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METHOD FOR FRACTIONAL CRYSTALLISATION OF A METAL

The invention relates to a method for fractional crystallisation of a molten metal.

Crystallisation methods and apparatus are used to refine a metal (here used as
an abbreviation for metal alloy) in which too high a concentration of a foreign
element is present. This foreign element can be present because in the metal made
from metal ore, the primary metal, too much of the foreign element 1s present, or
because already used metal i1s recycled and the foreign element concentration in the
scrap is too high. For instance aluminium scrap can contain too much of the foreign
elements Fe, Si or Mg for use for commercial purposes without mixing it with
primary metal containing little of the foreign element.

When use 1s made of fractional crystallisation to refine the metal, crystals are
formed in the molten metal during partial solidification of the molten metal, which
crystals have a composition that is different from the composition of the molten
metal that 1s used as a starting point.

The crystals formed 1n the molten metal during partial crystallisation of the
molten metal are for instance refined as compared to the molten metal. The amount
of refinement however depends on the type of the foreign element and the type of
metal, and also on the quantity of foreign element present in the molten metal used as
a starting point. One refinement step often 1s not enough to get a refined metal that 1s
pure enough for commercial purposes.

It is an object of the invention to provide a method for fractional crystallisation
of a metal with which a highly refined metal can be produced.

It 1s another object of the invention to provide a relatively simple method to
refine metals by fractional crystallisation.

It 1s still another object of the invention to provide a method that can be used
with a relatively simple apparatus.

It 1s a further object of the invention to provide such a method for continuous
fractional crystallisation.

One or more of these objects are reached with a method for fractional
crystallisation of an at most partially solidified molten metal, 1n which a layer of at
most partially solidified molten metal having an upper surface and a lower surface is

divided 1nto a series of compartments communicating with each other, in which the
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metal is stirred in at least some of the compartments, and in which crystals formed
and/or existing in the layer of metal are selectively transported in a predetermined
direction and molten metal is selectively transported in the opposite direction.

Due to the presence of compartments in the layer of metal and the stirring of
the metal in the compartments, the crystals formed and/or existing 1n the layer of
metal remain in their compartment for some time. The stirring of the metal also
results in the presence of a thin boundary layer around the crystals. Since the
compartments communicate with each other, some of the crystals will be transported
from one compartment to the other as a result of the selective transportation in the
predetermined direction. In each compartment a further refinement can take place,
resulting in highly refined crystals in the last compartment. To produce metal with a
refinement that is that high, molten metal that is less refined must be transported in
the direction opposite or counter current to the transportation of the crystals. The
overall refinement and the yield of the method depend on the amount of molten
metal 1n counter current.

Preferably a temperature difference is present over the length of the layer of
metal, the higher temperature being present at the end of the metal layer to which the
crystals are transported.

As a result of the temperature difference over the length of the layer, a
relatively small temperature difference will exist between adjacent compartments.
The temperature in the compartment to which the crystals are selectively transported
will thus be higher than the temperature in the compartment from which the crystals
are transported. In the compartment having the higher temperature the molten metal
will be more refined. The crystals formed in this compartment will therefore be more
refined than the former crystals. In each compartment in the direction into which the
crystals are transported, the crystals will thus be more refined. Highly refined crystals
and molten metal will thus exist at the end of the series of compartments 1n the
predetermined direction of transport of the crystals. To form crystals in the layer of
metal, the layer of metal has to be cooled in some way.

According to a preferred method the compartments in the layer of metal are
formed by compartment walls that are present in pairs, the compartment walls of

each pair being preferably placed adjacent to each other, one wall extending towards
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and adjacent to the lower surface of the layer of metal and the other wall extending
from the lower surface of the layer of metal towards the upper surtace of the layer of
metal.

In this way crystals that are heavier than the molten metal will sink 1n the
compartment, but due to the stirring of the metal some of the crystals in the
compartment will fall into the next compartment, over the wall extending from the
lower surface. The crystals cannot be transported in the other direction, so this
measure results 1n a selective transport of the crystals in one direction. When crystals
are transported 1n one direction through the layer of metal, molten metal has to tflow
in the opposite direction. If the compartment walls of a pair of compartment walls are
placed adjacent to each other, as preferred, the molten metal has to flow between the
pair of walls in the counter direction of the crystals, and relatively little molten metal
can be transported with the crystals into the next compartment. In this way the
molten metal in each compartment is kept as refined as possible.

