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This invention relates to 2 novel and useful
process for the separation and recovery of alkali

trolyte and which metals are of such character
that they are susceptible to, or can be made to
form an amalgam with mercury. For example,
the invention is useful primarily for the recovery
of metallic sodium and by-products or extended
products resulting from the products of .the pro-

-eess, but this invention is not confined to sodium

as it is applicable to all of the group of alkah

- metals and metals of the alkali earths; Wh:lch
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'ing point of sodium chloride is about 1481° F.

will amalgamate with mercury and which have
melting points below and boiling points above the
decomposition points of the respective amalgams.

Commercial metallic sodium is now produced

almost exclusively by the electrolysis of molten

sodium chloride and molten sodium hydroxide.
The processes employed are expensive and de-
structive to apparatus due to the high tempera-
tures involved. 'The melting temperature of
sodium hydroxide is about 604 I while the melt-

The most recent accomplishment and that
which js considered commercially the best proc-
ess prior to this invention provides. for the elec-,

trolysis of fused anhydrous sodium chloride, said

process being considered an advance over prior
practice on account of the difference in cost be-
tween sodium hydroxide and sodium chloride.
The benefit of the cheaper raw material, i. e.,

sodium chloride, however, is materially offset by
the cost of refining and purifying. In both the
molten soditm hydroxide and molten- sqodium -
chloride electrolytic cells, difficulties are encoun-,

.

produces marked deterioration in the apparatus

used. Sodium chloride and potassium chloride
‘have been widely used in this connection. The

disadvantages resulting are the contamination of
the mercury cathode, the necessity of collecting
and utilizing the chlorine gas generated and
which cannot be discharged into the atmosphere
with impunity, and the consumption of the graph-
ite anodes which are generally employed in this
connection. The wearing away of the graphite
anodes results in variations in the distance be-
tween the poles of the cell causing an increase in
cell voltage and a decrease in the energy efficiency
and also results in the breaking off of graphite
particles which collect upon the mercury cathode,
causing the evolution of hydrogen gas which I8
highly detrimental to efficient cell operation.

- Furthermore, in such processes as specified,

the amalgam-~mercury cathode cannot be com-
pletely rejuvenated in denuding chambers before
it is returned to the decomposition chamber, be-
cause too highly purified mercury is susceptible

- to attack by the dissolved chlorine in the elec~

trolyte, forming mercury chloride before the
mercury has become suﬁcmnﬂy charged with
sodium.

With the foregoing consideratlons in mind, the
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primary object of the present invention is to pro-

vide a process which is free or substantially free

from the objections which have been stated and
- at the same time to produce a process which wiil
be highly economical and more efficient in its
Operatwn than the prior art.

- More specifically, one object of this invention
is to produce substantially pure alkali metal by

tered in separating the anodic and cathodic prod- & continuous process, so that one of the end prod-

ucets. In the molten sodium chlonde cell," the

proximity of the melting point of sodium chloride
(1481° F.) and the boiling point of metallic sodi-

ucts of the process is an alkah metal in pure or
in substantlally pure state. -
Another object of the invention is to obtain

um (1616° F.) demands very accurate tempera.-- valuable by-products, and if it is desired, to carry

ture control which, in practice, is difficult to
maintain. ‘Also at these temperatures metalhc
sodium exerbs an appreciable vapor
which tends to cause considerable metal loss by
vaporization. There are other commercial diffi-
culties which are well recognized in the art, but.
for which, prior to this invention, there have
been no satisfactory solutions.

It has also been heretofore proposed to decom-
pose various materials by electrolysis through

“the employment of electrolytic cells. These elec-
trolytic processes have generally been carried on
" in connection with the use of electrolysis involv-

ing the chlorides, which electrolytic action has
resulted in the liberation of chlorine gas, which

pressure”

the method a step forward and convert the pure

‘metallic alkali metal into a further product here-

in more specifically set forth.

_Another object of the mvention is to provide
an apparatus whereby the electrolysis of the ma~

‘terial operated upon may be effected at relatively
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low workable temperatures in an efficient manner.
More specifically one object of the invention

consists in the treatment of a earbonate solution
of an alkali metal, more specifically sodium car-
bonate, to produce the alkali metal or oxides,
more spcclﬁcally metallic sodium and/or sod.ium
peroxide and sodium bicarbonate. |

A further object of the invention relates to
the production of a novel apparatus for carrying
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out the process as a Whole, as well as speciﬂc
steps of the process. |
The basic principle of the present process for

the recovery of alkali metals and alkali earth
metals is founded on the fact that there is a

wide divergence between the boiling points of
the pure alkali metals and the decomposition
points of the -respective amalgams; and that
there is a corresponding divergence between the
melting points of the pure alkali metals and the
decomposition points of the respective amalgams,
at which latter point mercury is vaporized leaving

