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MAGNESIUM ALLOYS FOR THIXOMOLDING APPLICATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS.

[0001] This application claims priority to US 63/433,077 filed on December
16, 2022, entitled “Magnesium Alloys for Thixomolding Applications”, the entire

disclosure of which incorporated herein by reference.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH AND DEVELOPMENT

[0002] This invention was made with government support under Contract
No. DE-AC05-000R22725 awarded by the U.S. Department of Energy. The

government has certain rights in this invention.

FIELD OF THE INVENTION

[0003] The present invention relates generally to thixomolding, and more

particularly to alloys for thixomolding applications.

BACKGROUND OF THE INVENTION

[0004] Magnesium-alloy die-castings are being increasingly used in the
automobile industry as a means of providing cost effective mass reduction,

especially in systems where multiple components can be integrated into a single
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thin-wall die-casting. However, there is only one die-caster in North America
capable of producing die-castings of the size needed for instrument panel
structures, liftgate inner panels, swing gate inner panels, and similar components,
thus making it difficult to negotiate competitive pricing and creating a supply chain
risk. Furthermore, there are several component quality restrictions in thin-walled
magnesium die-castings including variability in dimensional accuracy, part-to-part
variation in mechanical properties, and porosity in the final part which has limited

the continued growth of die-cast components in the automobile industry.

[0005] An alternative to die-casting is the process of thixomolding. Widely
used in the electronics industry, the thixomolding process has begun to make
inroads into the automobile industry as a competing process to die-casting for
producing complex thin-wall magnesium components. While the thixomolding
process is somewhat similar to the die-casting process, it differs in at least one
significant aspect. While the die-casting process relies on filling a mold at high
speeds with the alloy in the completely molten state, the thixomolding process fills
a mold with a thixotropic alloy in a semi-solid slurry state at a temperature
between the liquidus and solidus temperatures. Ideally, the material should be
~30-65% solid rather than being completely liquid at the beginning of the injection
process. Advantages of the thixomolding process include finer grain structure,
lower porosity, improved dimensional accuracy, improved part-to-part

consistency, improved mechanical properties, particularly ductility in the
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component, ability to reduce wall thickness for mass savings, and longer tool life

due to lower process temperatures.

[0006] Although thixomolding offers improved mechanical properties over
die-cast Mg components, the mechanical properties obtained in the thixomolded
parts are still not sufficient to broadly enable application in components where
both strength and ductility are key requirements, such as crash critical
components exposed to high impact velocities and powertrain or chassis
components subjected to high levels of cyclic loading. Currently, the mechanical
properties are limited by the alloys being used, which are often the same alloys
that are used in the die-casting process. Thus there is a need for the development
of new alloys which can achieve high strengths with improved ductilities for use in

components fabricated by the thixomolding process.

[0007] Alloys currently used have one or more drawbacks. The alloy AZ91D
is a very popular die-casting alloy with good processability and has good strength
but low ductility. The alloy AM60B is another popular alloy with good strength
and ductility but has only a narrow processing range. It would be desirable to
provide an alloy with good processability comparable to AZ91D, strength

comparable to AM60B, and with improved ductility.

[0008] Table 1. Currently used alloys and their properties.
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Alloy Mg Al Zn Mn Yield Strength Elongation
(MPa)

AMG60B | Bal 6 0.2 0.3 121 16

AZ91D | Bal 9 0.7 0.3 158 6

[0009] These existing alloys have been primarily designed for injection

molding in liquid state for die casting. Components thixomolded with die casting
alloys do not have balanced properties. As seen in Table 1, AZ91D has good
processing characteristics, high strength, but poor ductility, while AM60B has
good ductility but needs improvement in strength and processing characteristics.
This is illustrated in Figure 1. Figure 2 illustrates that AZ91D has high strength,
lower solidus and wider melting range than AM60 (F. Czerwinski, Die Casting

Engineer, Nov. 2004).
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SUMMARY OF THE INVENTION

[0010] A magnesium alloy comprises on weight percent, Al: 4.5-6.5; Zn:
0.05-3.0; Ca: 0-1.5; Sn: 0-4.0; Mn: 0.1-0.5; Si: 0-0.5; B+Sr: 0-0.5; less than 0.1
Fe; less than 0.1 Cu; less than 0.01 Ni; and Mg: balance. The magnesium can
consist essentially of, in weight percent, Al: 4.5-6.5; Zn: 0.05-3.0; Ca: 0-1.5; Sn:
0-4.0; Mn: 0.1-0.5; Si: 0-0.5; B+Sr: 0-0.5; less than 0.1 Fe; less than 0.1 Cu; less
than 0.01 Ni; and Mg: balance. The magnesium alloy can consist of, in weight
percent, Al: 4.5-6.5; Zn: 0.05-3.0; Ca: 0-1.5; Sn: 0-4.0; Mn: 0.1-0.5; Si: 0-0.5;
B+Sr: 0-0.5; less than 0.1 Fe; less than 0.1 Cu; less than 0.01 Ni; and Mg:

balance. The magnesium alloy can have a processability index P of 20 to 150.

[0011] The magnesium alloy can have a Ge content of from 0 — 0.5 wt. %

Ge. The magnesium alloy can have a Li content of from 0- 0.5 wt. % Li.

[0012] The magnesium alloy can have a yield strength of at least 90 MPa.
The magnesium alloy can have a yield strength of at least 100 MPa. The

magnesium alloy can have a yield strength of at least 120 MPa.

[0013] The magnesium alloy can have an elongation to failure is at least 16

%. The magnesium alloy can have an elongation to failure is at least 20 %.

[0014] The magnesium alloy can have a melting range of at least 200 °C.

The magnesium alloy can have a melting range of at least 175 °C. The
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magnesium alloy can have a melting range of at least 150 °C. The magnesium

alloy can have a melting range of at least 135 °C.

[0015] A method of preparing a thixomolded article can include the step of
providing a magnesium alloy comprising, in weight percent Al: 4.5-6.5; Zn: 0.05-
3.0; Ca: 0-1.5; Sn: 0-4.0; Mn: 0.1-0.5; Si: 0-0.5; B+Sr: 0-0.5; less than 0.1 Fe; less
than 0.1 Cu; less than 0.01 Ni; and Mg: balance. The magnesium alloy is heated
to a temperature of 500-600 °C, producing a thixotropic alloy comprising 30-65
weight % solids. The thixotropic alloy is introduced into a mold under a pressure
of 50-100 MPa. The thixotropic alloy is allowed to cool to produce a solid

thixomolded article.

[0016] A method of preparing a thixomolded article can include the step of
providing a magnesium alloy comprising, in weight percent Al: 4.5-6.5; Zn: 0.05-
3.0; Ca: 0-1.5; Sn: 0-4.0; Mn: 0.1-0.5; Si: 0-0.5; B+Sr: 0-0.5; less than 0.1 Fe, less
than 0.1 Cu; less than 0.01 Ni; and Mg: balance. The magnesium alloy is heated
to a temperature of 500-600 °C, producing a thixotropic alloy comprising 30-65
weight % solids. The thixotropic alloy is introduced into an open mold under
ambient pressure. The mold is closed to compress the thixotropic alloy and thus
fill the mold. The thixotropic alloy is allowed to cool to produce a solid

thixomolded article.
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[0017] A thixomolded article includes a magnesium alloy comprising, in
weight percent Al: 4.5-6.5; Zn: 0.05-3.0; Ca: 0-1.5; Sn: 0-4.0; Mn: 0.1-0.5; Si: O-
0.5; B+Sr: 0-0.5; less than 0.1 Fe; less than 0.1 Cu; less than 0.01 Ni; and Mg:
balance. The thixomolded article can have a weight of at least 3.6 kg and an
average thickness of between 2.0 mm and 4.0 mm. The thixomolded article can
have a largest dimension of between 50 cm and 200 cm. The thixomolded article
can contain at least 1 molded-in connecting feature, the connecting feature
provides a positive location function and structural strength of at least 70% of the
base material strength, and the article is joined with other articles to produce an

article with a mass of at least 7.2 kg.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] There are shown in the drawings embodiments that are presently
preferred it being understood that the invention is not limited to the arrangements

and instrumentalities shown, wherein:

[0019] Figure 1 is a diagram illustrating the strengths and weaknesses of

prior art alloys AZ91D and AMG0B for strength, ductility, and ease of processing.

[0020] Figure 2 is a plot of strength, solidus and melting range for AZ91D

and AMG60.

[0021] Figure 3 shows the calculated equilibrium phase diagram for alloy
AMS0.

[0022] Figure 4 shows the calculated equilibrium phase diagram for alloy
AMG60B.

[0023] Figure 5 shows the calculated equilibrium phase diagram for alloy
AZ91D.

[0024] Figure 6 shows the calculated equilibrium phase diagram for alloy
A511.

[0025] Figure 7 shows the calculated equilibrium phase diagram for alloy
A512.
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[0026]

A513.

[0027]

AS514.

[0028]

A515.

