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@ Removal of alkali metais and alkaline earth metals from molten aluminium.

@ A method of removing dissolved contaminant alkali
metals and alkaline earth metals from molten aluminium by
reaction of the contaminants with solid particulate materials
comprising aluminium fluoride, wherein a body of the
molten aluminium to be decontaminated is stirred, in the
presence of the aluminium fluoride particies, in such manner
as to generate and maintain a stable vortex in the molten
body.
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"Removal of Alkali Metals and Alkaline Earth Metals
from Molten Aluminium"

This invention relates to the removal of
contamninant quantities of alkali metals and
alkaline earth metals from molten aluminium by
reaction with aluminium fluoride.

- Molten aluminium withdrawn from electro=-
lytic reduction cells contains small amounts of
alkali metals such as lithium and sodium and alkaline
earth metals such as magnesium and calcium, The
presence of these contaminant alkali metals and
alkaline earth metals is deleterious for various uses
to which the primary metal may be put.

For example, in the production of magnesium=-
containing 2luminium allcy sheet or plate, sodium in
amounts of approximately 2 p.p.m. or more can cause
"hot shortness" or edge cracking during hot rolling.
The presence of trace quantities of lithium and/or
sodium increases the rate of oxidation of molten
aluminium. This increases the melt loss and
generates a thick dross layer which can block casting
machine nozzles and diminish metal fluidity.
Therefore, economic and technical considerations
require that these elements be removed as soon as
possible after withdrawal of primary aluminium from
the reduction cells to reduce the time period during
which lithium- and/or sodium-containing molten
aluminium is cxposed to the atmosphere., Magnesium in

small quantities is detrimental to electrical
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conductivity and should be removed from primary
aluminium which is to be used for products in which
this property is important.

Accordingly, it has been recognized as
desirable to reduce the concentration of alkali

metal and alkaline earth metal contaminants to

"2 p.p.m. or preferably even less. Such removal is

also desirable in other circumstances where
aluminium or an aluminium-based alioy (the term
"aluminium" being used herein broadly to embrace

these alloys as well as pure aluminium metal) is

"contaminated with minor amounts of alkali metal and/

or alkaline earth metal.

It is known that the content cf dissolved
alkali metals and/or alkaline earth metals can be
reduced by bringing molten aluminium into contact
with aluminium fluoride'(A1F3) (or a material
containing it). The contaminant reacts with
aluminium fluoride to form mixed compounds (e.g.
cryolithionite compounds such as 3LiF.3NaF.2A1F3).
Typically, aluminium fluoride in the form of solid
particles is brought into contact with the molten
aluminium, The treatment material wmay consist
essentially of aluminjum fluoride, or may be composed
wholly or in part of alkali metal fluoaluminates which
are solid at the temperature of the wolten metal. An
example of the latter type of material (useful for
removal of lithium, magnesium, and calcium) is

particulate sodium cryolite or lithium-free reduction

)
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cell electrolyte having a low ratio by weight of
sodium fluoride to aluminium fluoride so as to contain
aluminium fluoride in excess of the stoichiometric
requirements of Na3A1F6 with a composition such that a

major proportion remains sclid at the treatment

temperature, as is usually the case provided the afore-

mentioned ratio remains within the range of 1;3 - 1.5,
In&eed, it is not essential that the addition remain in
solid form; a low (approximately 725°C) melting-
temperature compound containing a large excess of AlF3
(e.g. having a very low NaF:AlF, ratio by weight of

0.6 - 0.7) which melts on introduction to molten
aluminium would be equallj effective in removing alkali
metals or alkaline earth metals. The active fluoride
material'may also contain inert material such as
aluminium oxide, in a proportion even as high as 50% by
weight, although 7 - 207% is the more usual aluminium

oxide content of commercial aluminium fluoride.

Treatments with aluminium fluoride are

‘considered advantageous for removal of alkali metals and

alkaline earth metals, as cocmpared with fluxing with
chlorine gas or chlorine/inert gas mixtures, because the
gas fluxing operations yield deleterious gaseous by~
products and are otherwise inconvenient.

