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UNITED STATES PATENT OFFICE 
2,615,838 

ELECTROLYTIC PROCESS OF PRODUCING 
ALKALAND ALKALINE EARTH METALS 

Leonard John Minnick, Cheltenham, and Cyril'". 
Presgrave, East Whitemarsh Township, Mont-" 
gomery County, Pa., assignors to G. and W. H. 
Corson, Inc., Plymouth Meeting, Pa...a corpore 
ration of Delaware. 

Application May 27, 1946, Serial No. 62,704 i. 
8 Claims. ... (C. 204-59) is : 

The present invention relates to a process for ... 
the production of alkali and alkaline earth met 
als, and more particularly it relates to a process . . 
by which alkali and alkaline earth metals may 
be economically prepared by the electrolysis of 
a non-aqueous liquid comprising anhydrous liq 
uid ammonia, methylamine, ethylamine, 
pyridine combined with a salt of the metal. 
The processes at present available for the 

preparation of alkali and alkaline earth metals O 
are generally divisible into two types-first, the 
methods involving chemical reactions and, Sec 
ond, those employing the use of an electric cur 
rent. The former type of method involves re 
duction reactions conducted in retorts under 
special atmospheres or high vacuum, and many 

5 

problems, are involved in the commercial op 
eration" of this type of process. The latter type 
of method involves, so far as commercial prac 
tice is concerned, chiefly the electrolysis, in the 
molten state, of an anhydrous salt of the metal. 
Other methods for producing alkali and al 

20 

kaline earth metals by electrolysis in both 
aqueous and non-aqueous solvents have been 
suggested. Usually, the use of an aqueous Solur 
tion is impractical since there is a strong tend 
ency for hydrogen to be evolved at the cathode, 
and the release of hydrogen is accompanied by 
decomposition of the solvent and the conversion 
of the metal into the hydroxide. - Several ideas 
have also been described in which a co-deposit 
of hydrogen and the alkali metal is formed at 
the cathode during the electrolysis of an alkali 

30 

metal salt dissolved in a non-aqueous Solvent; r. 
such as propy or other higher alcohol. In Such 
cases; high voltage, with consequent high power 
consumption, is required and the co-plating of 

35 

the hydrogen with the metal is also undesirable. 
One object of the present invention is to pro 

vide an economical process for the production of 
alkali and alkaline earth metals by the electroly 
sis of a non-aqueous liquid comprising anhy 

40 

drous liquid ammonia, nethylamine, propyl 
amine, or pyridine combined with a salt of the . 
metal:"... 45 
A further object of the invention is to provide 

an electrolytic. process for the preparation of 
alkali and alkaline earth metals which may be 
conducted at relatively"; high current densities. 
and with relatively slow power consumption to 50 
produce ca", cathode: product, substantially... free 
from contamination by unelectrolyzed salt: . . . 
Another object of the invention is to provide; 

a methods for producing, alkali, and :: alkaline ... 
earth metals as the cathode product, in con-: 55 

2 
junction with the production of an anode prod-: 
uct that may readily be employed to prepare an: 
alkali or alkaline. earth metal salt available for . . . 
recycling in the process. . . . . 
Another object of the invention is to provide: . i 

a method for the production of alkali and alka-3: g: 
line...earth metals, from SaltS:of the metal that. 
can be.prepared without difficulty::from cineXs. 
pensive raw materials. : 
- A still further object of the invention is to ; i. 
make: available i.a. process for the electrolyti 
production...of alkali and alkaline-earth: metals. ... 
from Salts' thereof: even': when the salts are not: i: 
anhydrous. 
- Still another object of the invention is to profit... 
vide a...process by which a...substantially pure...: 
Solution, or paste,2. E. comprising the alkali...or ... 
alkaline...earth metal arid the Solvent of the elecs:... 
trolyte, may be prepared; which Solution or paste: 
may be used in the industries or may be readily:.. 
converted into. an alkali or alkaline earth metal : , 
of a high state of purity, merely by evaporation r: 
of the Solvent. . . 
Other objects, including the provision of a, 

cyclic chemical and electrochemical process for . . . 
the preparation of alkali and alkaline earth meter. 
als, will be apparent from a consideration of - 
this Specification and the claims: 
The process of the present invention is ap 

plicable for use in the production of any of the 
various alkali or alkaline earth metals, namely, is: 
lithium, Sedium, potassiuin, caesium, rubidium ... 
calcium, Strontium, and barium, and of alloys or . ' 
inixtures thereof it. . 