[0029]

A516.

[0030]

A521.

[0031]

AS22.

[0032]

A523.

[0033]

A531.

[0034]

AS532.

Figure 8 shows the calculated equilibrium phase diagram for alloy

Figure 9 shows the calculated equilibrium phase diagram for alloy

Figure 10 shows the calculated equilibrium phase diagram for alloy

Figure 11 shows the calculated equilibrium phase diagram for alloy

Figure 12 shows the calculated equilibrium phase diagram for alloy

Figure 13 shows the calculated equilibrium phase diagram for alloy

Figure 14 shows the calculated equilibrium phase diagram for alloy

Figure 15 shows the calculated equilibrium phase diagram for alloy

Figure 16 shows the calculated equilibrium phase diagram for alloy
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[0035]

AS33.

[0036]

AS34.

[0037]

AS35.

[0038]

AS536.

[0039]

A541.

[0040]

AS42.

[0041]

A543.

[0042]

Ab544.

[0043]

A545.

Figure 17 shows the calculated equilibrium phase diagram for alloy

Figure 18 shows the calculated equilibrium phase diagram for alloy

Figure 19 shows the calculated equilibrium phase diagram for alloy

Figure 20 shows the calculated equilibrium phase diagram for alloy

Figure 21 shows the calculated equilibrium phase diagram for alloy

Figure 22 shows the calculated equilibrium phase diagram for alloy

Figure 23 shows the calculated equilibrium phase diagram for alloy

Figure 24 shows the calculated equilibrium phase diagram for alloy

Figure 25 shows the calculated equilibrium phase diagram for alloy

10
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[0044]

AG11.

[0045]

AB12.

[0046]

AB13.

[0047]

A614.

[0048]

A615.

[0049]

AG16.

[0050]

AB21.

[0051]

AB22.

[0052]

AB23.

Figure 26 shows the calculated equilibrium phase diagram for alloy

Figure 27 shows the calculated equilibrium phase diagram for alloy

Figure 28 shows the calculated equilibrium phase diagram for alloy

Figure 29 shows the calculated equilibrium phase diagram for alloy

Figure 30 shows the calculated equilibrium phase diagram for alloy

Figure 31 shows the calculated equilibrium phase diagram for alloy

Figure 32 shows the calculated equilibrium phase diagram for alloy

Figure 33 shows the calculated equilibrium phase diagram for alloy

Figure 34 shows the calculated equilibrium phase diagram for alloy

11
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[0053]

AB31.

[0054]

AB32.

[0055]

AB33.

[0056]

AB34.

[0057]

AB35.

[0058]

AB36.

[0059]

AB41.

[0060]

AB42.

[0061]

AB43.

Figure 35 shows the calculated equilibrium phase diagram for alloy

Figure 36 shows the calculated equilibrium phase diagram for alloy

Figure 37 shows the calculated equilibrium phase diagram for alloy

Figure 38 shows the calculated equilibrium phase diagram for alloy

Figure 39 shows the calculated equilibrium phase diagram for alloy

Figure 40 shows the calculated equilibrium phase diagram for alloy

Figure 41 shows the calculated equilibrium phase diagram for alloy

Figure 42 shows the calculated equilibrium phase diagram for alloy

Figure 43 shows the calculated equilibrium phase diagram for alloy

12
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[0062] Figure 44 shows the calculated equilibrium phase diagram for alloy
Ab44.

[0063] Figure 45 shows the calculated equilibrium phase diagram for alloy
AB45.

[0064] Figure 46 is a perspective view of a large thixomolded automobile

door component.

13
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DETAILED DESCRIPTION OF THE INVENTION

[0065] A magnesium alloy comprising, in weight percent:
Al: 4.5-6.5;
Zn: 0.1-3.0;
Ca: 0-1.5;
Sn: 0-4.0;
Mn: 0.1-0.5;
Si: 0-0.5;
B+Sr: 0-0.5;
less than 0.1 Fe;
less than 0.1 Cu;
less than 0.01 Ni; and,

Mg: balance.

[0066] The magnesium alloy can consist essentially of, in weight percent,
Al: 45-6.5; Zn: 0.1-3.0; Ca: 0-1.5; Sn: 0-4.0: Mn: 0.1-0.5; Si: 0-0.5; B+Sr: 0-0.5;
less than 0.1 Fe; less than 0.1 Cu; less than 0.01 Ni; and Mg: balance. The
magnesium alloy can consist of, in weight percent, Al: 4.5-6.5; Zn: 0.1-3.0; Ca: O-
1.5; Sn: 0-4.0; Mn: 0.1-0.5; Si: 0-0.5; B+Sr: 0-0.5; less than 0.1 Fe; less than 0.1

Cu; less than 0.01 Ni; and Mg: balance.

14
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[0067] The Al in weight percent can be from 4.5 to 6.5 wt. %. The Al in
weight percent can be 4.5,4.6,4.7,4.8,4.9,5.0,5.1,5.2,5.3,54,5.5,56, 5.7,
5.8,5.9,6.0,6.1,6.2,6.3,6.4, or 6.5 wt. % Al. The weight % Al can be within a

range of any high value and low value selected from these values.

[0068] The Zn in weight percent can be from 0.1-3.0 wt. %. The Zn in weight
percent can be 0.10, 0.11, 0.12, 0.13, 0.14, 0.15, 0.16, 0.17, 0.18, 0.19, 0.2, 0.3,
0.4,05,06,0.7,08,09,1.0,11,1.2,13,14,15,16,1.7,1.8,1.9,2.0, 21,
22,23,24,25,26,2.7,2.8,2.9or 3.0wt % Zn. The weight % Zn can be within

a range of any high value and low value selected from these values.

[0069] The Ca in weight percent can be from 0-1.5 wt. %. The Ca in weight
percent can be 0, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3,
04,0.5,06,0.7,08,09,1.0,1.1,1.2, 1.3, 1.4, or 1.5wt % Ca. The weight % Ca

can be within a range of any high value and low value selected from these values.

[0070] The Sn in weight percent can be from 0-4.0 wt. %. The Sn in weight
percent can be 0, 0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 1.75, 2.0, 2.25, 2.5, 2.75, 3.0,
3.25, 3.5, 3.75 or 4.0 wt % Sn. The weight % Sn can be within a range of any high

value and low value selected from these values.

[0071] The Mn in weight percent can be from 0.1-0.5 wt. %. The Mn in

weight percent can be 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45 or 0.5 wt. % Mn.

15
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The weight % Mn can be within a range of any high value and low value selected

from these values.

[0072] The Si in weight percent can be from 0-0.5 wt. %. The Si weight
percent can be 0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, or 0.5 wt. % Si.
The weight % Si can be within a range of any high value and low value selected

from these values.

[0073] The B+Sr in weight percent can be from 0-0.5 wt. %. The B weight
percent can be 0, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06 0.07, 0.08, 0.09, 0.10, 0.12,
0.15,0.17, 0.20, 0.22, 0.25, 0.27, 0.30, 0.32, 0.35, 0.37, 0.40, 0.42, 0.45, 0.47, or
0.50 wt. % B+Sr. The weight % B+Sr can be within a range of any high value and

low value selected from these values.

[0074] The alloy can have Fe less than 0.1 wt. % Fe. The alloy can have 0O,
0.0001, 0.0002, 0003, 0.0004, 0.0005, 0.0006, 0.0007, 0.0008, 0.0009, 0.001,
0.002, 0.003, 0.004, 0.005, 0.006, 0.007, 0.008, 0.009, 0.01, 0.0125, 0.015,
0.0175, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09 or 0.1 wt. % Fe. The weight
% Fe can be within a range of any high value and low value selected from these

values.

[0075] The alloy can have less than 0.1 wt. % Cu; The alloy can have 0,
0.0001, 0.0002, 0003, 0.0004, 0.0005, 0.0006, 0.0007, 0.0008, 0.0009, 0.001,

0.002, 0.003, 0.004, 0.005, 0.006, 0.007, 0.008, 0.009, 0.01, 0.0125, 0.015,

16
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0.0175, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09 or 0.1 wt. % Cu. The weight
% Cu can be within a range of any high value and low value selected from these

values.

[0076] The alloy can have less than 0.01 wt. % Ni. The wt. % Ni can be O,
0.0001, 0.0002, 0003, 0.0004, 0.0005, 0.0006, 0.0007, 0.0008, 0.0009, 0.001,
0.002, 0.003, 0.004, 0.005, 0.006, 0.007, 0.008, 0.009, or 0.01 wt. % Ni. The
weight % Ni can be within a range of any high value and low value selected from

these values.

[0077] The alloy can have Ge in weight percent can be from 0-0.5 wt. % Ge.
The Ge weight percent can be 0, 0.001, 0.002, 0.003, 0.004, 0.005, 0.006, 0.007,
0.008, 0.009, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06 0.07, 0.08, 0.09, 0.10, 0.12, 0.15,
0.17,0.20, 0.22, 0.25, 0.27, 0.30, 0.32, 0.35, 0.37, 0.40, 0.42, 0.45, 0.47, or 0.50
wt. % Ge. The weight % Ge can be within a range of any high value and low value

selected from these values.

