 0.2 % by mass, or in an amount of from 0.001 to 0.15 % by
mass, or in an amount of from 0.006 to 0.1 % by mass, or in an amount of from 0.01 to 0.1 % by
mass, or in an amount of from 0.015 to 0.05 % by mass. In another preferred embodiment, B is
present in an amount of 0.0009 % by mass or more, or in an amount 0£0.001 % by mass or
more, or in an amount of 0.006 % by mass or more, or in an amount of 0.03 % by mass or more.
In still another embodiment, B is present in an amount of 0.1 % by mass or less, or in an amount
of 0.08 % by mass or less, or in an amount of 0.07 % by mass or less, or in an amount of 0.06 %

by mass or less, or in an amount of 0.04 % by mass or less.

In another embodiment, silicon (Si) is present in an amount of 1 % by mass or less, or in an
amount of 0.5 % by mass or less, or in an amount of 0.3 % by mass or less, or in an amount of
0.2 % by mass or less, or in an amount of 0.15 % by mass or less, or in an amount of 0.1 % by

6

Date regue/date received 2021-10-21



CA 03086933 2020-06-25

WO 2019/129723 PCT/EP2018/086647

mass or less. In still another embodiment, Si is present in an amount 0f0.01 % by mass or more,
or in an amount of 0.03 % by mass or more, or in an amount of 0.05 % by mass or more, or in an

amount of 0.07 % by mass or more.

In another embodiment, copper (Cu) is present in an amount of 0.01 % by mass or less, or in an
5  amount of 0.005 % by mass or lcss, or in an amount of 0.003 % by mass or less. In still another
embodiment, Cu is present in an amount of 0.0001 % by mass or more, or in an amount of

0.0005 % by mass or more.

In another embodiment, zinc (Zn) is present in an amount of 0.01 % by mass or less, or in an
amount of 0.008 % by mass or less, or in an amount of 0.007 % by mass or less. In still another
10 embodiment, Zn is present in an amount of 0.001 % by mass or more, preferably in an amount of

0.003 % by mass or more.
In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from9 to 14 % by mass of Mg;
b. from0.011 to 1 % by mass of Ti;
15 c. from0.001 to 0.1 % by mass of Be;
d. 0.1 % by mass or less of Mn;
e. 0.1 % by mass or less of Fe;
f.  from 0.0009 to 0.2 % by mass of B;
g. 1% by mass or Icss of Si;
20 h. 0.01 % by mass or less of Cu; and
i.  0.01 % by mass or less of Zn;
with the balance being Al,

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable

25 impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further
preferably in an amount of less than 0.001 % by mass.

30  Inanembodiment, the present disclosure relates to an aluminum alloy, comprising
7



10

15

20

25

CA 03086933 2020-06-25

WO 2019/129723 PCT/EP2018/086647
a. from9.5to 12 % by mass of Mg;

b. from0.012 to 0.8 % by mass of T1;
c. from0.001 to 0.1 % by mass of Be;
d. 0.1 % by mass or less of Mn;

¢. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;
g. 1% by mass or less of Si;

h.  0.01 % by mass or less of Cu; and
i 0.01 % by mass or less of Zn;

with the balance being Al,

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from9.5to 12 % by mass of Mg;

b. from0.012 to 0.8 % by mass of T1;

c. from0.001 to 0.1 % by mass of Be;

d. 0.1 % by mass or less of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 0.5 % by mass or less of Si, preferably in an amount of 0.3 % by mass or less;
h. 0.01 % by mass or less of Cu; and

1. 0.01 % by mass or less of Zn;

with the balance being Al;
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each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from9.5to 12 % by mass of Mg;

b. from0.012 to 0.8 % by mass of T1i;

c. from 0.003 to 0.08 % by mass of Be;

d. from 0.0005 to 0.08 % by mass of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 0.5 % by mass or less of Si, preferably in an amount of 0.3 % by mass or less;
h. 0.01 % by mass or less of Cu; and

1. 0.01 % by mass or less of Zn;

with the balance being Al,

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and cach individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from9.5to 12 % by mass of Mg;
b. from0.012 to 0.8 % by mass of T1;
c. from 0.003 to 0.08 % by mass of Be;

d. from 0.0005 to 0.08 % by mass of Mn;
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e. from0.001 to 0.1 % by mass of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. from 0.03 to 0.5 % by mass of Si, preferably from 0.003 to 0.3 % by mass;
h.  0.01 % by mass or less of Cu; and

i.  0.01 % by mass or less of Zn;

with the balance being Al;

cach in relation to the total mass of'the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from10.2 to 11.8 % by mass of Mg;
b. from0.012 to 0.8 % by mass of Ti;
c. from0.001 to 0.1 % by mass of Be;
d. 0.1 % by mass or less of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;
g. 1% by mass or less of Si;

h.  0.01 % by mass or less of Cu; and

i.  0.01 % by mass or less of Zn;

with the balance being Al;

cach in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable

impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an

amount of less than 0.05 % by mass, and each individual impurity is present in an amount of

10
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less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from 10.2 to 11.8 % by mass of Mg;
5 b. from0.012 to 0.8 % by mass of Ti;

c. from0.001 to 0.1 % by mass of Be;
d. 0.1 % by mass or less of Mn;
e. 0.1 % by mass or less of Fe;
f. from 0.0009 to 0.2 % by mass of B;

10 g. 0.5 % by mass or less of Si, preferably in an amount of 0.2 % by mass or less;
h. 0.01 % by mass or less of Cu; and
. 0.01 % by mass or less of Zn;
with the balance being Al

each in relation to the total mass of the alloy composition, and wherein all compounds of the
15 alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

20 preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from 10.2 to 11.8 % by mass of Mg;

b. from0.012 to 0.8 % by mass of Ti;

c. from0.003 to 0.08 % by mass of Be;
25 d. from 0.0005 to 0.08 % by mass of Mn;
e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 0.5 % by mass or less of Si, preferably in an amount of 0.2 % by mass or less;
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h.  0.01 % by mass or less of Cu; and

1. 0.01 % by mass or less of Zn;
with the balance being Al;

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from 10.2to 11.8 % by mass of Mg;

b. from0.012 to 0.8 % by mass of T1;

c. from 0.003 to 0.08 % by mass of Be;

d. from 0.0005 to 0.08 % by mass of Mn;

e. from0.001 to 0.1 % by mass of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. from 0.03 to 0.5 % by mass of Si, preferably from 0.003 to 0.15 % by mass;
h.  0.01 % by mass or less of Cu; and

i.  0.01 % by mass or less of Zn;

with the balance being Al,

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from10.2 to 11.8 % by mass of Mg;
12



10

15

20

25

CA 03086933 2020-06-25

WO 2019/129723 PCT/EP2018/086647

b.

L.

from 0.013 to 0.5 % by mass of T1;
from 0.001 to 0.1 % by mass of Be;
0.1 % by mass or less of Mn;

0.1 % by mass or less of Fe;

from 0.0009 to 0.2 % by mass of B;
1 % by mass or less of Si;

0.01 % by mass or less of Cu; and

0.01 % by mass or less of Zn;

with the balance being Al

each in relation to the total mass of the alloy composition, and wherein all compounds of the

alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable

impuritics, preferably wherein the inevitable impuritics are present in an amount of less than

0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an

amount of less than 0.05 % by mass, and each individual impurity is present in an amount of

less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

L.

from 10.2 to 11.8 % by mass of Mg;

from 0.013 to 0.5 % by mass of T4,

from 0.001 to 0.1 % by mass of Be;

0.1 % by mass or less of Mn;

0.1 % by mass or less of Fe;

from 0.0009 to 0.2 % by mass of B;

0.5 % by mass or less of Si, preferably in an amount of 0.2 % by mass or less;
0.01 % by mass or less of Cu; and

0.01 % by mass or less of Zn;

with the balance being Al;

each in relation to the total mass of the alloy composition, and wherein all compounds of the

alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
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impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from 10.2to 11.8 % by mass of Mg;

b. from0.013 to 0.5 % by mass of T1;

c. from 0.003 to 0.08 % by mass of Be;

d. from 0.0005 to 0.08 % by mass of Mn;

¢. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 0.5 % by mass or less of Si, preferably in an amount of 0.2 % by mass or less;
h.  0.01 % by mass or less of Cu; and

i 0.01 % by mass or less of Zn;

with the balance being Al,

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from 10.2 to 11.8 % by mass of Mg;

b. from0.013 to 0.5 % by mass of Ti;

c. from 0.003 to 0.08 % by mass of Be;
d. from 0.0005 to 0.08 % by mass of Mn;

e. from0.001 to 0.1 % by mass of Fe;
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f. from 0.0009 to 0.2 % by mass of B;

g. from 0.03 to 0.5 % by mass of Si, preferably from 0.003 to 0.15 % by mass;
h.  0.01 % by mass or less of Cu; and

i 0.01 % by mass or less of Zn;

with the balance being Al;

