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EXTRUSION MATERIAL

The present invention relates to an extrusion material, e.g. filler wire, for use
in a hybrid metal extrusion and bonding process which may for example be to join
two aluminium components together.

A number of techniques are known to be used to join two materials together,
in particular light metals, such as aluminium.

One of these technigues is fusion welding, where both the base metal and
possible filler metal are melted by an electric arc, electron beam or laser beam,
allowing metal to metal bonding to be achieved in the trailing part of the weld pool
during crystallisation. In fusion welding only a fraction of the energy supplied
contributes to the melting and thereby to bonding. Most of the energy supplied
leads to a local heating of the base metal and the formation of a so-called heat-
affected zone (in the literature commonly referred to as HAZ) around the weld joint.
This zone represents a problem, because the resulting microstructural changes
lead to a permanent mechanical degradation of the parent metal. The properties of
the weld zone will thus become the limiting factor in engineering design and, in
practice, determine the load-bearing capacity of the component. In addition, the
excess energy (i.e. heat) supplied leads to high residual stresses in the weld region
as well as to global deformations and distortions. These problems are greater in
light metal, such as aluminium, welding than in steel welding, since the possibilities
of taking the necessary precautionary actions, e.g. by modifying the HAZ
microstructure through adjustment of the base metal chemical composition, are
more difficult in the former case.

in view of these problems more effective welding processes, like laser
welding and electron beam welding, have been used which provide a much
narrower HAZ. These techniques, however, introduce other problems related to the
hot cracking resistance and pore formation in the fusion zone. In addition, they
suffer from the disadvantage of more costly and less versatile equipment.
Furthermore, the tolerance requirements are much more severe due to the fact that
a filler metal is usually not added.

In the past, several attempts have been made in order to develop alternative
techniques for joining of light metals. Examples include friction welding or a variant

known as friction stir welding (FSW).
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In FSW the two plates to be joined together are pressed firmly against each
other while a rotating tool is moved along the interface (edge) between them,
removing the oxide layer that, at least for aluminium, will always be present on the
surface.

Even though considerable frictional heating occurs at the interface between
the rotating tool and the parent aluminium plates, the energy supplied, and thereby
the heat generated, is less than in fusion welding, so that the base metal near the
joint will not melt and reach a liquid state. Friction stir welding is thus an example of
a solid state joining technique, which represents an improvement compared to
fusion welding, as several of the common problems are thereby reduced, namely
development of high residual stresses and hot cracks, pore formation and a low
corrosion resistance. On the other hand, this technigue is encumbered with several
disadvantages, one being the requirement that the surfaces to be joined need to
exactly match each other, as there is no use of a filler metal. Another disadvantage
is that the components to be joined must be pressed against each other with a
considerable force, which means that the method requires heavy and rigid
equipment. Finally, even this type of friction welding gives rise to the formation of a
wide HAZ, where the resulting microétructural changes lead to permanent softening
of the precipitation strengthened metal.

Among other methods of joining, brazing, riveting and adhesive bonding
should be mentioned. One or more of these methods may be convenient for some
areas of application, but, in general, they provide a low safety against failure and
are therefore not realistic alternatives to welding in load or weight carrying
constructions.

An alternative solid state method for joining components, for example as
described in WO 03/043 775, is known which is suitable for joining aluminium (or
other light metal) components for structural applications. This method involves
removing oxide from the surfaces to be joined immediately prior to extruding a filler
material into a gap between the surfaces to be joined to bond the two surfaces to
each other. This method may be referred to as a hybrid metal extrusion and
bonding (HYB) process. This method is based on the principle of continuous
extrusion of a filler/bonding material, and the aim is to reduce or eliminate the
disadvantages of the excessive heating related to the FSW method and other prior

art methods.
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The basic idea behind the HYB process is to enable solid state joining of
aluminium components without leading to the formation of a weak/soft weld zone as
in conventional fusion welding and FSW.

This HYB process requires an extrusion/filler material. This is because it
utilizes continuous extrusion as a technigue to squeeze the filler metal (FM) coming
from the extruder into the groove between the two plates to be joined under high
pressure to achieve metallic bonding.

Filler metals are widely used in fusion welding. For example, in MIG welding
of aluminium alloys three different types of filler metals are commercially available;
pure aluminium, aluminium-silicon alloys with about 5 wt% Si and aluminium-
magnesium alloys with about 5 wt% Mg (some of them may also contain up to 1
wt% Mn). The latter ones are strongly overalloyed with respect to Si or Mg in order
to reduce the risk of solidification cracking during welding. Solidification cracks will
inevitably form in the fusion zone if the filler metal composition is similar to that of
the base metal of at least one of the components to be joined.

In solid state welding (including FSW) of aluminium alloys, as discussed
above, no filler metals are employed. Therefore, dedicated filler metals for specific
solid state joining applications are not commercially available. instead, they must be
developed if a demand should arise.

It has been found that the filler materials used in fusion welding are not
suitable for use in the HYB process. As a result, there is a need for a filler material
which can be used in the HYB process to provide a strong and reliable joint.

In a first aspect, the present invention provides an aluminium extrusion
material for use in a hybrid metal extrusion and bonding process, wherein the
composition of the extrusion material comprises: 0 to 0.25 wt% iron; at least 0.05
wt% dispersoid-forming elements, wherein the dispersoid-forming elements
comprise 0 to 1.2 wt% manganese, 0 to 0.25 wt% chromium, 0 to 0.25 wt%
zirconium and 0 to 0.25 wt% scandium; and, except when the aluminium alloy of
the aluminium extrusion material is in the 2xxx series, 0 to 0.05 wt% copper,
wherein the microstructure of the extrusion material is a deformed microstructure;
and wherein the nanostructure of the extrusion material comprises an aluminium
matrix with dislocations and dispersoids, and wherein the majority of the alloying
elements are in solid solution in the aluminium matrix.

The extrusion material is a material that will in use be extruded, i.e. itis a

material that is to be extruded.
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The extrusion material may be a wire.

The extrusion material may be referred to as a filler wire, particularly when
the hybrid metal extrusion and bonding process is used to join two components
together.

The hybrid metal extrusion and bonding process may be joining two
aluminium components, i.e. the filler wire may be for use in a hybrid metal extrusion
and bonding process joining two aluminium components.

The composition of the filler wire may be of the same aluminium alloy series
as the composition of at least one of the aluminium components to be joined.

In a second aspect the present invention provides an aluminium rod for
manufacturing an aluminium extrusion material for use in a hybrid metal extrusion
and bonding process, wherein the composition of the aluminium rod comprises: 0 to
0.25 wt% iron; at least 0.05 wt% dispersoid-forming elements, wherein the
dispersoid-forming elements comprise 0 to 1.2 wt% manganese, 0 to 0.25 wt%
chromium, 0 to 0.25 wt% zirconium and 0 to 0.25 wt% scandium; and, except when
the aluminium alloy of the aluminium rod is in the 2xxx series, 0 to 0.05 wt%
copper, wherein the microstructure of the aluminium rod is a deformed
microstructure; and wherein the nanostructure of the aluminium rod comprises an
aluminium matrix with dislocations and dispersoids, and wherein the majority of the
alloying elements are in solid solution in the aluminium matrix.

The hybrid metal extrusion and bonding process may be joining two
aluminium components.

The composition of the aluminium rod may be of the same aluminium alloy
series as the composition of at least one of the aluminium components.

In a third aspect the present invention provides a system for joining two
aluminium components by a hybrid metal extrusion and bonding process, the
system comprising: two aluminium components which are to be joined; and an
aluminium filler wire; wherein the composition of the filler wire is of the same
aluminium alloy series as the composition of at least one of the aluminium
components; wherein the composition of the filler wire comprises: 0 to 0.25 wt%
iron; at least 0.05 wt% dispersoid-forming elements, wherein the dispersoid-forming
elements comprise 0 to 1.2 wt% manganese, 0 to 0.25 wt% chromium, 0 to 0.25
wt% zirconium and 0 to 0.25 wt% scandium; and, except when the aluminium alloy
of the aluminium filler wire is in the 2xxx series, 0 to 0.05 wt% copper, wherein the

microstructure of the filler wire is a deformed microstructure; and wherein the
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nanostructure of the filler wire comprises an aluminium matrix with dislocations and
dispersoids, and wherein the majority of the alloying elements are in solid solution
in the aluminium matrix.

In another aspect, the present invention may provide a system for bonding
an extrusion material to a component by a hybrid metal extrusion and bonding
process, the system comprising: the component on which the extrusion material will
be deposited and bonded; and the aluminium extrusion material; wherein the
composition of the extrusion material comprises: 0 to 0.25 wt% iron; at least 0.05
wt% dispersoid-forming elements, wherein the dispersoid-forming elements
comprise 0 to 1.2 wt% manganese, 0 to 0.25 wt% chromium, 0 to 0.25 wt%
zirconium and 0 to 0.25 wt% scandium; and, except when the aluminium alloy of
the aluminium extrusion material is in the 2xxx series, 0 to 0.05 wt% copper,
wherein the microstructure of the extrusion material is a deformed microstructure;
and wherein the nanostructure of the extrusion material comprises an aluminium
matrix with dislocations and dispersoids, and wherein the majority of the alloying
elements are in solid solution in the aluminium matrix.

When the component is a component made of aluminium, the composition
of the extrusion material may be of the same aluminium alloy series as the
composition of the aluminium components.

In a fourth aspect the present invention provides a joint, the joint comprising:
two aluminium components; and an aluminium filler material therebetween, wherein
the aluminium components have been joined together by the filler material using a
hybrid metal extrusion and bonding process, wherein the composition of the filler
material is of the same aluminium alloy series as the composition of at least one of
the aluminium components; wherein the composition of the filler material
comprises: 0 to 0.25 wt% iron; at least 0.05 wt% dispersoid-forming elements,
wherein the dispersoid-forming elements comprise 0 to 1.2 wt% manganese, 0 to
0.25 wt% chromium, 0 to 0.25 wt% zirconium and 0 to 0.25 wt% scandium, and,
except when the aluminium alloy of the aluminium filler material is in the 2xxx
series, 0 to 0.05 wt% copper, wherein the microstructure of the filler material is a
deformed microstructure; and wherein the nanostructure of the filler material
comprises an aluminium matrix with dislocations and dispersoids, and wherein the
majority of the alloying elements are in solid solution in the aluminium matrix.

In ancther aspect the present invention provides a joint, the joint comprising:

a component; and an aluminium extrudate, wherein the aluminium extrudate has



10

15

20

25

30

35

WO 2016/180985 PCT/EP2016/060926

-6 -

been bonded to the component using a hybrid metal extrusion and bonding
process, wherein the composition of the extrudate comprises: 0 to 0.25 wt% iron; at
least 0.05 wt% dispersoid-forming elements, wherein the dispersoid-forming
elements comprise O to 1.2 wt% manganese, 0 to 0.25 wt% chromium, 0 to 0.25
wt% zirconium and 0 to 0.25 wt% scandium; and, except when the aluminium alloy
of the aluminium extrudate is in the 2xxx series, 0 to 0.05 wt% copper, wherein the
microstructure of the extrudate is a deformed microstructure; and wherein the
nanostructure of the extrudate comprises an aluminium matrix with dislocations and
dispersoids, and wherein the majority of the alloying elements are in solid solution
in the aluminium matrix.