in accordance) with the invention, a cathode 
product. Comprising, an alkali or alkaline earth 
metal Substantially uncontaminated by unelec-. : : 
trolyzed. Salt is prepared by the electrolysis of 
an electrolyte.to form a cathode and an anode ...: 
product. The electrolyte is a non-aqueous liq-. 
uid comprising an anhydrous liquid'selected from:s: 
the group. consisting of ammonia, methylamine, 
ethylamine, and pyridine.combined with a salt...: 
of the metal Selected from the group.:consisting:: 
of the perchlorate and thiocyanate, and in such , s: 
an electrolyte the concentration of salt thereins.: 
provides a Solution in which the cathode prod-s: 
uct is Substantially insoluble. The cathode: ; 
product, as Will be further discussed may be air. . 
bronze liquid, a paste, or the metal itself. ...Since 
the liquid or paste...is substantially...insolublein, 
and has a lower specific gravity than, the elec- is: 
trolyte; it floats... thereoni and;...therefore, the . 
product, . Substantially, free.from, unelectrolyzed: 
Salt, may be easily separated from the electro-. 

  



3 
lyte. The anode product comprising the ani 
hydrous liquid, the anion of the metal sat aid 
itS aSSociated Solvated proton is separated from 
the cell, and the anion and its associated sol 
Wated proton are reacted with the oxide, hydrox 
ide or carbonate of the desired metal to form the 
Corresponding metal Salt. This Salt, in Substain 
tially anhydrous form, is then used as source 
material in the process. 
The process of the present invention will be 

more clearly understood from a consideration 
of the drawing which illustrates the process by 
means of a flow sheet diagram. 

Referring to the drawing, there is shown an 
electrolytic cell, the cathode and anode of which 
are connected to a source of electrical energy. 
The cell is equipped with cooling means. The 
anhydrous liquid solvent of the type described 
herein is fed to the cell, and the alkali metal or 
alkaline earth metal thiocyanate or perchlorate 
obtained as described herein is also fed to the 
cell. Turing electrolysis.there is formed a cath 
ode product comprising the desired metal, and 
anode product. Nitrogen may also be formed 
When annonia, is present. The cathode prod 
uct is removed from the cell and the metal 
Separated from adhering solvent. The soiwent 
may be recycled to the cell as shown. The an 
Ode product comprises solvent and the thiocy 
anate or perchlorate anion, and the anion is 
converted to the alkali metal or alkaline earth 
metal Salt by reaction between the anion and 
the Oxide, hydroxide or carbonate of the desired 
alkali metal or alkaline earth metal. This re 
action may take place in the cell itself as more 
fully discussed hereinafter, or may take place 
Outside the cell as shown in the drawing and as 
also more fully discussed hereinafter. If this 
reaction takes place outside the cell, the reaction 
mediurn may comprise the entire anode product, 
to which water may be added, or excess solvent 
may first be removed, as in an evaporator, and 
recycled, following which the remaining anode 
product is mixed with water which serves as the 
reaction medium, Any of the anhydrous sol 
Went remaining after the reaction may be re 
cycled for re-use in the process. In any event, 
the anion is converted to the alkali metal or 
alkaline earth metal salt Which is dried and re 
Sed in the process. In view of the fact that 
Some of the Solvent may be destroyed during the 
electrolysis, make-up solvent may be added as 
needed. The process generally described above 
will be described more in detail hereinafter. 

In place of using a single anhydrous liquid, a. 
mixture of two or more liquids may be employed, 
for example, liquid ammonia, containing an al 
kylamine having less than 8 carbon atons, or 
pyridine. The solubility of the metal formed as 
the result of the electrolysis in such nixed lic 
uids is usually less than it is in the case of liq 
uid ammonia, alone, and the paste, hereinafter 
described, forms more readily. Other materials 
Which will not interfere with the desired elec 
trolytic action may be added to the solvent, if 
desired, provided that they do not decrease the 
annount of the Salt in combination. With the an 
hydrous liquid to such an extent that the desired 
concentration of the sat cannot be obtained. 
The use of an anhydrous liquid of the type 

described increases the advantages of the use 
of a non-aqueous medium for the electrolysis of 
alkali and alkaline earth neta Salts and Over 
comes the objections that have been encountered 
in prior methods. Solubility of many of the 