Alternatively, the compartments in the layer of metal are formed by
compartment walls that are present in pairs, the compartment walls of each pair
being preferably placed adjacent to each other, one wall extending from the upper
surface of the layer of metal towards the lower surface of the layer of metal and the
other wall extending towards and adjacent to the upper surface of the layer of metal.
This alternative should be used when the crystals formed and/or existing in the
molten metal are lighter than the molten metal. This method 1s used in an analogous
way.

The transport of crystals and molten metal between the pair of compartments
walls can be optimised by the design and positioning of these walls. For example, the
compartment walls can be placed at an angle relative to each other such that the
distance between a pair of compartment walls increases in the direction of crystal
transport. As a result, the velocity of the molten metal in counter current decreases
and the velocity of the crystals increases between the pair of compartment walls, thus
minimising the risk of almost stationary crystals blocking further crystal transport.

According to another preferred method a layer of transporting liquid 1s present
below and/or above the layer of metal to selectively transport the crystals, and the

compartments in the layer of metal are formed by compartment walls extending
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towards and adjacent to the layer of transporting liquid transporting the crystals,
preferably the transporting liquid being a molten salt.

As in the former preferred method, the crystals formed and/or existing in the
layer of metal are kept in suspension by the stirring. Some of the crystals will sink or
rise towards a layer of transporting liquid, which layer of transporting liquid will
transport the crystals towards the next compartment. As a result the selective
transportation 1s achieved. Here too the molten metal 1s transported in counter current
and due to the compartment walls ending adjacent to the layer of transporting liquid
transporting the crystals, relatively little molten metal can be transported with the
crystals into the next compartment. A molten salt is preferably used as a transporting
liquid because 1t will not react with molten metal and can withstand high
temperatures.

According to still another preferred method, the layer of metal 1s present in a
chamber having an inclined bottom, and the compartments in the layer of metal are
formed by compartment walls extending towards and adjacent to the bottom of the
chamber.

As above, the crystals are kept in suspension in the compartments due to the
stirring of the molten metal. Some of the crystals sink to the inclined bottom, and due
to the gravity these crystals are transported into the next lower compartment. Here
the selective transport i1s achieved by the inclination of the bottom, and due to the
compartment walls ending adjacent to the bottom relatively little molten metal 1s
transported with the crystals into the lower compartment, but the molten metal 1s
transported in counter current.

As an alternative to this last preferred method, the layer of metal is present in a
chamber having an inclined upper wall, and the compartments in the layer of metal
are formed by compartment walls extending towards and adjacent to the upper wall
of the chamber. This alternative should be used when the crystals are lighter than the
molten metal and rise in the compartments.

Preferably the compartment walls are adjustable such that the ends of the
compartment walls are placed nearer to or further from the surface of the layer of
metal they extend towards. In this way the transport of crystals can be restricted or

increased, depending on the other process variables, the type of metal, et cetera.
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According to a preferred method mixing means are present to stir the metal 1n
at least some of the compartments, the mixing velocity of the mixing means being
variable. The mixing velocity of the mixing means can be used to control the
transport of the crystals from one compartment into the next compartment.

Preferably, molten metal and/or crystals are removed at the end of the layer of
metal towards which the crystals are selectively transported. Here the refinement of
the metal 1s highest. Of course unrefined molten metal has to be added and remaining
molten metal, containing a higher amount of the foreign element, has to be removed.

Preferably the metal used i1s aluminium. Aluminium is one of the metals that
are difficult and/or costly to refine by conventional methods. The method according
to the invention is particularly suited for the fractional crystallisation of aluminium in
a relatively easy and cost effective way.

The fractional crystallisation as described above 1s preferably used for
removing one or more of the elements Fe, Ga, Mg, Mn, B, S1, Sn, Zn and N1 from the
aluminium.

The invention will be elucidated referring to an exemplary embodiment, in
view of the accompanying drawing.

Fig. 1 shows, in a schematic way, a cross section through a crystallisation
apparatus for implementing the method according to the invention.