- the pure alkali metal in a molten state.
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a soluble carbonate of an alkali metal in the pres-
ence of mercury, used as a cathode, to form an
amalgam. The resulting dilute amalgam-mer-
cury mixture is thereafter heated to a tempera-
ture sufficient to volatilize the entire mercury

content, but insufficient to volatilize the alkali.

metal content whereby the amalgam is decom-
posed to free the alkali metal therefrom and
cause the same to form a stratum. During the
formation of this stratum, the mercury content
of the amalgam goes off in the form of vapor or
gas. The alkali metal is decanted or otherwise
removed from the zone of heat in pure or sub-
stantially pure state. The mercury vapors are
condensed for re-use in the cell.

The gases generated in the cell are led there-

from and are useful for the formation of by-

products, while, if desired, the alkali metal which
constitutes the end product may be subjected
to a further treatment in whole or in part to
produce a further end product, such, for exam-
ple, as & peroxide.

From the standpoint of the apparatus em-
ployed, the invention, in its preferred form, em-
bodies an electrolytic cell of novel characteris-
tics, energized by &n appropriate electrical cur-
rent and provided with a mercury cathode. 'The
electrolyte, mercury and amalgam are fed into
and removed from the cell intermittently to pre-
clude short circuiting. 'The apparatus further
consists in means for feeding the amalgam to
a suitable place of heat treatment to bring about.
the volatilization of the mercury content of the
amalgam and to permit the extractmn of the
alkali metal product.

Further provision is made {o recover the mer-
cury by condensation or otherwise, so that the
resulting mercury may be fed back to the cell for

re-use, while the heat evolved during its con-.

densation is utilized for the generation of steam.
Means are further incorporated in the system
for receiving the gases evolved in the cell and
treating the same by -absorption or otherwise to
produce such by products as may be desired.

The apparatus of this invention embodies

numerous novel features which will be herem-
after more fully described and claimed.

Features of the invention, other than those
specified, will be apparent from the hereinafter
detailed description and claims, when read in
conjunction with the accompanying drawing.

The accompanying - drawing illustrates dia-

- grammatically one form of novel apparatus for

carrying out the process of this invention which

- apparatus forms a part of the invention. I wish

it understood, however, that the process may be
carried out by other specific forms of apparatus
than that shown.

In the apparatus shown, no attempt has been
made to illustrate thereon the details of any

cally constant level by the overflow
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equipment or the relatwe proportmns of the

- apparatus, as this will be understood by those

skilled in the art.

‘While the practice of the process of this in-
vention may be carried on in connection with
various alkali metals, I have chosen to specifical-
ly describe the same as applied to the decomposi-
tion of sodium carbonate to produce as end

80

products, pure metallic sodium, and/or metallic

sodium and sodium pemnde and sodium bhicar-

bonate.
The specific description will therefore deal

_ - with the invention in this connection, it being
Speaking generally, the invention consists pri-
marily in a process of electrolyzing a solution of

understood that similar alkali salts and/or com-
pounds may be employed in & lIike manner.
Referring to the drawing, 1 designatles an elec-
trolytic cell provided therein with a metal anode
2 made of any suitable metal which nay be
plated, for example, with nickel or platnium. 2
designates a mercury cathode formed by & pooi
of mercury in the cell. D:irect current for en-
ergizing the cell may be conveniently fed from
a direct current generator 4 through appropriate
wiring connections. A sodium ecarbonate solu-
tion is adapted to be contained in a tank 5, the
brine in this tank being healted in any suitable
manner, such, for example, as by internal steam
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coils to form a substantially saturated solution of -

sodium carbonate decahydrate. Brine from tank
5 is adapted to be fed through an interrupter
6 into the electrolytic cell 1, This interrupter 6
is of such character as to feed the dbrine inter-
mittently, but in a substaniially continuous way
without short circuiting the ceill. Any standarad
form of apparatus for so feeding the brine may

11C
be employed. Of course a plurality of cells in

- series may be used and the brine may be fed

from tank 5 to a battery of them, but, for the
purpose of illustration, a single cell is shown.
The feed of brine to the cell is substantially con-
tinuous and the electrolyte is kept at a practi-
pipe 7
through which the depleted brine leaves the
cell and passes through an interrupter 8 and a
pump 9 back to the {ank 5. The brine and tank 120
5 is kept to a standard strength by appropriaie.
additions of sodium carbonate or sodium carbon-

115

ate monohydrate.

In operating, the stratum of brine between
the poles 2 and 3 of the cell is partialiy decom- 125
posed, causing the evolved carbon dioxide and
oxygen gass to bubble up through the electro-
lyte and be withdrawn from the cell through a
pipe 10 including a suction blower 11 which feeds
these gases Into a scrubber 12, wherein the gases 130
are further treated as hereinafter more fully
explained.