O 
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metal salts is extremely high in this type of 
liquid and, as will be discussed, concentrations 
can be reached in excess of any requirements 
needed for the economic production of the met 
al. Furthermore, by employing the method 
described herein, the presence of water does not 
prevent the production of the metal and the 
proceSS eliminates the water from the non 
agleous liquid, as will be further discussed. 
While the elimination of the water consumes a 
Small annount of electrical energy, the cost is 
nominal and the effect on the operation of the 
cell is slight. Furthermore, the cost of a liquid, 
Such as anhydrous liquid ammonia, is low and 
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ance being annonia. 

the material is available in large quantities. 
For convenience hereinafter, the process will 

be described in connection with the use of an 
hydrous liquid annonia, since this is the cheap 
est of the non-aqueous liquids available for use 
in the present process, and for this and other 
reaSOns, it is used in the preferred embodiment 
of the invention. Furthermore, while, if desired, 
alloys or mixtures of two or more of the alkali 
or alkaline earth metals may be prepared from 
a Solution of two or more of the Saits of the 
desired metals in the anhydrous liquid, the in 
vention Will be discussed from the standpoint of 
the preparation of a single alkali or alkaline 
earth metal. 
AS Stated, the concentration of salt in the an 

hydrous liquid is an important factor and in 
the process of the invention, the concentration 
Cf Sait in the electrolyte provides a medium in 
Which the Cathode product is substantially in 
Soluble. This permits the production of a cath 
Ode product which is substantially free from 
containination by unelectrolyzed salt, and the 
cathode product removed from the cell in the 
proceSS of the present invention is to be con 
trasted with the impure cathod product which 
Would result if a low concentration of salt in the 
liquid annonia, solvent were to be used. Such 
inpure solutions are blue in color and comprise 
a Small annount of metal, unelectrolyzed salt, 
and Solvent. As will hereinafter be discussed, 
the desired concentration is preferably obtained 
by the uSe of the allkali or alkaline metal salt, 
alone, but if desired, the required concentration 
may be obtained by the use of another salt in 
conjunction With the alkali or alkaline earth 
metal Salt. 
The Cathode product separated from the un 

electrolyzed portion of the electrolyte may be in 
the form of a liquid or a paste or may be the 
metal itself, depending on the concentration 
of the electrolyte in contact with the cathode 
product and the operating conditions of the cell. 
The liquid is believed to be a blend or solvated 
compound between the anhydrous ammonia, and 
the metal, and an excess of ammonia may be 
present. In higher concentrations, some of the 
metal may be in Suspension or in colloidal solu 
tion in the compound, and these liquids may 
contain up to about 90% of the metal, the bal 

When the concentration 
is still higher, the paste is formed and in this 
case, it is believed that metal resulting from the 
evaporation of the animonia, from the metal 
annonia blend or compound is associated with 
that compound, and the concentration of the 
imetal in the paste usually exceeds about 90% 
and may be as high as 99%. When the concen 
tration of Salt in the electrolyte in contact with 
the cathode product is still higher, the metal it. . 
Self Will plate out on the cathode. . ... 
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Regardless of the physicalistate; or:the colorigies: 
cathode product renowedy from the ice it:yyill 
be substantially freef:from: contamination: by 
unelectrolyzed saiti: in the usual and preferred 
practice of the invention...thecathode product :5 
removed from the cell possesses a metaliciustice:S 
and Willinusually the Of...a... yellow. OE.bronze color 
although in some instances, it may possess; reddish: 
characteristics. i. The term: sri'bronze', is used. 
hereia to designate such coloration and to:dis 
tinguish its from a liquid possessing:a:blue Colora: 
tion: $. The paste, when obtained may be:-colored 
reddish brown dark brown or even black; and is 
the metal-will possess-the characteristic metallic: 53. 

Streiss' ... 