The component may be an aluminium component, and the composition of
the extrusion material may be of the same aluminium alloy series as the
composition of the aluminium component.

In a fifth aspect the present invention provides a method of manufacturing
an aluminium rod for use in manufacturing an extrusion material/filler wire for use in
a hybrid metal extrusion and bonding process, the method comprising: providing an
aluminium melt; wherein the composition of the aluminium melt comprises 0 to 0.25
wt% iron; at least 0.05 wt% dispersoid-forming elements, wherein the dispersoid
forming elements comprise 0 to 1.2 wt% manganese, 0 to 0.25 wt% chromium, 0 to
0.25 wt% zirconium and 0 to 0.25 wt% scandium; and, except when the aluminium
alloy of the aluminium rod is in the 2xxx series, 0 to 0.05 wt% copper; casting the
aluminium meit to produce an aluminium billet, homogenizing the aluminium billet;
hot deforming (e.g. hot extruding or hot rolling) the billet to form the aluminium rod,;
and quenching the aluminium rod, wherein the microstructure of the quenched
aluminium rod is a deformed microstructure; and wherein the nanostructure of the
qguenched aluminium rod comprises an aluminium matrix with dislocations and
dispersoids, and wherein the majority of the alloying elements are in solid solution
in the aluminium matrix.

The hybrid metal extrusion and bonding process may be joining two
aluminium components. In this case, the composition of the aluminium melt may be
of the same aluminium alloy series as the composition of at least one of the
aluminium components.

The hot deforming of the billet may be performed down to the final desired
diameter of the extrusion materialffiller wire. In this case, it may not be necessary

to further process the formed aluminium rod to form the extrusion materialffiller
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wire, i.e. the formed aluminium rod may be an extrusion materialffiller wire for use in
a hybrid extrusion and bonding method.

Thus, the present invention may provide a method of manufacturing an
aluminium extrusion material for use in a hybrid metal extrusion and bonding
process, the method comprising: providing an aluminium melt; wherein the
composition of the aluminium melt comprises 0 to 0.25 wt% iron; at least 0.05 wt%
dispersoid-forming elements, wherein the dispersoid forming elements comprise 0
to 1.2 wt% manganese, 0 to 0.25 wt% chromium, 0 to 0.25 wt% zirconium and 0 to
0.25 wt% scandium; and, except when the aluminium alloy of the aluminium rod is
in the 2xxx series, 0 to 0.05 wt% copper; casting the aluminium melt to produce an
aluminium billet, homogenizing the aluminium billet; hot deforming (e.g. hot
extruding or hot rolling) the billet to form the aluminium extrusion material; and
quenching the aluminium extrusion material, wherein the microstructure of the
quenched aluminium extrusion material is a deformed microstructure; and wherein
the nanostructure of the quenched aluminium rod comprises an aluminium matrix
with dislocations and dispersoids, and wherein the majority of the alloying elements
are in solid solution in the aluminium matrix.

The hybrid metal extrusion and bonding process may be joining two
aluminium components. In this case, the composition of the aluminium melt may be
of the same aluminium alloy series as the composition of at least one of the
aluminium components.

In a sixth aspect the present invention provides a method of manufacturing
an extrusion materialffiller wire for use in a hybrid metal extrusion and bonding
process, the method comprising: providing an aluminium rod; wherein the
composition of the aluminium rod comprises: 0 to 0.25 wt% iron; at least 0.05 wt%
dispersoid-forming elements, wherein the dispersoid-forming elements comprise 0
to 1.2 wt% manganese, 0 to 0.25 wt% chromium, 0 to 0.25 wt% zirconium and O to
0.25 wt% scandium; and, except when the aluminium alloy of the aluminium rod is
in the 2xxx series, 0 to 0.05 wt% copper, wherein the microstructure of the
aluminium rod is a deformed microstructure; and wherein the nanostructure of the
aluminium rod comprises an aluminium matrix with dislocations and dispersoids,
and wherein the majority of the alloying elements are in solid solution in the
aluminium matrix, processing the aluminium rod to form the extrusion materialffiller
wire, wherein the microstructure of the extrusion materialffiller wire is a deformed

microstructure; and wherein the nanostructure of the extrusion materialffiller wire
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comprises an aluminium matrix with dispersoids, and wherein the majority of the
alloying elements are in solid solution in the aluminium matrix.

The hybrid metal extrusion and bonding process may be joining two
aluminium components. In this case, the composition of the aluminium rod may be
of the same aluminium alloy series as the composition of at least one of the
aluminium components.

Wherein processing the aluminium rod to form the extrusion materialffiller
wire may comprise cold shaving the aluminium rod and/or drawing the aluminium
rod.

For example, the aluminium rod may be shaved down to a final desired
diameter of extrusion materialffiller wire or the aluminium rod may be drawn to a
final desired diameter of extrusion material. Alternatively, the aluminium rod may
be shaved and then drawn to form the extrusion materialffiller wire.

In a seventh aspect the present invention provides a method of joining two
aluminium components, the method comprising: providing the two aluminium
components, wherein the aluminium components each have a joining surface which
is to be joined to the other aluminium component; providing a filler wire, wherein the
composition of the filler wire is of the same aluminium alloy series as the
composition of at least one of the aluminium components; wherein the composition
of the filler wire comprises: 0 to 0.25 wt% iron; at least 0.05 wt% dispersoid-forming
elements, wherein the dispersoid forming elements comprise 0 to 1.2 wt%
manganese, 0 to 0.25 wt% chromium, 0 to 0.25 wt% zirconium and 0 to 0.25 wt%
scandium; and, except when the aluminium alloy of the aluminium filler wire is in the
2xxx series, 0 to 0.05 wt% copper, wherein the microstructure of the filler wire is a
deformed microstructure; and wherein the nanostructure of the filler wire comprises
an aluminium matrix with dislocations and dispersoids, and wherein the majority of
the alloying elements are in solid solution in the aluminium matrix; removing oxide
from joining surfaces of the two aluminium components, and extruding the filler wire
between the joining surfaces of the two aluminium components.

In another aspect the present invention may provide a method of bonding
extrudate to a component, the method comprising: providing the component,
wherein the component has a joining surface which is to be bonded to the
extrudate; providing an extrusion material, wherein the composition of the extrusion
material comprises: 0 to 0.25 wt% iron; at least 0.05 wt% dispersoid-forming

elements, wherein the dispersoid forming elements comprise 0 to 1.2 wt%
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manganese, 0 to 0.25 wt% chromium, 0 to 0.25 wt% zirconium and 0 to 0.25 wt%
scandium; and, except when the aluminium alloy of the aluminium extrusion
material is in the 2xxx series, 0 to 0.05 wt% copper, wherein the microstructure of
the extrusion material is a deformed microstructure; and wherein the nanostructure
of the extrusion material comprises an aluminium matrix with dislocations and
dispersoids, and wherein the majority of the alloying elements are in solid solution
in the aluminium matrix; removing oxide from the joining surface of the component,
and extruding the extrusion material onto the joining surface of the component to
form extrudate that bonds to the component.

The component may be an aluminium component. The composition of the
extrusion material may be of the same aluminium alloy series as the composition of
the aluminium component.

Alternatively, the component may be a non-aluminium component, such as
a steel component, and the method may be a method of bonding an aluminium
extrudate to a non-aluminium component.

The hybrid metal extrusion and bonding process may be the process as
described in WO 03/043775. The device used in the hybrid metal extrusion and
bonding process may be the device as described in WO 2013/085160 or any other
variant of the device described in WO 2013/095160.

In the hybrid metal extrusion and bonding (HYB) process a filler wire may be
extruded into a joint between two components to be joined to form a filler material
therebetween. The method may comprise removing oxide from the surfaces to be
joined immediately prior to joining and filling a groove between the components with
a filler material that is provided by means of extruding a filler wire. Supply of
oxygen to the groove may be simultaneously restricted to a required extent during
the extrusion and bonding process. The two components may both be aluminium
components. Alternatively, only of the components may be an aluminium
component and the other component may be a non-aluminium component. For
example, one component may be an aluminium component and one component
may be a steel component. Thus, the method may comprise joining two
components, wherein at least one of the components is an aluminium component.

Neither component may be an aluminium component.

In the hybrid metal extrusion and bonding (HYB) process a filler wire (i.e. an

extrusion material) may be extruded onto a component and bonded thereto.
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Extruding the extrusion material may form what is referred to as an
extrudate.

Rather than being used to join two components together the filler
material/extrusion material may be used to form a layer on a component.

Thus the filler wire/extrusion material may be used in a hybrid metal
extrusion and bonding method in which the extrusion material is extruded and
bonded to the surface of the component. The extrusion material may be extruded
and bonded onto a component to form beads on the component and/or to
cover/plate the component.

The extrusion material may be used in a hybrid metal extrusion and bonding
method in which the extrusion material is extruded and bonded to the surface of an
already deposited extruded extrusion material (i.e. the component on which the
extrudate is deposited may be already extruded and bonded material). Thus, the
extrusion material may be used in a hybrid metal extrusion and bonding method
which results in extrusion and bonding additive layer manufacturing (or additive
layer manufacturing, additive manufacturing or 3D printing).

The extrusion materialffiller wire used in the process and the filler material
(i.e. extrudate) of the produced product, e.g. a joint, will have the same
composition. Both the shape of the extrusion material and the extrudate and to
some extent the micro-, nano- and atomic structure of the filler wire and the filler
metal will be different due to the frictional heating and severe plastic deformation
the extrusion material undergoes during its passage through the extruder to the
point, e.g. join, where it consolidates to form the filler material (i.e. extrudate).
However, the micro-, nano- and atomic structure of the extrudate will depend on the
micro-, nano- and atomic structure of the original extrusion material.

In fusion welding the filler wire will completely lose its structural identity
because of the re-melting. Therefore, it is not important to control the
microstructure of the filler wire. It has been realised that in contrast, in the HYB
process, because the extrusion material ffiller wire is not melted and resolidified
during the joining process the filler material (i.e. extrudate) will have a
microstructure which is dependent on the microstructure of the extrusion material
used in the process. Thus it is important that the extrusion material has an
appropriate microstructure and nanostructure that will ensure a strong and reliable

bond, i.e. a joint, after it has been used in the HYB process.
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It has been realised that for this HYB process the appropriate microstructure
is a deformed microstructure and the appropriate nanostructure is an aluminium
matrix with dislocations and dispersoids and the majority of the alloying elements in
solid solution in the aluminium matrix.

The process of manufacturing and storing the extrusion material before use
may be such that the majority of alloying elements are retained in solid solution in
the aluminium matrix. This is so that at the point at which the extrusion material is
being used a majority of the alloying elements may be in solid solution in the
aluminium matrix.

When selecting a suitable filler wire/ extrusion material to produce a desired
extrusion material, e.g. filler material, the conditions that the material, e.g. wire, is
subjected to during the extrusion and bonding process to form the extrudate must
be taken into account and compensated for.