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from9.6to 10.2 % by mass of Mg;
b. from0.012 to 0.8 % by mass of Ti;
c. from0.001 to 0.1 % by mass of Be;
d. 0.1 % by mass or less of Mn;

¢. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;
g. 1% by mass or less of Si;

h.  0.01 % by mass or less of Cu; and
1. 0.01 % by mass or less of Zn;

with the balance being Al;

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.
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In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from9.6to 10.2 % by mass of Mg;

b. from0.012 to 0.8 % by mass of T1;

c. from0.001 to 0.1 % by mass of Be;

d. 0.1 % by mass or less of Mn;

¢. 0.1 % by mass or lcss of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 0.5 % by mass or less of Si, preferably in an amount of 0.2 % by mass or less;
h.  0.01 % by mass or less of Cu; and

i 0.01 % by mass or less of Zn;

with the balance being Al;

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from9.6to 10.2 % by mass of Mg;

b. from0.012 to 0.8 % by mass of T1;

c. from 0.003 to 0.08 % by mass of Be;

d. from 0.0005 to 0.08 % by mass of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 0.5 % by mass or less of Si, preferably in an amount of 0.2 % by mass or less;
h.  0.01 % by mass or less of Cu; and

i.  0.01 % by mass or less of Zn;
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with the balance being Al,

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from9.6to 10.2 % by mass of Mg;

b. from0.012 to 0.8 % by mass of T4i;

c. from 0.003 to 0.08 % by mass of Be;

d. from 0.0005 to 0.08 % by mass of Mn;

e. from0.001 to 0.1 % by mass of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. from 0.03 to 0.5 % by mass of Si, preferably from 0.003 to 0.15 % by mass;
h. 0.01 % by mass or less of Cu; and

. 0.01 % by mass or less of Zn;

with the balance being Al;

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from9.6to 10.2 % by mass of Mg;
b. from0.013 to 0.5 % by mass of Ti;

c. from0.001 to 0.1 % by mass of Be;
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d. 0.1 % by mass or less of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;
g. 1% by mass or less of Si;

h.  0.01 % by mass or less of Cu; and
i.  0.01 % by mass or less of Zn;

with the balance being Al;

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from9.6to 10.2 % by mass of Mg;

b. from0.013 to 0.5 % by mass of T1;

c. from0.001 to 0.1 % by mass of Be;

d. 0.1 % by mass or less of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 0.5 % by mass or less of Si, preferably in an amount of 0.2 % by mass or less;
h.  0.01 % by mass or less of Cu; and

L 0.01 % by mass or less of Zn;

with the balance being Al;

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than

0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
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amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from9.6to 10.2 % by mass of Mg;

b. from0.013 to 0.5 % by mass of Ti;

c. from 0.003 to 0.08 % by mass of Be;

d. from 0.0005 to 0.08 % by mass of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 0.5 % by mass or less of Si, preferably in an amount of 0.2 % by mass or less;
h.  0.01 % by mass or less of Cu; and

. 0.01 % by mass or less of Zn;

with the balance being Al;

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

In an embodiment, the present disclosure relates to an aluminum alloy, comprising

a. from9.6to 10.2 % by mass of Mg;

b. from0.013 to 0.5 % by mass of Ti;

c. from 0.003 to 0.08 % by mass of Be;
d. from 0.0005 to 0.08 % by mass of Mn;
e. from0.001 to 0.1 % by mass of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. from 0.03 to 0.5 % by mass of Si, preferably from 0.003 to 0.15 % by mass;
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h.  0.01 % by mass or less of Cu; and

1. 0.01 % by mass or less of Zn;
with the balance being Al;

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

The above outlined aluminum alloy of'the first aspect may be used, in all its embodiments and —
were reasonable — combination of embodiments, in the following aspects of the present

disclosure.

A second aspect of the present disclosure relates to a method for the preparation of an aluminum

alloy according to the first aspect as disclosed above, comprising the steps of

a. Providing a raw aluminum;

b. Heating the raw aluminum to a temperature in the range of from 650 to 800 °C,

preferably from 700 to 770 °C;
c. Adding Mg and Be to result in a raw alloy;
d. Optionally degassing the raw alloy;
e. Adding Tiand B to the optionally degassed raw alloy to prepare the aluminum alloy.

The raw aluminum is preferably provided having a low amount of impurities, preferably having
a level of impurity of 0.3 % by mass or below. The raw aluminum is then heated in a furnace to
a temperature melting the aluminum, but not heating the aluminum too high, in particular not
above 900 °C, in order to avoid the formation of excess oxidation products. It is therefore
preferred to heat the raw aluminum to a temperature in the range of from 650 to 800 °C,
preferably from 700 to 770 °C, further preferably from 720 to 750 °C. Prior to the addition of
the raw aluminum to the furnace, the furnace may be pre-heated, preferably to a temperature in

the range of from 400 to 900 °C.

Once the raw aluminum is melted, Mg and Be are added. As these metals are added in solid
form, the temperature of the melt will drop. It is therefore preferred to re-heat the aluminum
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melt to a previously defined temperature or temperature range, or to maintain the previously
defined temperature or temperature range during addition of the metals. Further optional

elements, such as Mn, Fe, Cu, Zn or Si, may be added during this step.

The resulting raw aluminum alloy may then optionally be degassed using usual measures. In a

preferred cmbodiment, the degassing may be supported by argon gas as purging gas.

After the addition of the above listed elements, and the optional degassing step, Tiand optionally
B are added in a final step. The final aluminum alloy melt may then be cast, ¢.g., to blocks for
further or later processing, such as in the method of the third aspect, or it may be directly used

starting from step b. of the method of the third aspect.

In a third aspect, the present disclosure relates to a method for the additive manufacture (AM) of

a workpiece comprising the steps of
f.  Setting a layer of aluminum powder comprising an aluminum alloy according to the
first aspect, preferably in vacuo or an inert gas atmosphere;
g. Sclectively melting the powder by using at least one laser beam;
h. Iterating steps f. and g. until the workpiece is finished;
1. Optionally treating the workpiece by blasting, machining, heat and/or other treatments.

In a preferred embodiment, aluminum alloy metal powder, comprising or consisting of the
aluminum alloy as disclosed herein above in relation to the first aspect, is used in the additive
manufacturing process. The inert gas atmosphere may be, ¢.g., an atmosphere of nitrogen gas,

argon gas, helium gas, or a mixture thereof.

The metal powder may be prepared in any know method, such as in a metal removal process
(e.g., metal cutting or machining the metal) or a powder metallurgy (PM) process. A PM
process is preferred for the use of the present disclosure as such PM process usually have higher

yiels, and thus lower costs.

Exemplarily, the aluminum alloy produced as described above may be transferred into powder

form by a method, comprising the steps of

a. Providing an aluminum alloy according to the first aspect;

b. Heating the aluminum alloy to a temperature in the range of from 650 to 800 °C,

thereby melting the aluminum alloy;
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c. Affecting each fluid drop of the alloy i.e. by a gas with the effect that the fluid alloy

drop gets atomized;
d. Cooling down the aluminum alloy powder;
¢. Optionally sclecting relevant powder corn sizes (¢.g. between 20 and 65 um).

A preferred process for the preparation of aluminum alloy metal powders as used according to
the present disclosure is atomization. Atomization is accomplished by forcing a molten metal
stream through an orifice (e.g., de laval nozzle) at moderate pressures (see also Figure 4). The
molten metal may be re-molten alloy, or an alloy prepared in situ. A gas, preferably an inert gas,
is introduced into the metal stream just before it leaves the nozzle, serving to create turbulence as
the entrained gas expands (due to heating) and exits into a large collection volume exterior to the
orifice. The collection volume is filled with gas to promote further turbulence of the molten
metal jet. Air and powder streams are segregated using gravity or cyclonic separation. The

resulting powders may be separated according to their particle size.

Another preferred process or the preparation of aluminum alloy metal powders as used according
to the present disclosure is centrifugal disintegration. The aluminum alloy to be powdered is
formed into a rod which is introduced into a chamber through a rapidly rotating spindle.
Opposite the spindle tip is an electrode from which an arc is established which heats the metal
rod. As the tip material fuses, the rapid rod rotation throws off tiny melt droplets which solidify
before hitting the chamber walls. A circulating gas, preferably an inert gas, sweeps particles

from the chamber.