50 

eliquid-and-paste cathode-products are 
insolubie in and of: lower-specifie:gravityathan 
the 'electrolyte, and therefore floation the elecs 
trolytes and may be easily separated...itherefron; 
In the case of the liquid, it may easily be sep 
arated from the electrolyte. by, siphoning, is or . . . 
decaating; or by the application of ammonia gas: : 
pressure, or by any other suitable procedure, c't 
is to be understGod-that 'in order tor-insure the 
substantially-complete is removal of the bronzes 25 
liquid a portion of -any-blue underlying liquid a 
may also be removed from the cells The bronzess: 
liquid may-then be separated from the blue liguides: 
during which an additional amount of the bronze as: 
may be formed as the result-of the evaporation 30 
of the anhydrous liquid. The paste forms-as a ". 
Scum on the surface of the electrolyte and may 
be removed by mechanical means from the elect 
trolyte:-The metal, when formed; -will adhere - 
to the 'cathode and may be removed by scraping-35 
or other expedient and, if desired, the -cathode 
may be made removable to facilitate this step: 
If desired, a small-amount of liquid ammonia, 
or like solvent may be added to the cathode comr. 
partment of the cell to convert, the metal to the 40 
paste, or bronze liquid or the paste into the bronze 
liquid to expedite the removal of the cathode : 
product from the cell. “ 
The paste may be formed by the use of a con 

centration of the electrolyte substantially higher is 
than that required to produce the bronze liquid 
or by the evaporation in the cell...of a portion of . 
the solvent from the bronzer cathode product; r. 
Likewise; the metal-may-beformed by the use of 
an electrolyte of a “higher-eoncentration than 
that required to form-the paste, or it-may be 
formed-by the evaporation in the cell of the so- : 
went from the paste or-brenzeliquids. The metal 
or pasterisanore-difficult to remove.fren the cell as . 
than the bronze-liquid, but the use of a congen-ri 
tration of Salt-Suficient to provide rai metal or 
paStea; has the advantage:...thatistie's Cell... can be . . ; 
operated: 3.at substantially: higher temperature is 
since the higher concentrations of Sait in the Sol-...i. 
went causes a corresponding raising of the boiling 
point. Of...the "electrolyte. 

in any eventiaS stated, the Concentationi. Of...' . . . . 
saltsini anningniasis. Sufficient S0thatšthe cathode 
product removed from the cells is: Substantially 3. 
in Soubleithe electrolyteiaiadis, therefore, Sub 
startially, free from contamination by unelector :: 
lyzed. alkali or alkaline. earth: metal. salt; 'To f; 
meet these requirements the concentration: of ... : 
Salt, in the liquid: Willi provide a cathode product. 
in the form of...a bronze liquidisoria paste Opsas') : 
metal, ... 

Referring further to the concentrations ofsisalt:y: 
in the annonia the mola: concentrationiwill be 
where; the cathode productiis collected...priorate 
removal;that is;whereithe electrolytesistin CO 5. 
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S When the concentrationisabove about 4 mola 

Various inetais; the compounds of higher molec 

tion" of the cell where the cathode-product, 

6 
tactyitkthe gathode prodgtigh 
about 2ngla (2 
nia) Sandipe 
concentiation 

for example, 4:2 molar when sodium:perchlorat 
is the saltsenployed; the rietal is; usually formed. 
The Concent Eation may, in fact by; any value; up 
to the Saturation points of the salting:the ammo. 
nia, and seven if the Saltiis; used in an announ 
in excess of the Saturation point, the electrolysis. 
will proceed satisfactorily since in; this case the: 
excess. Salt merely sinks to the bottom of the ce 
As the concentrationis, increased; the concentra 
tion of the metal;in the “cathode, a product. 
increases, as may be noted by: an increase: in the 
Wiscosity of the bronze: liquid untily in facts the 5: 
product obtained-is-in-paste:or4 metalliesform a 
has been described. While the: concentrations; 
given; aire generally applicable for the salts of the 

ular, Weight can be generally used in lower: con-. 
centrations than the compounds of lower molec...: 
lular weightia. . . 

It has been indicated above that the freedom ...; 
of the cathode product from: contamination-by. 
non-electrolyzed salt is dependent upon the con-. 
Centration of Salt in the ammonia at...the-points.-: 
Where the -cathode product is collected. ...Prefer 
ably, the entire electrolyte is of a concentration - 
required to obtain a salt-free cathede product; si 
However, 'So long as the concentration at the is 
point where the cathode product is collected is : 
Sufficient So that the cathode produet which 
accumulates is a bronzeicuid, a paste; or a metal, ... 
the concentration of the salt in the ammonia in 
the remainder of the cell may be somewhats 
lower; for example, this is possible; when evapost 
ration of ammonia is taking place at that por: 
collected. Furthermore, a portion of the elect - 
trolysis may be conducted in one cell and the 
lectrolyte may then-be delivered to a second 

cell, With Gr. Without, further adjustment of the 
concentration. In this case, it is the concentra 
tion of Salt in the electrolyte...of the second cell, 
which determines the operation and it is the elec 
trolysis...in the Second, cell, therefore, which 
embodies the process of the presentinyention, , 