[0078] The alloy can have Li in weight percent can be from 0-0.5 wt. % Li.
The Li weight percent can be 0, 0.001, 0.002, 0.003, 0.004, 0.005, 0.006, 0.007,
0.008, 0.009, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06 0.07, 0.08, 0.09, 0.10, 0.12, 0.15,
0.17,0.20, 0.22, 0.25, 0.27, 0.30, 0.32, 0.35, 0.37, 0.40, 0.42, 0.45, 0.47, or 0.50
wt. % Li. The weight % Li can be within a range of any high value and low value

selected from these values.

17
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[0079] In another aspect, the magnesium alloys described herein are used
in thixomolding applications. A method of preparing a thixomolded article can
include the step of providing a magnesium alloy comprising, in weight percent Al:
4.5-6.5: Zn: 0.1-3.0; Ca: 0-1.5;: Sn: 0-4.0; Mn: 0.1-0.5; Si: 0-0.5; B+Sr: 0-0.5; less
than 0.1 Fe; less than 0.1 Cu; less than 0.01 Ni; and Mg: balance. The
magnesium alloy is heated to a temperature of 500-600 °C (a temperature
between the liquidus and solidus), producing a thixotropic alloy comprising 30-65
weight % solids. The thixotropic alloy is transported into a mold. The thixotropic
alloy is then allowed to cool to produce a solid thixomolded article.

[0080] Articles made from the magnesium alloys of the invention are
designed to be used in the as-cast condition. They can be cast with typical
procedures for magnesium alloys to protect them from oxidation. A thixomolded
article can comprise a magnesium alloy comprising, in weight percent Al: 4.5-6.5;
Zn: 0.1-3.0; Ca: 0-1.5; Sn: 0-4.0; Mn: 0.1-0.5; Si: 0-0.5; B+Sr: 0-0.5; less than 0.1
Fe; less than 0.1 Cu; less than 0.01 Ni; and Mg: balance. The article can have a
weight of at least 3.6 kg. The thixomolded article can have a largest dimension of
at least 50 cm.

[0081] Figure 2 shows that alloy AZ91D which has good processability has a
lower solidus and a larger melting range, which is the difference between the
liquidus and the solidus. The magnesium alloys of the invention have solidus and
melting ranges greater than that of AM50 and AM60B and closer to that of AZ91D

and ductility comparable to AM60B and better than that of AZ91D.

18
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[0082] A number of alloys were computationally evaluated for their solidus,
liquidus, and solidification range. Table 2 shows nominal compositions of AMS0,

AMG60B, and AZ91D along with the invention alloys.

[0083] Table 2. Nominal compositions of baseline and computationally

designed invention alloys.

Alloy Mg Zn Al Ca Mn Si Sn Sr/B
Name

Baseline alloys

AMS0 Bal 0.2 4.9 0.00 0.45 0.1 0.00 0
AM60B | Bal 0.18 6.1 0.00 0.3 0.1 0.00 0
AZ91D Bal 0.77 8.73 0.00 0.24 0.01 0.01 0
Invention Alloys

A511 Bal 0.5 4.9 0.00 0.45 0.10 0.00 0
A512 Bal 1.0 4.9 0.00 0.45 0.10 0.00 0
A513 Bal 1.5 49 0.00 0.45 0.10 0.00 0
A514 Bal 2.0 4.9 0.00 0.45 0.10 0.00 0
A515 Bal 2.5 4.9 0.00 0.45 0.10 0.00 0
A516 Bal 3.0 4.9 0.00 0.45 0.10 0.00 0
A521 Bal 0.2 49 0.50 0.45 0.10 0.00 0
Ab22 Bal 0.2 4.9 1.00 0.45 0.10 0.00 0
Ab23 Bal 0.2 4.9 1.50 0.45 0.10 0.00 0
A531 Bal 0.2 49 0.00 0.45 0.10 0.50 0
A532 Bal 0.2 49 0.00 0.45 0.10 1.00 0
A533 Bal 0.2 4.9 0.00 0.45 0.10 1.50 0
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A534 Bal 0.2 4.9 0.00 0.45 0.10 2.00 0
Ab35 Bal 0.2 49 0.00 0.45 0.10 3.00 0
AS536 Bal 0.2 49 0.00 0.45 0.10 4.00 0
A541 Bal 0.5 49 0.5 0.45 0.10 0.50 0
Ab542 Bal 1.5 4.9 0.0 0.45 0.10 1.50 0
A543 Bal 2.5 49 0.0 0.45 0.10 2.50 0
A544 Bal 3.0 49 0.0 0.45 0.1 4.00 0
A545 Bal 3.0 49 15 0.45 0.1 4.00 0
AB11 Bal 0.5 6.1 0.00 0.3 0.10 0.00 0
AB12 Bal 1.0 6.1 0.00 0.3 0.10 0.00 0
AB13 Bal 1.5 6.1 0.00 03 0.10 0.00 0
AB14 Bal 20 6.1 0.00 0.3 0.10 0.00 0
AB15 Bal 2.5 6.1 0.00 0.3 0.10 0.00 0
AB16 Bal 3.0 6.1 0.00 0.3 0.10 0.00 0
A621 Bal 0.18 6.1 0.50 03 0.10 0.00 0
AB22 Bal 0.18 6.1 1.00 0.3 0.10 0.00 0
AB23 Bal 0.18 6.1 1.50 0.3 0.10 0.00 0
A631 Bal 0.18 6.1 0.00 0.3 0.10 0.50 0
AB32 Bal 0.18 6.1 0.00 03 0.10 1.00 0
AB33 Bal 0.18 6.1 0.00 0.3 0.10 1.50 0
AB34 Bal 0.18 6.1 0.00 0.3 0.10 2.00 0
AB35 Bal 0.18 6.1 0.00 0.3 0.10 3.00 0
AB36 Bal 0.18 6.1 0.00 03 0.10 4.00 0
AB41 Bal 0.5 6.1 0.5 0.3 0.10 0.50 0
AbB42 Bal 1.5 6.1 0.0 0.3 0.10 1.50 0
AB43 Bal 25 6.1 0.0 0.3 0.10 25 0
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AB44 Bal 3.0 6.1 0.0 0.3 010 [40 0
AB45 Bal 3.0 6.1 1.5 0.3 0.1 4.0 0
[0084] Table 3 shows the calculated liquidus, solidus, and melting ranges of

AZ91D, AM50, and AM60B and those of the invention alloys.

Table 3. Calculated Liquidus, Solidus, Melting Range, and Decrease in Solidus for

Invention Alloys

Alloy # Liquidus (°C) Solidus (°C) | Melting range (°C) Decrease in
solidus(°C)
AZ91D 656.85 469.51 187.34
AMS50 676.85 547.93 128.92
A511 676.85 538.69 138.16 9.24
A512 676.85 522.95 153.90 24.98
A513 676.85 506.80 170.05 41.13
A514 676.85 490.30 186.55 57.63
A515 676.85 473.41 203.44 74.52
A516 676.85 456.14 220.71 91.79
A521 676.85 544.24 132.61 3.69
A522 676.85 531.66 145.19 16.27
A523 676.85 531.85 145.00 16.08
A531 676.85 538.35 138.50 9.58
A532 676.85 528.42 148.43 19.51
A533 676.85 518.13 158.72 29.80
A534 676.85 507.48 169.37 40.45
A535 676.85 504.16 172.69 43.77
A536 676.85 498.87 177.98 49.06
A541 676.85 54511 131.74 2.82
A542 676.85 472.85 204.00 75.08
A543 676.50 447.28 229.22 100.65
A544 686.85 426.29 260.56 121.64
A545 686.85 448.52 238.33 99.41
AM60B 656.85 526.25 130.60 0.00
AB11 656.85 516.62 140.23 9.63
AB12 656.85 501.22 155.63 25.03
AB13 656.85 486.27 170.58 39.98
AB14 656.85 47212 184.73 54.13
AB15 656.85 455.51 201.34 70.74
AB16 656.85 438.49 218.36 87.76
A621 656.85 523.89 132.96 2.36
AB22 656.85 516.65 140.20 9.60
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AB23 656.85 519.90 136.95 6.35
AB31 656.85 513.25 143.60 13.00
AB32 656.85 500.94 155.91 25.31
AB33 656.85 494.80 162.05 31.45
A634 656.85 494 .32 162.53 31.93
AB35 656.85 489.47 167.38 36.78
AB36 656.85 486.03 170.82 40.22
A641 656.85 522.54 134.31 3.7
AB42 656.85 462.16 194.69 64.09
AB43 656.85 432.09 224.76 94.16
Ab44 666.86 412.28 254.58 113.97
AB45 665.85 425.03 240.82 101.22

[0085] As shown in Table 3, the invention alloys A511 — A545 have a solidus
lower than and a melting range larger than that of AMS50. Also, several alloys

have achieved a melting range comparable to or greater than that of AZ91D.