Fig. 1 shows a portion of a crystallisation apparatus 1 for the continuous
crystallisation of molten metal containing one or more foreign elements, that 1s
presently preferred for the purpose. The crystallisation apparatus has a chamber 2
with a bottom 3 and an upper wall 4, which are very well 1solated as 1s known 1n the
art, normally by special refractory matenals.

In the chamber 2 compartments 5, 6, 7 are formed by compartment walls 8, 9
that are present in pairs. The compartment walls 8 are attached to the upper wall 4
and end adjacent to the lower wall. It would however be possible to place the high
end of the compartment walls 8 some distance from the upper wall 4, dependant on
the height of the chamber 2 and the type of metal to be crystallised. The compartment
walls 9 are attached to the bottom 3 of the chamber 2 and end at a distance from the
upper wall 4. The height of the compartment walls 9 depends on the metal to be

crystallised and the process conditions during the crystallisation. In each
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compartment a mixing element 10 1s present to stir the molten metal with the crystals
formed and/or existing 1n the metal.

Only three compartments 5, 6, 7 are shown. It will be appreciated that the
crystallisation apparatus will contain the number of compartments that 1s necessary
for the desired refinement of a certain metal, depending on the amount of foreign
element(s) that is/are present as starting point and the process conditions.

As always necessary for crystallisation the molten metal in the crystallisation
apparatus has to be cooled. Cooling means to do so have not been shown but are
known 1n the art.

The above described crystallisation apparatus can for instance be used for the
continuous fractional crystallisation of aluminium containing 0.10% S1 and 0.20% Fe
(so-called P1020) to reach aluminium containing less than 0.01% S1 and 0.01% Fe
(so-called PO101).

For this crystallisation process chamber 2 of the crystallisation apparatus 1 has
to have eight to ten compartments, each compartment having a size of approximately
500x500x500 mm°, so the chamber has an inner size of approximately 4 3 S m
(length) x 0.5 m (width) x 0.5 m (height). The compartment walls 8 end
approximately 80 to 100 mm from the bottom 3 and the compartment walls 9 are
approximately 400 mm high. The height of the compartment walls 9 will however be
dependant on the rotational velocity and the size of the mixing elements 10. The
distance between the compartment walls 8 and 9 1s approximately 80 mm.

The method according to the invention implemented for aluminium with the
above apparatus 1s as follows.

Molten aluminium with P1020 composition 1s introduced into the apparatus
through an inlet (not shown) at a temperature just above the crystallisation
temperature of approximately 660° C. The molten aluminium in the chamber 2 1s
cooled using cooling means (not shown) to form crystals. These crystals contain less
of the foreign elements Si1 and Fe and tend to slowly sink through the molten
aluminium to the bottom 3.

The stirring action of the mixing elements 10 keeps the crystals 1n suspension.
For instance in compartment 5 continuously some crystals move over the

compartment wall 9 (see arrow A). This amount depends on the size of the crystals,
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the rotational velocity of the mixing element 10 and the height of the compartment
wall 9. The crystals that move over the compartment wall 9 sink to the bottom 3 in
compartment 6 because in between the compartment walls 8 and 9 the molten metal
is not stirred. Once the crystals have sunk below the lower end of compartment wall
8, they will be swept up by the stirring action of the mixing element 10 1n
compartment 6. The crystals in compartment 6 are kept 1n suspension by the mixing
element and continuously a certain amount of the crystals moves to compartment 7 in
the same way.

In this way the crystals are selectively transported from the right-hand end of
the apparatus to the left-hand end. Since crystals are transported to the left, molten
metal has to move to the right through the apparatus. Because the distance between
the compartment walls 8 and 9 1s small, here the molten metal only moves upwards
and effectively only crystals move downwards. In this way a counter current exists
through the apparatus.

Over the length of the apparatus a temperature difference exists such that the
temperature of the molten metal at the left-hand of the apparatus 1s higher than the
temperature at the right-hand end of the apparatus as seen in Fig. 1. This means that
for instance the temperature 1n compartment 6 1s slightly higher than in compartment
5. A crystal formed or existing in compartment 5 will be more refined than the
molten aluminium in which 1t 1s formed or present. When this crystal 1s transported
to compartment 6 where the temperature 1s slightly higher, the crystal will partly or
totally melt, which leads to a composition of the molten aluminium in compartment 6
that 1s more refined than the molten aluminium in compartment 5. In compartment 6
crystals will be formed again. The crystals formed in compartment 6 will thus be
more refined than the crystals in compartment 3.