As Stated, the required concentration of th 
Salt is preferably provided...by a salt.gif, the all 
or alkaline earthy meta, . 

result of the presence of both salts 
ever, the yield:Qf the metal that is desired, is a 
directly proportional to its concentration, 

or other non-netal 
ing of two metalsis 
except when an alloy...is 
nated by a second metal. 
is used, the addition of an armonium:salt, part 
ticularly to, the cathode: compartment, is usuall 
not desirable Since such salt increases; the acidity. 
in the celland, among other:things, decomposes: 
the Cathode: product. An exception, however is: 
annoniuin thiocyanate, and other salts which do ..., 
not react in this way; . . 
As stated previously; the electrolyte comprises 

an anhydrous liquid. Such as:annonia, combined 
With a salts of the metal to beformedia:Ehe lig 
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uid is to be distinguished from a simple solution 
in which a low concentration of Salt is dissolved 
in liquid ammonia. These differences between 
the two types of liquids may be noted, for ex 
ample, if an alkali or alkaline earth metal is 
added thereto. In the case of liquid of the type 
used in the present invention, a bronze liquid will 
be formed upon the Surface of the liquid by a 
reaction between a small amount of the ammonia, 
in the liquid and the metal, such bronze liquid 
being immiscible in the liquid. When, however, 
an alkali or alkaline earth metal is added to a 
simple solution in which a low concentration of 
salt is dissolved in ammonia, the metal will dis 
Solve in and be distributed throughout the liquid, 
providing a blue coloration thereof. 
The salt employed in producing the electrolyte 

is selected from the group consisting of the 
perchlorates and the thiocyanates. These Salts 
are stable and easy to prepare and may be ob 
tained in an anhydrous state, if desired, by simple 
drying procedures. Furthermore, the annonium 
perchlorate or thiocyanate formed at the anode 
may be readily reconverted into the alkali or 
alkaline earth metal perchlorate or thiocyanate 
by reaction with the oxide, hydroxide or car 
bonate of the alkali or alkaline earth metal. 
This reconversion may take place in the cell by 
adding the oxide, hydroxide or carbonate to the 
anolyte and the formation of the alkali or alka 
line earth perchlorate or thiocyanate then pro 
ceeds sinnultaneously with the electrolysis of the 
salt in the same solution. However, since Sone 
water is formed by the reaction which requires 
additional electric current to dissociate it into 
its constituent parts, it will usually be desirable 
to treat the anolyte with the alkali or alkalirae 

10 
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8 
water can be present in a non-aqueous electro 
lyte and not interfere with the preparation of 
metals that are higher than hydrogen in the 
electromotive series. This is unique and is to 
be compared With the attempts that have been 
made heretofore to produce metals of this type 
in Such solvents as acetone, acetonitrile and 
phosphorous oxychloride. 

In general, the introduction of an alkali neta 
salt containing more than 5% of water is not 
recommended and if water is associated with the 
salt, it is advantageously below 1%. In the case 
of the alkaline earth metal salts, the use of a 
Salt containing less than about 1% of Water is 
desirable and, the salt advantageously contains 
less than about 0.5%. The alkali and alkaline 
earth metal Salts, if they contain an excessive 
amount of water or if the use of an anhydrous 
salt is desired, may be dried by any suitable 
method, for example, by the methods described 
hereinafter in conjunction with the treatment of 
the salt obtained from the anolyte prior to its 
re-use in the cell. 
The cell may be of any suitable design but is 

Sealed by a iid or cover and is provided with a 
went which permits the solvent Vapor, the nitro 
gen generated at the anode and any other non 