The aluminum alloy of the present disclosure may be used in any known method of additive
manufacturing. For the purposes of the present application, additive manufacturing in particular
refers to laser additive manufacturing by laser sintering techniques. Laser sintering techniques
include selective laser sintering (SLS), selective laser melting (SLM), direct metal laser

sintering, and laser metal deposition (LMD).

Selective laser melting does not use sintering for the fusion of powder granules but will
completely melt the powder using a high-energy laser to create fully dense materials in a layer-
wise method that has mechanical properties similar to those of conventional manufactured
metals. What sets SLS apart from other 3D printing processes is the lacked ability to fully melt
the powder, rather heating it up to a specific point where the metal powder grains can fuse
together, allowing for the porosity of the material to be controlled. On the other hand, SLM can
go one step further than SLS, by using the laser to fully melt the metal, meaning the powder is
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not being fused together but actually liquefied long enough to melt the powder grains into a

homogeneous part. Therefore, SLM can produce stronger parts because of reduced porosity and

greater control over crystal structure, which helps prevent part failure.

Electron beam melting (EBM) is a similar type of additive manufacturing technology for metal
parts. EBM manufactures parts by melting metal powder layer by layer with an electron beam in

a high vacuum.

Laser metal deposition is a method of depositing material by which a powdered or wire
feedstock metal material is melted and consolidated by use of a laser in order to coat part of a
substrate or fabricate a near-net shape part. The powder used in laser metal deposition is injected
into the system by either coaxial or lateral nozzles. The interaction of the metallic powder
stream and the laser causes melting to occur, and is known as the melt pool. This is deposited
onto a substrate; moving the substrate allows the melt pool to solidify and thus produces a track
of solid metal. This is the most common technique, however some processes involve moving the
laser/nozzle assembly over a stationary substrate to produce solidified tracks. The motion ofthe
substrate is usually guided by a CAD system which interpolates solid objects into a set of tracks,

thus producing the desired part at the end of the trajectory.

In another preferred embodiment of the third aspect, the aluminum alloy product is heat treated
after step ¢. by heating the workpiece to a temperature of at least 380 °C, or at least 400 °C, or at
least 430 °C, or at least 450 °C, for a period of less than 1 hour, or less than 3 hours, or less than
5 hours, or less than 8 hours, or less than 12 hours, or less than 18 hours, or less than 24 hours,
preferably less than 12 hours, or preferably less than 18 hours, or for a period of at least

10 minutes, or at least 1 hour, or at least 3 hours, or at least 8 hours, or at least 12 hours, or at
least 24 hours, and then cooled in air at ambient temperature (e.g., a temperature in the range of
20 to 25 °C). Said heat treating step may optionally be applied in addition to a forming step,
prior to or after said forming step. Alternatively, if a forming step is not desired, only a heat
treatment may be (optionally) applied to the workpiece. Without being bound by any theory, it
is assumed that during said heat treatment, a phasc transition takes place in the aluminum alloy,

increasing the tensile strength, the yield strength, and/or the clongation of the workpiece.

In a further preferred embodiment of the second aspect and/or the third aspect, the aluminum
alloy is characterized by low or no formation of dross (i.c. aluminum dross). Aluminum dross
may occur upon exposition of molten aluminum alloy to air. A longer exposition to air promotes
an enhanced formation of dross. In a preferred embodiment of the second aspect and/or the third
aspect, molten aluminum alloy is characterized by low or no formation of dross over a long-term
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exposition to air (e.g., 8 hours). The formation of dross may be visible to the bare eye and/or

detectable by any technical method applicable thereto (¢.g., spectral analysis).

A fourth aspect of the present disclosure relates to the use of an aluminum alloy ofthe first

aspect in an additive manufacturing process.

In a preferred embodiment of the fourth aspect, the additive manufacturing process is selected
from the group consisting of selective lascr sintering (SLS), selective laser melting (SLM), direct

metal laser sintering, and laser metal deposition (LMD).

In a further preferred embodiment, the additive manufacturing process is selective laser sintering

or selective laser melting.

A fifth aspect of the present disclosure relates to an aluminum alloy product comprising or
consisting of an aluminum alloy according to the first aspect, and/or being prepared by a method

according to the third aspect, wherein

1) at least parts of the product have a thickness in the range of from 1 to 23 mm, or 3 to

15 mm, or from 6 to 12 mm, or from 6 to 9 mm; or 1 to 10 mm, or 3 to 10 mm; and/or

if) the aluminum of the product has a tensile strength of at least 290 MPa, or at least

320 MPa, or at least 360 MPa, or at least 370 MPa, or at lcast 380 MPa; and/or

iii) the aluminum of the product has a yield strength of at least 170 MPa, or at least
180 MPa, or at least 200 MPa, or at least 215 MPa; and/or

iv) the aluminum of the product has elongation of at least 5 %, or at least 15 %, or at least

20 %, or at least 30 %, or at least 34 %.

According to a preferred embodiment of the fifth aspect,

1) the aluminum of the product has a tensile strength, measured at a thickness of from 1 to
23 mm, or 3 to 15 mm, or from 6 to 12 mm, or from 6 to 9 mm; or 1 to 10 mm, or 3 to
10 mm, of at least 290 MPa, or at least 320 MPa, or at least 360 MPa, or at least
370 MPa, or at least 380 MPa; and/or

1) the aluminum of the product has a yield strength, measured at a thickness of from 1 to
23 mm, or 3 to 15 mm, or from 6 to 12 mm, or from 6 to 9 mm; or 1 to 10 mm, or 3 to
10 mm, of at least 170 MPa, or at least 180 MPa, or at least 200 MPa, or at least
215 MPa; and/or
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iii) the aluminum of the product has elongation, measured at a thickness of from 1 to

23 mm, or 3 to 15 mm, or from 6 to 12 mm, or from 6 to 9 mm; or 1 to 10 mm, or 3 to
10 mm, of at least 5 %, or at least 15 %, or at least 20 %, or at least 30 %, or at least

34 %.
5 According to another preferred embodiment of the fifth aspect,
1) at least parts of the product have a thickness in the range of from 1 to 10 mm, or 3 to
10 mm, or from 6 to 9 mm; and/or

i) the aluminum of the product has a tensile strength of at least 380 MPa, or at least
400 MPa, or at least 420 MPa; and/or

10 iii) the aluminum of the product has a yield strength of at least 200 MPa, or at least
215 MPa; and/or

iv) the aluminum of the product has elongation of at least 20 %, or at least 24 %.
According to another preferred embodiment of the fifth aspect,
i)  the aluminum of the product has a tensile strength, measured at a thickness of from 1 to

15 10 mm, or 3 to 10 mm, or from 6 to 9 mm, of at least 380 MPa, or at least 400 MPa, or
at least 420 MPa; and/or

ii) the aluminum of the product has a yield strength, measured at a thickness of from 1 to
10 mm, or 3 to 10 mm, or from 6 to 9 mm, of at lcast 200 MPa, or at lcast 215 MPa;

and/or

20 iii) the aluminum of the product has elongation, measured at a thickness of from 1 to

10 mm, or 3 to 10 mm, or from 6 to 9 mm, of at least 20 %, or at least 24 %.
According to another preferred embodiment of the fifth aspect,
1) at least parts of the product have a thickness in the range of from 1 to 23 mm, or 3 to
15 mm, or from 6 to 12 mm, or from 6 to 9 mm, and/or

25 11) the aluminum of the product has a tensile strength of at least 290 MPa, or at least
320 MPa, or at least 360 MPa, or at least 370 MPa, or at least 380 MPa; and/or

iii) the aluminum of the product has a yield strength of at least 170 MPa, or at least
180 MPa; and/or

iv) the aluminum of the product has elongation of at least 5 %, or at least 15 %, or at least

30 20 %, or at least 30 %, or at least 34 %.
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According to another preferred embodiment of the fifth aspect,

i) the aluminum of the product has a tensile strength, measured at a thickness of from 1 to
23 mm, or 3 to 15 mm, or from 6 to 12 mm, or from 6 to 9 mm, of at least 290 MPa, or
at least 320 MPa, or at least 360 MPa, or at least 370 MPa, or at least 380 MPa; and/or

if) the aluminum of the product has a yield strength, measured at a thickness of from 1 to
23 mm, or 3 to 15 mm, or from 6 to 12 mm, or from 6 to 9 mm, of at least 170 MPa, or
at least 180 MPa; and/or

ii1) the aluminum of the product has elongation, measured at a thickness of from 1 to
23 mm, or 3 to 15 mm, or from 6 to 12 mm, or from 6 to 9 mm, of at least 15 %, or at

least 20 %, or at least 30 %, or at least 34 %.