[0086] Also as shown in Table 3, the invention alloys A611 — A645 have a
solidus lower than and a melting range larger than that of AM60B. Also, several
alloys have achieved a melting range comparable to or greater than that of

AZ91D.

[0087] A511 to A516 have increasing levels only of Zn. A521 to A523 have
increasing levels only of Ca, and A531 to A536 have increasing levels only of Sn.
A541 to A545 have increasing levels of Zn, Sn and Ca, where two or three of
these elements have increasing values. These levels of elements decrease the

solidus and increase the melting range when compared to that of AM50.
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[0088] A611 to A616 have increasing levels only of Zn. A621 to A623 have
increasing levels only of Ca, and A631 to A636 have increasing levels only of Sn.
A641 to A645 have increasing levels of Zn, Sn and Ca, where two or three of
these elements have increasing values. These levels of elements decrease the

solidus and increase the melting range when compared to that of AMG0B.

[0089] Table 4 shows some compositions of invention alloys selected for
testing. These alloys were fabricated in laboratory scale heats and tested for their
solidus, liquidus and melting range. Table 5 shows the measured compositions of

these example invention alloys.

[0090] Table 4. Nominal compositions of example invention alloys.
Alloy # | Alloy Name Mg Zn Al Mn Si Sn B
Al AM60B 93.31 0.18 6.1 0.3 0.1 0 0
Al2 AM60B+Zn 92.08 1.50 6.02 0.30 0.10 0.00 0
Al3 AMB0B+Sn 91.93 0.18 6.01 0.30 0.10 1.48 0
Ald AM60B+Zn+Sn 90.66 1.51 5.93 0.29 0.10 1.51 0
Al5 AM50+Zn+Sn 91.54 1.50 4.93 0.44 0.10 1.49 0
Al11 AM60B +B 93.29 0.04 6.11 0.39 0.02 0.00 0.15
Al12 AM60B+Zn +B 91.91 1.51 6.02 0.39 0.02 0.00 0.15
Al13 AMB0B+Sn +B 91.88 0.04 6.02 0.39 0.02 1.50 0.15
All4 AM60B+Zn+Sn +B | 90.52 1.50 5.93 0.38 0.02 1.50 0.15
Al15 AM50+Zn+Sn+B | 91.49 1.50 4.96 0.40 0.02 1.51 0.12
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[0091] Table 5. Measured compositions of example invention alloys.
Alloy # | Alloy Name Mg Zn Al Mn Si Sn B
AIMM | AM60B 93.59 0.06 6.04 0.28 0.03 0 <0.005
AI2M | AMBOB+Zn 92.09 1.76 5.84 0.28 0.03 0.00 <0.005
AI3M | AMBOB+Sn 91.80 0.08 6.08 0.27 0.03 1.74 <0.005
Al4M | AMBOB+Zn+Sn 90.60 1.68 577 0.29 0.03 165 <0.005
AI5SM | AM50+Zn+Sn 91.54 2.10 4.86 0.22 0.03 1.50 <0.005
Al11M | AMBOB +B 93.76 0.06 5.82 0.26 0.03 0.00 <0.005
Al12M | AMB0B+Zn +B 92.45 1.2 6.06 0.26 0.03 0.00 <0.005
Al13M | AMB0B+Sn +B 9217 0.07 6.10 0.31 0.03 1.13 0.15
Al14M | AMBOB+Zn+Sn +B | 90.45 1.53 6.34 0.33 0.03 1.3 <0.005
AI15M | AM50+Zn+Sn+B | 91.7 1.20 5.61 0.3 0.02 1.16 <0.005

[0092] Table 6 shows the effect of additions of Zn (Al12M), Sn (AI3M), and

both Zn and Sn (Al4M) on the measured solidus of these alloys when compared

to that of AM60B (Al1M) without these additions. Additions of Zn and Sn reduce

the solidus much more effectively than the addition of Zn only or Sn only.

[0093]

The solidus of AI5M which contains additions of Zn and Sn (516) is

significantly lower than that of AMS50 (as shown in Table 3, 547.93) without these

additions. Additions of Zn and Sn are effective in reducing the solidus and

increasing the melting range.
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[0094] Table 6. Measured melting range of invention alloys compared with

calculated melting range of AZ91D

Alloy # Alloy Liquidus (°C) Solidus (°C) | Measured Melting range (°C)
Baseline AZ91D 656.85 469.5 187.35 (calculated)
AlMM AM60B 655 537 118
Al2M AMB0B+Zn 633 515 118
AI3M AMB0B+Sn 636 526 110
Al4M AM60B+Zn+Sn 641 470 171
AlI5M AM50+Zn+Sn 635 516 119
AlM11M AM60B +B 641 531 110
Al12M AM60B+Zn +B 645 501 144
AlM3M AM60B+Sn +B 652 537 115
Al14M AMB0B+Zn+Sn 645 501 144
+
Al15M AII?/I5O+Zn+Sn+ B | 645 506.5 138.5

[0095] Table 6 also shows that additions of Zn+B together (Al12M) and
Zn+Sn+B (Al14M) are also effective in reducing the solidus when compared to
AMG60B, with Zn+B (501) (Al12M) and Zn+Sn+B (501) (Al14M) as compared to

AMG60B (537) without these additions.

[0096] The solidus of AI15M which contains additions of Zn+Sn+B (506.5) is

significantly lower than that of AMS50 (as shown in Table 3, 547.93) without these
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additions. Additions of Zn+Sn+B are effective in reducing the solidus and

increasing the melting range.

[0097] The amounts of Zn, Ca, and Sn can have relative concentrations as

shown in Equations 1 and 2:

Eq. 1) P = (32 x Wt.% Zn) + (9 x wt. % Ca) + (18 x wt. % Sn)

when wt. % of Sn <2

Eq. 2) P = (32 x Wt.% Zn) + (9 x wt. % Ca) + (4 x wt. % Sn) +

28 when wt. % of Sn > 2

where P is the processability index, and P is from 20 to 150. P can be 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105,
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121,
122,123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 134, 136, 137,
138, 139, 140, 141", 142, 143, 144, 145, 146, 147, 148, 149 or 150 and can be
within a range of any high value and low value selected from these values. For
example, in Table 6, alloy AI5SM with 2.10 wt. % Zn, and Sn level of 1.5 wt. % has
a processability index P according to Equation 1 that is P=(32x 2.10) + (9 x 0) +

(18 x 1.5) = 94.2.
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[0098] The corrosion resistance of magnesium alloys can be improved by
keeping impurity levels such as Fe, Cu, and Ni low. Additions of Li and Ge also
can improve the corrosion resistance. These alloys are designed to be

compatible with standard anticorrosion coating used in the industry.

[0099] Table 7 shows the measured yield strength and ductility of the
invention alloys compared to the baseline alloy AM60B and AZ91D. The targeted
values of the yield strengths (comparable that of AM60B) were achieved along

with ductilities that are comparable to AM60B and better than AZ91D.

[0100] Table 7. Yield strength and elongation of invention alloys
Alloy # Alloy Yield Strength (MPa) Elongation to failure
Baseline Alloy AZ91D 158 6
AlMM AM60B 97.7 212
Al2M AMB0B+Zn 94.4 23.0
AI3M AMB0B+Sn 98.6 18.0
Al4M AM60B+Zn+Sn 926 17.9
AI5M AM50+Zn+Sn 103.6 18.9
Al1M AM60B +B 117.3 226
Al12M AMB0B+Zn +B 107.6 21.8
Al13M AM60B+Sn +B 124.9 23.9
Al14M AMB0B+Zn+Sn +B 132.2 21.4
Al15M AM50+Zn+Sn+ B 133.4 24.7

[0101] The addition of 0.15 wt. % B (AlI11M, Al12M, Al13M, Al14M, and

Al15M) resulted in an improved yield strength (~20-43% increase) and increased
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elongation to failure (~6-30%) when compared to the alloys without the addition of
B (AI1M, AI2M, AI3M, Al4M, and AI5SM) due to grain refinement. Addition of B

improves strength and ductility without compromising the processibility.

[0102] The ease of processing these alloys is characterized by the
difference between the liquidus and solidus of these alloys and by the P values
guantified in Equations 1 and 2. The alloys possess a liquid + solid range which
provides good control on solid fraction at injection temperature. The alloys
possess a fine grain size microstructure which provides good ductility while
maintaining or improving strength over existing alloys used in thixomolding. The
alloys further possess or improve on corrosion resistance relative to existing

thixomolding alloys.

[0103] The alloys with a good combination of processability as indicated by
the P values and with good strength and ductility, as shown in Table 7, are ideally
suited for larger thixomolding operations such as for parts have largest
dimensions of between 50 cm to 100 cm, thicknesses of between 2-4 mm, and
weights of at least 3.6 kg. There is shown in FIG. 46 a door component 10 that

can be cast by the alloys of the invention.