30 
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earth metal compound in a separate step. The 
halides do not possess the requisite Solubility in . 
ammonia, or other solvent to permit their use 
as the primary source of alkali or alkaline earth 
metal. 
In the preferred embodiment of the invention, 

an anhydrous or substantially anhydrous salt is 
employed. However, limited amounts of water 
may be associated with the salt, if desired, With 
out seriously affecting the reactions that take 
place in the electrolysis of the Salt, due to the fact 
that, as an initial step and before the metal plates 
out, the cell will purge itself of Water. In purging 
itself of water, electric current is required and 
a sludge of the hydroxide of the metal will be 
formed. Because of the loss of materials and 
energy and the introduction of foreign Solids in 
the cell which eventually require removal, the 
use of a salt containing as little Water as practi 
cable is recommended. However, since the 
amount of current is Small, and an extended 
period may elapse before the sludge must be re 
moved, it may, in some cases, be less expensive 
to use a salt with which a small amount of water 
is associated and to remove the water electro 
lytically in the cell, than it is to prepare a Sub 

3. 5 
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stantially anhydrous salt. The type of salt ein 
ployed and the ease with which it may be dried 
are obviously the governing factors. The water 
content of the salt should be kept lower in the 
case of alkaline earth metal salts than in the 
case of alkali metal salts due to the fact that 
there is a greater tendency for the alkali earth 
metal to react with the solvent to form amides 70 
or the like, the reaction being catalyzed by the . . 
presence of the hydroxide formed when the cell 
purges itself of water. The important point to 
be noted in connection with the water is that, 
in the present invention, a reasonable amount of 75 

condensable gas to pass out of, but will not per 
mit moisture to enter, the cell; for example, a 
mercury trap or a trap containing a moisture 
absorbing material inert to ammonia, may be 
used. The cell may be constructed of a wide 
variety of relatively cheap and available mate 
rials, for example, iron or steel, glass or enamelled 
material, rubber or synthetic rubber-like mate 
rials, and ceramics. This advantage itself makes 
the process of the present invention highly 
desirable as compared to other methods in use 
for the production of alkali and alkaline earth 
metals. 

For most operations, it will be desirable to 
nilaintain a temperature below the boiling point 
of liquid ammonia, at atmospheric pressure 
(-33.35° C.) and, therefore, the cell will usually 
be provided with refrigeration means, for in 
stance, refrigeration coils around the cell, or in 
the electrolyte, or within the electrodes, the last 
inamed being preferred as the heat is then re 
moved at the point of its chief source. If desired, 
the cell may be a pressure cell, in which event 
refrigeration is not required, or the cell may be 
operated under conditions where the conversion. 
of the liquid ammonia, into the gaseous phase is 
relied upon to provide self-refrigeration of the 
cell. While in most operations, the temperature 
of the cell, as Stated, will be maintained by re 
frigeration means below the boiling point of liquid 
annonia, the electrolysis can be conducted at 
much higher temperatures, for instance, where 
a very high concentration of the alkali or alka 
line earth Salt is employed so that the cathode 
product will be formed as a paste or a metal, 
temperatures as high as 30° C. or higher may 
be used. . Thus, a Solution of sodium perchlorate 
of relatively high concentration, for example 4.2 
molar has been employed with the result that 
bright metallic sodium metal has been plated out 
on and adhered to the cathode. 
The use of relatively low temperatures of op 

eration, as contrasted with those required in the 
processes employing a bath of molten salt, pos 
SeSSes Several advantages in addition to the sav 
ing of the energy required to maintain the bath 
in a fused State. For example, in the processes 
of the present invention, there is no difficulty 



9 
i" encountered due to sublimation or vaporization 
of the metal from the cell and there is no danger 
of: losing metal by burning which is a hazard in 

... the production of metals from molten baths. 
Furthermore, the use of relatively low tempera 
tures permits the cell to operate Substantially 
uniformly and without, local electrode resistance, 
and the uniformity of operation is enhanced by 

- Operating at a low temperature, for example, 
below the boiling point of liquid ammonia. 

... The cell may, except as noted, be a conven 
tional electrolysis, cell.With a cathode and an 
anode, and the electrodes may be of any shape 

... desired, such as fiat sheets, rods, cylinders, or 
the...like. Since in most instances, the anode lis 
product will bé reactive with the cathode prod 

..uct, a permeable diaphragm, such as a porous 
ceramic sheet, will usually be employed to divide 
the cell into cathodes and anode compartments. 

. In the case of the thiocyanates, however; where 
*::therei is little or...no, tendency for reaction with 

... the cathode product, the use of a diaphragm is 
not required. - 

... The cathode may be: any conductor; for ex 
ample, platinum, iron, silver, copper,'carbon, and 

: ... the ..like. ... The anode is preferably made of a 
material. Which is substantially... 