A sixth aspect of the present disclosure relates to an aluminum alloy product prepared, obtained

or obtainable by a method according to the third aspect.

As will also be obvious from the Examples below, the aluminum alloy of'the present disclosure
has a high tensile strength, a high yield strength, and a high elongation, in particular at a

thickness in the range of from 1 to 23 mm.
Definition of terms

The present invention as illustratively described in the following may suitably be practiced in the

absence of any element or elements, limitation or limitations, not specifically disclosed herein.

The present invention will be described with respect to particular embodiments and with
reference to certain figures but the invention is not limited thereto but only by the claims. Terms
as set forth hereinafter are generally to be understood in their common sense unless indicated

otherwise.

Where the term “comprising” is used in the present description and claims, it does not exclude
other clements. For the purposes of the present invention, the term “consisting of” is considered
to be a preferred embodiment of the term “comprising”. 1f hereinafter a group is defined to
comprise at least a certain number of embodiments, this is also to be understood to disclose a
group, which preferably consists only of these embodiments. Furthermore, if a composition is
defined using the term “comprising”, it may additionally comprise other elements not explicitly
listed, however, not further amounts of an element listed. As such, if, e.g., an aluminum alloy

comprises Mg in an amount of 14 % by mass, said aluminum alloy may comprise elements other
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than Mg, however, not additional amounts of Mg, thereby exceeding the amount of 14 % by

mass.

€6, 4¢
a

Where an indefinite or definite article is used when referring to a singular noun, ¢.g. an” or

“the”, this includes a plural of that noun unless something clse is specifically stated.

Terms like “obtainable” or “definable” and “obtained” or “defined” are used interchangeably.
This ¢.g. means that, unless the context clearly dictates otherwise, the term “obtained” does not
mean to indicate that e.g. an embodiment must be obtained by e.g. the sequence of steps
following the term “obtained” even though such a limited understanding is always included by

the terms “obtained” or “defined” as a preferred embodiment.

As used herein, the terms “impurity” and “impurities” refer to and comprises elements in the
alloy which are inevitably present due to, e.g., the manufacturing process of the alloy or the
manufacturing process of the raw material(s). An impurity is not explicitly mentioned in the list
of elements in the alloy, however, an element may turn from an impurity to an essential element
in the alloy. If, ¢.g., an element is not mentioned in a more general definition of the composition
of an alloy, it may be present as an impurity, and the same element may be mentioned as a

compulsory compound in a more specific definition of the composition of the alloy.

The aluminum alloy of the present disclosure is composed of different components. These
components are explicitly listed in the composition of the alloy, or they are part of the impurities
present in the alloy. In any case, if a component is defined as an amount in % by mass, the
figure reflects the relative amount (as mass) in percent based on the total mass of the alloy

composition.

In some embodiments, “at least parts” of a product or workpiece have a thickness in a defined
range. In this context, “at least parts” refers to at least 1 %, or at least 3 %, or at least 5 %, or at
least 10 % of the entire surface of the product or workpiece. The thickness of the product or
workpiece may be determined at each point of the surface of the product or workpiece by
measuring the shortest distance across the product or workpiece. By integration over the entire
surface, the “part” of the product or workpiece having a thickness in the defined range may be

calculated.
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Examples

Example 1: Preparation of aluminum alloys

All aluminum alloys were prepared in an electrical induction furnace (Inductotherm, model
V.I.P. Power Trak 150), which was preheated to a temperature of about 300 °C over a period of
about 15 minutes. After the furnace has reached a temperature of about 300 °C, 60 kg of raw
aluminum (with 0.3 % by mass or less of total impurities; from MTX Aluminium Werke GmbH,

Lend, Austria).

The raw aluminum was heated to 720 to 750 °C and the respective amounts of Mg (from

DEUMU Deutsche Erz- und Metall-Union GmbH, Germany, pure magnesium, at least 99.9 %)
and Be (added as pellets of AlBe, containing 5 % by mass of Be, the remainder being Al, from
Hoesch Metals, Niederzier, Germany) were added. After re-heating to 720 to 750 °C, the melt

was de-gassed for 10 minutes with Argon gas as purging gas using an injection lance.

Then, at a temperature in the range of 650 to 750 °C, Tiand B arc added as bars containing T1
and B in a ratio of 5:1 (added as pellets of AITi5B1, containing 5 % by mass of Ti, 1 % by mass
of B, the remainder being Al, from Foseco—Vesuvius, Germany). The pellets are stirred into the
liquid alloy, and immediately after mixing, the crucible is removed from the furnace and the

liquid alloy is cast into a respective mold.

Without being bound to any theory, it is assumed that some of the boron is removed by removing
the foam from the top of the melt since boron has a low specific density, in particular in relation
to titanium, explaining the ratio of about 10:1 of Ti:B in the final alloy. The remaining elements

are present in the alloy as impurities from the starting materials.

Table 1

No. Mg Ti B Si Be Mn Cu Zn Fe

1 9.98 | 0.016 | 0.001 | 0.057 | 0.005 | 0.001 0.001 0.005 | 0.035

2 10.44 | 0319 | 0.032 | 0.058 | 0.015 | 0.001 0.001 0.005 | 0.069

3 10.91 | 0.303 | 0.0046 | 0.050 | 0.015 | 0.00088 | <0.00002 | 0.0027 | 0.032
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All amounts are given in % by mass. The balance to the compositions disclosed in Table 1 is

aluminum.
Example 2: Heat treatment

The mechanical properties of alloy No. 1 of Example 1 were investigated with respect to the type

of casting and an optional heat trcatment.

Cylindrical samplcs having a diameter of 14 mm were cast from alloy No. 1 of Examplc 1 ina
sand mold. The samples were subjected to tests determining the tensile strength (Rm), the yield
strength (Rpo.2) and the elongation (A). The measuring length was 84 mm for the sand mold

casting.

Identical samples as prepared above were subjected to a heat treatment after the preparation of
the respective castings for homogenization. The castings were heated at a temperature of 430 °C
and maintained at that temperature for 9 hours. After said heat treatment, the samples were

cooled in air at ambient temperature.

The heat treated samples were also tested for the tensile strength, yield strength and elongation in
the same manner as the untreated samples (see above). All test results are summarized in

Table 2 below.

Table 2
Property Sand mold casting
Rm [MPa] 178 320
Ryo.2 [MPa] 160 172
A [%] 0.5 12.0
Heat
-/- 430 °C/9h/air
treatment

It can be seen from the above test results that the sand mold casting, despite having lower tensile
strength, yield strength and elongation in the untreated state compared to the permanent mold

casting, both castings are very similar in their mechanical properties after the heat treatment.
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Microstructural investigation of the sample revealed that the homogenization did not affect the

Mg concentration within the grains, i.e., there was no balancing of Mg concentration within the
grains. The Mg content was still lower at the core of the grain, compared to the grain boundary.
This can be scen from the EDX analysis of the sample after homogenization. Figure 1 shows a

cross section of the sample after homogenization.

The sample was cut, and the resulting cutting arca was several times precision ground and then
polished. The final cutting area was investigated in an electron microscope, resulting in the
REM picture of Figure 1. The magnification is 250 times, the working distance between optical
lens and surface of the final cutting area was 10 mm, the emission current was 75 uA, and the

beam current was 3.5 nA.

An EDX analysis was made along the line as indicated in Figure 1. The respective intensities for
the metals aluminum (a), magnesium (b), iron (¢) and copper (d) are shown in the corresponding
Figure 2. All x-ray measurements were made in accordance with DIN EN ISO 17636-1:2013-
05, setting the parameters for magnesium and then adapting for aluminum, as there are no
parameters for aluminum in the specification. The assessment of the x-ray films was then made

in accordance with ASTM E2422-17 and ASTM E2869-17.

These results were confirmed by a DSC analysis of a further sample as shown in Example 3

below.
Example 3: DSC analysis
The transformation of the sample during heat treatment was further investigated using DSC.

A bar of 18 mm thickness was cast using alloy No. 1 of Example 1. Said bar was not heat

treated.