In prior treatments employing AlF_, as described

3
in U.S. Patents No. 3,305,351, No. 3,528,801, and

No. 4,138,246, the molten aluminium was passed through a
packed filter bed of solid particulate material

containing aluminium fluoride, alone or in mixture with
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carbonaceous material, such as coke. In U.S. Patent
No. 4,277,280 a similar effect is achieved by passing
molten aluminium upwardly through a reactive bed of
coarse granular A1F3-containing material which is not

a filter, However, the use of reactive beds or bed
filters comprised of reactive materials has several
disadvantages. A substantial proportion of the
products of reactionm of the alkali metal (Li, Na, Mg)
with aluminium fluoride remains trapped on or within the
reactive bed or associated filter material to cause
premature plugging; electrolyte from the reduction cell,
sludge and/or other solid or liguid impurities carried
over with the molten metal from the electrolytic cell
have the same effects. For similar reasons, a
preferential metal path or "channel” can appear within

the reactive bed and seriously reduce the alkali metal

-removal efficiency. The aluminium fluoridc material

is consumed during the treatment of molten metal and
consequently the performance of a reactive bed is not
constant during ité service life.

To prevent aluminium fluoride pyrohydrolysis
and metal losses in reactive beds, it .is preferable to
keep aluminium fluoride always completely submerged in
molten aluminium; but this requires a constant heating
and fuel consumption, even when the installation is not
operating, which adds to the cost of the treatment.
Change of the composition of the metal treated through

such a system is invariably associated with metal losses.
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Also, during initial preheating of the AlF3 bed,
decomposition by pyrohydrolysis (i.e. reaction with
water vapour in combustion products) tends to occur.
It is difficult to achieve effective
contact between loose aluminium fluoride particles
and molten aluminium metal. The reason for this is
that, due to the high surface tension of molten
aluminium and the small difference in demsity between
aluminium fluoride powder and molten aluminium, A1F3
powder will float on the surface of molten aluminium,
Additionally aluminium fluoride powder is not easily
wetted by molten aluminium, and is thermally very
stable, i.e. it does not melt under atmospheric
pressure, and it has a sublimation temperature of

approximately 1,27000, so that reaction between liquid-

liquid or gas-liquid phases is impcssible at the treatment

temperature of molten aluminium (660°C - 900°C).  These
physical characteristics explain the poor performénces
of previous attempts to introduce discrete particulate
aluminium fluoride into molten aluminium,

It is possible to inject aluminium fluoride
particles into molten aluminium in a jet of carrier gas,
such as air or nitrogen, by means of an injection lance.
Injection operations, however, have been found to
require substantial periods of time, and there are
safety hazards associated with the high gas pressure in
the metal; in addition, use of air as the carrier gas

can lead to excessive dross and oxide film formation,
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It is also possible to make a large additiom
of aluminium fluoride powdér to the bottom of an empty
crucible before metal addition. However, it has been
observed that the aluminium fluoride powder reacts
preferentially with the cell electrolyte (which is
invariably siphoned from the reduction cellralong with
the molten Al metal) to form a solid mass which remains
attached to the crucible lining. Thus effective contact
with the molten aluminium is prevented.

As will be understood from the foregoing
discussion a substantial contact time is required for
the efficient reaction betwéenrloose particulate A1F3-
containing material and alkali metal and alkaline earth
metal contaminants in molten Al metal. | -

The method of the invention requires the
addition of an appropriate charge of the treatment
material (A].F3 or A1F3'containing material) to the molten
Al metal under conditioms which involve re-circulation of
the treatment material within the molten metal while
avoiding excessive disturbance'of‘the molten metal
surface, to hold down oxidation of the metal. In the
method of the invention the treatment material is
entrained in the molten aluminium by supplying the
treatment material to a vortex generated in a body of the
molten metal held within a container. The vortex
generator also serves to generate upwardly spiralling
currents in the molten metal in the region of the
boundaries of the container to maintain ﬁrolonged contact

of the particles of the treatment material with the

L
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molten metal. The circulation of the molten metal by
vortex generation is continued for a sufficient length
of time to reduce the alkali metal and alkaline earth
metal content of the molten metal to a desired low
value, after which the circulation is discontinued.

Some of the reaction products, which are admixed with
residual treatment material, will rise to the surface as
a dross, from which the molten metal can be separated by
dross skimming or metal siphoning or other conventional
means, However the greater part tends to adhere to the

crucible lining during the stirring process, wheuce it can

~ be removed when the crucible is empty.

It is well known in metallurgical processes
to introduce reactive materials into molten metal
vortices, generated in vessels from which the molten
metal is discharged as a continuous stream. In the
present procedure generation of a vortex serves both
as a means for bringing a finely powdered particulate
material of relatively low bulk density into contact
with molten metal and as a means for maintaining the
particles of such material dispersed within said
molten metal and in intimate contact therewith over

an extended period until generation of the vortex is

terminated.