...ward the anode liquor such as: 
tfolytic.caibo - - - - - - 

Theranode, however, may, if desired, be of the 
type that is reactive with the anolyté; for ex 

i’ample, an iron; nickel, copper, zinc, or aluminum 
ilanode may be used. This second type has not 
only the disadvantage that it is consumed rela 

citively rapidly, but also that, when it is employed, 
- the anolyte containing the 'ammonium salt will 
be contaminated by a second salt which must be 
removed in an additional-step before the values 
present in the-anolyte may be used as the cell 

* feed. 
iii. Referring to the electrical operating character 

*istics of the cell, while the current density is im 
*imaterial so far as operability is concerned and 
s' the cell-may be operated at any current density 

- ..' desired, it has been found that the current den 
-sities are lower than required in aqueous systems. 
Thisis important from the standpoint of economy 

- of operation and the dimensions of the cell. In 
a typical case, it is entirely feasible to operate 
cells in the commercial production of the metal 
sat about 10 to 100 amperes per square decimeter. 
Likewise, the 'voltage. may be varied as desired, 
but since the amount of voltage...is a factor of 

- the power cost, it is advantageously kept as low 
"as feasible and it has been "found that the volt 
age may be about half of that, required in other 
types of processes making the same metals. In 
a typical case using current densities, with the 
rangementioned, the voltage may be aSIOW. as 4 
volts. 
As stated, the cathode product may be readily 

separated therefrom, either periodically, when a 
sufficient amount has been produced or continu 
ously. The cathode product if a bronze liquid 
or a pastermay be readily processed to obtain 
the free substantially pure metal, merely by re 
moving the ammonia associated therein by evap 

i’ oration. In the case of metals of low melting 
point such as sodium, lithium, or potassium, this 

"is readily accomplished by evaporation at a tem 
::perature sufficient to produce the metal in liquid 
: state. It may also be accomplished by evapo 
rating the ammonia at a low temperature which 

5 results in a spongy solid mass of metal. This 
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can be melted to form a homogeneous mass by 
... the application of heat. The metals which pos 
3 sess high melting points, for example calcium, 
strontium, and barium, may generally be most 

5: readily recovered from the bronze liquid or paste 
by evaporation in a vacuum still operating at a 

... temperature sufficiently high so that the metal 
E. can sublime and be recovered on a "cooled con 
denser' in a 'section of the Still: The recovery in 
this fashion overconies the difficulty of produc 
ing the metal in a pyrophoric state which is usu 
ally the case when metals of high melting point 

5 are recovered by ordinary:evaporation procedure. 
is . A further method that may be employed for the 

eparation of the metal from the liquid product 
is to precipitate the material' out chemically. 
This, in general, requires that the precipitating 

* agents beiniscible with the solvent present in the 
liquid, although this is not required in all-cases. 

20. If a paste is obtained as the cathode product or 
if the bronze solution is too viscous for this pur 
pose, additional amounts of solvent may be used 
to convert the product into a thin bronze or even 
a blue Solution...Thus, for example, a solution 
of calcium in liquid ammonia, in the form of a 

- blue Solution due to the addition of liquid am 
... monia, to a calcium bronze liquid or paste may 
be treated with toluene to precipitate; the cal 

- cium from the Solution in the form of a spongy 
30 mass. A Second- example of this type of proce 

dure is the precipitation of lithium in finely di 
- vided form: from a "lithium-bronze solution in 
liquid ammonia by the addition of an amine, such 
as propylamine, in which the metal is "substan 

35 tially insoluble. 
It is to be understood that no limitation is to 

be placed on the method of recovering the metal 
...from the bronze siliquid or paste and generally 
the method employed will be determined by the 

43 (economics and the use for which the metal is pro 
.duced. In some instances, for example, a highly 
pyropholic.finely divided, metal may be desired, 
and in this case, a method of producing the metal 
is employed which results in a physical state cor 
responding to the desired-form. 
'i Furthermore; the liquid or pasty cathode prod 

suct, especially in liquidiform; may be used in the 
..production of alloysiha, chemical reaction. 
- production of alloys, for example in the prepa 

so-ration of lithium-plumbide, lead may be reacted 
With the lithiuinn-bronze solution in-liquid. am 

... monia and the: ammonia subsequently evapo 
rated. 'Alloys of various alkali, and/or alkaline 
earth metals may also be prepared merely by mix 

sing solutions of the desired metals followed by 
- evaporation of the ammonia;3:The liquid or pasty 
Cathode product. also possesses...a... high degree of 

"...reactivity; and may, therefore, be used; directly 
in chemical reactions, for example, as a powerful 

60 reducing agent. - 
- The liquid or pasty cathode product may be 
handled without difficulty and the:conditions of 
its storage. Will depend on...the particular. inetal. 