The filler material of a join may have a strength, ductility/toughness and/or
corrosion resistance which are better than those properties of at ieast one of the
aluminium components of the joint. The extrusion material may also have an
interfacial bond strength which is at least as strong as the component on which it is
deposited, or in the case of a joint between two components, at least as strong as
at least one of the aluminium components of the joint. This may be achieved by
controlling impurities and deformation mode at the bond interface.

When the aluminium alloy extrusion material is extruded to form the
extrudate, the aluminium alloy undergoes both frictional heating and severe plastic
deformation. However, this usually occurs, i.e. may occur, without leading to
surface expansion and subsequent break-up of the oxide layer on the outer surface
of the extrusion material. Therefore, unless surface cleaning is achieved by some
other means (e.g. through shaving and proper cleaning of the extrusion material
before use), all this contamination may end-up in the groove between the two
aluminium components to be joined and accumulate at the contact surface between
the extrusion material and the component or components. This, in turn, may reduce
the interfacial bond strength.

Thus, the present invention may comprise shaving and cleaning of the
extrusion material before use. Although, this is not essential.

it has been realised that the desired joint quality and properties may only be

achieved through the use of a specially designed extrusion material, which, after
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passage through the extruder, meets the requirements being set to the extrudate in
the as-welded condition.

Prediction of the desirable extrusion material properties from those of the
extrudate requires detailed knowledge of the instantaneous values of the
temperature, strain and strain rate during the extrusion and joining.

Knowledge of the rapid changes in temperature, strain and strain rate during
extrusion and joining may be used to predict how the microstructural and
nano/atomic state of the material will change when the extrusion material is
extruded to form the extrudate.

It has been found that the HYB method is particularly useful for joining of
medium and high strength aluminium alloys for structural applications, where the
load-bearing capacity of the joint is of particular concern. Therefore the aluminium
components to be joined may comprise medium and high strength aluminium
alloys.

It will be appreciated that references herein to aluminium does not
necessarily refer to pure aluminium and may refer to both aluminium alloy and pure
aluminium as appropriate. For example the aluminium extrusion material or
aluminium filler wire may be an extrusion material or filler wire made of an
aluminium alloy.

The joined components (in the case of joining two components) may be
used in structural applications.

The joint (if a joint is formed) may be a load-bearing joint.

The aluminium alloys of the aluminium component(s) may be one of the
series of aluminium alloys as defined by the international classification system for
wrought aluminium alloys. For example the aluminium component(s) may be made
of an alloy which is in (i) the 2xxx series (Al-Cu alloys), (ii) the 5xxx (Al-Mg alloys),
(iii) the 6xxx series (Al-Mg-Si alloys),(iv) the 7xxx series (Al-Zn-Mg alloys) or (v) the
8xxx series (such as Al-Li alloys or aluminium alloyed with another element that
does not fall within any of the other series). Thus the aluminium component(s) may
be made of 2xxx, 5xxx, 6xxx,7xxx or 8xxx series aluminium alloy and accordingly
the aluminium rod, extrusion material, i.e. filler wire, or extrudate, i.e. filler material,
may be within one of these series of aluminium.

The major alloying elements in each series are; (i) Cu in the 2xxx series, (i)
Mg in the 5xxx series, (i) Si and Mg in the 6xxx series, (iv) Zn and Mg in the 7xxx

series, and (v) alloyed with other elements (such as lithium) which are not covered
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by other series in the 8xxx series. The upper and lower limits for these series-
specific elements in the extrusion material alloys are defined by the international
classification system for wrought aluminium alloys. Accordingly, using Al-Mg-Si
alloys as an example, the appropriate designation for an extrusion material
belonging to this alloy category/series would then be AA6xxx - grade A, where
grade A refers to a specific content of the major alloying elements Si and Mg.

Within each of these series there are a number of aluminium alloy grades
which each cover a range of compositions of aluminium alloys.

The extrusion material may be suitable for solid joining of, or bonding to, all
types of structural aluminium alloys which may belong to one of these five series
employing the HYB method.

It has been realised that to make the extrusion material suitable for
thermomechanical processing and subsequent extrusion and bonding using the
HYB process, the following constraints should be imposed on the content of other
elements in the composition of the aluminium rod/ extrusion material /extrudate:

1) the iron content should be restricted to values below 0.25 wt%, regardiess of
what is stated in the international base metal standards for the series of the
aluminium component. This is because iron can have a detrimental effect
on the microstructure and properties of the filler material after it has been
extruded.

2) except in aluminium rod/ extrusion material /extrudate alloys where Cuis a
major alloying element (as in the 2xxx series), copper may be regarded as
an impurity element. Hence, the Cu content of the other alloys, such as
5xxx, 6xxx, 7xxx and 8xxx extrusion material alloys, should be restricted to
values below 0.05 wt%, regardless of what is stated in the international base
metal standards for the series of the aluminium alloy component. This is
because copper may be detrimental to the corrosion resistance of the
extrudate.

3) atleast 0.05 wt% of dispersoid-forming elements, manganese, chromium,
zirconium and scandium. These elements may be regarded as minor
alloying elements. Belonging to the group of minor alloying elements means
that they may be deliberately added in a controlled manner, either
separately or in combination, to the extrusion material alloys. The levels of
these minor elements in the alloys should be within the following limits,

regardless of what is stated in the international base metal standards for the
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series of the aluminium alloy component, i.e. Mn between 0 and 1.2 wt%, Cr
between 0 and 0.25 wt%, Zr between 0 and 0.25 wt% and Sc between 0 to
0.25 wt%. The elements should be added as they are dispersoid forming
elements which can help to prevent recrystallization of the filler material.

4) the content of other elements of the alloy composition of aluminium rod/
extrusion material /extrudate, should lie within the composition range of the
aluminium alloy series which at least one of the component(s) to be joined
belong to, assuming that the component(s) or at least one of them is made
of aluminium.

The composition of the aluminium rod/ extrusion material /extrudate
may also contain other well-known alloying elements such magnesium, zinc, silicon,
titanium, boron etc. providing they are in the quantities so as to fall within the same
alloy series as at least one of the components being joined or the component on
which the extrudate is bonded.

The precise composition of the aluminium rod/ extrusion material
/extrudate material will depend on a number of factors such as the components to
be joined and the particular application/environment of the final joint/deposited
extrudate.

As an example, when at least one of the components to be joined, or
the component on which extrudate, i.e. filler material, is being deposited, is a 6xxx
series alloy the aluminium rodffiller wireffiller material may be an AA6082 aluminium
alloy with the further constraints on the composition specified above. Specifically
this alloy may consist of 0.7 to 1.3 wt% Si, 0.0 to 0.25 wt% Fe, 0.0 to 0.05 wt% Cu,
0.0to 1.2 wt% Mn, 0.6 to 1.2 wi% Mg, 0.0to 0.2 wt% Zn, 0.0t0 0.1 wt% Ti, 0.0 to
0.25 wt% Cr, 0.0 to 0.25 wt% Zr, 0.0 to 0.25 wt% Sc (wherein the total amount of
Mn, Cr, Zr and Sc is at least 0.05 wt%) and balance aluminium with unavoidable
impurities.

The composition of the aluminium rod/ extrusion material /extrudate
material may also contain a grain refiner. This grain refiner may be added to the
melt immediately before a casting operation in order to refine the as-cast
microstructure. The grain refiner may, for example, be AIB; or TiB,.

When the extrusion material composition already contains Zr and/or Sc, the
use of additional grain refiners may be superfluous thus in these cases the
extrusion material may not contain any grain refiners. This is because these two

minor alloying elements also may act as grain refiners during solidification due to
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Al:Zr and Al;Sc compound formation. Both phases are known to provide
favourable sites for heterogeneous nucleation of new aluminium grains ahead of
the advancing solid/liquid interface.

The aluminium rod/ extrusion material /extrudate material may have a
composition similar to that of at least one of the aluminium components being
joined or an aluminium component on which the extrudate is deposited, but, whilst it
could be, may not be identical due to the further constraints applied to the
composition. Due to the constraints on the composition the aluminium rod/
extrusion material extrudate material may have a composition which is a different
aluminium alloy grade to that of the aluminium component(s).

In the case of two aluminium components being joined, the two aluminium
components being joined may have compositions which are of the same aluminium
series. In this case the aluminium rod/filler wireffiller material has a composition
which is in the same series as that of both of the aluminium components being
joined.

In the case of two aluminium components being joined, if the two aluminium
components being joined have compositions which are in different series the
aluminium rodffiller wireffiller material may have a composition which is in the same
series as the stronger of the two aluminium components.

The two aluminium components being joined may have compositions which
are the same grade of aluminium as each other.

The two aluminium components being joined may have identical alloy
compositions

It will be appreciated that the aluminium melt, aluminium rod, extrusion
material, i.e. filler wire, and extrudate, i.e. filler material, in a given case will all have
the same composition (as this is not affected by the processing steps). Thus, any
discussion herein of the composition and optional features of the composition of
each of these stages of the aluminium material are applicable to the extrusion
material in any form (i.e. whether the original melt, the aluminium rod, the
aluminium extrusion material or the extrudate after the HYB process) after the
composition has been prepared in the melt.

The microstructure of the aluminium rod/ extrusion material /extrudate may
be a deformed microstructure. This may be referred to as a fibrous microstructure.
This microstructure may be the microstructure when recrystallization has not

occurred, i.e. a non-recrystallized microstructure.
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A recrystallized grain structure is highly undesirable and should be avoided.
This is because it may survive during subsequent extrusion and joining and
contribute to a reduced strength, toughness and corrosion resistance of the
extrusion material in the as-welded, i.e. bonded, condition.

The microstructure may have deformed (elongated) grains. The
microstructure may not have recrystallized (equiaxed) grains.

The grains of the microstructure may be relatively long and thin as opposed
to relatively rounded.

The length to width ratio of the deformed grains may be at least 5:1. This
length to width ratio may be the average length to width ratio of the grains in the
microstructure or it may be the length to width ratio of at least 50% of the grains of
the microstructure, as for example determined by means of optical or scanning
electron microscopy.

At the nano/atomic scale aluminium rod/extrusion material/extrudate
material should comprise an aluminium matrix with dispersiods therein and a
majority of the alloying elements in sold solution in the aluminium matrix.

The nano/atomic scale of the aluminium rod/extrusion material/extrudate
material may also comprise small iron particles.

The nano/atomic scale of the aluminium rod/extrusion material/extrudate
material may consist of an aluminium matrix with dispersoids, small iron particles
and dislocations therein, wherein substantially all of the alloying elements not in the
dispersoids or iron particles are in solid solution in the aluminium matrix.

The size of the small iron particles may be up to 4um in size, for example
they may be in the range from 0.1 to 4 um. The number density of the dislocations
may be higher than 10" per m?, as for example determined using high resolution
transmission electron microscopy.

