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The present invention relates to a new process for the
extraction of alkali metals from their amalgams, particu-
larly from amalgams produced by the electrolysis of aque-
ous solutions of alkali metal salts in a cell prov1ded with
a mercury cathode.

It is known that these metals, especially sodium which
has acquired a very great importance commercially, are
produced on a factory scale almost exclusively by the
electrolysis of fused salits.

This process has, however, serious drawbacks, because
the reaction must be effected at a very high temperature,
for insatnce above 800° C. when electrolysing fused so-
dinm chloride, and above 300° C. when electrolysing
fused caustic soda. The power consumption (approx. 15

kwh./kg. Na) and the deterioration of the apparatus.

because of corrosion and of high temperatures, make this
process very troublesome.

Various processes have already been proposed in order
to replace the thermal electrolysis by the extraction of
the alkali metal from the amalgam obtained economically
by the electrolysis of an aqueous solution of an alkali
metal salt in a cell provided with a mercury cathode.

The difficulties inherent in these processes result from.

the weak concentration of the alkali metal from the
amalgams obtained in the first phase of the process.

It has been particularly recommended to extract the al-
kali metal from an amalgam by the distillation of mercury.
This working method is theoretically very economical,
because, by judiciously combining the production of an
alkali metal with an electric power generator based on
the recuperation of the heat of condensation and of the
sensible heat of ihe evaporated mercury, it is possible to
obtain this alkali metal with a minimum consumption of
energy. However, this process has not found any indus-
trial application because of the insurmountable difficulties
encountered in the realisation of the apparatus. In fact,
the distillation of mercury from the amalgam in order to
achieve a complete separation of the sodium entails work-
ing conditions, and particularly the application of tem-
peratures of about 900° C. under atmospheric pressure
to: which -the materials used in the construction of the
industrial apparatus are subjected, cannot resist for long.

The alkali metal obtained according to this process
has also the disadvantage of containing comparatively
large quantities of mercury which must be separated, for
instance by a combination with an alkaline earth metal,
the affinity of which for mercury is superior to that of the
alkali metal.

The quantity of mercury to be separated from the
amalgam by distillation may obviously be reduced by the
prior concentration of the dilute amalgam obtained by
electrolysis: the dilute amalgam is cooled so as to precipi-
tate a° more concentrated amalgam which is separated
from the mercury that remained liquid. ~ This improve-

ment does not, however, permit of an avoidance of the’

critical phase of the distillation at a high temperature,
so that the process remains practically impossible of
realisation.
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The present invention aims at avoiding the inconven-
iences of the above described processes and particularly
at obtaining a technically pure alkali metal, rigorously
freed from mercury, starting from amalgams obtained by
the electrolysis of aqueous solutions of alkali metal salts
in a cell provided with a mercury cathode.

The present invention is based on the fact that the
alkali metal of an amalgam previously concentrated may
be extracted by a solvent, particularly by liquid ammonia
or by a fused alkali hydroxide.

We are aware of the fact that it has already been pro-
posed to decompose the amalgam in the presence of a
solvent of the alkali metal in an electrolytic cell in which
the amalgam is the anode, but this process is essentially
different and requires two consecutive electrolyses, start-
ing at an elevated power consumption which may be esti-
mated in the case of sodium at about 10 kwh./kg. of alkali
metal.

According to the present invention, the dilute amalgam
obtained by the electrolysis of an aqueous solution of an
alkali metal salt in a cell provided with a mercury cathode
is concentrated in such a manner as to achieve a concen-
tration of alkali metal of more than 10% by weight, which
may be brought about by working at temperatures not
prejudicial to the apparatus, then the concentrated amal-
gam is treated with a solvent in order to dissolve an im-
portant part of the alkali metal contained in the amalgam.
The exhausted amalgam is recycled towards the appa-
ratus for concentration, whilst the alkali metal is sepa-
rated from the solvent.

The concentration of the alkali metal of the amalgam
prepared by the electrolysis of an aqueous solution of an
alkali metal salt does not usually exceed 0.7% by weight.

At higher concentrations, the amalgam begins to solid-
ify at the temperature usually maintained in the elec-
trolytic cells. This dilute amalgam may be concentrated
by distillation at elevated temperatures, preferably in sev-
eral successive columns, so as to carry the ccncentration
of the alkaline amalgam to such a value as to render eco-
nomical the extraction with a solvent. The lower concen-
tration limit obviously varies with the nature of the sol-
vent, but the applicants have found that, in the case of
the known solvents, the higher concentration limit is at
10% by weight.