[0104] A method of preparing a thixomolded article can include the step of
providing a magnesium alloy comprising, in weight percent Al: 4.5-6.5; Zn: 0.05-

3.0; Ca: 0-1.5; Sn: 0-4.0; Mn: 0.1-0.5; Si: 0-0.5; B+Sr: 0-0.5; less than 0.1 Fe; less
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than 0.1 Cu; less than 0.01 Ni; and Mg: balance. The magnesium alloy is heated
to a temperature of 500-600 °C, producing a thixotropic alloy comprising 30-65
weight % solids. The thixotropic alloy is introduced into a mold under a pressure
of 50-100 MPa. The thixotropic alloy is allowed to cool to produce a solid

thixomolded article.

[0105] A method of preparing a thixomolded article can include the step of
providing a magnesium alloy comprising, in weight percent Al: 4.5-6.5; Zn: 0.05-
3.0; Ca: 0-1.5; Sn: 0-4.0; Mn: 0.1-0.5; Si: 0-0.5; B+Sr: 0-0.5; less than 0.1 Fe; less
than 0.1 Cu; less than 0.01 Ni; and Mg: balance. The magnesium alloy is heated
to a temperature of 500-600 °C, producing a thixotropic alloy comprising 30-65
weight % solids. The thixotropic alloy is introduced into an open mold under
ambient pressure. The mold is closed to compress the thixotropic alloy and thus
fill the mold. The thixotropic alloy is allowed to cool to produce a solid

thixomolded article.

[0106] A thixomolded article includes a magnesium alloy comprising, in
weight percent Al: 4.5-6.5; Zn: 0.05-3.0; Ca: 0-1.5; Sn: 0-4.0; Mn: 0.1-0.5; Si: O-
0.5; B+Sr: 0-0.5; less than 0.1 Fe; less than 0.1 Cu; less than 0.01 Ni; and Mg:
balance. The thixomolded article can have a weight of at least 3.6 kg and an
average thickness of between 2.0 mm and 4.0 mm. The thixomolded article can
have a largest dimension of between 50 cm and 200 cm. The thixomolded article

can contain at least 1 molded-in connecting feature, the connecting feature
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provides a positive location function and structural strength of at least 70% of the
base material strength, and the article is joined with other articles to produce an

article with a mass of at least 7.2 kg.

[0107] The invention as shown in the drawings and described in detail
herein disclose arrangements of elements of particular construction and
configuration for illustrating preferred embodiments of structure and method of
operation of the present invention. It is to be understood however, that elements
of different construction and configuration and other arrangements thereof, other
than those illustrated and described may be employed in accordance with the
spirit of the invention, and such changes, alternations and modifications as would
occur to those skilled in the art are considered to be within the scope of this
invention as broadly defined in the appended claims. In addition, it is to be
understood that the phraseology and terminology employed herein are for the

purpose of description and should not be regarded as limiting.
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CLAIMS

We claim:
1. A magnesium alloy comprising, in weight percent:
Al: 4.5-6.5;
Zn: 0.1-3.0;
Ca: 0-1.5;
Sn: 0-4.0;
Mn: 0.1-0.5;
Si: 0-0.5;
B+Sr: 0-0.5
less than 0.1 Fe
less than 0.1 Cu
less than 0.01 Ni; and,

Mg: balance.

2. The magnesium alloy of claim 1, wherein the alloy consists essentially of, in
weight percent, Al: 4.5-6.5; Zn: 0.05-3.0; Ca: 0-1.5; Sn: 0-4.0; Mn: 0.1-0.5; Si: O-
0.5; B+Sr: 0-0.5; less than 0.1 Fe; less than 0.1 Cu; less than 0.01 Ni; and Mg:

balance.

3. The magnesium alloy of claim 1, wherein the alloy consists of, in weight

percent, Al: 4.5-6.5; Zn: 0.05-3.0; Ca: 0-1.5; Sn: 0-4.0; Mn: 0.1-0.5; Si: 0-0.5;
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B+Sr: 0-0.5; less than 0.1 Fe; less than 0.1 Cu; less than 0.01 Ni; and Mg:

balance.

4, The magnesium alloy of claim 1, wherein the alloy has a processability

index P of 20 to 150.

5. The magnesium alloy of claim 1, wherein the alloy has a Ge content of from

0-0.5wt. % Ge.

6. The magnesium alloy of claim 1, wherein the alloy has a Li content of from

0- 0.5 wt. % Li.

7. The magnesium alloy of claim 1, wherein the alloy has a yield strength of at

least 90 MPa.

8. The magnesium alloy of claim 1, wherein the alloy has a yield strength of at

least 100 MPa.

9. The magnesium alloy of claim 1, wherein the alloy has a yield strength of at

least 120 MPa.

10. The magnesium alloy of claim 1, wherein the elongation to failure is at least

16 %.
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11.  The magnesium alloy of claim 1, wherein the elongation to failure is at least

20 %.

12. The magnesium alloy of claim 1, wherein the alloy has a melting range of at

least 200 °C.

13.  The magnesium alloy of claim 1, wherein the alloy has a melting range of at

least 175 °C.

14. The magnesium alloy of claim 1, wherein the alloy has a melting range of at

least 150 °C.

15. The magnesium alloy of claim 1, wherein the alloy has a melting range of at

least 135 °C.

16. A method of preparing a thixomolded article, comprising the steps of:

providing a magnesium alloy comprising, in weight percent Al: 4.5-
6.5; Zn: 0.05-3.0; Ca: 0-1.5; Sn: 0-4.0; Mn: 0.1-0.5; Si: 0-0.5; B+Sr: 0-0.5;
less than 0.1 Fe; less than 0.1 Cu; less than 0.01 Ni; and Mg: balance;

heating the magnesium alloy to a temperature of 500-600 °C,
producing a thixotropic alloy comprising 30-65 weight % solids;

introducing the thixotropic alloy into a mold under a pressure of 50-

100 MPa; and,
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allowing the thixotropic alloy to cool to produce a solid thixomolded

article.

17. A method of preparing a thixomolded article, comprising the steps of:

providing a magnesium alloy comprising, in weight percent Al: 4.5-
6.5; Zn: 0.05-3.0; Ca: 0-1.5; Sn: 0-4.0; Mn: 0.1-0.5; Si: 0-0.5; B+Sr: 0-0.5;
less than 0.1 Fe; less than 0.1 Cu; less than 0.01 Ni; and Mg: balance;

heating the magnesium alloy to a temperature of 500-600 °C,
producing a thixotropic alloy comprising 30-65 weight % solids;

introducing the thixotropic alloy into an open mold under ambient
pressure;

closing the mold to compress the thixotropic alloy and thus fill the
mold; and,

allowing the thixotropic alloy to cool to produce a solid thixomolded

article.

18. A thixomolded article, comprising a magnesium alloy comprising, in weight
percent Al: 4.5-6.5; Zn: 0.05-3.0; Ca: 0-1.5; Sn: 0-4.0; Mn: 0.1-0.5; Si: 0-0.5;
B+Sr: 0-0.5; less than 0.1 Fe; less than 0.1 Cu; less than 0.01 Ni; and Mg:

balance.
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19.  The thixomolded article of claim 18, wherein the article has a weight of at

least 3.6 kg and an average thickness of between 2.0 mm and 4.0 mm.

20. The thixomolded article of claim 18, wherein the article has a largest

dimension of between 50 cm and 200 cm.

21.  The thixomolded article of claim 18, wherein the article contains at least 1
molded-in connecting feature, the connecting feature provides a positive location
function and structural strength of at least 70% of the base material strength, and

the article is joined with other articles to produce an article with a mass of at least

7.2 kg.

35



PCT/US2023/034202

WO 2024/129170

1/46

ase of Processing

-

R
TR
S
N

RN

SRR

A\

) ~“§\\\\X\'\

1

FIG.