The vortex is preferably generated and
maintained by using a rotating stirrer baving a multi-
bladed rotor immersed within a body of molten metal
contained in a crucible and rotated about a vertical

axis, with the blades pitched so that each blade has a
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major surface facing downwardly at an acute angle to
the vertical. The impeller rotor is preferably
arranged in the crucible eccentrically with respect
to the vertical centre line of the crucible.
Electromagnetic induction stirring may also be
employed to generate a vortex. Appropriately
arranged induction coils may be disposed externally
of a crucible or other vessel containing the molten
metal.

The invention also provides apparatus for
mixing particulate A1F3 treatment material with
molten aluminium, including a crucible for the molten
metal, and an impeller or rotor having pifched blades
and disposed eccentrically of the wvertical centre line
of the crucible, with various dimensional and
positional relationships maintained within specified
ranges or limits described below.

In the accompanying drawings:

Fig., 1 is a simplified sectional plan view
of an apparatus for performing the method of the
invention, and

Fig., 2 is a verticalrsection on line 2-2
of Fig. 1,

In the drawings a cylindrical crucible 10
contains a body of molten aluminium 11, A separate
1id 12 supports an eccentrically mounted impeller 14,
driven by a motor 16. The impeller 14 has a shaft 18

which carries blades 20 for immersion in the molten

aluminium body 11. The 1id 12 also includes a
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duct 22 for supply of treatment material to the
crucible; and an exhaust conduit 24 for exhausting
fumes from the crucible., Typically, the crucible
comprises a steel shell, with a refractory lining inert
to molten aluminiu. The 1lid 12 and associated items
comprise a vortex generator assembly which may be
transferred to permit the same stirring apparatus to

be used to stir batches of molten metal contained in

a series of different mobile crucibles.

For removal of contaminant alkali metals and/
or alkaline earth metals from molten aluminium, the
crucible 10 is charged with an appropriate quantity of
molten Al metal., The 1lid 12 is then placed on the-
crucible to immerse the bladed portion of the impeller 14,
Particulate treatment material comprising or comsisting
of aluminium fluoride (A1F3), which is solid at the
temperature of molten aluminium, is then fed by gravity
through the duct 22, Rotation of the impeller should
preferably be commenced before introduction of the
treatment material (but may be commenced after such
introduction) and maintains a stable vortex (indicated
at 26 in Fig. 2) in the ﬁolten body 11, Generation of
the vortex results in a combination of axial and radial
flow components in the molten metal., The A1F3 particleé
are drawn into the vortex and then circulated through the
molten body along flow paths generally indicated at 28.
It is not necessary to charge aluminium fluoride
directly into the vortex, since the material will be

rapidly moved thereto by the high rate of metal
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circulation at the melt surface.

Rotation of the impeller is continued,
with maintenance of the vortex 26 and recirculaticn
of the aluminium fluoride particles until there has
been sufficient reaction between the aluminium .
fluoride and the dissolved contaminant alkali metals
and/or alkaline earth metals to reduce the content
of these contaminants in the melt to a desired low
value. Typically, the time required to achieve
this result is no more than about ten minutes, and
indeed often substantially less than ten minutes.
Compounds, such as cryolithionite compounds, produced
by reaction of the contaminant alkali metals and -
alkaline earth metals with the aluminium fluoride,
float on the surface of the molten body, and may
be readily removed by skimming or other means when
the rotation of the impeller is ended and the 1lid
is lifted away from the crucible. The decontaminated
molten metal may them be poured or otherwise withdrawn
from the crucible,

By this method, it is possible to reduce the
level of contaminants from a typical level of about
20 p.p.m. lithium and about 30 - 60 p.p.m. sodium to
less than 1 p.p.m. within a period of ten minutes or
less of continuous stirring with the impeller.  Since
some reduction in the levels of these contaminants
occurs inherently during the performancg‘of other steps

commonly employed in handling molten aluminium, it is
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frequently possible to achieve satisfactory reduction
in content of the contaminant metals, e.g. to 2 p.p.m.

1i, with even shorter periods. Even though the

~aluminium fluoride may contain a proportion of

alumina, the fluxing action of the fluoaluminate
reaction product serves to remove the insoluble alumina.
In fact, it is observed that the process of the
invention has the incidental effect of removing
inclusion-forming materials, such as aluminium carbide
(A14C3), which were present in the melt before
treatment.

