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The present invention relates to an improvement in the Pr9CeSS 

for the purification of metals, in particular aluminium, by fract"ional. 
crystallisation, the subject of French patent No 1 594 154, in order 
to enhance the.level of effectiveness of the purification action. 

The man skilled in the art is aware that, when an alloy 
. . 

solidifies, an element which is capable of forming a eutectic_ mixture 
with the base metal and which is present in the alloy in a smaller 
arrount than the eutectic content is concentrated in the liquid phase in 
such a way that the crystals which are initially formed have a .higher 

10 level of purity in respect of that element than the starting alloy. 
That is still true if the element is an impurity which is even present 

in the form of traces. 

Theoretically, the concentration c5 of the impurity in the 
crystal which is formed is ~l to k ~ in which ~ is the concen-

15 tration of the impurity in the liquid and k is the coefficient of 
solid-liquid partition given by the constitutional diagram. 

Thus, the coefficient of purification -c of the crystal is 

equal to: ~ = ~ • 
CS 

It is on the basis of that principle that different processes 
20 for the purification of metals by fractional crystallisation have been 

developed; among such processes, reference may be nade more 
particularly to the proce~s which is the subject of French patent No 
l 594 154 and which primariiy canprises the following steps: 

a) · Causing progressive solidification within a volume of liquid 
25 metal which is maintained in the vicinity of it~ melting point in an 
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externally heated container by inmersing therein an internally 

cooled body, the rate of solidificatie>n being regulated by the 

canbined action of the flow of cold fluid, the power of the.h~t~ng 

effect which is external to the crucible, and the thermal insulation 

5 of the crucible; 

b) Collecting all the small crystals which are formed, in the 

bottom of the container containing the liquid metal; 

c) By canpacting at the bottc:rn of the container by means of a 

piston, causing sintering of the small crystals to produce large 

10 crystals and eliminating the impure interstitial liquid; and 

·15 

d) Separating the purified fraction comprising large crystals 

f ran the liquid fraction which is enriched for example by tilting the 

container to discharge the fraction which is enriched with impurities 

when it is still liquid and which forms the supernatant liquid. 

As has been demonstrated experimentally and as is shown in the 

table of the above-mentioned patent,· rates of purification which are 

higher than the theoretical coefficient "'C" are obtained. Indeed, for 

iron and silicon ~e = 0.03 and ksi = o.15, which gives ~Fe = 30 

and -c51 =.7 whereas the actual coefficients of purification observed 
Si · 

20 are: ~ Fe = 55 and n Si = 15.S. 

25 

That result is highly surprising, especially.if account is 

taken of the fact that it relates to 50% of the initial mass and 

therefore crystallisation has occurred fran a liquid which is progress­

ively enriched with impurities. 

Theoretical and experimental studies have afforded a plausible 

explanation for that phenomenon: 

The small crystals which drop onto the mass which has already 

been purified and which is formed fran large crystals are amassed .. 
thereon in the form of a layer made up of the small crystals and their 
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mother liquor. However the latter are no longer in equilibrium with 
the mother liquor as, since the temperature in the container 
increases fran the top (cooled part) towards the bottan which.is 
heated, they are then at a tenperature which is higher than the 

5 temperature at which they were fonned. The mixture of the small :. 

crystals and the mother liquor then terx3s to be returned to a 
condition of thermodynamic equilibrium. As stated in the rewe de 

l'Aluminium of May 1974, page 290, and in the Proceedings of the 
l'Academie des Sciences (volume 272, page 369, series c, 1971), that 

10 return to a condition of thermodynamic equilibrium occurs due .to 

re-melting and re-solidification phenomena, .and what is finally 
obtained is: 

crystals which are agglanerated to large crystals already 
existing and which are of the canposition given by the solidus of 

15 the diagram at the local temperature. 

They are therefore purer than the initial small crystals. 
The higher degree of purification found by experiment is thus 
explained; 

a larger amount of l~quid as a part of the initial small 
20 crystals has melted in order to reestablish the thermodynamic equi­

librium. That liquid is displaced towards the supernatant liquid by 
the ccmbined effect of the agglomeration of small crystals to large 
crystals and the action of the piston. 

In sumnary, that therefore progressively produces a 
25 practically compact and solid mass of large agglomerated crystals, 

the canposition of which is that of the solidus at the temperature 
at which they are. 

Spot analyses (1 pm x pm) effected using an electronic 
microprobe, after solidification of the ingot, in the vicinity of the .. !. 