The majority of the alloying elements are in solid solution may mean that
substantially all of the alloying elements, other than the dispersoid-forming
elements and the iron, may be in solid solution in the aluminium matrix. For
example, at least 50% of the alloying elements other than the dispersoid-forming
elements and the iron, may be in solid solution in the aluminium matrix, as for
example determined using dedicated electrical conductivity measurements. This
means that the highest work hardening potential of the extrusion material/extrudate
material can be achieved during subsequent extrusion and joining using the HYB

process.
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If adequate process control is not undertaken during the aluminium rod/
extrusion material manufacturing, solute-rich metastable precipitates may appear
inside the aluminium matrix at room temperature after cooling along with large Fe-
particles and coarse solute-rich equilibrium phases. This type of structure is highly
undesirable because it reduces both the work hardening potential, the tensile yield
strength and ductility, the impact toughness and the corrosion resistance of the
extrusion material following extrusion and bonding, and should be avoided.

Therefore, the nanostructure should not contain solute-rich metastable
precipitates, large iron particles (i.e. iron particles which are greater than 4 um in
diameter) and/or coarse solute-rich equilibrium phases, as for example determined
using optical or scanning electron microscopy.

The extrusion material nano-/atomic structure may also comprise clusters
and GP-zones, as for example determined using high resolution transmission
electron microscopy. These may be present due to natural aging which occurs at
room temperature due to short-range diffusion of solute atoms. Because the
clusters/GP-zones have a low thermal stability they will readily dissolve inside the
extrusion chamber on re-heating of the HYB process and therefore not cause
problems in the HYB case as far as the extrusion material properties are
concerned. However, these may be taken into account during wire shaving and/or
cold drawing that may optionally occur during manufacture because of the
associated yield strength increase, which affects the drawability of the FW alloys.

Turning to the manufacturing route and processing requirements for the
extrusion material, i.e. filler wire, the manufacturing may comprise a number of
tightly controlled steps to ensure that the extrusion material has appropriate
microstructure and physical properties to form an extrudate with the desired
properties.

As will be appreciated, the extrusion material requirements will vary with the
properties of the component on which the extrudate is being deposited, e.g. the
type of alloy to be joined and the operating conditions applied. Despite this, there
are a number of important features related to the manufacturing route and
processing requirements which are generally applicable and thus apply to all
extrusion material, regardless of their chemical composition. The manufacturing
method of the aluminium rod and/or the aluminium extrusion material may be
controlled so as to ensure that the microstructure is a deformed (fibrous)'

microstructure and that at the nanoscale the material comprises an aluminium
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matrix with dislocations and dispersoids, and wherein the majority of the alloying
elements are in solid solution in the aluminium matrix.

The manufacturing method of the extrusion material may comprise one or
more of the following steps: melt treatment, casting, homogenizing, billet
preheating, hot deformation (e.g. hot extrusion/hot rolling), controlled
cooling/quenching, initial spooling, shaving, final cold drawing, cleaning and final
spooling and packaging. The steps may be performed in this order (although one
or more of the steps may not be carried out). For example, the method may not
comprise a step of initial spooling between the cooling and the shaving steps.
Additionally, the method may not comprise shaving or final cold drawing, i.e. the
extrusion material may be hot deformed down to final diameter. Alternatively, the
method may not comprise final cold drawing, i.e. the extrusion material may be
shaved down to final diameter.

Each of the steps may be performed by a different party. For example, one
or more steps (if they are performed) of melt treatment, casting, homogenizing,
billet preheating, extrusion, cooling and/or initial spooling may be performed by a
first party such as an aluminium metal producer. These steps may be performed to
form an aluminium rod for producing an aluminium extrusion material, e.g. filler
wire, for use in a hybrid metal extrusion and bonding process that may be for joining
two aluminium components or depositing extrudate on a component for example.
One or more steps (if they are performed) of shaving, final cold drawing, cleaning
and spooling and packaging may be performed by a second party such as an
aluminium wire manufacturer to manufacture an aluminium wire for use in a hybrid
metal extrusion and bonding process that may be for joining two aluminium
components or depositing extrudate on a component for example.

Producing the aluminium rod may involve a melt treatment, casting,
homogenizing, billet preheating, hot deforming and/or cooling/quenching. These
steps may be performed by an aluminium metal producer. After these steps the
aluminium rod may be spooled and transported to a second party for forming a
wire, i.e. extrusion material, for the HYB process from the aluminium rod.

The billet may be hot deformed to the final diameter of the extrusion
material. Thus, the billet may be directly formed into the extrusion material such
that the rod does not need to be spooled and transported to a second party for

further processing.
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Manufacturing the aluminium extrusion material may comprise receiving an
aluminium rod, shaving and cold drawing the aluminium rod (if the rod was not
already the correct diameter)to form the wire for extrusion. After cold drawing, the
extrusion material, e.g. filler wire, may be cleaned and then spooled and packaged.
The extrusion material may then be transported to a third party for use in the HYB
process.

The term “billet” may cover any semi-finished cast product such as an ingot,
bloom, slab, billet etc.

Turning to each of these steps in turn, the melt treatment may be carried out
in accordance with best industrial practice. The melt may be produced from virgin
aluminium coming directly from a smelter. This is so that a low content of
inclusions and impurity elements in the end-product can be guaranteed. ltis
preferable to form the meit from virgin aluminium rather than from recycled scrap
metal. This is because excess iron coming from the scrap metal may be detrimental
to the extrudate material properties. Also excess copper coming from the scrap
metal may be detrimental to properties, particularly to the extrudate material
corrosion resistance. Hence, besides the Al-Cu alloys belonging to the 2xxx-series,
all other alloys being used in the extrusion material production should be low in
copper and have a Cu content less than 0.05 wt%.

It is important that the aluminium melt contains low levels of iron and copper
in particular. This is because it is not possible to refine the melt to remove these
elements.

To provide the correct composition, the different alloying elements stated in
the extrusion material alloy specification may be added in the correct amount and
order to the clean base melt. First the major alloying elements may be added to the
virgin melt, then the minor alloying elements and then grain refiners (if used).

The alloying elements stated in the extrusion material alloy specification
may be added in the correct amount and sequence, according best industrial
practice.

The dispersoid-forming elements, Mn, Cr, Zr and Sc, which may be used in
order to prevent recrystallization from happening during subsequent
thermomechanical processing, are added at this stage. As discussed above, the
desired levels of these minor alloying elements in the alloys, according to the

extrusion material specifications, should be within the following limits, i.e. Mn



10

15

20

25

30

WO 2016/180985 PCT/EP2016/060926

-20-

between 0 and 1.2 wt%, Cr between 0 and 0.25 wt%, Zr between 0 and 0.25 wt%
and Sc between 0 to 0.25 wt%.

Also a grain refiner may be added to the melt immediately before the casting
operation (e.g. AlB; or TiB,) in order to refine the as-cast microstructure. These
grain refiners may only be added if it has been verified that the constituent grain
refining particles do not have a negative effect on the end-product properties (e.g.
extrusion material surface quality and extrudate tensile ductility and impact
toughness). Whether or not they will actually be harmful in a real production or
joining situation may depend on the applied grain refinement practice. When the
melt already contains Zr and/or Sc, the use of additional grain refiners may be
deemed to be superfluous, since these two minor alloying elements also may act as
grain refiners during solidification due to the Al;Zr and Al;Sc compound formation.
Both phases are known to provide favorable sites for heterogeneous nucleation of
new aluminium grains ahead of the advancing solid/liquid interface.

After the melt treatment, a casting operation may be carried out to form an
aluminium billet or ingot. The casting operation may be carried out in accordance
with best industrial practice.

The casting method may be a continuous or semi-continuous casting
methods. The casting method may be direct chill (DC) casting. This casting
operation may produce extrusion billets and/or rolling ingots used in the extrusion
material production.

The cast aluminium may be high quality billets or ingots, i.e. they should
meet the most stringent industrial tolerance requirements (e.g. Hydro or Alcoa
standard) with regard to casting defects like segregations, porosity and hot tears.

The dimensions of these castings must or may be sufficiently large to obtain
the required reduction ratios during subsequent thermomechanical processing. The
desired dimension will depend on the desired final dimension of the extrusion
material and the processing steps which are to be performed. The dimensions may
need to be greater for billets which will be hot extruded compared to billets which
will be hot rolled.

For example, in hot extrusion for aluminium rod manufacturing the minimum
area reduction may be at least 10:1. In hot rolling the area reduction may be at
least 5:1.
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Because the use of high reduction ratios during hot forming is normally
considered to be beneficial for the end-product properties, no upper limits for the
area reduction need to be specified.

The cast aluminium billet may be homogenized. The homogenizing of the
as-cast billets or ingots may be carried out in accordance with best industrial
practice.

The main purpose of the homogenizing treatment is to refine the
microstructure of the castings by (i) eliminating or minimizing microsegregations, (ii)
modifying the harmful Fe-bearing constituents in the alloy which form during
solidification, (iii) dissolving all equilibrium phases which tie-up solute and drain the
aluminium matrix with respect to alloying elements and (iv) promoting the formation
of dispersoids by the dispersoid-forming elements Mn, Cr, Zr and Sc.

During heat treatment, strict control of the homogenizing temperature may
be enforced in order to avoid local melting or insufficient refinement of the
microstructure through diffusion.

The homogenizing temperature will depend on the alloy composition of the
aluminium billet or ingot. The homogenizing time will depend on the dimensions of
the billet or ingot.

The homogenizing temperature may lie between the solidus and solvus
temperature of the aluminium alloy of the billet/ingot, as defined by the equilibrium
phase diagram. The homogenizing temperature may lie between the solidus and
solvus temperature of the aluminium alloy of the billet and be closer to the solvus
temperature than the solidus temperature, as defined by the equilibrium phase
diagram. This may lead to a finer distribution of the dispersoids in the alloy.

For example, in the case of Al-Mg-Si alloys the homogenizing may be
carried out in the temperature range from 530 to 580 °C for 2 to 4 hours under
controlled heating and cooling conditions. If recrystallization during subsequent
thermomechanical processing of the Al-Mg-Si alloys used in the extrusion material
production is a problem, a precautionary action may be to homogenize the alloys
containing the dispersoid-forming elements Mn and Cr at 530 to 540 °C rather than
at 570 to 580 °C. This may lead to a finer distribution of the dispersoids in the alloy.

A small adjustment in the homogenizing practice may be sufficient to
prevent recrystallization from happening, even during demanding hot deformation

conditions, if the alloys already contain dispersoid-forming elements.
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To produce the aluminium rod the billet or ingot may be hot deformed such
as hot extruded or hot rolled.

The billet or ingot may be preheated before being hot deformed.

The billet or ingot preheating prior to hot deformation may be carried out in
accordance with best industrial practice.

The preheating may be achieved using gas heating or induction heating.

Induction heating may be advantageous since it provides the high heating
rates (higher than gas heating) and may allow the preheating to be completed
within a shortest possible time before hot deformation.

It is advantageous for the heating to be as quick as possible so that re-
precipitation of the previously dissolved phases during homogenizing may be
prevented. If reprecipitation does occur, this may result in local melting occurring
during the hot deformation steps. This could lead to formation of surface defects
and cracks in the as-extruded product due to tearing and spalling. Such surface
defects and cracks may make the subsequent processing, such as wire shaving
and drawing, difficult.

Using again Al-Mg-Si alloys as an example, the pre-heating temperature for
hot extrusion billets may typically be between 440 to 490°C. The preheating time
may be between 5 to 45 minutes, depending on the billet diameter and the applied
heating method.