The optimum combination of axial and radial
flow components for attaining a high mixing efficiency
of the solid AlF3 particles into the molten aluminium
is achieved by appropriate disposition of the impeller
relative to the crucible and/or by the dimensions and
design of the impeller blade. To this end, the
impeller may comprise a plurality of equiangularly

spaced, pitched blades 20 each having a major

- surface 20a that faces downwardly at an acute angle to

the vertical. The axis of the impeller shaft is
disposed eccentrically of the geometric axis of the
crucible, and the direction of impéller rotation is
such that the blade surfaces 20a are the leading
surfaqes of the blades, exerting a force having a
downward component on the molten aluminium. In the
drawing, © designates the pitch angle of the blade
surfaces 20a, d designates the overall diameter of

the bladed portion of the impeller, h designates the
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height of the impeller blades, X designates the
eccentricity of the impeller shaft, y designates the
vertical distance from the bottom of the crucible interior
to the midpoint of the impeller blades, H designates the
vertical distance from the bottom of the crucible interior
to the quiescent level of molten metal in the crucible,
D is the internal diameter of thg crucible, and the
arrow R represents the direction of impeller rotatiom.

In accordance with the invention, as particular
or preferred features thereof, the following ranges of
relationships and dimensions are observed in the design

and disposition of an impeller of the illustrated type:

Relationship Preferred
or dimension Qutside range ‘ Range
4a/D 0.1 - 0.6 0.15 - 0.40
h/H 0.1 - 0.7 0.2 =-0.40
y 0.25H - 0,75H 0.4H - 0.6H
0 0% - 45° 30° - 40°

Although satisfactory reéults can be obtained with a
centrally located impeller or impeller having little

'eccentricity, the eccentricity, x, of the impeller shaft

is usually in the range of 0.1 - 0.25D and more
preferably in the range of 0.25 -~ 0.7 d. It is
especially preferred to utilize three blades spaced
120° apart with a pitch angle of 30° - 350, and a ratio
d/D of about 0.25. The impeller eccentricity, x, is
most preferably 0.5 d.

The described impeller arrangement is
advantageous in creating a stable vortex without use

of vertical baffles, which would be impracticable in
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interchangeable transfer crucibles. The function of
conventional baffles in generating vortices by
maintaining a high rate of relative rotation between
the impeller and the liquid is achieved with the
présent impeller arrangement by the combination of
radial and axial flow components produced by the
impeller,

_ Since blade pitch angles © as large as 45°
or more tend to cause splashing and surface waves, it
is preferred to use a smaller pitch angle, such as
30° - 35° to force the metal downwardly tc drag the
fluoride powder into the molten aluminium.

The requisite axial component of molten metal
flow can be achieved; even with a vertical-bladed
impeller, by locating the impeller eccentrically with
respect to the geometric axis of the crucible.

However it is greatly preferred to employ an
eccentrically located pitched-bladed impeller, in order
to minimize metal waves and oscillations at the surface
of the metal., It is found that eccentric locatiom of
the impeller permits the crucible to be filled to a
greater extent without risk of splashing during the
stirring of metal in tranéfer crucibles of large size.
The eccentric location of the impeller constitutes an
important feature of a preferred arfangement in -
accordance with the invention since it permits the
treatment of a substantially larger batch of metal in

a crucible of given size.
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The minimum rate of rotation, for a given
impeller, is that which will,generéte and maintain a
stable vortex, while the maximum rotation rate is that
above which air is ingested into the molten body being
stirred. These values are determined by the impeller
diameter d. The optimum rotation rate is that which
produces a good vortex without causing excessive‘metal
splashing and loss or being responsible for erosion of
either the crucible refractory or impeller construction
material. Referring to an impeller providing a d4/D
ratio within the preferred range of 0.15 - 0.40, it is
at present preferred to operate such an impeller at a
rotation rate of about 100 to about 300 r.p.m. 7.
However, rates of rotation outside this range may also
be used, so long as they produce the desired vortex
without excessive splashing. The use of an
eccentrically disposed impeller having tilted or
pitched blades rotated in the above-defined direction
is found to be especially satisfactory in generating
the stable vortex with a highly effective combination
of axial and radial flow compomnents for enhancing
penetration of the solid aluminium fluoride particles
into the molten metal,

During the treatment of molten aluminium with

AlF3 powder, alkali and alkaline earth metals react

with AlF, to form mixed alkali cryolithionite compounds,
e.g. Na5A13F14, NazLiAlFs, and Li3Na3A12F12. These
compounds, having a relatively low melting point, can

easily be agglomerated or stick to the crucible walls
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or float to the melt surface where they react with metal
oxide or particles of cell electrolyte always present
after the siphoning of electrolytic cells. During
subsequent metal transfer by siphoning, most of these
compounds will remain inside the crucible and are thus
separated from the molten Al.