2146

(

.} 8imeisduwis]

AZOID AZ63 AMEO AJS2

FIG. 2



WO 2024/129170

346

PCT/US2023/034202

¢ e e R AR A R R R
* LU
X )
: e LTRLENNE
; : . )
.Q..xs.\\\\\\-&*‘ 1 ; o HCP A3
e S A S & E . .‘
i Poole MR
B §
Ll LTALTIRR
O B B S 2
kS H
L e AUaMRIZ_AR
3 i o 4
Lol ALBDZN_PHE
i b
%gn?.:
]
&
w
*»
1y
bed
P
&
B
5
b
=
3
&
£
< Tt
P
e 4
Lo
¥ {
Ry - ; H
e FEEE S é
$
;
: RED ey
A ey _

Tampetatung O]

FIG. 3




PCT/US2023/034202
4/46

WO 2024/129170

¥ old

0} ammaadusa g

] bslald e i 4 s g iy ]
2 £ a.\ L % M I ’
? 3
4 439.&
H zA.\...A\
i g,
5 s
7 Rt g
w e v.:vv:?&:@.ﬁ
i R Ry Lppilpe iy
!
i
j
}
1
w Ly W
i g
] £
: Z
: 2,
g
Ty
=
I3
84
&
©“
%
Lon S
i
AL MR s A w g
MW~ :
PR L TPLT |
Hevieat S ] 5 f.i%i%iia.ieaéf
W A Y P L sadl
e T m s e
- imy st H Y £
SHBRTILY # i Y e
H #
ST » % ;S "
H ) o
“““““““““ o B A .22 oo, o s e oo o e P b e




WO 2024/129170 PCT/US2023/034202

5/46

2 o USSR SR A G
\ :
= by H « LI
o EY i . AV G
¥ 20 LUTALSRNG
y ; « HEP_A
% - LTARLTING
3 i
5 & < &
et 3 H .
o\\.\\;r\"“"‘w‘\ B 3 v 8L4
e L :
s i i 2 : o 8L
TR 3
3 ALY
% {
b i
kS :
N i
by H
4 :
| §
e U
Py
=2
E
@
X
@«
3
3
®
o
@
a
I
=
o
b
S
et
P
SN
B R
stee st B g § B
A STNERNRD S g i i
BN SN : H
i
i

FIG. 5



WO 2024/129170 PCT/US2023/034202

6/46

2 : NN NN SRR IR AR AR A !
e S §oie LEKUED
Pl LTALERNG
e B3 ; -
oot oo PR S Y g e NCF'NQ:;
Aot e & = 3

Pl LTALYTIMNG
Ll ALAMN
L e ALTIMBIT_ANR

El e ALMISEN_PH

-
R

e A

Bingurh of ok ghases

i e
N
S

T,
B

G

e e e e e ke S

R

Tampeeature ["CY

FIG. 6



WO 2024/129170 PCT/US2023/034202

7146

AR A e A s Aty “4:“" b
e X : .
' s LIGUD
y = L TALSSANS
3 \
e 3 v HQR_R3
P $ .
B oot B S AAmaS
¢ : - LTALTIMNG
| : . A
% ] o ALAMN
} ¥ o ALIZNGYY 812
h T — ALMGER_PH
&
v
o R
a
&
RS
&
B33
3
3
[
B3
5
be
-
=
=
@{
=]
Y S
0
: N
Py
e ¢
4
; i
#
#
¢ H
G D B G e i :
SISy é
¥
st :

&
Yemperatus 0}

FIG. 7



WO 2024/129170

8/46

PCT/US2023/034202

Lo
X RN A R -? .....................................
< Ll LiAED
kN =
S 0 UTRLEMNG
e -
et e HOPAD
oo ot S
T N'\\_ & w RGESE
LTALTTASNG
ALAMN
P ALIINGIT_AS2
L& ; { B
H P ALRGEIN PHI
Lo
ES
e £~
&
E
%
n
=
8
=
Qe
s
-
)
E
=
<
¥
H
&
D '5:
H
&-&-M?-@-‘s-e‘e\\\\w}-s}\-zww\\.&_,}_3\_\.‘\__\\\\ - *
RS Sag : H
N :
« % NP . . ;

a5
R

Temperature [T}

FIG. 8




WO 2024/129170 PCT/US2023/034202

8/46

RSN

:

-+
PN
A
e

Y
e e st e e e =

BRSNS

¥ ol ptases o}

o

=
=
£
L

T4

e Qe o
e

B e
R

B g

’\“-\\\\s._\(.

v b RN v

¥

A
RN

Temperaius [°CY

FIG. 8



mng

b
E

TIABES

Srnourd of 4

WO 2024/129170 PCT/US2023/034202

10/46

R R ARy, i R
s : -~
. Pl poun
5 1w LTALAMNS
e X :
LT X :
BEE
®
A « LTALTARING
% 8 ‘
L Dol ALSMN
: § Col ALMGZN_PHI
4 H ; ) a
H iy ALTIMGTT_ALZ
2 H
Q:‘ H
s \,
¥ :
SRS g, N H
R N ¥ :
o ¢ ;
.
pau

Tempersiure PO}

FIG. 10




WO 2024/129170 PCT/US2023/034202

11/46

Rt ok

&
R

Sy o "
] JUNES
JUNERNRR S RNEESE
s LTALTTRNG
o BLARN
RN

s ALMGEN_Pri
o ALTIMBAT_ATE

DA -
B3
e
¥
@
R

SRS K g

Tempessine ("G}

FIG. 11



WO 2024/129170 PCT/US2023/034202

12146

. . . - NN Y
R g R e e e e gt ey S e RN Rt et

s % *
B -
&
k]
N H H =
A e H i
) B

1 phiasss fnod

B
N
&
-
=
E3
2
E
T

Q

A S

FiG. 12



WO 2024/129170 PCT/US2023/034202

13146

b
e R Bt e oo e “‘“‘""‘t\ o LISILEG
- = -~
e R W LT SILRRAMSE
& - Y
TS X 3 -
e S e AR B § N
RS b H ‘
% : .
A *
\ ? ,.
B :
3 B
3 : o LTALTIMNG
N X :
i R ~ RLAMN
3 ;
& & & ARLIZBARIT_AR12
IS :
i
&7 \\
i
o
2
&
“
®
“
&
®
o
)
ﬁ
=
&
=]
< BES
I
&
o . “\
P ¥ i
i H
3 |
B H
@ ¢
TR TR S g« #
g ;
80 *
AT

FIG. 13



WO 2024/129170

14/46

PCT/US2023/034202

{rwh

Aot of 3B phiases

NS o
P

. o
R

e

p Y

T

e
SN

e
ey

et R e e e b o e e e R

2 NS St o KR

e

= LIS
= LTALBKNG

R T—

Ele CAMGSET
L e 038 _LavEs
o CFE_LAVES

O

LTALY {RING
= ALEMN

S RLTAIEIT A2

Temperatve "0}

FiG. 14




PCT/US2023/034202

15/46

g1 Old

todsumesdumn g

g2 % i < Sler
v R ” 4 Y \. gt k
m.
- \
m £
L
A A
LHIBTEW .l
MY TY -
PR T
mﬁzﬂn&, g.m H ,....

DS

LY 0

e

<

fionid] saaend 4R 50 naudy

WO 2024/129170

GHABTYLT
QU

» } iy A
e oty e B e P A NG G L




WO 2024/129170 PCT/US2023/034202

16/46

.U e e e KRR KRSy )
JESTSEREE S . .. .
o kY > L HRED
N », 3
o Y i ; =
o § {1 LTALBMNG
JUES C ol HOR A
N donitote i Koo \y‘.\-.\\\\\'\""\\& Ry : ”
St e K 8 \\ i o REIS
% o UTALTIMNG
L e enw
T b ALAWN
i ¥
LT e AvameiTAnR
~\ - ALMGEIN PH

Ligrsrosecgg sl

At of aff phagss faol

4
.
P
S H ;
R : ;
H :
¥ i
R A e H
DR g ;
TN K
TS b
D 13
R A R A PR L g o S e
an X : R RIS 3 SR ; Sy
& W HLH B ¥

Tamperature "L}

FIG. 16



WO 2024/129170 PCT/US2023/034202

17146

o e e i
et e S i R e Y t N
b §
% H “
Y, H
8 { *
NESCL : Q
WP, , ;
i o ity e * . )
o PTALTIRNG
- RUR2SWEE
ALK :
& ALIZMGHET &1}
ORI '
ALRIGIN PH
s R
5
ey
qe
¥
x
8
&
3
.
3
3
3
5
i
$
P
*
: N
.
§ i
§ ;
DG i {
P g ; E
My ; ;
s N ;
N 3 :
Y y \
~ . AR R A A A
£

Temparatuee ¢

FIG. 17



Ao of ol phiages Bnel

WO 2024/129170

18/46

PCT/US2023/034202

e e RN
A e 3
e e e Y &

.