The meta.lhc sodium hbemted between the
poles combines with the mercury cathode 3 to
form a fiuid dilute mercury-amalgam mixture. 135
This mercury-amalgam mixture is adapted to be

- fed through an interrupier, designated gener-

ally by the reference character 14, to a denuder
15 which may convenienily be in the form of a
still. The purpose of the interrupter 14 is fo pass 149
the amalgam mixture out of the cell without
short circuiting the cell, i. e, to remove the
amalgam mixture in such & way that there is not
a continuous -electrical circuit established be-
tween the cell and the still. This interrupter 145

- embodies a pair of U-tubes 16 and 17 between

which is interposed a pulsating valve 18 in the
form of a piston operated by a pitman connected
to a crank disk 19 which when rotated causes
the piston to reciprocate. - 150
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In one leg of the -tube 17 is an enlarged

chamber 20 containing “oil or other insulating

fluid, the volume of the chamber being greater

than the discharge voluine of the pulsating valve-

18. As a result of this construction, the eleva-
tion of the piston will permit amalgam mixture

' - to flow from the cell through the U-tube 16 and

10

through the valve 18 into the chamber 20. When
the piston descends, it shuts off the flow of amal-

‘gam mixture from the U-tube 16 and the oil in

the chamber, which because of difference in spe-

- cific- gravities has remained on the top of the
- amalgam-mixture in the chamber, serves upon

- 18

the further downward movement of the piston as
& liquid piston to force the amalgam mixture out

-of the U-tube 17 ahd permit the same to flow by

20

gravity to the still 15. It will thus be noted that
by this apparatus the amalgam mixture is fed
intermittently so as not; to give & continuous

column of amalgam mixture which would serve
to short circuit the cell.

-The denuder still 15 is heated by any con-
venient method to such a temperature that it will

- act upon the amalgam therein to disintegrate

25

' . gam is broken up into liquid sodium and mercury
~ vapor.

30

a tail pipe 22 to a

the same and yet sufficiently low as not to volatil-
ize the sodium content. As a result, the amal-

The liguid sodium forms in a stratum
designated 21 upon the surface of the amalgam
mercury mixture and may be decanted off through
a suitable storage reservoir 23

 which may be maintained at any appropriate

35

40

49

- ample, at atmospheric pressure, metallic sodium
has a melting pocint of about 207° F. and a boil-

temperature to keep the metallic sodium in liquid

form for packmg or for further treatment in the
plant.

To cperate at the lowest practical tempera-
tures and also to preclude escape of mercury
vapors, the denuder still or evaporator is pref-
erably operated under a vacuum and when thus
operated, the decanted metallic sodium, collected
in the hot well or reservoir 23, acts as a seal for
the barometric leg of the decanting pipe.. It will
of course be understood that the temperatures

applied in the still or evaporator will vary in-

accordance with the degree of vacuum therein,

but the material operated upon is such that there ' ent instance, carbon dioxide and OXygen gas pass

~out of the cell through a pipe 10 to-a blower 11
-where they are somewhat compressed and forced

are no critical temperatures involved. For ex-

ing point of about 1616° F. Mercury at the

~same pressure and temperature has a melting

&t
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point of minus 5° F.-and a boiling point of 675° F.

When a mixture of mercury and amalgam
is heated at a given pressure to a point suffi-
cient to voltatilize the entire mercury content
and leave the alkali metal, the final temperature
at which the amalgamated mercury is volatilized
is dependent mainly on the decomposition tem-

' perature of the amalgam, which is generally
higher than the boiling point of pure mercury:
This decomposition tem-

at the given pressure.
perature is, however, usually only slightly higher

- than the boiling point of the pure mercury at the
same pressure and relatively far removed from the.

boiling point of the pure metal so that on the de-
composition of the amalgam there will be formed
a pool of molten sodium on the surface of the

amalgam or amalgam mixture through which

the mercury vapors will escape and this step of

the process may be carried out without critical -

- temperatures of heat, because the wide divergence

in melting and boiling points of the respective
components involved.tolerates working pressures

‘and temperatures far removed from the critical.
75

The mercury volatilized and in the still bubbles

- namely, sodium bicarbonate.