Although a high grade of AlF3 is desirable for a
fast reaction with alkali metal, a higher ratio of addition
of A1F3/A1 could compensate for a lower-grade powder.
Other mixtures which could be used are lower-grade A1F3
(e.g. AlF3 mixed with-A1203) or electrolytic bath material

containing a large excess of AlF3 (i.e. Na3A1F6 with

excess A1F3).

By way of further illustration of the inventionm,
reference may be made to the following examples:

EXAMPLE 1

130 kilogram samples of 99,.77% purity molten
aluminium containing between about 20 and 25 p.p.m. Li
were treated with solid A1F3, ground to =35 mesh
particle size, using each of the following procedures:

A. 300 grams of AlF3 particles delivered to
the melt surface, without agitationm.

B. 200 grams of A1F3 particles delivered to
the melt surface, with the melt agitated by a rotor
rotating at 900 r.p.m.; without vortex gemeratiom.

C. 300 grams of AlF3 particles injected
into the melt below the surface through a graphite

lance, using nitrogen as the carrier gas.

D. 200 grams of AlF3 particles injected as
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in C, but with the melt agitated by a rotor (positioned

above the lance outleﬁ) rotating at 900 r.p.m.

E. 200 grams (E-1) and 300 grams (E-2) of
A1F3 particles delivered to the melt surface while a
stable vortex is generated and maintained in the melt,
by a stirrer rotaﬁing at 225 f.p.m., in accordance with
the present method.

In a further procedure (F), no A1F3 was used,

but the melt was agitated (without creation of a vortex)

by a rotor rotating at 900 r.p.m. Results were as

Li (p.p.m.) remaining after treatment

'Procedure time of:

0 min. :

(start) - 3 min. 6 min. 9 min, 12 min,
A 2 . 14 6 4
B 22 10 7 5 3
c 23 4 2 1
D - 15 2 1 1
E-1 20 . 2 1 1
E-2 24 - 3 2 1 1
F 22 . 16 14 12 11

The procedures embedying the present method (E-1 and E-2)
achieved significantly more rapid reduction in lithium
content than any other procedures, and the lithium level
reached after nine minutes (1 p.p.m.) with the
procedures of the present method was equalled only by
the procedure (D).involving combined use. of injection
and agitation, wherein the initial level of lithium

contamination was much lower.
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The dimensions and disposition of the impeller
stirrer in this example are as follows:-

The impeller diameter, d, was 12.5 cms and the
impeller was a four-bladed impeller having a blade height
of 8.8 cms, with the blades inclined at an angle of 35°.

The diameter of the crucible was 50 cms and the
values of H and x were respectively 37.5 ecms and d/2.

EXAMPLE 2

Using equipment of the type illustrated in the
drawing, including a cylindrical crucible having an
internal diameter of about 160 cms with a nominal
capacity of about 4500 kg of molten aluminium, a series cf
quantities of molten aluminium contaminated with lithium

and sodium were treated in accordance with the present

method, In each instance, the crucible was filled to a

depth of 100 cms with the molten aluminium, and A1F3

powder at the rate of about 1.7 kg per metric tonne of

aluminiun was supplied to the molten aluminium surface.

‘A pitched~bladed impeller having a blade height of 25:cms

and diameter of 45 cms was immersed in the molten aluminium
with an eccentricity of 20-30 cms (preferably 22.5 cms)
with the centre of the impeller blades 37.5 cms above the
crucible bottom,'sﬁch that the top edges of the blades
were located halfway between the top of the melt and the
crucible bottom (the blades thus being disposed entirely
within the lower half of the molten metal body); the
impeller was rotated, in each case, for 10 minutes at a
rate of between aboﬁt 130 and about 135 r.p.m. to create
and maintain a stable vortex. The mode of addition of
AlF3 particles, and the molten metal temperature, were

varied from test to test. Results of twenty successive

tests were as follows:
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* not measured
%% a - 50% of AlF3
50% added after 1 minute of impeller operation
b - 33% added at start, 33% after 30 seconds,

added at start,

33% after 1 minute of impeller operation

¢ - continuous feed for 1.5 minutes from start of
impeller operation

d - continuous feed for 1.0 minutes from start of
impeller operation

e = continuous feed for 0.5 minutes from start'of
impeller operation

f - 33% added at start, 337% after 15 seconds, 33%
after 30 seconds of impeller operation

g = 33% added at start, 33% after 10 seconds, 33%
after 20 seconds )