LS

_—
e A

e
S o o A N

N B R G R

LSRG
D {TAURMNE
MR _AZ

ME2SH2

Ee Alaa

N 3
b N
: ; -
i :
i
B
?
P

1
i
e N :
TN e !
g :
RSV :
By E
D R T 20 OIS RN DN ek :*. o i
‘ ) b X R Rk < *
@ A foR R

Tanperature 'CY

FiG. 18




ol

»
H
¢

penount of Y phases

WO 2024/129170

19/46

PCT/US2023/034202

SRR,
SO Rl A A

S A
BRSNS
N

S

R e D ARy
& FROSNR N
ad SR o e e Y

o £y
ot 3

iy
X
Y

&

Ry
2
Y
%

e

Dol poasn
& iv LTALBMNG
{obe HRRAS
R

~ MGIRIER

~ LTALTINNG
ALMN

¢ ALIAVESTT_AR

ALMGITN_Pra

4

Temperstura [

)
i

FIG. 19




bE
E

TIABES

Srnourd of 4

WO 2024/129170

20/46

PCT/US2023/034202

mn§

e
et R R
B R A R B
S kY
L~ Y

" & B A7

o
an&T

= LIQUIR
LYALY

R (91

%

T ~ RS
A R e S R i
3 Pl MGESER
\ 3 .
¥ ; = L TALTHEE
I < &LAREN
B i s g
L T ALTIMGIT_AI
3 ALRBREN PR
¢ +
H
H
SR S g
CRTER S TERES S S
TSt
TNy 3
o SN € A {
3 Rt

Tempersiure PO}

FIG. 20




et}

It
£

Penount of alt ghisses

&

WO 2024/129170

21/46

PCT/US2023/034202

) e e e e AR R R A Sy ?H - LIOLTS
» L © LTALEANE
NUPRES w HOR_AR
e v S H o CARNSRE T1
. OADEN
\\1 ; - O
LTAL VIRANG
N - ALAMN
AT _dag
- OISt
v
Vol
IR
i
TR SRS TS % g W '°
. R s . 1
3 i ke A S il $ag

Tamperaiure M2}

FIG. 21




WO 2024/129170 PCT/US2023/034202

22/46

S
TR

. ;,&.&«\'\\\‘n\(\\\“\%&’\ ‘\'
‘\_&A A R it ahe e N 3 = LE{;}{}§Q
o : o 3
e S aiaar et R = BGRE
FRVEN :
CoLe LTALTIMMNS
D MO2SHR
Dol ALSMN :
R i
L L aunEesi_Aned
-~ ALMGIN PRI
! P
o
v
= T
)
&
wy
2
I
&
&
&
%
A
&
%
b
g
R
ey
i |
£
a3 °
&
AR e e e R G \
TR :
e _ N :
N R .. ® » * - .
e ey Ry [

Temparature {18}

FIG. 22




WO 2024/129170 PCT/US2023/034202

23/46

e o N

i  LIGUD

’ w© LTALSKING
w HOP 83

. _ W NGESE

e \,\_M\.\\,ﬁ,.\\..‘\.‘,\w\.\\.&\\\-,\\«\\\«" ; a MG

s L TALE MM

A P Bt

e MEARIR

%

Zanuesnsd of 6 phases (noj

&&‘«*0\\\\-,\\\“&\%«\\\

P
Al Qa4 RN R -
e . . - e et
R bR Koy I o
& R FE AR Hy

Temparsture {*C}

FiG. 23




WO 2024/129170 PCT/US2023/034202
24/46

2 L A A S SR R A
‘,&..x\\\~~\<.¢-.\\->s-s~«~~\‘~&““’“\\‘» * NG
) : w LTALEMNS
; v HOP_AY
§¥ - GRS
BSS a i o RGO
e §
A b S e i e LTALTIRNG
e BLERN
aa § e BEMRTN PHI
AIBMGEY_A12
v
FR
&

amourt oF ol phases ol

iy
ua B :i
§ H
: 5
* :
- N bt
§ ;
S N
i H
{
“ S
G
& T
3 ELas] R SR ey

Tampersiura {°C}

FIG. 24



wf off priaxes fmol}

¥
=2
b3
<K

w

i

WO 2024/129170

PCT/US2023/034202

25/46

R fo i
AR B

N
RS

N

E- ¢\o«~e~ﬁ'“"» S xdw
\\&e-‘*““‘w&&\\@\\\N\\\\.&‘\ < LIGLRD
et s LTALBMNS
: ~ DAIERLX
= HOP_AS
s CAMGSI_T
; £38_LAVES
v,‘ - LTALYTRINS
ALIMN
Y v RG2S
MGZSIT
¢ ALTIMHXT_A17
» RLICAING
b I

Temparature [°C}

FIG. 25

TG By




PCT/US2023/034202

WO 2024/129170

26/46

8¢ Oid

ind sausintinin g

Y

i MY
IS Y
MBI

PR TYLY
ISZ5W
P
GRETYL
CHAET

R L

Pty

oo

i

e

B

o Y

N SIS -

A e ey

4

i G A

e
T

oyt

w
e e G T A 7 5 QR Al U e A < <t

fisias] sasnyd ge 10 pnowy



PCT/US2023/034202
27146

WO 2024/129170

IR =

{731 esnsinifiug

i g ot il iy i

ssseigd gR o natey

4
H

o

i HZOW T -
PR LLORELTY -
MY TS
PNPELITY LT -

BTG -

e B I

s
ol
ke ke

i et
o nwnwmlm - e 4
st
LR LY g
- U e
Y P P
QT = e

P

i g e i

gt AR G0 b e A T




PCT/US2023/034202

WO 2024/129170

28/46

8¢ Did

7.3 airmisdiie g

Wiy riesopicses

At T e e e

7
e e e A

A

i
iy ety

e

e

Al B o ot

T

el

g R0

&

g G P Y G B

{inm} sosuyd {8 B powy

N

P
G




PCT/US2023/034202

WO 2024/129170

29/46

6¢ Ol

pavsiEbas g

Hd NZOWTY

AN EERRS (T4
MNP TY

PRL LY

AV

Y o OH

L i et S e

e et P

st g tpo MR i+ G Al A 2 Al 20 G

ot

i

gy

s

%]

RHC

SesRU I8 0 N0

phH]

o
{



PCT/US2023/034202

WO 2024/129170

30/46

0e old

(3,7 osvmaadig 3

i LVENDLTY
AT
PRI LY LT

BT

Y
G T LT
L3I

e

g i i G e S A g

T i

oy
g 77

.
A B e e

i A e,

pp o
c\\\k\.,\\l\t\ %
g T

A R B g i e A s

i T PP T

&

W

@

fow] saseyd g8 o unouy



PCT/US2023/034202

WO 2024/129170

31/46

LE D4

fr,} s raiiig g

o0t

el MEOWTY

1Y LISV -

PIAPTY -
PRPLLTELT - ;
ISEOM -

3

2% Ak
SNINETYLT
CHOEAT -

IR IR ISR IR BRI e e o

Evvanas

o

G e A g S T T T T o 502

Y e s gy .
X G A i by il
e et e G iy ot
I e L e

-

G e St

R 2

g g GG
i LA

o
T

ottt

Ny

sosayd R i unowy

fintg

3
}
3



PCT/US2023/034202

WO 2024/129170

32/46

€ Did

| sammsndise ),

fo.

st

[

€

LY LNV

+

NS T -

PRALLIYLT
SIAYT SID -
SAAYT 98D -
L1 TISSYD

LY Ok

&

3

GhINETIYLT -

CHO0ON

&

N

3
e

PR A S B A e B b s

T e

it

e

P

T i

i gy e

s G

ki

o) sasaut {8 35 nowy

§



PCT/US2023/034202

WO 2024/129170

33/46

et Oid

0.4 saumindws §,

i

DMLY

Yy

PR LYY

ST SLD
BEAYT 8

igh

20

AR

R L

RHE e

o

g W

y e
.\\.\\.\\.\\.\\\\ ¢
i
e “-
ot

o

et At it i

T

e« G P T

frowy] seseud = jo minowy




PCT/US2023/034202

WO 2024/129170

34/46

e Oid

In}seumscus g

5 e o

m ,\. pridretdy. -

‘“\\ w“ e

u“ | Z \\:\««..w:a\w(..\..u,\\m‘. .

. e 2 NS

s
] 3
P

Y LLDNZLTY

MNP TY
PR LT
SAAYT SLD
GANYT 9D
LI IBOWYD

2 doH
SR TYLT
DT

g

T

i b it W S

o B i R

I e At
i
g
e

P
g

“

b3

[} mamend g jo junotiy




PCT/US2023/034202

WO 2024/129170

35/46

o

4¢ Ol4

o

Zid AVENZL Y
BT

WP T

ML L TYLT
RN

£y ot
G T LT
U

L1

£

&

S T
e el n iy i
. e B i oty o
W Coted ..\\\.;.:\...‘\‘\m\.‘s\.év\«\;v:.\\.,

2

<

g e T R R

et
e 7
i

K

SRR e O g P i ST A e I U

frotai] snneyd 1R 5O SNy



PCT/US2023/034202

WO 2024/129170

36/46

R DO G
g 5 % 7
.\.m\
y
5
B
H i
; i
P \!\\\.\w{\v. .
K ey N
% s R R N R e
s
: J
: ¥
¥
j ;
: i
%
[ WA N&W;,«u: ««m..nm\ 5
H ) H e :
,n\\ﬁ“ Lovwn YLy ; e
»
s P
x
. .
STTHA
[As I % ) e e
3 o iy < AT Y G e
s - 4 o
Wf'mw wh \mr.m P et
& Yo el % ¥ 7z
e
. " ot E
" ' o
P
’ ey
" L
ot 4o

e
e B e U PG
g g i L G S

W] seseud je jo Junsily

. B

Ll B



PCT/US2023/034202

WO 2024/129170

37146

48 Did

§, 3 aymip taviig

W LIOWELY » ] 4
MAPYY -
msTON - 4 Y
PNNLLWLT - %
ISEON -]
£ dOM «
SMNINRTPLY -,
Qo -

g e
S I
cEC el St i i i

o T U ST YT
s
o
g
gt
AN

sosuyd o @ Rty

oy

E]
)
-5 s



PCT/US2023/034202

WO 2024/129170

38/46

8¢ i

21 LLOWNELTY -
NI T
PRNLLTYLT -

LGN

ISZOW -

Y Al
AN TYL
CHOE

&

#

A e e e A s At e o7 LI,
4 K . ; ;. St

v. g,
.» iy
\ G
P

ﬁ, O ey
; S Ay oo i i e g ity
: /
H 4
H #
: ;
P N

4

: ;