For the aluminium billets or ingots used in manufacturing of extrusion
material for the HYB process the shortest possible preheating time may be aimed
at.

The billet/ingot may be extruded or hot rolled.

Hot rolling or extrusion may be used to produce aluminium rods of the
appropriate length and diameter, which are suitable for subsequent shaving and
wire drawing. Alternatively, hot rolling or extrusion may be used to produce
aluminium rods of the desired diameter for the final extrusion material, i.e. the billet
may be hot deformed to directly produce the final extrusion material, or at least the
correct dimensions of the extrusion material. Thus, references herein to forming an
aluminium rod may cover forming an aluminium rod which is the dimension of the
extrusion material.

Extrusion may be preferable to hot rolling, provided that the desired rod
quality can be achieved, however, either process can be used to form the

aluminium rod.
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The preferable manufacturing method, and in particular the applied hot
deformation method, may depend on the composition. For example, hot extrusion
may be preferable for the Al-Mg-Si and Al-Zn-Mg alloys, whereas for some Al-Cu
and Al-Mg alloys hot rolling may be a better. This is because certain aluminium
alloys may have a low formability that could make extrusion difficult.

The hot deformation (e.g. extrusion and/or hot rolling) may be performed to
ensure that the aluminium rod produced is of the correct diameter for the following
processing, such as wire shaving and drawing.

Depending on the specific type of alloy and desired extrusion material
diameter, the diameter of the hot deformed rods may be 1 fo 3 mm.

The diameter of the hot deformed aluminium rod may be about 1.5 to 2
times, or more than 2 times the diameter of the desired filler wire.

However, larger diameters may also be tolerated if the wire drawing
alternatively is done in several steps. In the case that the wire drawing is
performed in multiple steps, this may be in combination with soft annealing.

In the present context soft annealing may mean a high temperature heat
treatment below the equilibrium solvus boundary of the alloy, as defined by the
phase diagram. This heat treatment may have the objective of increasing the
ductility of the alloy after a previous cold drawing step before continuing with the
next one. If soft annealing is applied, full solution heat treatment of the extrusion
material alloy may be carried out as a final step in order to make sure that all
alloying elements are brought back into solid solution.

When the billet is hot extruded, the correct extrusion, i.e. ram or wheel,
speed for the chosen combination of alloy composition and reduction ratio may be
selected so that superheating of the aluminium in the die region is prevented, in
accordance with best industrial practice. This is because superheating may cause
local melting and give rise to the formation of surface defects and cracks in the as-
extruded product due to tearing and spalling. In the present context best industrial
practice means that the ram or wheel speed is carefully selected from knowledge of
the billet composition, the billet temperature and/or the applied reduction ratio
during hot extrusion. This selection may be based on experience data being
available in the form of so-called extrusion limit diagrams.

During hot extrusion, where the local temperature in certain cases may

increase up to about 600°C, all alloying elements (beside those being tied-up in the
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large Fe-bearing constituents or in small sub-microscopic dispersoids) may be in
solid solution.

Provided that the applied reduction ratio (i.e. original cross-sectional area:
final cross-sectional area) during extrusion is sufficiently high (i.e. greater than
about 10:1), the deformation forces involved may be large enough to break-up the
Fe-bearing constituents still being present in alloys after homogenizing and evenly
disperse them within the aluminium matrix.

This may make the Fe-particles less harmful to properties, which, in turn,
can increase the ductility, toughness and corrosion resistance of the final extrudate.
On the other hand, the dispersoids, which are much smaller in size (typically of the
order of 0.1 micrometer, e.g. between 0.01 and 0.5 ym), may not be significantly
affected by the plastic deformation.

Because of the high temperatures and plastic strains involved during hot
extrusion, there is risk that the alloys will recrystallize, unless they contain a fine
distribution of dispersoids. This recrystallization is undesirable, both from an
extrudate material strength and corrosion resistance point of view, and should be
avoided. Therefore, all alloys being used in production of extrusion material for the
HYB process should contain at least 0.05 wt% dispersoid-forming elements like Mn,
Cr, Zr or Sc and at the same time be homogenized, according to best industrial
practice, in order to bring out the potential of the dispersoid-forming elements
through precipitation.

if hot rolling is performed, strict control of the temperature, the rolling
schedule and the microstructure evolution may be enforced for the same reasons
as those mentioned above for hot extrusion.

Again, in order to prevent recrystallization from happening during the
forming operation the rolling ingots used in production of extrusion material for the
HYB process should contain at least 0.05 wt% of dispersoid-forming elements Mn,
Cr, Zr or Sc. At the same time they should be homogenized, according to best
industrial practice, in order to bring out their potential through precipitation.

Hot rolling often may be carried out in several steps using rolls with
successively smaller mouth openings.

During hot deformation the temperature of the billet/aluminium rod may be
controlled so that it is kept above the equilibrium solvus of the alloy, as defined by

the phase diagram.
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If the temperature of the billet/aluminium rod falls below the solvus
temperature, both equilibrium and metastable phases, which tie-up solute and drain
the aluminium matrix with respect to alloying elements, may start to form. Such
precipitation may be harmful for the extrusion material end-product properties
because it may reduce the work hardening potential and lower the extrudate
material strength and corrosion resistance.

Following hot deformation the aluminium rods may be quenched, i.e. rapidly
cooled.

This quench may allow the major alloying elements to remain in solid
solution down to room temperature (RT). This is because the alloys contain
dispersoids, which make them gquench sensitive.

Dispersoids may act as effective heterogeneous nucleation sites for different
types of solute-rich metastable phases during cooling when the temperature drops
below a certain level, e.g. 500°C. The formation of these metastable phases drains
the surrounding aluminium matrix with respect to solute and thus may reduce the
work hardening potential of the extrusion material and lower the extrudate material
strength.

It has been found that once such metastable phases have formed within the
aluminium alloys the solute draining may continue in an accelerating manner during
subsequent the extrusion and bonding of the HYB process. This is because they
can grow by diffusion, which may lead to further loss of extrudate material strength
and work hardening potential.

To try to prevent this, controlled cooling of the hot deformed rods may be
employed immediately after they have left the deformation device, e.g. extrusion die
or roll mouth opening. This cooling may be achieved using forced air, water
spraying or a combination of both. To avoid precipitation of these solute-rich stable
and metastable phases during cooling, the cooling rate may be within the range
from 7 to 50 K/s.

Once quenched the aluminium rods should have a deformed type
microstructure and on the nano/atomic scale have an aluminium matrix with
dislocations and dispersoids and the majority of the alloying elements in solid
solution in the matrix. The nanostructure may also comprise small iron bearing
particles (less than about 4 ym in diameter) but not contain the above-mentioned

detrimental stable and metastable phases.
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If adequate process control is not undertaken during the manufacturing of
the aluminium rods/extrusion material, solute-rich metastable precipitates may
instead appear inside the aluminium matrix at room temperature after cooling along
with large Fe-particles (greater than about 4 um in diameter) and coarse solute-rich
equilibrium phases. This type of structure is highly undesirable because it may
reduce both the work hardening potential, the tensile yield strength and ductility, the
impact toughness and the corrosion resistance of the extrudate following
subsequent extrusion and bonding using the HYB process.

After controlled cooling the aluminium rods may be spooled. Once spooled
the aluminium rods can be stored and/or transported before further processing to
form the extrusion material. The aluminium rods may be sent to a wire
manufacturer for further processing.

During prolonged room temperature storage, prior to further processing,
such as wire shaving and drawing if performed, the nano- and atomic structure of
the alloys may change due to cluster and GP-zone formation. This phenomenon is
known as natural ageing (NA), and may for example occur in Al-Cu, Al-Mg-Si and
Al-Zn-Mg alloys. This process occurs in the alloy at room temperature due to short
range diffusion of solute atoms. Because the clusters/GP-zones have a low
thermal stability they may readily dissolve inside the extrusion chamber on re-
heating and therefore not cause problems in the HYB case. However, these
nanostructures should be taken into consideration during wire shaving and cold
drawing, if performed. This is because these nanostructures increase the yield
strength which can affect the drawability of the extrusion material alloys.

As discussed in WO 2013/095160, the extrusion material wire diameter
should be selected based on the linear dimensions of the extrusion chamber used
for the HYB process. For example, the diameter of the wire may be about 7% larger
than the width of the extrusion chamber. At the same time the cross-sectional area
of the extrusion chamber may be about 10 % larger than the cross-sectional area of
the wire in order to prevent the aluminium from blocking the extrusion chamber.

Thus it may be desirable for the wire to have an approximately constant
cross-sectional shape/diameter along its length.

The diameter may have a tolerance of +0.02 mm.

This may be achieved by drawing the rod to form the extrusion material,
shaving the rod to form the extrusion material or hot deforming the billet to form the

extrusion material.
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It has been found that wire drawing may provide a more even product shape
and diameter than extrusion or rolling. For example, in manufacturing of ®1.6 mm
aluminium wires by drawing best industrial practice implies a geometrical tolerance
limit of 1.6 mm (+0.0/-0.02). This is fully acceptable in the HYB process.

As discussed above, no surface expansion with subsequent break-up of the
oxide layer surrounding the material may occur during extrusion and bonding of the
HYB process. Therefore, all contamination introduced via the extrusion material
alloy may inevitably end-up at a bond interface, e.g. in the groove between the two
aluminium components to be joined, and reduce the interfacial bond strength.

In order to prevent this from happening shaving and/or cleaning of the
extrusion material may be performed before use. Depending on certain
circumstances, such as the tool used to extrude the extrusion material, the shaving
and/or cleaning steps are not essential.

Wire shaving may be done before the drawing operation. For example the
wire shaving may remove between 0.05 to 0.5 mm, or more than 0.5mm, of the
surface layer. This surface layer may be a contaminated surface layer.

The wire shaving and/or wire drawing (if these steps are performed) may be
done in multiple steps. This may, or may not, be with intermediate heat treatments,
such as annealing.

Wire cleaning may be performed after the drawing. The cleaning may be
the final step before the extrusion material is spooled and packaged.

The surface of the extrusion material, e.g. filler wire, may be smooth and
substantially free of cracks and contaminants.

All lubricants may be properly removed from the surface, such as by a
cleaning operation, after the final drawing stage, before spooling and packaging.

The packaging may involve packing the spooled extrusion material in a
vacuum package. This may avoid absorption of contaminants onto the surface of
the wire.

If performed, wire shaving and drawing may be done cold, in one operation,
without the use of intermediate heat treatment such as soft annealing.

The method may comprise only one drawing step. As a result the overall
drawing ratio (i.e. the original cross-sectional area divided by the final cross-
sectional area) may be lower than for typical filler wires used in fusion welding. For
example, the drawing ratio may be about 2:1 to 1.2:1. If higher drawing ratios are

employed, cracking of wire or fracture may occur. A high work hardening potential
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of the wire, as favored by a high level of alloying elements in solid solution, may
reduce the risk of cracking and fracture during the subsequent wire drawing stage
(if performed).

The drawing ratio may be higher than about 2:1, particularly if the drawing is
carried out in multiple steps.