These data illustrate the adverse effect of
increased metal temperature on efficiency of lithium
removal, attributable to a thermodynamically controlled
lithium equilibrium between the fluoride material and
the metal which prevents 100% efficient lithium
removal from the hot metal; a similar effect could
not be observed for sodium because of the higher
vapour pressure of sodium, which assists in its removal,

The average lithium removal efficiency, after
10 minutes' treatment time, was 93% for the twenty tests
included in the foregoing table, This corresponds to a
lithium level (for the treated metal) which is
satisfactory, i.e. below the maximum acceptable limit,
for most purposes. —_

EXAMPLE 3

Several series of treatments were performed



e

R s 1 St 80 2 s e v

10

15

20

25

0065854

-20-

in transfer crucibles on aluminium which had been
siphoned into the crucibles from electrolytic
reduction cells, The aluminium fluoride powder

used (92% AlF3, about 8% A1203 by weight) had a

bulk density of 1.5 - 1.7 g/cm3 and a particle size
distribution as follows: 25% larger than 100 micronms,
50% larger than 80 microms, 75% larger than 65 microns.
In these treatments, the crucibles contained
approximately 3,500 kg. of molten aluminium each.

A three-bladed impeller having a blade pitch (angle

Q) of 35°, dismeter (d) of 46 cm., and blade height

(h) of 25 cm. was employed, and rotated to

establish and maintain a stable vortex; the ratios d/D
and h/H were each 0.25, and the maximum treatment time.
was six minutes., The rotor eccentricity, x, was 4/2.
Several crucibles were treated in each series. For
purposes of comparison, one series (Series 1) was

run without use of aluminium fluoride. The remaining
six series of treatments embodied the process of the
invention. In series 2-5, all the aluminium fludride
was added at or before the start of sﬁirring; in
series 6 and 7, one third of the aluminium fluoride
was added at the start, one third after one half
minute, and one third after one minute of stirring.
The metal in the crucibles of series 7 initially
contained 101 p.p.m. of magnesium; the metal in the
other six series contained less than 10 p.p.m.
wagnesium, )

Results were as follows:
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Series 1 illustrates-the removal of alkali
metals due to the aluminium stirring effect orly.
The greater sodium removal after 3 and 6 minutes (61%
and 72%) compared to the lower lithium removal
efficiency (15% and 19%) is attributable to the
much lower vapour pressure of lithium than sodium,
In effect, sodium has a boiling point at atmospheric
pressure of 882°¢C compared with 1,329°C for lithium,

Series 2, 3 and 4 compare the effect of the
A1F3 quantity on sodium and lithium removal. It can
be seen that increasing the ratio kg A1F3/metric tonne
Al from 0.7 to 3.3 had a marked effect on lithium
removal., The effect is mot so apparent for sodium
due to the faster sodium removal by oxidation'only.'

Series 5 is identical to series 3 except
for an increased r.p.m. from 100 to 150, This
increased the sodium and lithium removal efficiency
from 89% to 92% and from 74% to 85%, respectively.
Series 6 illustrates, for 7 transfer crucibles, the
influence of a sequential addition of AlF3 powder on
the removal rate of alkali metals., It can be seen
that this also helps in increasing the removal rate,
probably by increasing the interfacial area between
the powder and the aluminium (the addition of a

large quantity of AlF, in ome "shot" can cause powder

3
agglomeration and decrease the effective contact with

the aluminium),

Series 7 illustrates the influence of Mg
metal present in addition to Li, Na and Ca. The Mg
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content after 3 minutes stirfing was 46 p.p.m. (54%
removal) and after 6 minutes as 30 p.p.m. (70% removal).
It can be concluded that the presence of Mg, even in a
concentration larger than other alkali metals, does not
significantly affect process efficiency. The presence
of Mg in these tests was due to the use of a mixed LiF-

MgF., electrolyte in the reduction cells., The presence

of iagnesium in the metal due to other causes (e.g.
contamination from Al-Mg alloys) could also be
tolerated. However, if Mg concentration increases, the
addition of A1F3 would have to be adjusted accordingly,
to ensure a constant lithium and sodium removal
efficiency. | 7

- EXAMPLE 4

In two further series of tests using the same

equipment as in Example 3, groups of transfer crucibles

~ each containing about 3,400 kg. of molten aluminium were

treated in accordance with the present method. AlF3
powder was added at the rate of 2.0 kg. A1F3/metric

tonne Al to each crucible in three equal increments, viz.
at the start; after 30 seconds of stirring; after one
minute stirring., The stirring was performed for six
minutes at 175 r.p.m., producing and maintaining a stable:
vortex as in Test 6 of Example 3. The treated metal
from one series was used to prepare a first alloy (having
the Aluminum Association designation AA-1350) and the
treated metal of the second series was used to prepare a
second alloy (Aluminum Association designation AA-5154),