3

up thraugh the sodium' stratum 21 'and passes

through a pipe 24 to a condenser 25 of any con-

ventional form. This condenser, however, is
shown as one of the tube or boiler type adapted
to contain -water within--the tubes. The mer-

cury vapors are circulated about the tubes and

lose sufficient heat confent therein to form steam
in the pressure head 26.of the condenser. This
steam may be fed through an outlet pipe 27 to do
useful work. .The mercury condensed in the
condenser 25 flows by gravity into a heat ex-
changer and washer 28 which serves as a source
of supply for the cell ca,thode which also serves
to preheat feed water for the condenser 25 fed

through pipes 25a. The rejuvenated mercury 1is

fed from washer 28 through a pipe 29 to an in-
terrupter 30 which operates in substantlally the
same manner as the interrupter 14 and serves

o feed the rejuvenated mercury into a supply

tank 31 from whence it is fed by gravity to the
cell.” The feed of mercury to the cell and the
discharge of amalgam mixture out of the cell

- Is accomplished in a synchronized manner, so

as to maintain a substantially uniform pool of
mercury in the cell to functmn as the cathode

thereof.
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It will be understood that inasmuch as the =

mercury 1is fed from the condenser or heat ex-
changer 25, the mercury enters the washer 28
and is fed back into the cell in a heaited condi-
tion to accelerate the electrolytic action. By
way of example, and without limiting the inven-
tion, I may ctate that in practice the mercury

entering the cell may conventiently be in the

neighborhood of 200° F. which is a satisfactory

operating temperature to obtain a constant state
of efliciency. This temperature of -200° F. is

105
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above the transition point of the hydrate forming

salt in the electrolyte, and, accordingly, salt ac-
cumulations do not form on the cell parts. If
the temperature were below the transition point,
these salt accumulations would occur and de-
stroy the commercial utility of the cell.

As hereinbefore stated, the gases evolved by
the electrolytic action in the cell and in the pres-

through the gas absorber 12 through which 2
counter current of sodium carbonate brine is
caused to flow.

tank 5 and fed through a pipe- 32 including s

pump 33 which feds the brine into a head tank 34
-~ from which it flows by gravity to the absorber 12.

In the absorber 12, the counter current of sodium

carbonate brine combines with the carbon diox-

ide gas forming sodium bicarbonate crystals
which are withdrawn with the liguor from the
base of the absorber 12 and passed to a filter
wheel 35. The recovered salts are dried in any
suitable manner after they are discharged from
the filter wheel and constitute one end product,
The filtrate or
mother liquor from the filter wheel 35 is collected

‘under a vacuum maintained in a receiver 36 by -

a vacuum pump 37. The filtrate is removed from

the receiver 36 by a pump 38 and returned there-

by to the brine tank 5.

Thé brine for filushing the absorber 12 is Wlth-
drawn from the brine tank 5 by the pump 33
which lifts the brine to the hea,d tank 34 feed-

mg the absorber 12.
The oxygen gas is removed from the top of the

‘absorber or scrubber 12 by a blower 39 and passed
through a pipe 40 through a suitable drier 41
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This brine is drawn from the
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wherein the drying may be accomplished through
the use of sulphuric acid or by refrigeration or
otherwise. From the drier 41, the oxXygen gas
is preferably fed to an absorber 42 of any suit-
able form.

Metallic sodium is fed from the hot well 23 by
a pump 43 to the absorber 42, wherein it is com-
bined with the oxygen gas therein to form sodium
peroxide (Naz0a2) Whlch constitutes a third end
product of the process. " If desired, I may pass
this end product through additional steps to ob-
tain hydrogen peromde (Hz202).

In practice, it is found that if all of the oxygen

resulting from the electrelysis is combined with

the sodium in the absorber 42 that I can utilize
ahout one half of the metallic sodium. produced
by the process. If it is desired to convert all of
the metallic sodium produced into sodium per-
oxide, I may augment the oxygen by introducing

‘air through an inlet 44 to produce sufficient oxy-

gen to combme with all'of the sodium in which
avent all of the sodium produced in the hot well
23 may be fed to the absorber 42 for the making

- of sodivim pero}nde

During the operation of the appa,ratus con-
siderable temperature may be present in the
serubbker 12 and this temperature may be lowered
to the desired operating temperatures by an en-
closed coil 45 through which the feed water or
brine for the tank 5 is fed. This feed water or
bhrine serves to carry out the cooling function and
at the same time the heat exchanged serves to

maintain the desired temperature in the tank 5

and to provide feed water for the condenser 29.

During the condensation of the mercury in the
heat exchanger 25, certain uncondensed gases are
produced. These gases are fed out to a pipe 46
to a second condenser 47, the condensate from
which is fed to the washer 28. .