30 large crystal-liquid metal transition, are in conformity with the 
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above-indicated explanation. 

Nonetheless, if the interior of the purified mass is explored 

using the same method, it is also found that residues of interstitial 
liquid still remain in the purified mass, the presence of such 

5 residues being revealed by an abrupt increase in the level of 
concentration of impurities. The interstitial liquid in a condition 

of thermodynarn6c equilibrium with large crystals is less pure than the 
latter ( ~ = ~ ) and therefore decreases the level of efficiency of 
the purification operation. 

10 To give an example, that effect is particularly intense in 
relation to iron since the interstitial liquid is about 30 times less 

pure than the crystals. 

The applicants therefore sought to eliminate the above­
mentioned liquid which is disseminated in the mass of large crystals 

15 but without re-melting the purified' solid in order not to reduce the 
level of yield of the operation. 

Many tests were carried out for that purpose. As described 
in French patent No 1 594 154, page 2, line 36, an attempt was made 
to modify the rate of crystallisation in the direction of a decrease 

20 therein. The pressure of the piston against the mass of purified 

crystals was also increased. Then, after having removed the impure 
fraction by the means specified in the· patent, the purified mass was 
replaced in its crucible and ·the whole was reheated, which resulted in 
the impure liquid collecting in the bottom of the container. 

25 However, none of those processes provides a substantial 

purification effect although the latter was found to be relatively 

effective, but on condition that a substantial fraction of the 
purified mass was re-melted,.which confirms that the teaching of US 

patent No 3 211 547 was well-founded. 
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Finally the applicants succeeded by means of the invention 

which, within the scope of patent No 1 594 154 and in oxder to 

eliminate the interstitial liquid and thus to increase the level of 

purification of the metal obtained, is c~acterised m that after 

5 having tilted the container to separate the supematant liquid, the 

container is maintained in the tilted position in order to drain off 

the purified fraction until all discharge flow ceases and that during 

the drainage operation heat is applied to the purified fraction, in 

an am:mnt just sufficient to ccmpensate for the heat losses. 

10 "nle applicants found in fact that, in the tilted position, 

liquid oozed or seeped fran the purified mass very slowly and over 

a very long period of time. By virtue of that slow rate, a fraction 

of the interstitial liquid may solidify. It is for that reason that, 

during the drainage operation, heat is applied to the mass of 

15 crystals in an arrount just sufficient to ccmpensate for the heat 

losses. The a:irn of that is not to cause re-rrelting of the purified 

mass, which would reduce the yield, ·but only to prevent the 

interstitial liquid fran soliQifying, thus reducing the level of 

effectiveness of the drainage operation. 

20 The supply of heat may be effected by any known means and 

continuously or discontinuously. 

Preferably, the drainage operation lasts for between 5 minutes 

and l hour approximately. 

It was verified that the drainage liquid was rruch less pure 

25 than the purified mass. Examination after cooling of the purified 

mass revealed that it had a fine porosity, thus showing that the 

oozing or seeping liquid is in actual fact interstitial liquid and 

that therefore the fine porosity is at least for a large part a 

camunicating or open porosity which permits the interstitial liquid · 

30 to cane out of the quasi-canpact purified mass. · 
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As will be seen fran the following exanples of use, it is 

highly surprising that such a substantial degree of elimination of 

interstitial liquid can be achieved simply by draining and without re­

melting. Draining off 1::he liquid by tilting the container as caz-::ied 

5 out herein has the advantage of eliminating the interstitial liquid 

by beginning with the impurest part thereof, without causing it to 

pass through the regions where the metal is purest. That result would 

not be achieved if the drainage operation were carried out, without 

tilting rrovement, by way of the bottan of the crucible. 

10 01 the other hand the applicants also noted that the ProP-· 

ortion of interstitial liquid in the purified nass increases fran the 

bottan towards the top of the vessel so that the tilting novernent of 

the crucible therefore pran:>tes good el.imination of the interstitial 

liquid. 

15 turing the drainage operation il: is also possible to use the 

piston intended for the canpacting operation in order to apply to the 

purified mass a pressure which facilitates expulsion of the 

interstitial liquid and that action may also be perfonned continuously 

or discontinuously. 

20 The supply of heat and the application of a pressure 

simultaneously contribute to a further increase in the level of 
) 

:-._; efficiency of the process. 