Before the distillation, it is obviously possible to effect
a prior concentration by cooling the hot dilute amalgam
of the cells in such a manner as to precipitate the solid
amalgam. In the case of an amalgam of sodium, for in-
stance, it is possible to precipitate NaHgs (about 2.8%
of Na) which is separated from the liquid mercury. The
concentration of the amalgam is then raised by distilla-
tion, if necessary under reduced pressure.

According to -a preferred method of working the
process, the concentration of amalgam which is to be
submitted to extraction by a solvent is brought to the
maximum value compatible with an economic course of
the distillation of mercury; for example, in the case of
the production of metallic sodium, the amalgam is pref-
erably brought to a concentration in Na of from 40 to
60%.

At these concentrations, the solubility of Na in the sol-
vent is in fact elevated and the distillation temperature of
mercury contained in the amalgam remains within limits
consistent with the materials of construction of the appa-
ratus to attack by sodium and mercury. The result is that
to a comparatively slight increase in the amount of evap-,
orated Hg corresponds a slight recycling of amalgam and
an elevated amount of Na extracted per cycle. ‘

The recommended solvents of alkali metals according
to the invention are particularly liquid ammonia, ethylene
diamine, methylamine, as well as fused hydroxides of
alkali metals. However, other solvents inert with regard
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to alkali metals may be suitable in so far as their dis-
solving power is sufficient to allow the economic extrac-
tion of the alkali metals. It is also possible to use a mix-
ture of solvent of the alkali metal or a mixture of a sol-
vent with a non-solvent inert with regard to the alkali
metal.

The extraction may be effected in the cold or in the hot
from the solid or liquid amalgam. The solution of alkali
metal is subsequently evaporated in order to separate the
metal from the solvent. The exhausted amalgam is re-
cycled for concentration after having added thereto fresh
quantities of dilute amalgam coming from the electrolysis.

It goes without saying that the alkali metal dissolved
in liquid ammonia or ancther solvent may be used without
prior separation for the preparation of derivatives of this
metal, such as peroxides or amides. On the other hand,
it is interesting to note that the alkali metal obtained
by evaporation of the solvent is in a very finely dispersed
state, in which it is extremely reactive and can therefore
also be economically used for the preparation of various
derivatives.

An interesting method of casrying the invention into
effect consists in the extraction of the alkali metal from
the amalgam by the hydroxide of this alkali metal, or of
another alkali metal, in the state of fusion.

It has been known that fused caustic soda dissolves
sodium (Von Hevesy, Z. f. Electroch., August 1909, p.
529), but it has now been discovered that sodium, com-
bined with mercury or with another metal in an amal-
gam, may be extracted by fused caustic soda.

According to the nature of the invention, the amal-
gam of liquid alkali metal, at a concentration of the
alkali metal exceeding 10% by weight, is brought into
contact with the fused hydroxide of alkali metal in a
tight receptacle in order to extract part of the alkali
metal contained in the amalgam, whereafter the exhausted
amalgam is separated and returned into the cycle for re-
concentration while the alkali metal is separated from the
hydroxide of alkali metal.

In the case of the extraction of sodium from its amal-
gam by caustic soda, this extraction may be effected at
a temperature of above 325° C., for instance between
325 and 600° C. Nevertheless, the temperature may
also be lowered below the normal melting point of caustic
soda by the addition of compounds such as Na2CO3, KOH,
NaBr, Nal, and the like.

The sodium dissolved in caustic soda may be sepa-
rated on account of the fact that the solubility of sodium
in caustic soda is inverted, that means it decreases when
the temperature increases. Thus, on heating the solution,
a layer of sodium fleating on fused caustic soda sepa-
rates.

- This separation may likewise be effected after cooling,
by means of an auxiliary solvent.

In order to understand more easily the statement in the
present invention, it has been assumed that the alkali
metal dissolves in its fused hydroxide. In reality, the
matter in question is not so simple a physical phenom-
enon and, under certain conditions, the dissolution is ac-
companied by chemical reactions. It is known, for in-
stance, that, above 450° C., and atmospheric pressure,
the sodium reacts with caustic soda to form sodium ox-
ide according to the reaction:

2Na-}-2NaOH->2Na20 -+ Hz

This reaction may be applied in a process in which
the extraction of sodium from an amalgam is combined
with the production of sodium oxide. Nevertheless, when
working under other conditions, particularly at tempera-
tures below 450° C. and/or under hydrogen pressure,
it is possible to recuperate the. sodium in a non-combined
state.