Therefore, the initial diameter of the aluminium rods used in the
manufacturing of the HYB extrusion material may be smaller, e.g. between 1 and 3
mm, in order to facilitate shaving and drawing in one operation. The aluminium rods
used in the manufacturing of the HYB extrusion material may be greater than 3mm.

Depending on the size of the extruder and the size of the joint to be filled
with the filler material or the desired volume of material to be deposited, the
extrusion material wire may have a diameter of about 0.6 to 2 mm, for example the
wire diameter may be about 1 mm or about 1.6 mm. This may be the wire diameter
for variants of the extrusion device described in WO 2013/095160.

The extrusion or rolling ratio (the original cross-sectional area divided by the
final cross-sectional area) may be significantly larger than the drawing ratio. For
example the extrusion ratio may be at least 5 times larger than the drawing ratio
and the rolling ratio may be at least 2 times larger than the drawing ratio. This is
because in the case of a extrusion material for the HYB process it may be desirable
for the extrusion or rolling ratio to be relatively high to break up large precipitates in
the aluminium matrix. In contrast, it may be desirable that the drawing ratio is
relatively low so the drawing may be performed in a single pass in order to avoid
the need for intermediate soft annealing which could be detrimental to the micro- or
nano-structure of the alloy.

Typically in the production of a filler wire for fusion welding the wire is
subject to a number of drawing steps and soft annealed between these. Because
the structural identity will be lost following re-melting, the use of soft annealing is
not critical for the filler wire properties when it is used for fusion welding. Thus, this
is probably the most efficient production method for such fusion welding filler wires.

However, since soft annealing is normally carried out below the equilibrium
solvus temperature of the alloy, it may inevitably lead to re-precipitation of different
solute-rich stable and metastable phases inside the material. As discussed above,
this can be devastating for the extrusion material, i.e. filler wire/extrudate, i.e. filler

material, properties in the case of the HYB process and should be avoided.
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Thus, the present invention in an eighth aspect may provide a method of
manufacturing an extrusion wire for use in a hybrid metal extrusion and bonding
process ( such as for joining two aluminium components), the method comprising:
providing an aluminium rod; cold shaving and drawing the aluminium rod in one
operation without the use of intermediate soft annealing to produce the extrusion
wire.

The present invention in a ninth aspect may provide a method of
manufacturing an extrusion wire for use in a hybrid metal extrusion and bonding
process (such as for joining two aluminium components), the method comprising:
hot extruding an aluminium billet to provide an aluminium rod; and drawing the
aluminium rod to form the extrusion wire, wherein the extrusion ratio is at least 5
times, e.g. 5 to 10 times, larger than the drawing ratio.

The present invention in a tenth aspect may provide a method of
manufacturing an extrusion wire for use in a hybrid metal extrusion and bonding
process (such as for joining two aluminium components), the method comprising:
hot rolling an aluminium billet to provide an aluminium rod; and drawing the
aluminium rod to form the extrusion wire, wherein the rolling ratio is at least 2 times,
e.g. about 2 to 5 times, larger than the drawing ratio.

These aspects are only applicable if the method of manufacture comprises
cold shaving and drawing, hot extruding and drawing and/or hot rolling and drawing.

The invention of these eighth, ninth and tenth aspects may each comprise
one or more of the features of any of the above discussed aspects, including one or
more of the optional features.

For example the aluminium rod may be the aluminium rod of the second
aspect of the invention and this may be manufactured according to the sixth aspect
of the invention.

Also the aluminium extrusion materialffiller wire referred to in any of the
above aspects may be manufactured according to the method of the eighth, ninth
and/or tenth aspect of the invention.

If wire shaving and drawing cannot be done in one operation in accordance
with the eighth aspect of the invention, full solution heat treatment may instead be
carried out after the final soft annealing step (if performed) in order to recover the
structure and properties of the extrusion alloy to be as described above.

Because a filler wire used for fusion welding will completely lose its

structural identity because of the re-melting, its manufacturing is not optimized to
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obtain a specific structure which is vital for the final weld metal properties. The only
important “property” that is maintained between the filler wire and the weld metal in
fusion welding, e.g. metal inert gas (MIG) or laser welding, is the
chemistry/composition. In contrast, in the HYB process the extrusion wire has also
embedded a strong structural memory of all past manufacturing steps inside the Al-
matrix, which then is conveyed to the extrudate material during subsequent
extrusion and bonding. This ‘structural memory’ of the past production steps
means that the manufacturing route and the composition/chemistry is different to
those used for the production of fusion welding filler wires.

Certain preferred embodiments of the present invention will now be
described by way of example only with reference to the accompanying drawings, in
which:

Figure 1 is a schematic of a joint formed by the HYB process;

Figures 2a and b are micrographs of the microstructure of two experimental

AABxxx extrusion wires used in laboratory testing;

Figure 3 is a schematic of a nanostructure;

Figure 4 is a schematic of another nanostructure;

Figure 5a is a schematic of yet another nanostructure;

Figure 5b is a graph of FW alloy strength vs RT storage time, log t;

Figure 6 is a schematic showing a manufacturing route;

Figures 7a, b and c illustrate possible hot deformation methods;

Figures 8a to e show schematics of example joints and their strength levels;
and

Figure 9 is a graphical representation of the overlap in Si and Mg contents

between different aluminium grades belonging to the same 6xxx series.

A joint 1 formed by a hybrid metal extrusion and bonding (HYB) process is
shown in Figure 1. The joint 1 is formed by extruding a filler wire between two
aluminium components 2 to form a filler material 4 as described in WO 2003/04775.

The filler wire may be produced by shaving and drawing an aluminium rod
as discussed in greater detail below.

The filler wire may also be used to bond a resulting extrudate onto the
surface of a substrate, i.e. component. Thus, the filler wire does not necessary
have to fill a gap between two components but could be deposited on the surface of

a component. The filler wire may thus also be referred to more generally as an
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extrusion material. By referring to the extrusion material as a filler wire does not
imply that it has to be extruded between two components and an extrusion material
deposited on the surface of a component can equally be referred to as a filler
material.

In the case that the filler wire is used to join two aluminium components, the
filler wire used in the HYB process should be an aluminium alloy which is in the
same series as at least one aluminium alloy of the aluminium components 2.

If the filler wire is used to join an aluminium component to a non-aluminium
component, or used to deposit a layer on an aluminium component, the filler wire
used in the HYB process may be an aluminium alloy which is in the same series as
the aluminium alloy of the aluminium component.

The composition of the filler wire should contain 0 to 0.25 wt% iron; at least
0.05 wt% dispersoid-forming elements, wherein the dispersoid-forming elements
comprise 0 to 1.2 wt% manganese, 0 to 0.25 wt% chromium, 0 to 0.25 wt%
zirconium and 0 to 0.25 wt% scandium; and, except when the aluminium alloy of
the aluminium filler wire is in the 2xxx series, 0 to 0.05 wt% copper.

The other components of the composition may be chosen to provide a final
filler material 4 with appropriate properties in view of the joint 1 being joined (or
component being coated with the extrudate) and the intended application of the
final product.

The filler wire should have a deformed (fibrous) microstructure as shown in
Figure 2a. The microstructure should not be a recrystallized microstructure as
shown in Figure 2b. Figures 2a and 2b are micrographs of the microstructures of
two experimental AABxxx filler wires. The scale in the bottom right hand corner of
the micrographs shows the length of 500 um.

The composition and production of the filler wire should be controlled so that
the deformed microstructure of Figure 2a is achieved rather than the recrystallized
microstructure of Figure 2b. This is the same for an aluminium rod used to make
the aluminium filler wire and the final filler material 4 of the joint 1.

On the nanoscale the aluminium alloy of the filler wire/aluminium rod/filler
material should comprise an aluminium matrix 6 with dispersoids 8, small iron
particles 10 (e.g. less than 4 um) and dislocations 12 therein as shown
schematically in Figure 3. The majority of the alloying elements should be in solid

solution in the aluminium matrix 6.
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The nanostructure should be free of metastable phases 14, large iron
particles 16 (e.g. greater than 4 ym) and equilibrium phases 18. This is because
these features will reduce the amount of alloying elements in solid solution and
detrimentally degrade the physical properties of the aluminium alloy. Figure 4
shows schematically an undesirable nanostructure.

The micro- and nanostructure of the aluminium filler wire is important
because the filler wire is not melted during the HYB process and thus the micro-
and nanostructure of the filler wire will affect the micro- and nanostructure of the
filler material. This in turn will greatly affect the properties of the final joint 1
prepared by the HYB process.

If the aluminium alloy is left at room temperature (which may be the case
between the production of the aluminium rod and the filler wire) it will naturally age
and form clusters and GP zones 20 as shown schematically in Figure 5a.

As shown in Figure 5b, which is a graph with filler wire alloy strength on the
x axis and room temperature storage time in log t on the y axis, as these clusters
and GP zones form, the alloy strength will increase. Whilst this should not cause a
problem for the HYB process as the high temperatures during the subsequent
extrusion of the filler wire will result in the clusters and GP zones 20 dissolving back
into the aluminium matrix 6, it should be taken into account in the further processing
of the aluminium alloy to form the aluminium filler wire.

Figure 6 shows schematically a manufacturing method for manufacturing
the filler wire using hot extrusion. However, other hot deformation processes, such
as hot rolling, could be performed instead of hot extrusion.

The method may comprise a melt treatment 22. Virgin aluminium may be
provided directly from a smelter. This will help ensure that the content of impurities
such as iron and copper are at acceptable levels. Alloying elements such as the
dispersoid-forming elements are added to the melt to form the desired composition.
Grain refiners such as AlB; and TiB, may also be added to the melt. These may be
added immediately before casting.

The aluminium melt can then be cast 24 to form an aluminium billet or ingot.
This may be performed by direct chill casting.

The billet may then be homogenized 26. The homogenizing temperature
will depend on the composition of the billet but it may be between the solvus and

the solidus temperature of the alloy. The homogenizing temperature may be closer
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to the solvus temperature rather than the solidus temperature as this may create a
finer dispersion of dispersoids.

The billet may then be preheated 28 and this may be by means of induction
heating. The temperature to which the billet is preheated will depend on the
composition of the aluminium alloy.

The billet may then be hot deformed 30 to form an aluminium rod which can
be used for forming the filler wire. This hot deformation step 30 may be achieved
by hot extrusion (as illustrated in Figures 7a or 7b) or hot rolling (as shown in Figure
7c).

Figure 7a shows a billet 100 in a container 102. The billet 100 is forced
through a die 104 by action of ram 106 so as to form an aluminium rod 108.

Figure 7b, shows a billet/feedstock 110 being forced by means of a wheel
112 through a die between an abutment 114 and a shoe 116 so as to form an
aluminium rod 118.

Figure 7c shows an aluminium rod 122 being rolled between two rollers 120.

The extrusion ratio (original area/final area) may be at least 10:1 and the
rolling ratio (original area/final area) may be at least 5:1. Once deformed to form
the aluminium rod the aluminium alloy may be quenched 32. The quenched rod
may then be spooled 34 for storage and transportation before further processing to
form the filler wire. These steps 22 to 34 (shown with a solid arrow) may be
performed by an aluminium metal producer.