The sample was analyzed using heat-flux DSC. Two identical crucibles were put into a furnace
and were subjected to the same time-temperature profile. One of the crucibles was provided
with the sample (“sample crucible”), the other was left empty (“reference crucible’). The
furnace was then heated at a rate of 2 °C/min. The temperature range for the analysis was set in
the range of 50 °C to 525 °C. Thermal processes in a sample result in a temperature difference
(AT) between the temperature of the sample crucible (Tsampte) and the temperature of the

reference crucible (Treference):

AT = Tsample — Treference
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The temperature curve showed a steady increase of the temperature until 450 °C. The curve then

has a steep increase, and after reaching the maximum, the curve as a steep decrease again (see
Fig. 3). A repetition of the measurement with the same sample did not show the increase in
temperature any more. Said increase in temperature is an indication for an cxothermal process

taking place in the sample at about 450 °C.
Example 4: Properties of aluminum alloys

Plates with the thickness specified in Table 3 below were prepared using sandcasting method.
These plates were subjected to different tests as specified below in Table 3 resulting in the

tensile strength (Ruw), the yield strength (Ry0.2) and the elongation (A).
Example 5: Heat treatment

According to a the method as described in Example 2, the mechanical properties of alloy No. 3
of Example 1 were further investigated with respect to an optional heat treatment. In contrast to
Example 2, the samples were prepared by permanent mold casting and the heat treatment was

performed at 450 °C for 24 hours.

The determined tensile strength, yield strength and elongation of the samples are summarized in
Table 4 below.

Table 4
Property Permanent mold casting
Rm [MPa] 216 400
Ryo.2 [MPa] 167 202
A [%] 0.7 25.1
Heat
-/- 450 °C/ 24 h/ air
treatment
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The present disclosure also pertains to the following numbered items:

10

15

20

25

An aluminum alloy comprising

a. from9 to 14 % by mass of magnesium (Mg);

b. from0.011 to 1 % by mass of titanium (T1);

c. 0.1 % by mass or less of manganese (Mn); and
d. 0.1 % by mass or less of iron (Fe);

e. from 0.001 to 0.1 % by mass of beryllium (Be);
with the balance being aluminum (Al);

each in relation to the total mass of the alloy composition, and wherein all compounds of the

alloy add up to a total of 100 % by mass.

The aluminum alloy according to item 1, wherein the aluminum alloy comprises
a. from9 to 14 % by mass of magnesium (Mg);

b. from0.011to 1 % by mass of titanium (Ti);

c. 0.1 % by mass or less of manganese (Mn);

d. 0.1 % by mass or less of iron (Fe);

e. from 0.001 to 0.1 % by mass of beryllium (Be);

f. from 0.0009 to 0.2 % by mass of boron (B); and

g. 1% by mass or less of silicon (Si);

with the balance being aluminum (Al);

each in relation to the total mass of the alloy composition, and wherein all compounds of the

alloy add up to a total of 100 % by mass.

The aluminum alloy according to items 1 or 2, wherein the aluminum alloy further

comprises 0.01 % by mass or less of copper (Cu) and 0.01 % by mass or less of zinc (Zn).

The aluminum alloy according to any one of items 1 to 3, wherein the aluminum alloy
comprises inevitable impurities, preferably wherein the inevitable impurities are present in
an amount of less than 0.15 % by mass, preferably in an amount of less than 0.1 % by mass,

further preferably in an amount of less than 0.05 % by mass, and each individual impurity is
33
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present in an amount of less than 0.05 % by mass, preferably in an amount of less than

0.01 % by mass, further preferably in an amount of less than 0.001 % by mass.

The aluminum alloy according to any one of items 1 to 4, wherein Mg is present in an
amount of from 9.1 to 13.9 % by mass, preferably in an amount of from 9.2 to 13 % by
mass, preferably in an amount of from 9.5 to 12 % by mass, preferably in an amount of from
10.2 to 11.8 % by mass, or in an amount of from 9.2 to 10.2 % by mass, or in an amount of

from 9.6 to 10.2 % by mass.

The aluminum alloy according to any one of items 1 to 5, wherein Mg is present preferably
in an amount of from 9.8 to 11 % by mass, or preferably in an amount of from 10.2 % to

13 % by mass.

The aluminum alloy according to any one of items 1 to 6, wherein Ti is present

1) in an amount of from 0.011 to 0.9 % by mass, preferably in an amount of from 0.012 to
0.8 % by mass, preferably in an amount of from 0.013 to 0.5 % by mass, or in an

amount of 0.011 % by mass or more; and/or

ii) in an amount 0f0.015 % by mass or more, or in an amount of 0.15 % by mass or more,
or in an amount of 0.2 % by mass or more, or in an amount of 0.3 % by mass or more;

and/or

iii) in an amount 0f 0.9 % by mass or less, or in an amount of 0.8 % by mass or less, or in
an amount of 0.7 % by mass or less, or in an amount of 0.6 % by mass or less, or in an

amount of 0.4 % by mass or less.

The aluminum alloy according to any one of items 1 to 7, wherein Mn is present

1) in an amount 0f0.09 % by mass or less, preferably in an amount of 0.08 % by mass or
less, preferably in an amount of 0.04 % by mass or less, preferably in an amount of

0.005 % by mass or less; and/or

ii}) in an amount 0f0.0001 % by mass or more, preferably in an amount of 0.0005 % by

mass or more.

The aluminum alloy according to any one of items 1 to 8, wherein Fe is present
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i) in an amount 0f 0.09 % by mass or less, preferably in an amount of 0.08 % by mass or

less, preferably in an amount 0of 0.05 % by mass or less, preferably in an amount of

0.03 % by mass or Icss; and/or

ii) in an amount 0f0.01 % by mass or more, preferably in an amount of 0.05 % by mass or

more.

The aluminum alloy according to any one of items 1 to 9, wherein Be is present

i) in an amount of from 0.002 to 0.09 % by mass, preferably in an amount of from 0.003
to 0.08 % by mass, preferably in an amount of from 0.007 to 0.06 % by mass; and/or

ii) in an amount 0f0.002 % by mass or more, or in an amount of 0.003 % by mass or more,

or in an amount of 0.004 % by mass or more; and/or

iii) in an amount 0f 0.09 % by mass or less, or in an amount of 0.08 % by mass or less, or in
an amount of 0.07 % by mass or less, or in an amount of 0.06 % by mass or less, or in

an amount of 0.04 % by mass or less.

The aluminum alloy according to any one of items 1 to 10, wherein Be is present in an

amount of from 0.005 % by mass or more, or in an amount of 0.015 % by mass or more.

The aluminum alloy according to any one of items 1 to 11, wherein boron (B) is present

i) in an amount of from 0.0009 to 0.2 % by mass, preferably in an amount of from 0.001
to 0.15 % by mass, preferably in an amount of from 0.006 to 0.1 % by mass, preferably
in an amount of from 0.01 to 0.1 % by mass, preferably in an amount of from 0.015 to

0.05 % by mass; and/or

ii) in an amount 0f 0.0009 % by mass or more, or in an amount of 0.001 % by mass or

more, or in an amount of 0.006 % by mass or more; and/or

iif) in an amount of 0.1 % by mass or less, or in an amount of 0.08 % by mass or less, or in
an amount of 0.07 % by mass or less, or in an amount of 0.06 % by mass or less, or in

an amount of 0.04 % by mass or less.

The aluminum alloy according to any one of items 1 to 12, wherein boron (B) is present in

an amount of 0.03 % by mass or more.
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14. The aluminum alloy according to any one of items 1 to 13, wherein silicon (Si) is present

15.

16.

17.

i)

in an amount of 1 % by mass or less, preferably in an amount of 0.5 % by mass or less,
preferably in an amount of 0.3 % by mass or less, preferably in an amount of 0.2 % by
mass or less, preferably in an amount of 0.15 % by mass or less, preferably in an
amount of 0.1 % by mass or less; and/or

in an amount of 0.01 % by mass or more, preferably in an amount of 0.03 % by mass or

more, preferably in an amount of 0.05 % by mass or more, preferably in an amount of

0.07 % by mass or more.

The aluminum alloy according to any one of items 1 to 14, wherein copper (Cu) is present

D

ii)

in an amount 0f 0.01 % by mass or less, preferably in an amount of 0.005 % by mass or

less, preferably in an amount of 0.003 % by mass or less; and/or

in an amount 0£0.0001 % by mass or more, preferably in an amount of 0.0005 % by

mass or more.

The aluminum alloy according to any one of items 1 to 15, wherein zinc (Zn) is present

D

i)

in an amount 0f 0.01 % by mass or less, preferably in an amount of 0.008 % by mass or

less, preferably in an amount of 0.007 % by mass or less; and/or

in an amount 0£0.001 % by mass or more, preferably in an amount of 0.003 % by mass

Or more.