The assumed simplification. of the reaction mecha-
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nism of the hydroxide of alkali metal cannot therefore
be harmful to the value of the process.

The following examples of the extraction of sodium
from amalgam are given on the understanding that the
invention is not limited to these examples, but that the
process of the invention, as indicated above, is appli-
cable to the separation of any alkali metal from its
amalgam.

These examples relate to continuous working methods
of the process; however, the application may easily be
effected in 2 discontinuous manner by the successive ex-
tractions of the alkali metal from amalgam, the exhausted
amalgam being treated in an extraction apparatus with
fresh solvent until the concentration of the amalgam
drops to the limit at which the extraction ceases to be
economical.

Example 1

The diagram of the method can be seen from the ac-
companying drawing.

In a cell provided with a mobile mercury cathode,
an aqueous solution of sodium chloride is electrolysed
to form an amalgam with 0.4% Na.

250 kg. of this hot liquid amalgam coming from
7 and mixed with 2.08 kg. of exhausted amalgam with
26% Na originating from extraction column 3, are in-
troduced in a continuous manner into distillation column
1 within one hour, where the amalgam is concentrated
until an Na-content of 50% by weight is reached, the
temperature not exceeding 550° C. From this column,
249 kg. of mercury vapors are separated within one hour,
which- esecape through 6, and which are condensed by
utilising the condensation heat and the sensible heat by
known methods. The cooled liquid mercury is returned
to the electrolysing cell. Furthermore, this column yields,
at the same time, 3.08 kg. of concentrated amalgam with
50% Na which is directed to heat exchanger 2 to be
cooled to about 70° C.

The amalgam cooled in 2 is pumped into extraction
column 3 where it meets in counter-current liquid am-
monia coming from 5. The sodium extraction appa-
ratus works under an ammonia pressure of 35 kg./cm.2.
The outgoing solution leaves the apparatus at its upper
part, and is compressed to 62 kg./cm.? in evaporator 4,
where 1 kg. of metallic sodium per hour is separated.

The ammonia vapors liberated in the evaporation are
expanded in an expansion vessel (not shown) and con-
densed at 70° C. in condenser 5. The liquid ammonia
is reintroduced at the bottom of extraction column 3
under pressure of 35 kg./cm.2.

The amount of liquid ammonia circulating by recycling
for the extraction of 1 kg. of sodium per hour amounted
to about 10 kg. per hour.

Example 2

200 kg. of amalgam with 0.5% of sodium produced
by electrolysis, are introduced into distillation column
1 within one hour simultaneously with 1.4 kg. of solid
amalgam with 14.3% Na originating from extractor col-
umn 3.

2.4 kg. of amalgam with 50% NNa are withdrawn from
the bottom of the distillation column and are cooled
in a heat exchanger, then the liquid amalgam is dis-
persed in extraction column 3 wherein an ascending
stream of liquid ammonia is circulating at —37° C.
under atmospheric pressure. The finely dispersed- solid
amalgam drops to the bottom of the extraction column
while losing the sodium which dissolves in the liquid
ammonia, The solution is heated to —20° C. in evap-
orator 4 so- as to deposit the sodium by the evaporation
of NH3z. These vapors are condensed at —35° C. in §
and reintroduced into extraction column 3.

The quantity of liquid ammonia necessary for the ex-
traction. which circulates by recycling in order to extract
1 kg. of sodium per hour was 5 kg./hour approximately.
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Example 3

1 kg. of previously fused and dried caustic soda is
introduced into a tight receptacle, then 1 kg. of fused
sodium amalgam containing 500 gr. of sodium is added.
Two liquid layers are formed in the receptacle, one layer
of caustic soda and one layer of concentrated amalgam
which floats on top. The whole is heated to a tempera-
ture of 480° C. so as to extract the sodium from the
amalgam by dissolving in caustic soda.