In carrying out the process of this mventmn it
is entirely practical with the proper disposition
of electrolytic cells 1, still 15 and condenser 25 in
relation to each other, to provide that all of the
liguid merecury will flow by gravity to its destina-
tion. The necessary elevation of the mercury 1s
accomplished by the mercury vapor from the still
to the condenser and from this point, the mercury
flows back .to the cell by gravity and by gravity

- from the cell o the still,
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Attention is also directed to the emcmnt inan-
ner in which electrical short circuiting of the sys-
tem is precluded through the interposition of non-
conductive liquid seals in the mercury inlet and
amalgam outlet of the cell. I have referred to
the use of valves embodying reciprocating pistons

for controlling this inlet and outlet and have

stated that these pistons may be controlled by
crank disks which are synchronized. In prac-
tice, I drive the shafts of both of these crank
disks in synchronism, generally by the mcotor,
operaling a variable speed transmission and I
control the motor electrically from a pressure
regulator 48 included in the steam outlet 27, so
that by regulating the pressure of the steam, I
can. regulate the flow of mercury and amalgam
from the cell. At the same time, I preferably
associate with the mercury vapor pipe 24, a ther-
mostatic regulator 49 and utilize this regulator
to regulate an electric controlling circuit for con-
trolling the fuel inlet valve 51 to the still 15. By
these two conirols, the feed of mercury to the
still, the production of the resulting amalgam,
and the breaking up of said amalgam are so co-
ordinated as to produce an automatic control of

the system.

1,961 160

In the utﬂizatmn of the heat in the mercury
vapors from the denuder still, I do not wish to
limit myself to simple condensation of these

vapors as described, but wish to point out that &

turbine may be interposed in the vapor line 24
between the still 15 and the condenser 25 for the
purpose of generating power and more completely
utilizing the energy in the mercury vapors. The
mercury vapors discharged from the turbine would
be condensed in a suitable condenser recovering
further heat from the mercury vapors which may
be used to generate steam for additional power or
other application. It is imporvant to note that
a balanced heat and power cycle may be obtained
whereby the energy for electrolysis, auxiliaries
and processing may be derived entirely from the
heat input to the denuder still 15,

- In the operation of the device, the feed of the
mercury intermittently as described by the pul-
sating pump valves at regular intervals causes
the surface of the cathode to be rippled fre-
guently. This together with the irequent re-
moval of the amalgam mixture from the cell as-
sists in the diffusion of the amalgam throughout
the mercury cathode and prevents prolonged ex-
posure of the metallic sodium to contact with the
water in the electrolyte, thus decreasing the li-
ability to hydration of the amalgam and the for-
mation of caustic soda. The mercury oil dis-

placement is accomplished in a manner that will

preclude the admission of oil into the cell or into
the mercury or amalgam mixture conduits.

It is found in practice that the carbon dioxide
and oxygen gases evolved in the cell are of an
exceptionally high quality which give end prod-
ucts of high character.

mxperience has shown that the process of this
invention and the apparatus which I have de-
scribed operates with high efficiency and pro-
duces an extremely high yield as compared to
prior methods and processes. In fact, the yield
is unusually close to calculated ylelds of theoreti-
cal efficiency and the resulting products are of
high character. The electrical energy efiiciency
of the present process is important as power 1S
one of the hlghest elements of cost in produc-
tvion.

The present invention is of high efficiency in
this connection. Under prior practice due to
numerous unavoidable conditions, decomposition
efficiency with fused or molten electrolytes ranges
from 409% to a possible maximum of 609%. The
electric current accomplishing the decomposi-
tion is propelled through the cells through the
electromotive force or the voltage difference be-
tween the two poles of the cell. The theoretical
voltage required for the decomposition of an
clectrolyte is contingent upon so many faciors,
suiich as density of solution, temperature of soiu-

tion and the physical and chemical character of
the poles, that it is extremely difficult to express

voltage in terms of efficiency without entering -

into a long discussion of the physical and chemi-
cal faets involved; however, practical operation
discloses that the average voltage efficiency in
a fused electrolyte cell varies from 30% to 50%.
It follows that the energy efficiency in such cells
may range from 12% to 30%. "With the aqueous

sodium carbonate electrolyte used in my cell,

as previously described, the decomposition: effi-

-ciency is about 95% and the voltage efficiency is

from 45% to 50%, which means that the current
efficiency will range between 429% and 47149,

with an average energy efliciency of about 459%,
which is about 50% better than has been pre-
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viously revealed for the commercial operation of

cells for the production of metallic sodium.

An important step in the process of this inven-
tion is manifestly that which consists in the
heating of the amalgam to break up the amalgam

‘and cause the sodium to form a stratum which
permits it to be drawn off in pure or substantially

pure metallic form through a tail pipe which of
itself or in conjunction with the hot well 23 is of

sufficient height to balance the pressure in the

~ still. This decanting operation is extremely
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simple and efficient and results in a superior
product. o |

In the foregoing detailed description of the in-
vention, I have chosen to describe the process
and apparatus herein employed particularly in
connection with a carbonate and more particu-
larly sodium carbonate. | |

I prefer in practicing the present process to

employ a carbonate of an alkali metal for the
reasons hereinbefore stated, and more particu-
larly because of the deleterious effects of the

‘chlorides upon the cell and other apparatus em-
ployed in the electrolysis of such chlorides. I -

wish it understood, however, that the example
given, viz., treatment of sodium carbonate to
produce the end products described, is, Ior the
purpose of illustration only, and that I may em-

ploy in carrying out the process of this inven-

tion halides, sulfates nitrates and oxides of an

alkali metal or alkali earth metals without de-

parting from the invention.' Such procedure
will, of course, produce different end products
than those specifically described, bub will be
understood by those skilled in the art from the
foregoing detailed description. .