The aluminum alloy according to any one of items 1 to 16, comprising

a.

b.

from 9 to 14 % by mass of Mg;
from 0.011 to 1 % by mass of Ti;
from 0.001 to 0.1 % by mass of Be;
0.1 % by mass or less of Mn;

0.1 % by mass or less of Fe;

from 0.0009 to 0.2 % by mass of B;
1 % by mass or less of Si;

0.01 % by mass or less of Cu; and
0.01 % by mass or less of Zn;
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with the balance being Al,

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable

impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an

amount of less than 0.05 % by mass, and each individual impurity is present in an amount of

PCT/EP2018/086647

less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

The aluminum alloy according to any one of items 1 to 16, comprising

a.

b.

i

from 9.5 to 12 % by mass of Mg;
from 0.012 to 0.8 % by mass of Tt
from 0.001 to 0.1 % by mass of Be;
0.1 % by mass or less of Mn;

0.1 % by mass or less of Fe;

from 0.0009 to 0.2 % by mass of B;
1 % by mass or less of Si;

0.01 % by mass or less of Cu; and

0.01 % by mass or less of Zn;

with the balance being Al

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable

impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an

amount of less than 0.05 % by mass, and each individual impurity is present in an amount of

less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

The aluminum alloy according to any one of items 1 to 16, comprising

a.

b.

from 9.5 to 12 % by mass of Mg;

from 0.012 to 0.8 % by mass of Ti;
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c. from0.001 to 0.1 % by mass of Be;

d. 0.1 % by mass or less of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 0.5 % by mass or less of Si, preferably in an amount of 0.3 % by mass or less;
h.  0.01 % by mass or less of Cu; and

i.  0.01 % by mass or less of Zn;

with the balance being Al;

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

The aluminum alloy according to any one of items 1 to 16, comprising
a. from9.5to 12 % by mass of Mg;

b. from0.012 to 0.8 % by mass of T4,

c. from0.003 to 0.08 % by mass of Be;

d. from 0.0005 to 0.08 % by mass of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 0.5 % by mass or less of Si, preferably in an amount of 0.3 % by mass or less;
h.  0.01 % by mass or less of Cu; and

i.  0.01 % by mass or less of Zn;

with the balance being Al

each in relation to the total mass of the alloy composition, and wherein all compounds of the

alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
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impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

The aluminum alloy according to any one of items 1 to 16, comprising
a. from9.5to 12 % by mass of Mg;

b. from0.012to 0.8 % by mass of Ti;

c. from 0.003 to 0.08 % by mass of Be;

d. from 0.0005 to 0.08 % by mass of Mn;

e. from0.001 to 0.1 % by mass of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. from 0.03 to 0.5 % by mass of Si, preferably from 0.003 to 0.3 % by mass;
h. 0.01 % by mass or less of Cu; and

i.  0.01 % by mass or less of Zn;

with the balance being Al

cach in relation to the total mass of'the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

The aluminum alloy according to any one of items 1 to 16, comprising
a. from 10.2 to 11.8 % by mass of Mg;

b. from0.012 to 0.8 % by mass of Ti;

c. from 0.001 to 0.1 % by mass of Be;

d. 0.1 % by mass or less of Mn;
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e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;
g. 1% by mass or less of Si;

h.  0.01 % by mass or less of Cu; and
i.  0.01 % by mass or less of Zn;

with the balance being Al;

cach in relation to the total mass of'the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

The aluminum alloy according to any one of items 1 to 16, comprising
a. from10.2 to 11.8 % by mass of Mg;

b. from0.012 to 0.8 % by mass of T4,

c. from0.001 to 0.1 % by mass of Be;

d. 0.1 % by mass or less of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 0.5 % by mass or less of Si, preferably in an amount of 0.2 % by mass or less;
h.  0.01 % by mass or less of Cu; and

i.  0.01 % by mass or less of Zn;

with the balance being Al,

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable

impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
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less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

The aluminum alloy according to any one of items 1 to 16, comprising

a.

b.

L.

from 10.2 to 11.8 % by mass of Mg;

from 0.012 to 0.8 % by mass of Tt

from 0.003 to 0.08 % by mass of Be;

from 0.0005 to 0.08 % by mass of Mn;

0.1 % by mass or less of Fe;

from 0.0009 to 0.2 % by mass of B;

0.5 % by mass or less of Si, preferably in an amount of 0.2 % by mass or less;
0.01 % by mass or less of Cu; and

0.01 % by mass or less of Zn;

with the balance being Al

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable

impuritics, preferably wherein the inevitable impuritics are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an

amount of less than 0.05 % by mass, and each individual impurity is present in an amount of

less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

The aluminum alloy according to any one of items 1 to 16, comprising

a.

b.

from 10.2 to 11.8 % by mass of Mg;
from 0.012 to 0.8 % by mass of T4,
from 0.003 to 0.08 % by mass of Be;
from 0.0005 to 0.08 % by mass of Mn;
from 0.001 to 0.1 % by mass of Fc;
from 0.0009 to 0.2 % by mass of B;

from 0.03 to 0.5 % by mass of Si, preferably from 0.003 to 0.15 % by mass;
41



10

15

20

25

CA 03086933 2020-06-25

WO 2019/129723 PCT/EP2018/086647
h.  0.01 % by mass or less of Cu; and

1. 0.01 % by mass or less of Zn;
with the balance being Al;

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

26. The aluminum alloy according to any one of items 1 to 16, comprising
a. from10.2 to 11.8 % by mass of Mg;
b. from0.013 to 0.5 % by mass of Ti;
c. from0.001 to 0.1 % by mass of Be;
d. 0.1 % by mass or lcss of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;
g. 1% by mass or less of Si;

h.  0.01 % by mass or less of Cu; and
i.  0.01 % by mass or less of Zn;

with the balance being Al;

cach in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

27. The aluminum alloy according to any one of items 1 to 16, comprising
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a. from10.2 to 11.8 % by mass of Mg;

b. from0.013 to 0.5 % by mass of T1;

c. from0.001 to 0.1 % by mass of Be;

d. 0.1 % by mass or less of Mn;

¢. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 0.5 % by mass or less of Si, preferably in an amount of 0.2 % by mass or less;
h.  0.01 % by mass or less of Cu; and

i 0.01 % by mass or less of Zn;

with the balance being Al,

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

The aluminum alloy according to any one of items 1 to 16, comprising

a. from 10.2 to 11.8 % by mass of Mg;

b. from0.013 to 0.5 % by mass of Ti;

c. from 0.003 to 0.08 % by mass of Be;

d. from 0.0005 to 0.08 % by mass of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 0.5 % by mass or less of Si, preferably in an amount of 0.2 % by mass or less;
h. 0.01 % by mass or less of Cu; and

i.  0.01 % by mass or less of Zn;

with the balance being Al;
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each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an

5 amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

29. The aluminum alloy according to any one of items 1 to 16, comprising
a. from10.2 to 11.8 % by mass of Mg;
10 b. from0.013 to 0.5 % by mass of Ti;
c. from 0.003 to 0.08 % by mass of Be;
d. from 0.0005 to 0.08 % by mass of Mn;
e. from0.001 to 0.1 % by mass of Fe;
f.  from 0.0009 to 0.2 % by mass of B;
15 g. from 0.03 to 0.5 % by mass of Si, preferably from 0.003 to 0.15 % by mass;
h.  0.01 % by mass or less of Cu; and
i.  0.01 % by mass or less of Zn;
with the balance being Al,

each in relation to the total mass of the alloy composition, and wherein all compounds of the
20 alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further
25 preferably in an amount of less than 0.001 % by mass.

30. The aluminum alloy according to any one of items 1 to 16, comprising
a. from9.6to 10.2 % by mass of Mg;
b. from0.012 to 0.8 % by mass of T1i;

c. from0.001 to 0.1 % by mass of Be;
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d. 0.1 % by mass or less of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;
g. 1% by mass or less of Si;

h.  0.01 % by mass or less of Cu; and
i.  0.01 % by mass or less of Zn;

with the balance being Al;

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

The aluminum alloy according to any one of items 1 to 16, comprising
a. from9.6to 10.2 % by mass of Mg;

b. from0.012 to 0.8 % by mass of T1;

c. from0.001 to 0.1 % by mass of Be;

d. 0.1 % by mass or less of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 0.5 % by mass or lcss of Si, preferably in an amount of 0.2 % by mass or less;
h.  0.01 % by mass or less of Cu; and

. 0.01 % by mass or less of Zn;

with the balance being Al;

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than

0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
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amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