This extraction manifests itself by the inversion of
the two liquid layers. In effect, the amalgam becomes
poorer in sodium, and its specific weight increases until
it becomes superior to that of the fused caustic soda
which becomes richer in sodium. An ascendant displace-
ment of the caustic soda thus results which facilitates
the exchange of the phase.

At the end of a certain time, the fused amalgam residue
(750 gr.) contains only 333 gr. of sodium per kg. of
amalgam.

It is withdrawn from the bottom of the receptacle and
returned for concentration. The caustic soda containing
250 gr. of sodium per kg. of NaOH is then heated to
600° C. in a closed vessel.

A portion of the sodium, about 150 gr., separates
because of the decrease of the solubility due to the in-
crease of the temperature and forms a liquid layer which
floats on top. It is separated by decanting. The caustic
soda still containing 100 gr. of sodium per kg. of NaOH
is advantageously utilised for a subsequent extraction.

Example 4

The caustic soda residue according to Example 3 with
a concentration of 100 gr. of sodium per kg. of NaOH
is brought back to a temperature of 480° C., and 600 gr.
of amalgam containing 500 gr. of sodium per kg. of
amalgam are added thereto.

After the extraction of part of the sodium, the ex-
hausted amalgam (450 gr.) with 333 gr. of sodium per
kg. of amalgam is separated. The caustic soda phase
having absorbed additional 150 gr. of sodium is reheated
to 600° C., and 150 gr. of sodium are separated there-
from, corresponding to a difference of the solubility be-
tween the two temperatures.

We claim:

1. A process for extracting alkali metals from their
amalgams which comprises concentrating an alkali metal
amalgam having a concentration of less than 10% by
weight of the alkali metal by distilling mercury there-
from to increase the concentration of said alkali metal
to a value of at least 10% by weight, bringing the con-
centrated amalgam thus obtained into contact with a
solvent having a solvent action upon said alkali metal
but being non-reactive with the mercury and the amalgam,
thereby dissolving a portion of the alkali metal from the
amalgam, separating the amalgam from the solution of
alkali metal in the solvent by physical means, and recover-
ing the alkali metal from the solvent.

2. A process for extracting alkali metals from their
amalgams as defined in claim 1, wherein the alkali metal
in the amalgam is brought to a concentration of 40 to
60% by weight.

3. A process for extracting alkali metals from their
amalgams as defined in claim 1, wherein the solvent is
liquid ammonia.

4. A process for extracting alkali metals from their

5 amalgams as defined in claim 1, wherein the treatment
with the solvent is effected at atmospheric pressure and
at a temperature at which the amalgam is solid.

5. A process for extracting alkali metals from their
amalgams as defined in claim 1, wherein the treatment

10 with the solvent is effected at sub-atmospheric pressure
and at a temperature at which the amalgam is liquid.

6. A process for extracting alkali metals from their
amalgams as defined in claim 5, wherein the liquid
amalgam is dispersed in the solvent and the solvent is

15 maintained at a temperature below the solidification tem-
perature of the amalgam.

7. A process for extracting alkali metals from their
amalgams as defined in claim 1, wherein the solvent is
fused alkali metal hydroxide.

20 8. A process for extracting alkali metals from their
amalgams as defined in claim 7, wherein the alkali metal
is recovered from solution in the fused alkali metal
hydroxide by heating the solution under hydrogen pres-
sure at a temperature higher than the temperature at

25 which the amalgam was brought into contact with the
fused alkali metal hydroxide.

9. A process for extracting alkali metals from their
amalgams as defined in claim 7, wherein the amalgam
is brought into contact with the fused alkali metal

30 hydroxide under conditions which give rise to the forma-
tion of alkali metal oxide with the liberation of hydrogen,

10. A process for extracting alkali metals from their
amalgams which comprises concentrating an alkali metal
amalgam having a concentration of less than 10% by

85 weight of the alkali metal by distilling mercury there-
from to increase the concentration of said alkali metal to
a value of at least 10% by weight, bringing the concen-
trated amalgam thus obtained into contact with a solvent
selected from the group comnsisting of liquid ammonia,

40 cthylenediamine and methylamine, separating the amal-
gam from the solution of alkali metal in the solvent by
physical means and recovering the alkali metal from the
solvent.

11. A process for extracting alkali metals from their

45 amalgams as defined in claim 1, wherein the amalgam
separated from the solvent solution of the alkali metal
is mixed with a fresh batch of dilute amalgam being
charged to the concentration step.
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