- Furthermore in the employment of such ot]:_ler
compounds to be operated upon, slight varia-
tions are necessary in the apparatus employed.
For example, while a &till may be conveniently
used, as stated, for the decomposition  of the
sodium amalgam, it is desirable in connection
with certain other amalgams to employ an elec-
tric furnace or some other convenient form of

vaporizer. Similarly, in the treatment of the

chlorides that pertion of the apparatus herein-
before described as having to.do with the pro-
duction of a sodium bicarbonate will of course
be dispensed with, but the peroxide may be
‘ormed by using air instead of drawing on the
~upply of oxygen from the absorber as herein-
before set forth. Co .

purthermore, I have specifically referred to

‘the treatment of salts of alkali metals, but I wish

it understood that the present invention is use-
ful in connection with the salts of metals of the

alkali earths. o

For the reasons giﬁen, I wish it understood

that the detailed description hereinbefore set
forth is for the purpose of illustration only and.

that the invention is to be understood as fully
cammensurate with the appended clg.uns.
By “controlled conditions”, as used in the ap-

 pended claims, I mean appropriate control of

66
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pressure and temperature with relation to the
alkali metal under treatment. = |

Having thus fully described the invention,
what I claim as new and desire to secure by
Letters Patent is: | | P |
1. The method of recovering alkali metals and
metals of alkali earths, which consists in elec-
trolytically decomposing a salt solution thereof

in the presence of mercury to produce an amal-

gam, vaporizing the mercury content of the re-
sulting amalgam under controlled conditions to

leﬁve the residual alkali metsl in substantially
pure state, and returning the recovered merc
to the electrolytic step of the method. - g

2. The method of recovering alkali metals

trolytically decomposing a salt solution thereof
in the presence of mercury to produce an amal-

gam, oxygen and another gas resulting from the.

particular anion of the salt, vaporizing tie mer-

cury content of the resulting amalgam to leave
-the residual metal, and combining metal thus

recovered with at least one of
a compound thereof. |

3. The method which consists in electrolyti-
cally decomposing a solution of a sait of an alkali

said gases to form

metal or metal of an alkali earth in the pres-.

ence of mercury to form an amalgam, oxXygen

and another gas resuiting from the particular

anion of the salt, vaporizing the mercury con-
tent of the resulting amsalgam to leave the re-

sidual alkali metal, ahd combining alkali metal

thus' recovered with said oxygen gas to form a

‘compound thereof.

4. The method which consists in electrolyzing
a salt solution of an alkali metal or metal of an
alkali earth in the presence of mercury to form
an amalgam, heating said amalgam under con-
trolled conditions to a temperature sufficient to

-yolatilize the mercury content thereof but in-

sufficient to volatilize the alkali metal content
thereof, for the purpose of decomposing the amal-

gam through vaporization of the mercury to iree

the alkali metal in substantially pure state there-
from, removing such alkali metal from the zone
of decomposition, and returning the recovered
mercury to the electrolytic step of the method.

5. The method which consists in electrolyzing

a salt solution of an alkali metal or metal of an

alkali earth in the presence of mercury to form
an amalgam, heating said amalgam to a tem-
perature sufficient to volatilize the mercury con-

tent thereof but under conditions of pressure in-

sufficient to volatilize any substantial portion of

the alkali metal content thereof, for the purpose

of decomposing the amalgam to free the alkali

‘metal therefrom and cause the same to form a -

=

a.nd'-
metals of alkali earths, which consists in elec-
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stratum in the decomposition zone, and remov-

formed. | |
6. The method which consists In electrolyzing

a salt of an alkali metal or an alkali metal earth
‘at a temperature below the melting point of said
;salt and in the presence of mercury to form an

amalgam, heating said amalgam to a tempera-
ture sufficient to volatilize the mercury content
thereof but under conditions of pressure insuffi-

cient to volatilize any substantial portion of the

ing the alkali metal from said stratum thus :
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alkali metal content thereof, for the purpose of

decomposing the amalgam to free the alkali
metal therefrom and cause the same to form a
stratum in the decomposition zone, and remov-
ing the alkali metal from the stratum thereof
thus formed. o | |