The aluminum alloy according to any one of items 1 to 16, comprising
a. from9.6to 10.2 % by mass of Mg;

b. from0.012 to 0.8 % by mass of T4i;

c. from0.003 to 0.08 % by mass of Be;

d. from 0.0005 to 0.08 % by mass of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 0.5 % by mass or less of Si, preferably in an amount of 0.2 % by mass or less;
h.  0.01 % by mass or less of Cu; and

i.  0.01 % by mass or less of Zn;

with the balance being Al

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

The aluminum alloy according to any one of items 1 to 16, comprising
a. from9.6to 10.2 % by mass of Mg;

b. from0.012 to 0.8 % by mass of Ti;

c. from 0.003 to 0.08 % by mass of Be;

d. from 0.0005 to 0.08 % by mass of Mn;

e. from0.001 to 0.1 % by mass of Fe;

f. from 0.0009 to 0.2 % by mass of B;
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g. from 0.03 to 0.5 % by mass of Si, preferably from 0.003 to 0.15 % by mass;

h.  0.01 % by mass or less of Cu; and
i.  0.01 % by mass or less of Zn;
with the balance being Al;

cach in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.
The aluminum alloy according to any one of items 1 to 16, comprising
a. from9.6to 10.2 % by mass of Mg;

b. from0.013 to 0.5 % by mass of T1;

c. from 0.001 to 0.1 % by mass of Be;

d. 0.1 % by mass or less of Mn;

e. 0.1 % by mass or less of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. 1% by mass or less of Si;

h. 0.01 % by mass or less of Cu; and

i 0.01 % by mass or less of Zn;

with the balance being Al;

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.
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35. The aluminum alloy according to any one of items 1 to 16, comprising

36.

a.

b.

i

from 9.6 to 10.2 % by mass of Mg;

from 0.013 to 0.5 % by mass of T1i;

from 0.001 to 0.1 % by mass of Be;

0.1 % by mass or less of Mn;

0.1 % by mass or less of Fe;

from 0.0009 to 0.2 % by mass of B;

0.5 % by mass or less of Si, preferably in an amount of 0.2 % by mass or less;
0.01 % by mass or less of Cu; and

0.01 % by mass or less of Zn;

with the balance being Al

cach in relation to the total mass of the alloy composition, and wherein all compounds of the

alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable

impurities, preferably wherein the inevitable impurities are present in an amount of less than

0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an

amount of less than 0.05 % by mass, and each individual impurity is present in an amount of

less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

The aluminum alloy according to any one of items 1 to 16, comprising

a.

b.

from 9.6 to 10.2 % by mass of Mg;

from 0.013 to 0.5 % by mass of Ti;

from 0.003 to 0.08 % by mass of Be;

from 0.0005 to 0.08 % by mass of Mn;

0.1 % by mass or less of Fe;

from 0.0009 to 0.2 % by mass of B;

0.5 % by mass or less of Si, preferably in an amount 0of 0.2 % by mass or less;
0.01 % by mass or less of Cu; and

0.01 % by mass or less of Zn;
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with the balance being Al,

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

The aluminum alloy according to any one of items 1 to 16, comprising
a. from9.6to 10.2 % by mass of Mg;

b. from0.013 to 0.5 % by mass of T4,

c. from 0.003 to 0.08 % by mass of Be;

d. from 0.0005 to 0.08 % by mass of Mn;

e. from0.001 to 0.1 % by mass of Fe;

f. from 0.0009 to 0.2 % by mass of B;

g. from 0.03 to 0.5 % by mass of Si, preferably from 0.003 to 0.15 % by mass;
h.  0.01 % by mass or less of Cu; and

i.  0.01 % by mass or less of Zn;

with the balance being Al

each in relation to the total mass of the alloy composition, and wherein all compounds of the
alloy add up to a total of 100 % by mass; wherein the aluminum alloy comprises inevitable
impurities, preferably wherein the inevitable impurities are present in an amount of less than
0.15 % by mass, preferably in an amount of less than 0.1 % by mass, further preferably in an
amount of less than 0.05 % by mass, and each individual impurity is present in an amount of
less than 0.05 % by mass, preferably in an amount of less than 0.01 % by mass, further

preferably in an amount of less than 0.001 % by mass.

Method for the preparation of an aluminum alloy according to any one of items 1 to 37,

comprising the steps of

a. Providing a raw aluminum;
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b.

Heating the raw aluminum to a temperature in the range of from 650 to 800 °C,

preferably from 700 to 770 °C;
Adding Mg and Be to result in a raw alloy;
Optionally degassing the raw alloy;

Adding Ti to the optionally degassed raw alloy to prepare the aluminum alloy.

Method for the preparation of an aluminum alloy according to any one of items 1 to 37,

comprising the steps of

a.

b.

Providing a raw aluminum;

Heating the raw aluminum to a temperature in the range of from 650 to 800 °C,

preferably from 700 to 770 °C;
Adding Mg and Be to result in a raw alloy;
Optionally degassing the raw alloy;

Adding Tiand B to the optionally degassed raw alloy to prepare the aluminum alloy.

The method according to items 38 or 39, wherein the method further comprises an additive

manufacture of a workpiece, wherein the additive manufacture of the workpiece comprises

the steps of

f.

Setting a layer of aluminum powder comprising an aluminum alloy according to any

one of the items 1 to 16, preferably in vacuo or an inert gas atmosphere;
Selectively melting the powder by using at least one laser beam,;
Iterating steps f. and g. until the workpiece is finished;

Optionally treating the workpiece by blasting, machining, heat and/or other treatments.

Method for the additive manufacture of a workpiece comprising the steps of

a.

Setting a layer of aluminum powder comprising an aluminum alloy according to any

one of the items 1 to 16, preferably in vacuo or an inert gas atmosphere;
Selectively melting the powder by using at least one laser beam,;
Iterating steps a. and b. until the workpiece is finished;

Optionally treating the workpiece by blasting, machining, heat and/or other treatments.
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The method according to item 40, wherein the workpiece is heat treated in step i. by heating
the workpiece to a temperature of at least 380 °C, or at least 400 °C, or at least 430 °C, or at
least 450 °C, for a period of less than 1 hour, or less than 3 hours, or less than 5 hours, or
less than 8 hours, or less than 12 hours, or less than 18 hours, or less than 24 hours,
preferably less than 12 hours, or preferably less than 18 hours, or for a period of at least

10 minutes, or at least 1 hour, or at least 3 hours, or at least & hours, or at least 12 hours, or

at least 24 hours, and then cooled in air at ambient temperature.

The method according to item 41, wherein the workpiece is heat treated in step d. by heating
the workpiece to a temperature of at least 380 °C, or at least 400 °C, or at least 430 °C, or at
least 450 °C, for a period of less than 1 hour, or less than 3 hours, or less than 5 hours, or
less than 8 hours, or less than 12 hours, or less than 18 hours, or less than 24 hours,
preferably less than 12 hours, or preferably less than 18 hours, or for a period of at least

10 minutes, or at least 1 hour, or at least 3 hours, or at least & hours, or at least 12 hours, or

at least 24 hours, and then cooled in air at ambient temperature.

Use of an aluminum alloy according to any one of items 1 to 37 in an additive

manufacturing process.

The method according to any one of items 40 to 43, wherein the additive manufacturing
process is selected from the group consisting of selective laser sintering (SLS), selective

laser melting (SLM), direct metal laser sintering, and laser metal deposition (LMD).

The method according to item 45, wherein the additive manufacturing process is selective

laser sintering, or selective laser melting.

Aluminum alloy product prepared by a method according to any one of items 40 to 43 and
45 to 46.

Aluminum alloy product comprising an aluminum alloy according to any onc of items 1 to
37, and/or preparcd by a method according to any onc of items 40 to 43 and 45 to 46,

wherein

1) at least parts of the product have a thickness in the range of from 1 to 23 mm, preferably
3 to 15 mm, preferably from 6 to 12 mm, preferably from 6 to 9 mm; or 1 to 10 mm,

preferably 3 to 10 mm; and/or
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ii) the aluminum of the product has a tensile strength of at least 290 MPa, preferably at
least 320 MPa, preferably at least 360 MPa, preferably at least 370 MPa, preferably at
least 380 MPa; and/or

iif) the aluminum of the product has a yield strength of at least 170 MPa, preferably at least
180 MPa, preferably at least 200 MPa, preferably at least 215 MPa; and/or

iv) the aluminum of the product has clongation of at least 5 %, preferably at least 15 %,

referably at least 20 %, preferably at least 30 %, preferably at least 34 %.
p y p y p y

The aluminum alloy product according to itcm 48, whercin

1) the aluminum of the product has a tensile strength, measured at a thickness of from 1 to
23 mm, preferably 3 to 15 mm, preferably from 6 to 12 mm, preferably from 6 to 9 mm;
or 1 to 10 mm, preferably 3 to 10 mm, of at least 290 MPa, preferably at least 320 MPa,
preferably at least 360 MPa, preferably at least 370 MPa, preferably at least 380 MPa;

and/or

ii) the aluminum of the product has a yield strength, measured at a thickness of from 1 to
23 mm, preferably 3 to 15 mm, preferably from 6 to 12 mm, preferably from 6 to 9 mm;
or 1 to 10 mm, preferably 3 to 10 mm, of at least 170 MPa, preferably at least 180 MPa,
preferably at least 200 MPa, preferably at least 215 MPa; and/or

iii) the aluminum of the product has elongation, measured at a thickness of from 1 to
23 mm, preferably 3 to 15 mm, preferably from 6 to 12 mm, preferably from 6 to 9 mm;
or 1 to 10 mm, preferably 3 to 10 mm, of at least 5 %, preferably at least 15 %,
preferably at least 20 %, preferably at least 30 %, preferably at least 34 %.