To form the filler wire the aluminium rod may be shaved 36 and drawn 38.
The shaving 36 and drawing 38 may be done cold, in one operation, without the
use of intermediate heat treatment such as soft annealing. This may be to ensure
that the final filler wire has an appropriate microstructure without the use of
detrimental soft annealing and/or expensive and time-consuming heat treatments to
repair the structural damage that the previous soft annealing has caused. The
drawing ratio (original areaffinal area) may be about 2:1 to 1.2:1, or higher.

The extrusion ratio may be about 5 to 10 times larger than the drawing ratio
and the rolling ratio may be about 2 to 5 times larger than the drawing ratio.

The surface of the filler wire should be smooth and free of cracks. This is to
minimise the risk of contaminants being trapped on the surface of the filler wire
which may then negatively affect the quality of the final joint 1, particularly the
interfacial bond strength.
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After drawing 38 the wire may be cleaned 40 and then spooled and
packaged 42. The wire may be packed in a sealed, vacuum packed environment.
This is to try to keep the filler wire in an appropriate condition (e.g. free of
contaminants on the surface) for use in the HYB process. Steps 36 to 42 (shown
with a dotted arrow) may be performed by an aluminium filler wire manufacturer.

A filler wire designer may know the composition and micro/nanostructure
they require for the HYB process. With this information the processing steps may
be adjusted accordingly to allow the desired filler wire to be produced.

Examples

Example joints 1 are shown in Figures 8 a to e. The examples illustrate how
a tailor-made filler wire of a specific composition according to the present invention
will respond to butt joining of different Al-Mg-Si plates belonging to the same alloy
series.

The graph above each schematic joint illustrates the relative strength of the
join compared to the components being joined.

In each of the examples in Fig. 8a, 8b and 8c the filler wire composition is
assumed to lie within the upper right corner of the composition window for AA6082
which is illustrated in Figure 9, i.e. the composition is relatively high in magnesium
and silicon content. Moreover, the filler wire nanostructure is that illustrated in
Figure 5a. The appropriate filler wire alloy designation would then be AAGxxx -
grade A, where grade A means that the filler wire is high in Si and Mg.

The example in Figure 8a shows butt joining of two AAB082-T6 base plates
using AAGxxx - grade A as a filler wire

The T6 temper designation means that the material of the aluminium
components being joined is artificially aged to peak strength before joining. Thus,
when a matching filler wire is used during the joining operation, an “even-strength-
level” across the joint should be obtained, as illustrated in Fig. 8a.

The example in Figure 8b shows butt joining of AA6082-T7 base plates
using AABxxx - grade A as the filler wire.

The T7 temper designation means that the same material of the aluminium
components being joined is used in the over-aged condition. Hence, its strength is
lower than that of the T6 heat treated base plates in the example of Figure 8a.
Accordingly, after joining the filler material strength will be higher than that of the
base metal, as illustrated in Fig. 8b, a state which is referred to as filler material

over-match.
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The example in Figure 8c shows butt joining of AABO60-T6 base plates
using AABxxx - grade A as filler wire

The alloy designation AA6060 means that this base material of the
aluminium component has a lower content of the major alloying elements Si and Mg
compared to AA6082 (see Fig. 9). Hence, its peak strength will be lower than that of
the T6 heat treated base plates in the example of Figure 8a. Therefore, the desired
degree of filler material over-match is also achieved in this case, as illustrated in
Fig. 8c, although the filler wire alloy composition is the same as the in the other two
examples of figures 8a and 8b.

Figures 8d and e show examples of possible use of a specific filler wire for
joining of dissimilar aluminium alloys

In both these examples the filler wire composition is assumed to lie within
the middle of the composition window for AAB060 in Figure 9. Moreover, the filler
wire structure is assumed to be similar to that shown in Fig. 5a. The appropriate
filler wire alloy designation would then be AABxxx - grade B, where grade B means
that the filler wire is low in Si and Mg.

Figure 8d shows an example of butt joining of dissimilar AA6082 base plates
(AAB082-T6 on the left-hand side and AAB082-T7 on the right hand side) using
AABxxx - grade B as filler wire.

The T6 temper designation means that the base material on the left-hand
side of the dissimilar joint in Fig. 8d is artificially aged to its peak strength before
joining, whereas the T7 temper designation means that the other base plate instead
is used in the over-aged condition. Thus, when a filler wire of strength that matches
the softest base metal is used during the joining operation, the joint strength will
drop from the initial T6 value to the lower T7 base material strength, as illustrated in
Fig. 8d.

Turning to Figure 8e , which shows joining AA 6082-T6 on the left hand side
to AABOB0-T6 on the right hand side, the alloy designation AA6082 means that this
base material has a higher content of the major alloying elements Si and Mg
compared to AAB060 (see Fig. 9). Hence, its peak strength will be higher than that
of the T6 heat treated AAB060 base material. Accordingly, after joining, using the
same filler wire as in the previous example, the filler material strength will fall in

between the strength of the two base plates, as illustrated in Fig. 8e.
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CLAIMS:

1. An aluminium extrusion material for use in a hybrid metal extrusion
and bonding process,
wherein the composition of the extrusion material comprises:
0 to 0.25 wit% iron;
at least 0.05 wt% dispersoid-forming elements, wherein the
dispersoid-forming elements comprise 0 to 1.2 wt% manganese, 0 to
0.25 wt% chromium, 0 to 0.25 wt% zirconium and 0 to 0.25 wt%
scandium; and,
except when the aluminium alloy of the aluminium extrusion
material is in the 2xxx series, 0 to 0.05 wt% copper,
wherein the microstructure of the extrusion material is a deformed
microstructure; and
wherein the nanostructure of the extrusion material comprises an aluminium
matrix with dislocations and dispersoids, and wherein the majority of the alloying

elements are in solid solution in the aluminium matrix.

2. An aluminium extrusion material according to claim 1, wherein the

nanostructure of the extrusion material comprises small iron particles.

3. An aluminium extrusion material according to claim 1 or 2, wherein
the nanostructure is free of solute-rich metastable precipitates, large iron particles

and coarse solute-rich equilibrium phases

4, An aluminium extrusion material according to claim 1, 2 or 3,

wherein the microstructure is not a recrystallized microstructure.

5. An aluminium extrusion material according to any preceding claim,

wherein the length to width ratio of the grains of the microstructure is at least 5:1.

6. An aluminium extrusion material according to any preceding claim,

wherein the extrusion material comprises a grain refiner.
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7. An aluminium extrusion material according to any preceding claim,

wherein the extrusion material is a filler wire.

8. An aluminium extrusion material according to any preceding claim,
wherein the hybrid metal extrusion and bonding process is a hybrid metal extrusion

and bonding process joining two components.

9. An aluminium extrusion material according to claim 8, wherein at
least one of the components is an aluminium component and wherein the
composition of the extrusion material is of the same aluminium alloy series as the

composition of at least one of the aluminium components.

10. An aluminium extrusion material according to any preceding claim,
wherein the hybrid metal extrusion and bonding process is for depositing and

bonding extruded extrusion material on a substrate.

11. An aluminium extrusion material according to any preceding claim,
wherein the substrate is an aluminium component, and wherein the composition of
the extrusion material is of the same aluminium alloy series as the composition of

the aluminium component.

12. A system for joining two aluminium components by a hybrid metal
extrusion and bonding process joining, the system comprising:
two components which are to be joined; and

an aluminium extrusion material according to any preceding claim.

13. A system for joining two aluminium components according to claim

12, wherein at least one of the components is an aluminium component.

14. A system for bonding an extrusion material on a component, the
system comprising:
a component on which the extrusion material will be deposited and
bonded; and

an extrusion material according to any of claims 1to 11.
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15. An aluminium rod for manufacturing an aluminium extrusion material
for use in a hybrid metal extrusion and bonding process,
wherein the composition of the aluminium rod comprises:
0 to 0.25 wt% iron;
at least 0.05 wt% dispersoid-forming elements, wherein the
dispersoid-forming elements comprise 0 to 1.2 wt% manganese, 0 to
0.25 wt% chromium, 0 to 0.25 wt% zirconium and 0 to 0.25 wt%
scandium; and,
except when the aluminium alloy of the aluminium rod is in
the 2xxx series, 0 to 0.05 wt% copper,
wherein the microstructure of the aluminium rod is a deformed microstructure;
and
wherein the nanostructure of the aluminium rod comprises an aluminium matrix
with dislocations and dispersoids, and wherein the majority of the alloying elements

are in solid solution in the aluminium matrix.

16. An aluminium rod according to claim 15, wherein the nanostructure

of the aluminium rod comprises small iron particles.

17. An aluminium rod according to claim 15 or 16, wherein the
nanostructure is free of solute-rich metastable precipitates, large iron particles and

coarse solute-rich equilibrium phases

18. An aluminium rod according to claim 15, 16 or 17, wherein the

microstructure is not a recrystallized microstructure.

19. An aluminium rod according to any of claims 15 to 18, wherein the

length to width ratio of the grains of the microstructure is at least 5:1.

20. An aluminium rod according to any of claims 15 to 19, wherein the

aluminium rod comprises a grain refiner.

21. An aluminium rod according to any of claims 15 to 20, wherein the

extrusion material is a filler wire.
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22. An aluminium rod according to any of claims 15 to 21, wherein the
hybrid metal extrusion and bonding process is a hybrid metal extrusion and bonding

process joining two components.

23. An aluminium rod according to any of claims 15 to 22, wherein at
least one of the components is an aluminium component and wherein the
composition of the extrusion material is of the same aluminium alloy series as the

composition of at least one of the aluminium components.

24 An aluminium rod according to any of claims 15 to 23, wherein the
hybrid metal extrusion and bonding process is for depositing and bonding extruded

extrusion material on a substrate.

25. An aluminium rod according to claim 24, wherein the substrate is an
aluminium component, and wherein the composition of the extrusion material is of

the same aluminium alloy series as the composition of the aluminium components.

26. A joint, the joint comprising:
two aluminium components; and
an aluminium filler material therebetween,
wherein the aluminium components have been joined together by the filler
material using a hybrid metal extrusion and bonding process,
wherein the composition of the filler material is of the same aluminium alloy
series as the composition of at least one of the aluminium components;
wherein the composition of the filler material comprises:
0 to 0.25 wt% iron;
at least 0.05 wt% dispersoid-forming elements, wherein the
dispersoid-forming elements comprise 0 to 1.2 wt% manganese, 0 to
0.25 wt% chromium, 0 to 0.25 wt% zirconium and 0 to 0.25 wt%
scandium; and,
except when the aluminium alloy of the aluminium filler
material is in the 2xxx series, 0 to 0.05 wi% copper,
wherein the microstructure of the filler material is a deformed microstructure;

and



10

15

20

25

30

35

WO 2016/180985 PCT/EP2016/060926

-40 -

wherein the nanostructure of the filler material comprises an aluminium
matrix with dislocations and dispersoids, and wherein the majority of the alloying

elements are in solid solution in the aluminium matrix.

27. A joint according to claim 26, wherein the filler material has been

formed by extruding the extrusion material according to any of claims 1 to 11.