7. The method which consists in electrolyzing
a, solution of a carbonate of an alkali metal in

neighborhood of 200° F. to form an amalgam,
heating the resulting amalgam to a tempera-
ture sufficient to volatilize the mercury content
thereof, but insufficient to appreciably volatilize
the alkali metal content- thereof for the purpose
of decomposing the amalgam to free the alkali

metal therefrom, and removing the alkali metal

thus formed. _
8. The method which consists in electrolyzing
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the presence of mercury at a temperature in the
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a snlution of a carbonate of an alkali metal in

- the presence of mercury to form an amalgam
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and to evolve oxygen and carbon dioxide gases,
heating the resulting amalgam to a femperature
sufficient fo volatilize the mercury content there-
of but Insufficient to volatilize the alkali metal

-confent thereof for the purpose of decomposing

the amalgam 1o free the alkali metal therefrom,
removing the aikali metal thus formed, and sub-
jectmg at least a portion of such alkali metal
0 the action of said oxygen gas to provide a
desired end product.

8. The methed which cens1sts in eleetrolyzmg
o, solution of sodium carbonate in the presence

of mercury toc form a sodium amalgam, there-

afier heating the amalgam to a sufficient tem-
werafure to velatilize the mercury content there-
of but 1nder congditions of pressure insufficient

posing the amalgam fto free the sodium there-
Trom and cause the same to form a stratum, and
»emoving the metallic sodium from the stratum
waus Tormed. |
10. The method which consists in electrolyzing
o solufion of scdium carbonate in the presence
of mercury o form sodium amalgam and liberate
oxysen and earbon dioxide gases, thereafter heat-
ing the amalgam to a temperasture sufficient to
volatilize the mercury content thereof, but in-
sufficient to vplatilize the sodium content thereof,
for the purpose of decomposing the amalgam to
iree the metallie sodium therefrom, removing the
metallic sodium thus formed and subjecting at
ieast a2 porficon of said metallic sodium to the

action of the oxygen evolved during the electro-

Ivzing step of the process for the purpose of pro-
dueing sedium peroxide.

11. The method which consists in electrolyzmg
o, splufion of scdivm carbonate in the presence

of mercury to form sodium amalgam and liberate

oxyeen angd carbon dioxide gases, thereafter heat-
ing the amalgam to a temperature sufficient to
volatilize the mercury content thereof, but in-
sufficient o volatilize the sodium content thereof,
for the purpose of decomposing the malgam to
free the metallic soedium therefrom, removing the
meitallic scdinm thus formed to precduce sub-
stantially mure metallic sodium, and subjecting
ihe earbon dioxide gas evolved during the elec-
trolyzing step of vhe process to the action of a

solution of sodium carbone,te to produce sochum_

bicarbonate.

12. The methoed-which consists in electrolyzing
g solubion of sodium carbonate in the presence
of merciry to form sodium amalgam and liberate
oxvyegen and carbon dioxide gases, thereafter heat-

" ing the amalgam $t0 a temperature sufficient to

59

volatilize the mercury content thereof, but in-
sufficient to volatilize the sodium content thereof,
for the purpose of decomposing the amalgam o
free the metallic sodium therefrom, removing the
metallic sodium thus formed, subjecting at least
& poriion of said metallic sodium to the action
of oxygen evolved during the electrolyzing step
of the process for the purpose of producing

- sodiinm peroxide, and subjecting carbon dioxide

it

evolved from the electrolyzing step of the process
1o the action of a solubion of sodium ca,rbonate
1o form sodivm bicarbonate.

~13. The method of separating and recovering

alkali metals and metals of the alkali earths from

amaigams, which consists in vaporizing the mer-
cury therefrom, under controlled conditions and

removing the mercury vapor to obtain the resid-

1,061,160

ual metallic alkali metal in substantmlly pure

‘state.

14. The method of making an amalgam, which
consists in electrolyzing a solution of a carbonate
of an alkali metal in the presence of mercury
gnd at a temperature in the neighborhood of

00° P,

15. The method which consists in electrolyzing

a solution of a carbonate of an alkali metal in
the presence of mercury, at a temperature in the
neighborhood of 200° F., to form an amsalgam,
and thereafter vaporizing the mercury content
of %hle amalgam to recover the constituent alzali
meta

16. The method of recovering alkali metals and
metals of alkali earths, which consists in electro-

35
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lytically decomposing a solution thereof in the

| -presence of mercury to produce an amalgam,
t¢ volalilize any substantial portion of the alkali
+ metal conient thereof for the purpose of decom-

oxygen and another gas resulting from the nar-

ticular anion of the salt, thereafter recovering

the alkali metal constituent of the cell effluent,
and thereafter chemica]ly combining. the said
oxygen gas with a portion of the recovered metal
to form an end product different from the metal,
gas or electrolyte employed.

17. The method which consists in electrolyti-

cally decompesing a solution of sodium carbon-
ate in the presence of mercury to produce an
amalgam and evolve oxygen and gaseous carbon
dioxide, thereafter recovering the sodium from
the amalgam, and thereafter chemically combin-
ing sald oxygen with a portion of the sodium re-
covered to form sodium peroxide.