Aluminum alloy product comprising an aluminum alloy according to any one of items 1 to
29, and/or prepared by a method according to any one of items 40 to 43 and 45 to 46,

wherein

i)  at least parts of the product have a thickness in the range of from 1 to 10 mm, preferably

3 to 10 mm, preferably from 6 to 9 mm; and/or

ii) the aluminum of the product has a tensile strength of at least 380 MPa, preferably at
least 400 MPa, preferably at least 420 MPa; and/or

iif) the aluminum of the product has a yield strength of at least 200 MPa, preferably at least
215 MPa; and/or



10

15

20

25

CA 03086933 2020-06-25

WO 2019/129723 PCT/EP2018/086647

iv)

the aluminum of the product has elongation of at least 20 %, preferably at least 24 %.

51. The aluminum alloy product according to item 50, wherein

52.

53.

D

iii)

the aluminum of'the product has a tensile strength, measured at a thickness of from 1 to
10 mm, preferably 3 to 10 mm, preferably from 6 to 9 mm, of at least 380 MPa,
preferably at least 400 MPa, preferably at least 420 MPa; and/or

the aluminum of the product has a yield strength, measured at a thickness of from 1 to
10 mm, preferably 3 to 10 mm, preferably from 6 to 9 mm, of at least 200 MPa,
preferably at least 215 MPa; and/or

the aluminum of the product has elongation, measured at a thickness of from 1 to
10 mm, preferably 3 to 10 mm, preferably from 6 to 9 mm, of at least 20 %, preferably
at least 24 %.

Aluminum alloy product comprising an aluminum alloy according to any one of items 1 to

21 and 30 to 37, and/or prepared by a method according to any one of items 40 to 43 and 45

to 46, wherein

i)

at least parts of the product have a thickness in the range of from 1 to 23 mm, preferably

3 to 15 mm, preferably from 6 to 12 mm, preferably from 6 to 9 mm; and/or

the aluminum of the product has a tensile strength of at least 290 MPa, preferably at
least 320 MPa, preferably at least 360 MPa, preferably at least 370 MPa, preferably at
least 380 MPa; and/or

the aluminum of the product has a yield strength of at least 170 MPa, preferably at least
180 MPa; and/or

the aluminum of the product has elongation of at least 5 %, preferably at least 15 %,

referably at least 20 %, preferably at least 30 %, preferably at least 34 %.
p y p y p y

The aluminum alloy product according to item 52, wherein

D

the aluminum of the product has a tensile strength, measured at a thickness of from 1 to
23 mm, preferably 3 to 15 mm, preferably from 6 to 12 mm, preferably from 6 to 9 mm,
of at least 290 MPa, preferably at lcast 320 MPa, preferably at lecast 360 MPa,
preferably at least 370 MPa, preferably at least 380 MPa; and/or
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ii) the aluminum of the product has a yield strength, measured at a thickness of from 1 to

23 mm, preferably 3 to 15 mm, preferably from 6 to 12 mm, preferably from 6 to 9 mm,
of at least 170 MPa, preferably at least 180 MPa; and/or

i) the aluminum of the product has elongation, measured at a thickness of from 1 to
23 mm, preferably 3 to 15 mm, preferably from 6 to 12 mm, preferably from 6 to 9 mm,
of at least 15 %, preferably at least 20 %, preferably at least 30 %, preferably at least
34 %.



What is claimed is:

1. An aluminum alloy comprising

a) from 9 to 14 % by mass of magnesium (Mg);

b) from 0.15 to 1 % by mass of titanium (Ti);

c) 0.1 % by mass or less of manganese (Mn);

d) 0.1 % by mass or less of iron (Fe);

e) from 0.001 to 0.1 % by mass of beryllium (Be);

f) from 0.03 to 0.2 % by mass of boron (B);

g) 1 % by mass or less of silicon (Si);

h) optionally 0.01 % by mass or less of copper (Cu); and

1) optionally 0.01 % by mass or less of zinc (Zn);

with the balance being aluminum (Al);

each in relation to the total mass of the alloy composition, and wherein all
compounds of the alloy add up to a total of 100 % by mass, and wherein the aluminium

alloy comprises inevitable impurities.

2. The aluminum alloy according to claim 1, wherein the inevitable impurities are

present in an amount of less than 0.15 % by mass.

3. The aluminum alloy according to any one of claims 1 or 2, wherein Mg is present

in an amount of from 9.1 to 13.9 % by mass.

4. The aluminum alloy according to any one of claims 1 to 3, wherein Ti is present

in an amount of 0.2 % by mass or more, or in an amount of 0.3 % by mass or more.

5. The aluminum alloy according to any one of claims 1 to 4, wherein Ti is present
in an amount of 0.9 % by mass or less, or in an amount of 0.8 % by mass or less, or

in an amount of 0.7 % by mass or less.

6. The aluminum alloy according to any one of claims 1 to 5, wherein Mn is present

in an amount of 0.09 % by mass or less.
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7. The aluminum alloy according to any one of claims 1 to 6, wherein Mn is present

in an amount of 0.0001 % by mass or more.

8. The aluminum alloy according to any one of claims 1 to 7, wherein Fe is present

in an amount of 0.09 % by mass or less.

9. The aluminum alloy according to any one of claims 1 to 8, wherein Fe is present

in an amount of 0.01 % by mass or more.

10.  The aluminum alloy according to any one of claims 1 to 9, wherein Be is present

in an amount of from 0.002 to 0.09 % by mass.

11.  The aluminum alloy according to any one of claims 1 to 9, wherein Be is present

in an amount of 0.002 % by mass or more.

12.  The aluminum alloy according to any one of claims 1 to 9, wherein Be is present

in an amount of 0.09 % by mass or less.

13.  The aluminum alloy according to any one of claims 1 to 12, wherein boron (B) is

present in an amount of 0.1 % by mass or less.

14.  The aluminum alloy according to any one of claims 1 to 13, wherein silicon (Si) is

present in an amount of 0.5 % by mass or less.

15.  The aluminum alloy according to any one of claims 1 to 14, wherein silicon (Si) is

present in an amount of 0.01 % by mass or more.

16.  Method for the preparation of the aluminum alloy according to any one of claims 1
to 15, comprising the steps of

a) Providing a raw aluminum,;

b) Heating the raw aluminum to a temperature in the range of from 650 to
800 °C;

c) Adding Mg and Be to result in a raw alloy;

d) Optionally degassing the raw alloy;
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e) Adding Ti and B to the optionally degassed raw alloy to prepare the

aluminum alloy.

17.  The method according to claim 16, wherein the method further comprises an
additive manufacture of a workpiece, wherein the additive manufacture of the workpiece
comprises the steps of

f) Setting a layer of aluminum powder comprising the aluminum alloy;

g) Selectively melting the powder by using at least one laser beam;

h) Iterating steps f. and g. until the workpiece is finished,

1) Optionally treating the workpiece by blasting, machining, heat or other
treatments.

18.  The method according to claim 16, wherein the method further comprises an
additive manufacture of a workpiece, wherein the additive manufacture of the workpiece
comprises the steps of

f) Setting a layer of aluminum powder comprising the aluminum alloy;

g) Selectively melting the powder by using at least one laser beam;

h) Iterating steps f. and g. until the workpiece is finished,

1) Optionally treating the workpiece by blasting, machining, heat and other
treatments.

19.  The method according to claim 17 or 18, wherein the workpiece is heat treated in
step 1. by heating the workpiece at a temperature of at least 380 °C, or at least 400 °C, for a
period of less than 1 hour, or less than 3 hours, or less than 5 hours and then cooled in air

at ambient temperature.

20.  Use of the aluminum alloy according to any one of claims 1 to 15 in an additive

manufacturing process.

21.  The method according to claims 16 to 19, wherein the additive manufacturing
process is selected from the group consisting of selective laser sintering (SLS), selective

laser melting (SLM), direct metal laser sintering, and laser metal deposition (LMD).
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22.  The method according to claim 21, wherein the additive manufacturing process is

selective laser sintering, or selective laser melting.

23.  Aluminum alloy product prepared by a method according to any one of claims 16

to 19 and 21 to 22.

47967035\1
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