Alkali metal and alkaline earth metal content was

measured again after alloying. Results were as follows:
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Average Analysis °

Total Metal .Before After Before Casting
Weight Treated Treatment  Treatment $ {after Alloying)
Alloy Prepared (metric tonnes) ppm ppm Remaval ppm
AR-1350 7.1 (21 cruci-  Na - 29 1.7 94% RS
bles) i - 17 2.6 85% 0.2
nm..w <1 <l
AA-5154 85 (25 cruci- Na = 37 2.1 94% <1
3 bles) Li - 17 2.7 843 0.6
' < 1 <1

Ca - 3
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It can be seen that the efficiency is of the
same order as in Test 6 of Example 3, It can also be
concluded that the sodium and lithium concentration
continues to decrease after the treatment. This can
be attributed to various metal operations and
treatment (transfer, alloying, stirring, heating,
holding, etc.) which accelerate the oxidation of
alkali metals in the furnace.

EXAMPLE 5 .

Again using the same equipment and the same
ALF, powder as in Examples 3 and 4, molten aluminium
in transfer crucibles each containing 3,500 kg. of
aluminium was stirred for 10 minutes at 100 r.p.ﬁ., a
stable vortex being created and maintained. After
treatment, the metal stood for 10 minutes and the

alkali metal content was remeasured. Results were as

follows:
Analysis (p.p.m.)
_ 30 min.
“During Treatment after
Test AlF. Temp. (Min.) Treatment
No. kgs/toome (°C) Start © 10
A 2,0 760 Lij| 18.3 6.0 3.6 3.1
Na || 43 9.0 4.0
B 2.6 825 Lij 15 4,3 2.7 2.5
Na | 40 5 2
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The observed further decrease in alkali
metal content after stirring was ended may be
explained by the high level of activity of the A1F3-
rich reaction products in contact with molten
aluminium, Even if this alkali metal decrease on
séanding after treatment is not significantly
important as compared to the reduction during the
treatment itsélf, it nevertheless indicates that
there is no risk of back-reaction (alkali metal pick-
up) during holding in the transfer crucible between
the treatment and the transfer to the casting furnace.
This would not be the case if the alkali metal were
removed using a treatment with chlorine gas reaction.
only. - |

EXAMPLE 6

To illustrate the effect of impeller blade
angle, a series of tests were performed on 125 kg.
samples of molten aluminium of 99.7% purity at a
temperature of 825°C, using =35 mesh aluminium
fluoride powder in a preportion of 0.8 kg./metric
tonne Al. TImpellers with blades of various pitches
were employed; in each case, d = 12,5 cm, h = 11 cnm,
d/D = 0.25, and h/H = 0,25 and x = d/2. Stirring
was performed for six minutes at 250 r.p.m. Results

were as follows:
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Angle to Lithium Concentration
Number of Vertical ppm (% Removal)
Blades © Stirring Time - Min.
Start 3 6
4 0° 27 13 (52%) 11 (60%)
4 30° 40 12 (70%) 8 (80%)
4 35° 26 5 (81%) 3.5 (86%)
4 45° 26 4 (85%) 3 (88%)
3 35° 26 4 (85%) 1 (96%

Increase in pitch angle increased the percentage
removal of Li after three and six minutes, and the
number of blades appeared also to affect the removal
efficiency.
EXAMPLE 7

A synthetic mixture containing 50% each (by
weight) of cryolite (Na3A1F6) and AlF3 (weight ratio
of NaF/AlF3 = 0.43) was prepared by fusion of :he two
compounds, ground. to -35 mesh particle size, and
employed for treatment of molten aluminium in accordance
with the present method. Two 150 kg. samples of
aluminium, both at 825°C, were treated, using a stirrer
having four blades, with a pitch angle © of 30°, -
diameter (d) of 12.5 cm., blade height h of 11 ecm., in
a crucible so dimensioned that the ratios d/D and h/H

were each equal to 0,25; one of the two tests employed
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a fluoride-containing material constituted of

85% A1F3, 15% A1203

by weight, and the other employed

the aforementioned cryolite-AlF3 mixture, both in a

proportion of 2.0 kg per metric tonne of aluminium,

Results were as follows:

AlF_-containing

Lithium Concentration (ppm)
vs. Stirring Time (min.)