The invention nay be illustrated by reference to the following 

examples of use thereof: 

25 Four fractions each of 1 tonne and of very similar canpo-

si tions were taken fran an aluminium bath and separately subjected to 

purification operations using fractional crystallisa~ion, enploying 

the following nodes of operation: 

Test 1: in accordance with the prior art, with a soli6ificat,ion 

30 period of 8 hours: 

Test 2: in accordance with the prior art, with a solidification period 

of 16 hours and increased pressure applied by the piston; 
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Test 3: in accordance with test 1, carrying out a drainage operation 
for 45 minutes in accordance with the invention and without 
the application of heat; and 

Test 4: in accordance with test 3, with.an.application of heat to 
compensate for heat losses and while applying a continuQUs 
pressure to the purified fraction throughout the drainage 
period. 

Test No 

1 

2 

3 
4 

Those results are set forth in the following Table in which: 

Fe(O) and Si(O). represent in ppn the initial contents of 
iron and silicon respectively in the bath, 

Fe{l) and Si(l) represent the final mean proportions of iron 
and silicon respectively in the mass of purified metal, in ppn, 

f) Fe and r} Si represent the ratios between the initial 
proportions of iron and silicon respectivelyand"the final 
proportions thereof, and 

prepresents the yiel~ in respect of mass:mass of purified 
metal/mass of initial:metal in %. 

TABLE 

Fe(O) Fe(l) YlFe Si(O) Si(l) .!lfil. p 

839 13 65 2SB 23 11 64.3 

795 10 80 276 20 14 65.3 

768 2 384 223 11 20 58.6 

804 l 804 316 7 45' 53.7 

It is found.that, in regard to iron, by simple drainage without 
the application of heat (test 3), the level of concentration is more 
than 6 times lc:Mer than what it was with the prior art (test 1). In 
regard to silicon, the purification action is less effective but 
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nonetheless the level of concentration is divided approximately by 2. 

With canpensation for heat losses and the application.of a 
pressure (test 4), the result is even clearly better since, still .. 
in relation to the prior art (test 1), the level of concentration of 

5 iron is divided by 13 and the level of concentration of silicon is 
divided by more than 3. 

The yield in respect of mass falls relatively little since 
it goes fran 64% with the prior art to about 59% using simple 

v/ drainage and close to 54% in test 4. 

. / 
v 

10 It will be seen f ran test 2 that doubling the solidification 
time gives little improvement. 

In the four tests, operation was concluded by cooling the 
container and sawing to eliminate the upper part of the purified 

·mass made up of large crystals, contaminated by remains of supernatant 
15 liquid at the end of the canpacting operation, and the operation of 

sawing off the purified part was always carried out at the same 
height in the ingot. 

In tests 3 and 4, the lower yield e in respect of mass is 
due to the elimination of the intersti.tial liquid which leaves a 

20 porosity in the purified mass •. 

Thus, the present invention accordingly constitutes a very 
clear advance over the prior art. 
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CLAIMS 

1. An .improved process for the purification of meta'ls, · in 

particular aluminium, by fractional crystallisation which comprises: 

a) causing progressive solidification within a volume of liquid 

metal which is maintained in the vicinity of its melting point in an 

externally heated container by inmersing therein an intemally cooled 

body, the ra~e of solidification being regulated by the combined action 

l... .. ./ of the flow of cold fluid, ·the power of the heating effect which is 

extemal to the crucible, and the the:onal insulation of the crucible: 

b) collecting all the snall crystals which are fonned, in the 

bottom of the container containing the liquid metal: 

c) by canpacting at the bottom of the container by means of a 

piston, causing sintering of the snall crystals to produce large 

crystals: and 

d) separating the purified fraction ccmprising large crystals fran 

the liquid fraction which is enriched in respect of :impurities by tiltirg 

the container to discharge the fraction which is enriched in respect of 

imp.lrities when it is still liquid and which constitutes the supernatant 

liquid, 

characterised in that in order to increase the purification action the 

container is maintainea in its tilted position to drain off the p.lrified 

fraction until all discharge flow ceases and that during the drainage 

operation heat is applied to the purified fraction, in an anount just 

sufficient to c:orli)ensate for the heat losses. 

2. A process according to claim 1 characterised in that the 

drainage period is between 5 minutes and l hour. 

3. A process according to claim 1 characterised in that a pressure 

is applied to the purified fraction during the drainage operation. 

l lllllll llllll lllll lllll II llll 
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4. A process according to claim 2 and claim 3 characterised in that 

heat is applied and compacting is effected s:irnultaneously. 

' •· 
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