: ;

: ;

; ;

: ¥

: ;

] ;

: ;

I

4

4 ;

; :

7

b

i %

: K

’ B

H ;
é d

m %
: % o e S A R

", B S
| g T
o
e
Eaa
s Y
3
i
-
a

w\.x\\\\. it HHC T - U A i g

o

g

fasa] seseud ge 0 ey

ESY
B



PCT/US2023/034202

WO 2024/129170

389/46

6% Oid

o4 sinniedus g

Bt K
o PR PP R PR PR 0 X
: 4 ‘
; 4 .cw:%:@:@:x e
: # Gl oty otecio sy i Gpninii
3 4
; .7
;
5
g
b
wwvw»lmm.\ i
e
MY Y ;
At s st i
PRWLLTYLT ~ :
i
- 'y 4 N B
HSZOW
CoFEN B
Kf..f.w»\ﬂm 4 % . \\l\\\\:.x\.\\L«:.\\.\\.$.\\.
- .
~ P ", e g 207
£F Ak = ” e
o m «
- ; %
7~ Y anY Z v
IR ~ ‘ 4

P

vt i T gt g 0T

froen] sassunyd o 30 panouny



PCT/US2023/034202

WO 2024/129170

40/46

Oy Oid

{38 rpinding

i

Y s itposie s A

st oS

P

i

Ry

gty P

ST A A A AR

G B e et

L A oy O 0 8 A

how] seseud g jo pnouly



PCT/US2023/034202

WO 2024/129170

41/46

by Old

3.3 wavspmavwvse &
e ;

by

TRTROL Y
e
Ziw AVSTLIYY
WP
YRRV
ST ST
KT
LIRSy
D i
GRS TYLY
GO

P
g

e

P

REE

b
H
4

e iy i AGPIR L p A P

2 -
Gty

T

e 8
s

sty

o e

R iy g

P

g G

R

i O IR A PG

o

i

o

fiow] sasnud yo o wnowy



PCT/US2023/034202

WO 2024/129170

42146

A

§75.5 BIWRNRIBIRIG §,

P

T,
e g i » S e . " ., L
L L i Lt il e i b S S i A e A e G P 5

s
%
‘
'3
4
4
%
el THES Y
2% ALEPEL Y o
MY Y "

TEYRLCHE - K

; “
PRPILLTYLT o
H % T
SEEVE e P
H %, "
RV i ] o G .m. k o
SHMETILY » .
CHOVENY = | ‘
o e GG

Sy

soseud 10 Jo ROy

i
3

oty




PCT/US2023/034202

WO 2024/129170

43146

ey
RIS ]

Hhed DI T

ey Olid

{o.) ampamdiig ),

T i
et

ety i
gy

RS
R G i e iy i i i 5 e

T z .

T

%

e

P

G s i iy

e T

s G e S

A

e,

frous] seseyd ga o pnowny




PCT/US2023/034202
44/46

WO 2024/129170

vy Ol

{7, sinypssdiss j

o~ -

L T

ey o vt iy e R 20
e ey,

el

s
ey

e
A ity e e B

T ey g

et Byt St
S e i G e G i it i

-

o saemgd g 10 mnouy

fheded PAZEWTY -
2V AVESNZL TS
MIME TS
PRMML LT LT -
THIBTOW - T
ISEOW -
0 ol
GMMNETYLT « | L
VO] =) * pprrpvivns”



PCT/US2023/034202

WO 2024/129170

45/46

Gy Oid

irs, ) wirsymandhuse 3

W
R
IR

i
[£135¢ R
F

oy NS
Vs >

FAR Yk SOYHN L S
7w A LEDIPIL Y
Nﬁmm&&
VREENA e

K@,\c\.w\ﬁu\

U

T

e oA
S Y ALy &\MM;K& ity g 3 £
P

%

Gt Ao B

Gty
S,

A N

NP LTTYET i
GEAET BED - _
LA TIRERANYD \ s \\\.\\‘..\\\«.&{«&\\&i\\..Q‘,.\\..\\.&.&\\Q..\\L\» Kt
O T : e
vnw NETY 7 .\.\.\\\\\\
HBMETTYLY % & e,..c\\.s@ o ot e
T - : e
‘\\3\3\\3iiixu\w“‘mu\* 3 P s

{lon} sespyd gv 0 wnowy



PCT/US2023/034202

WO 2024/129170

46/46

10

.

.

FIG. 46



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 23/34202

A.
IPC

CLASSIFICATION OF SUB_JECT MATTER

ADD. C22C 23/00 (2023.01)

ADD. c22€ 23/00, B22D 21/002

B.  FIELDS SEARCHED

- INV. B22D 21/00, C22F 1/06, C22B 26/20, C22C 1/06 (2023.01)

CPC - INV. B22D 21/007, C22F 1/06, C22B 26/20, C22C 1/06

i i i d IPC

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2017/0128006 A1 to Dead Sea Magnesium Ltd. 11 May 2017 (11.05.2017). Entire 1-15,18-21
---- document, especially abstract, Fig. 1, Table 1, Comparative Example 3, para [0012]-[0016], | ---------------
A [0030], [0032]. 2,3, 21
A - |KR 101744432 B1 (NIPPON STEEL & SUMIKIN STAINLESS STEEL CORPORATION Original |4

and translation) 10 November 2015 (10.11.2015). Entire document, especially pg 4, para 7

A US 5,223,347 A (Lhymn et al.) 28 June 1993 (29.06.1993). Entire document 1-15,18-21
A US 2008/0193322 A1 (Gibson et al.) 14 August 2008 (14.08.2008).Entire document, 1-15,18-21
A US 8,333,924 B2 (Kawamura et al.) 18 December 2012 (18.12.2012).Entire document. 1-15,18-21

I:l Further documents are listed in the continuation of Box C.

I:] See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified)

“0” documentreferring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I:I Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. HHI ~ Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single generai inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group | claims 1-15, 18-21 directed to a magnesium alloy and a thixomolded article comprising a magnesium alloy.
Group Il claim 16-17 directed to a method for preparing a thixomolded article

The inventions listed as Groups I-lil do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule13.2, they lack the same or corresponding special technical features for the following reasons:

Special technical features:

Continue on the first sheet.

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-15, 18-21

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

|:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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Continuation of Box IlI

Group Il requires a method of preparing a thixomolded article, comprising the steps of: providing a magnesium alioy; heating the
magnesium alloy to a temperature of 500-600 °C, producing a thixotropic alloy comprising 30-65 weight % solids; introducing the
thixotropic alloy into a mold under a pressure of 50-100 MPa; introducing the thixotropic alloy into an open mold under ambient pressure;
closing the mold to compress the thixotropic alloy and thus fill the mold; and, allowing the thixotropic alloy to cool to produce a solid
thixomolded article which is not required by Group |.

Groups | - | share the following features a magnesium alloy comprising, in weight percent: Al: 4.5-6.5; Zn: 0.1-3.0; Mn: 0.1-0.5; less
than 0.1 Fe less than 0.1 Cu less than 0.01 Ni; and, Mg: balance and a thixomolded article.

However, this shared technical feature does not provide a contribution over the prior art because these shared technical features are
anticipated by US 2017/0129006 A1 to Dead Sea Magnesium Ltd. (hereinafter ‘Dead Sea’). Dead Sea teaches a magnesium alloy
(abstract * magnesium alloy’) comprising, in weight percent (Fig. 1. Table 1 ‘wt. %'): Al: 4.5-6.5 (Fig 1. Table 1, “Comparative Example 3
‘Al" '5.7°); Zn: 0.1-3.0 (Fig 1. Table 1, ‘Comparative Example 3 ‘Zn' ‘0.1’); Mn: 0.1-0.5 (Fig 1. Table 1, ‘Comparative Example 3 ‘Mn’
'0.29"); less than 0.1 Fe (Fig 1. Table 1, ‘Comparative Example 3 ‘Fe’ ‘0.003’) less than 0.1 Cu (Fig 1. Table 1, ‘Comparative Example 3
'‘Cu’ 0.0021") less than 0.01 Ni (Fig 1. Table 1, ‘Comparative Example 3 ‘Ni' ‘0.0008"); and, Mg: balance (para [0012] ‘and the balance
being magnesium') and a thixomolded article (para [0030] ‘The invention is directed to an article produced by ...however it may be also
thixomolding').

Groups I-Il therefore, lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature
providing a contribution over the prior art.
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