28. Method of manufacturing an aluminium rod for use in manufacturing
an extrusion material for use in a hybrid metal extrusion and bonding process, the
method comprising:

providing an aluminium melt, wherein the composition of the aluminium melt
comprises
0to 0.25 wt% iron;
at least 0.05 wt% dispersoid-forming elements, wherein the
dispersoid forming elements comprise 0 to 1.2 wt% manganese, 0 to
0.25 wt% chromium, 0 to 0.25 wt% zirconium and 0 to 0.25 wt%
scandium; and,
except when the aluminium alloy of the aluminium rod is in
the 2xxx series, 0 to 0.05 wt% copper;
casting the aluminium melt to produce an aluminium billet,
homogenizing the aluminium billet;
hot deforming the billet to form the aluminium rod; and
quenching the aluminium rod,
wherein the microstructure of the quenched aluminium rod is a deformed
microstructure; and
wherein the nanostructure of the quenched aluminium rod comprises an
aluminium matrix with dislocations and dispersoids, and wherein the majority of the

alloying elements are in solid solution in the aluminium matrix.

29.A method according to claim 28, wherein the aluminium melt is

produced from virgin aluminium.

30.A method according to claim 28 or 29, wherein the casting is direct

chill casting.
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31. A method according to claim 28, 29 or 30, wherein the homogenizing
temperature is between the solidus and solvus temperature of the aluminium alloy
of the billet and is closer to the solvus temperature than the solidus temperature, as

defined by the equilibrium phase diagram.

32. A method according to any of claims 28 to 31, wherein the billet is

preheated by induction heating before hot deformation.

33. A method according to any of claims 28 to 32, wherein during hot
deformation the temperature of the billet is controlled so that it is kept above the

equilibrium solvus of the alloy, as defined by the equilibrium phase diagram.

34. A method according to any of claims 28 to 33, wherein the hot
deformation is hot extrusion and wherein the minimum area reduction is at least
10:1.

35. A method according to any of claims 28 to 33, wherein the hot

deformation is hot rolling and wherein the area reduction is at least 5:1.

36. A method according to any of claims 28 to 35, wherein the diameter
of the hot deformed aluminium rod is about 1.5 to 2 times the diameter of the

desired extrusion material.

37. A method according to any of claims 28 to 36, wherein the extrusion

material is a filler wire.

38. A method according to any of claims 28 to 37, wherein the hybrid
metal extrusion and bonding process is a hybrid metal extrusion and bonding

process joining two components.

39. A method according to claim 38, wherein at least one of the
components is an aluminium component and wherein the composition of the
aluminium rod is of the same aluminium alloy series as the composition of at least

one of the aluminium components.
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40. A method according to any of claims 28 to 39, wherein the hybrid
metal extrusion and bonding process is for depositing and bonding extruded

extrusion material on a substrate.

41. A method according to claim 40, wherein the substrate is an
aluminium component, and wherein the composition of the aluminium rod is of the

same aluminium alloy series as the composition of the aluminium component.

42. Method of manufacturing an extrusion material for use in a hybrid

metal extrusion and bonding process, the method comprising:

providing an aluminium rod;

wherein the composition of the aluminium rod comprises:

0 to 0.25 wt% iron;

at least 0.05 wt% dispersoid-forming elements, wherein the dispersoid-
forming elements comprise 0 to 1.2 wt% manganese, 0 to 0.25 wt% chromium, 0 to
0.25 wt% zirconium and O to 0.25 wt% scandium, and,

except when the aluminium alloy of the aluminium rod is in the 2xxx series,
0 to 0.05 wt% copper,

wherein the microstructure of the aluminium rod is a deformed
microstructure; and

wherein the nanostructure of the aluminium rod comprises an aluminium
matrix with dislocations and dispersoids, and wherein the majority of the alloying
elements are in solid solution in the aluminium matrix; and

deforming the aluminium rod to form the extrusion material, wherein the
microstructure of the extrusion material is a deformed microstructure; and wherein
the nanostructure of the extrusion material comprises an aluminium matrix with
dislocations and dispersoids, and wherein the majority of the alloying elements are

in solid solution in the aluminium matrix.

43. A method according to claim 42, wherein deforming the aluminium
rod comprises:
cold shaving the aluminium rod; and

drawing the aluminium rod.
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44, A method of manufacturing a extrusion material according to claim
42 or 43, wherein the cold shaving and drawing of the aluminium rod are performed

in one operation without the use of an intermediate heat treatment step.

45, A method of manufacturing a extrusion material according to claim
42, 43 or 44, wherein the drawing ratio is about 2:1 to 1.2:1.

46. A method of manufacturing a extrusion material according to any of

claims 42 to 45, wherein wire cleaning is performed after drawing.

47. A method according to any of claims 42 to 46, wherein the extrusion

material is a filler wire.

48. A method according to any of claims 42 to 47, wherein the hybrid
metal extrusion and bonding process is a hybrid metal extrusion and bonding

process joining two components.

49. A method according to claim 48, wherein at least one of the
components is an aluminium component and wherein the composition of the
extrusion material is of the same aluminium alloy series as the composition of at

least one of the aluminium components.

50. A method according to any of claims 42 to 49, wherein the hybrid
metal extrusion and bonding process is for depositing and bonding extruded

extrusion material on a substrate.

51. A method according to claim 50, wherein the substrate is an
aluminium component, and wherein the composition of the extrusion is of the same

aluminium alloy series as the composition of the aluminium component.

52. A method of manufacturing an extrusion material according to any of
claims 42 to 51, wherein the aluminium rod is manufactured according to the

method of any of claims 28 to 41.
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53. A method of manufacturing an extrusion material according to claim
52, wherein when the material is hot extruded the extrusion ratio is at least 5 times
larger than the drawing ratio and when the material is hot rolled the rolling ratio is at

least 2 times larger than the drawing ratio.

54. A method of joining two aluminium components, the method

comprising:

providing the two aluminium components, wherein the aluminium
components each have a joining surface which is to be joined to the other
aluminium component;

providing a extrusion material according to claims 1 to 11,

removing oxide from the joining surfaces of the two aluminium components,
and

extruding the extrusion material between the joining surfaces of the two

aluminium components.

55. A method according to claim 54, wherein the method comprises

manufacturing the extrusion material according to any of claims 42 to 53.

56. A method of bonding an extrudate to a component, the method
comprising:
providing the component, wherein the component has a surface on which
the extrudate will be deposited and bonded;
providing a extrusion material according to claims 1 to 11,
removing oxide from the surfaces of the component, and

extruding the extrusion material onto the surface of the component.

57. An aluminium filler wire for use in a hybrid metal extrusion and
bonding process joining two aluminium components,
wherein the composition of the filler wire is of the same aluminium alloy
series as the composition of at least one of the aluminium components;
wherein the composition of the filler wire comprises:
0 to 0.25 wt% iron;
at least 0.05 wt% dispersoid-forming elements, wherein the

dispersoid-forming elements comprise 0 to 1.2 wt% manganese, 0 to
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0.25 wt% chromium, 0 to 0.25 wt% zirconium and 0 to 0.25 wt%
scandium; and,
except when the aluminium alloy of the aluminium filler wire
is in the 2xxx series, 0 to 0.05 wt% copper,
wherein the microstructure of the filler wire is a deformed microstructure;
and
wherein the nanostructure of the filler wire comprises an aluminium matrix
with dislocations and dispersoids, and wherein the majority of the alloying elements

are in solid solution in the aluminium matrix.

58. A system for joining two aluminium components by a hybrid metal
extrusion and bonding process joining, the system comprising:
two aluminium components which are to be joined; and

an aluminium filler wire according to claim 56.

59. An aluminium rod for manufacturing an aluminium filler wire for use
in a hybrid metal extrusion and bonding process joining two aluminium components,
wherein the composition of the aluminium rod is of the same aluminium alloy

series as the composition of at least one of the aluminium components;
wherein the composition of the aluminium rod comprises:
0 to 0.25 wt% iron;
at least 0.05 wt% dispersoid-forming elements, wherein the
dispersoid-forming elements comprise 0 to 1.2 wt% manganese, 0 to
0.25 wt% chromium, 0 to 0.25 wt% zirconium and 0 to 0.25 wt%
scandium; and,
except when the aluminium alloy of the aluminium rod is in
the 2xxx series, 0 to 0.05 wt% copper,
wherein the microstructure of the aluminium rod is a deformed microstructure;
and
wherein the nanostructure of the aluminium rod comprises an aluminium matrix
with dislocations and dispersoids, and wherein the majority of the alloying elements

are in solid solution in the aiuminium matrix.
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60. Method of manufacturing an aluminium rod for use in manufacturing
a filler wire for use in a hybrid metal extrusion and bonding process joining two
aluminium components, the method comprising:
providing an aluminium melt, wherein the composition of the aluminium melt
is of the same aluminium alloy series as the composition of at least one of the
aluminium components; wherein the composition of the aluminium melt comprises
0 to 0.25 wt% iron;
at least 0.05 wt% dispersoid-forming elements, wherein the
dispersoid forming elements comprise 0 to 1.2 wt% manganese, 0 to
0.25 wt% chromium, 0 to 0.25 wt% zirconium and 0 to 0.25 wt%
scandium; and,
except when the aluminium alloy of the aluminium rod is in
the 2xxx series, 0 to 0.05 wt% copper;
casting the aluminium melt to produce an aluminium billet,
homogenizing the aluminium billet;
hot deforming the billet to form the aluminium rod; and
quenching the aluminium rod,
wherein the microstructure of the quenched aluminium rod is a deformed
microstructure; and
wherein the nanostructure of the quenched aluminium rod comprises an
aluminium matrix with dislocations and dispersoids, and wherein the majority of the

alloying elements are in solid solution in the aluminium matrix.

61. Method of manufacturing a filler wire for use in a hybrid metal
extrusion and bonding process joining two aluminium components,
the method comprising:

providing an aluminium rod;

wherein the composition of the aluminium rod is of the same aluminium alloy
series as the composition of at least one of the aluminium components; wherein the
composition of the aluminium rod comprises:

0 to 0.25 wt% iron;

at least 0.05 wt% dispersoid-forming elements, wherein the dispersoid-
forming elements comprise 0 to 1.2 wt% manganese, 0 to 0.25 wt% chromium, O to
0.25 wt% zirconium and 0 to 0.25 wt% scandium; and,
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except when the aluminium alloy of the aluminium rod is in the 2xxx series,
0 to 0.05 wt% copper,

wherein the microstructure of the aluminium rod is a deformed
microstructure; and

wherein the nanostructure of the aluminium rod comprises an aluminium
matrix with dislocations and dispersoids, and wherein the majority of the alloying
elements are in solid solution in the aluminium matrix,

cold shaving the aluminium rod; and

drawing the aluminium rod to form the filler wire, wherein the microstructure
of the filler wire is a deformed microstructure; and wherein the nanostructure of the
filler wire comprises an aluminium matrix with dislocations and dispersoids, and
wherein the majority of the alloying elements are in solid solution in the aluminium

matrix.

62. A method of joining two aluminium components, the method

comprising:

providing the two aluminium components, wherein the aluminium
components each have a joining surface which is to be joined to the other
aluminium component;

providing a filler wire according to claim 56,

removing oxide from the joining surfaces of the two aluminium components,
and

extruding the filler wire between the joining surfaces of the two aluminium

components.
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