material Start 1 2 3 4 5
85% ALF, 21 6.3 3.8 2.5 1.5 1.0
15% Al 2o3 (88%) (95%)
50% A1F3/ 30 7.5 3.6. 2.4 1.5 <1
50% Na3AlF6 (92%) ( >97%)

The high efficiency of the A1F3/Na3AlF6 mixture is
possibily attributable to the formation of low melting
point (about 700°C) phases. It therefore melts after

contact with the liquid aluminium providing a liquid-

1iquid reaction rather than the solid-liquid reaction

with the A1F3 powder which compensates for the

aluminium fluoride dilutiom.
In addition, aluminium fluoride powder in

mixtures of a wide range of particle size distribution

have been used, with the average particle size dimension

varying between 1 and 0.05 mm,
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1. A method of removing contaminant alkali metals
and alkaline earth metals from molten aluminium by
reacticn with aluminium fluoride to form fluoaluminates

of such contaminants which comprises

(1) placing a charge of the contaminated
aluminium metal within an upright
essentially cylindrical vessel

(é) stirring molten aluminium in said vessel
under conditions to establish a vortex
therein and flow currents in said molten
aluminium having both downward and

: ' lateral components at the bottom of said.
vortex and upwardly spiralling currents in
the region of the periphery of said vessel

(3) supplying particulate aluminium-fluoride

containing material for entry into said vortex

(4) continuing the stirring of the molten

i aluminium until the alkali metal and
alkaline earth metal content is reduced to
‘a desired low level

; (5) separating the molten Al from the molten

fluoaluminate reaction products.

2. ' A method according to claim 1, further
characterised in that the vortex is established

- eccentrically in relation to the axis of the container.

3. A method according to claim 1 or 2, further
characterised in that said vortex is established and
maintained by means of a multi-blade impeller having blades

which are inclined in relation to the axis of rotation.
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4, A method according to any preceding

claim, further characterised in that the molten
metal is treated with powdered Al}.".3 or N?F.A1F3
having a low NaF/AlF3 ratio by weight.

5. A method according to claim 3, further
characterised in that the vessel has an intermal
diameter D, and is filled with.the molten body to a
height H, ‘'and the impeller has a diameter d and a
blade height h, such that the ratio d/D is between
0.1 and 0.6 and the ratic h/H is between 0.1 and 0.7.

6. - A method according to claim 5, further-
characterised in that the axis of impeller rotatiocm
is eccentric in relationm to the vessel axis by a

distance, x, having a value 0.1 - 0.25D.

7. A method according to claim 6, further
characterised in that the midpoint of said blades
is spaced above the bottom of said vessel by a

distance, y, between 0.25H and 0.75H.

8. A method according to claim 5, further
characterised in that d/D is between 0.15 and 0.40
and the impeller is rotated at a rate between 100

and 300 r.p.m.

9. A method according to any preceding claim,
further characterised in that the treatment material
is fed to the molten metal in separate quantities or
continuously during a short period after

establishment of the vortex.
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10, A method according to claim 5 further
§ characterised in that the axis of impeller rotation
is eccentric in relation to the vessel axis by a

distance, x, having a value of 0.25 - 0.6 d.

11. Apparatus for mixing particulate aluminium

fluoridé-containing material with molten aluminium to

! remove dissolved contaminant alkali metals and alkalire

| earth metals from the molten aluminium, said apparatus

3 comprising ,

(a) a cylindrical vessel, having a vertical
geometric axis and an internal diameter D, for

- containing a body of molten aluminium to a

S350 il

height H above the floor of the vessel; said

vessel being essentially free from internal
baffles and - r

(b) a cover for said vessel supporting a multi- -

bladed impeller and means for driving said

i impeller about a vertical axis and means for

J rotating the impeller, said impeller having a
diemeter, d, and its blades having a height, h,
the midpoint of said blades being spaced above
the floor of the vessel by a distance, y, the
axis of impeller rotation being spaced from
said geometric axis by a distance x, and said
blades having major surfaces pitched downwardly

at an angle 6 to the vertical;
(c) the values of d, D, h, H, x and @ being such that
"~ d4/D is between 0.1 and 0.6, h/H is between 0.1 and
0.7, x is between 0.1 - 0.25 D, y is between 0.25H
and 0.75H, and © is between 0° and 45°%;

(d) said cover also supporting means for feeding said

~ particulate material and for discharging fumes.
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12, Apparatus according to claim 10, further

characterised in that d/D is between 0.15 and 0.40,

h/H is between 0.2 and 0.40, x is 0,25 - 0.7 4,
y is between 0.4H and 0.6H, and © is between 30°

and 40°.

N
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