18. The method which consists in electrolyti-
cally decomposing a solution of alkali carbonate
at a temperature in the neighborhood of 200° F.
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to liberate oxygen and carbon dioxide gases, and

subjecting the carbon dioxide gas evolved dur-
ing the said decomposition step to the action of a
solution of an alkali carbonate to produce an
alkali bicarbonate. |

19. The method which consists in electrolyti-
cally decomposing a solution of sodium carbon-
ate in the presence of mercury to produce an
amalgam and evolve oxygen and gaseous carbon
dioxide, thereafter recovering the sodium from
the amalgam, chemically combining said oxygen
with a portion of the sodium recovered to form
sodium peroxide, and chemically combining said
carbon dioxide with a solution of sodium car-
bonate to produce sodium bicarbonate.

20. The method which consists in electrolyzing
a solution of a salt of an alkali metal or alkali
metal earth in the presence of a mercury cathode
to form an amalgam, intermittently drawing off
the amalgam from the cathode, heating said
drawn off amalgam to a temperature sufficient
to volatilize the mercury content thereof, for the
purpose of decomposing the amalgam to free tha
alkall metal therefrom, removing the alkali
metal thus formed, and intfermittently replenish-
ing the mercury cathode in amounts to maintain,
o substantially constant cathode volume durmg
the electrolysis step of the process.

21. The method which consists in electrolyzing
a, solution of a salt of an alkali metal or alkali
metal earth in the presence of a mercury cathode
to form an amalgam, intermittently drawing off
the amalgam from the cathode through a dielec-
tric seal, heating said drawn off amalgam to 3
temperature sufficient to volatilize the mercury
content thereof, for the purpose of decomposing
the amalgam to free the alkali metal therefrom,

removing the alkali metal thus formed, and in-
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termittently replenishing the mercury cathode .3
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- through a, di-electric seal in a,mounts to maintain

19
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a substantially constant cathode volume durmg

the electrolysis step of the process.

22 The method which consists in electrolyzing
a solution of a salt of an alkali metal or alkali
metal earth in the presence of a mercury cathode
to form an amalgam, intermittently drawing off
the amalgam from the cathode through a di-
electric seal, heating said drawn off amalgam to
g, temperature sufficient to volatilize the mercury
content thereof, for the purpose of decomposing

the amalgam 1o free the alkali metal therefrom,.

removing the alkali metal thus formed, and in-
termittently replenishing the mercury cathode
through a di-electric seal in amounts to maintain
o, substantially constant cathode volume during
the electrolysis step of the process, and replenish-
ing the electrolyte intermittently through a di-
electric seal.

23. The method which consisis in electl olyzing
a solution of a salt of an alkali metal or alkali
metal earth in the presence of a mercury cathode
to form an amalgamm, intermittently drawing ofi
the amalgam from the cathode through .a di-
electric seal, heating said drawn off amalgam to

a temperature sufficient to volatilize the mercury

content thereof, for the purpose of decomposing
the amalgam to free the alkali metal therefrom,
condensing the mercury vapors evolved during
the heating step of the process, removing the

~alkali metal thus formed, and intermittently re-
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plenishing the mercury cathode through a di-
electric seal in amounts to mainfain a substan-
tially constant cathode volume during the elec-
trolysis step of the process, and controlling the

ing medium. |
24. The method which conmsts in electrolyzing
a Solution of a salt of an alkali metal or alkali

7

feed of mercury and amalgam to and from the
cathode by the pressure of the mercury condens-

80

metal earth in the presence of a mercury cathode’

to form an amalgam, intermittently drawing off
the amalgam from the cathode through a di-elec-
tric seal, heating said drawn off amalgam to a

temperature sufficient to volatilize the mercury

content thereof, for the purpose of decomposing
the amalgam to free the alkali metal therefrom,
condensing the mercury vapors evolved during the
heating step of the process, removing the alkali
metal thus formed, intermitiently replenishing
the mercury cathode through a di-electric sedl

8&

a0

in amounts to maintain a substantially constant -

cathode volume during the electrolysis step of the

process, controlling the feed of mercury and

amalgam to and from the cathode by the pres-
sure of the mercury condensing medium, and
controlling the temperature of said heating step
by the temperature of the mercury vapors
evolved during such step.

25. The method of recovering metallic sodium
from a sodium salf soclution which consisis in elec-
trolytically decomposing such sodium salt solu-
tion in the presence of mercury to produce an

100

amalgam, vaporizing the resulting amalgam un-

der controlled conditions to leave the residual
metallic sodium in substantially pure state and
returning the recovered mercury to the elec-
trolytic step of the method.

SETH A. MOULTON.
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