The same holds for all neighbouring compartments in the crystallisation
apparatus 1, thus leading to very refined aluminium 1n the left-hand compartment of
the apparatus, where the refined aluminium can be discharged. Due to the counter
current aluminium containing a lot of S1 and Fe can be discharged at the right-hand

end of the apparatus of Fig. 1 as a by-product.
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For the control of the crystallisation, the apparatus 1s preferably equipped with
means to measure and control the solid fraction, the chemical composition and/or the
temperature in the layer of metal.

With the above-described apparatus, a production of about 20 tons per day of
aluminium with PO101 composition can be reached; the by-product will only be
some 10 % thereof.

It will be understood that many changes can be made or will be necessary
depending on the metal used and the foreign element that has to be removed from it.
For instance, if the crystals that are formed and/or present rise 1in the molten metal the
compartment walls have to be placed upside down. It will also be possible to use
other means for stirring the molten metal 1n the compartments.

On the other hand 1t will also be possible to use other types of apparatus to
effectuate the methods as described 1n the introduction to the description. Thus, the

scope of the invention will only be determined by the accompanying claims.
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CLAIMS

Method for fractional crystallisation of an at most partially solidified molten
metal, in which a layer of at most partially solidified molten metal having an
upper surface and a lower surface 1s divided into a series of compartments
communicating with each other, in which the metal 1s stirred 1n at least some of
the compartments, and 1in which crystals formed and/or existing in the layer of
metal are selectively transported 1n a predetermined direction and molten metal

1s selectively transported in the opposite direction.

Method according to claim 1, in which a temperature difference 1s present over
the length of the layer of metal, the higher temperature being present at the end
of the metal layer to which the crystals are transported.

Method according to claim 1 or 2, in which the compartments in the layer of
metal are formed by compartment walls that are present 1n pairs, the
compartment walls of each pair being preferably placed adjacent to each other,
one wall extending towards and adjacent to the lower surface of the layer of
metal and the other wall extending from the lower surface of the layer of metal

towards the upper surface of the layer of metal.

Method according to claim 1 or 2, in which the compartments 1n the layer of
metal are formed by compartment walls that are present 1n pairs, the
compartment walls of each pair being preferably placed adjacent to each other,
one wall extending from the upper surface of the layer of metal towards the
lower surface of the layer of metal and the other wall extending towards and

adjacent to the upper surface of the layer of metal.

Method according to claim 1 or 2, in which a layer of transporting liquid 1s
present below and/or above the layer of metal to selectively transport the

crystals, and in which the compartments in the layer of metal are formed by
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compartment walls extending towards and adjacent to the layer of transporting
liquid transporting the crystals, preferably the transporting liquid being a

molten salt.

Method according to claim 1 or 2, in which the layer of metal is present in a
chamber having an inclined bottom, and in which the compartments in the
layer of metal are formed by compartment walls extending towards and

adjacent to the bottom of the chamber.

Method according to claim 1 or 2, in which the layer of metal is present in a
chamber having an inclined upper wall, and in which the compartments in the
layer of metal are formed by compartment walls extending towards and

adjacent to the upper wall of the chamber.

Method according to any one of the claims 3 - 7, in which the compartment
walls are adjustable such that the ends of the compartment walls are placed

nearer to or further from the surface of the layer of metal they extend towards.

Method according to any one of the preceding claims, in which mixing means
are present to stir the metal in at least some of the compartments, the mixing

velocity of the mixing means being variable.

Method according to any one of the preceding claims, in which molten metal
and/or crystals are removed at the end of the layer of metal towards which the

crystals are selectively transported.

Method according to any one of the preceding claims, in which the metal used

1s aluminium.

Method according to claim 11, for removing one or more of the elements Cu,

Fe, Ga, Mg, Mn, B, Si, Sn, Zn, and Ni from the aluminium.
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