: For example, the produ: w 
65 or enamelled containers 

:-per, such-as-cork or group 
or in iron containers; such as cast-iron retorts, 

! steel cylinders, and the like: The product is rel 
atively stable and in Some instances, for exam 

0 ple, a lithium-product, can be kept at ordinary 
temperatures. In other, instances, for example, 
for a Sodium-productii where there is a tendency 

- for annonia to be released from a liquid bronze 
Solution if-the-temperature is raised appreciably, 

75 for example 5 to 10°C; which sometimes occurs 

5 

S; being employed, 
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when the material is stored for long periods of 
time in a room, a refrigerated or water-cooled 
container or compartment may be employed to 
store the material. The product may be stored 
in pressure containers, if desired. By the use of 
cooled containers or pressure vessels, the an 
monia, or other solvent content of the product 
may be increased, for example, the use of Such 
containers or vessels is recommended when a blue 
solution is prepared from the bronze liquid or the 
paste. 

Referring to the formation of the anolyte, the 
anions of the alkali or alkaline earth metal Salt 
during the electrolysis move toward the anode 
and when the electron charges of the anions are 
given up, the anions, in the case an inert anode 
is used, react with annonia, to form the aim 
monium salt with the concurrent release of ni 
trogen gas. This may be represented by the foll 
lowing equation where A is the anion of the 
metal salt: 

(minus 6 electrons) 

Thus, it is evident that during the electrolysis a 
portion of the solvent is decomposed, and Since 
the Solvent must be made up by adding addi 
tional solvent, the use of ammonia is recommend 
ed due to its cheapneSS and availability. 
The annonium salt formed at the anode dis 

solves in the annonia, and thus an anode prod 
luct is produced which can readily be re-processed 
to prepare additional cell feed. i?o illustrate this, 
the following well-known designation of acid, 
representing the dissociation of a strong acid in 
any solvent, nust be employed: 

Where HA represents the acid of any anion A, 
where S represents any solvent, where SH rep 
resents the Solvated proton, and where A rep 
resents the acid anion. In the case of ammonia, 
the equation may be Written as follows: 

Therefore, it is evident that the addition or the 
formation of any ammonium Salt to or in liquid 
annonia, forms precisely the same compound in 
solution that is formed when free acid is added. 
Thus, for example, when ammonium perchlorate 
is dissolved in liquid ammonia, it dissociates into 
ammonium ions and perchlorate ions and thus 
is precisely the same thing that happens when 
pure anhydrous perchloric acid is added to liq 
luid annonia. 
As stated, it is usually advantageous to place 

a porolls diaphragm around the anode So that, 
as the annonium Salt forms, it may be kept iso 
lated from the remainder of the cell and either 
periodically or continuously drawn off. The an 
ode material removed from the cell is a highly 
Concentrated Solution of the annonium salt in 
the presence of some of the unelectrolyzed alkali 
or alkaline earth metal salt and is ideally suited 
for use in converting alkali or alkaline earth metal 
carbonate, oxide or hydroxide to the metal salt 
for re-use as a cell feed. This treatinent of the 
anolyte Will be further discussed hereinafter. 
The anolyte removed from the cell possesses a 

boiling point considerably higher than that of 
an anhydrous liquid ammonia, Solvent and, in fact, 
in most instances possesses a boiling point con 
siderably above room temperature. This is a 
further illustration of the different properties of 
the electrolyte used in the present invention as 
compared to an electrolyte in which a low con 
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2 
centration of salt is employed in liquid annonia 
Solvent. 
When, however, instead of an inert anode, an 

anode, Such as iron, copper, or nickel, which is 
attacked by acid, is employed, no free acid is pro 
duced but rather the metal salt of the acid. In 
the case of the use of an iron anode, for exam 
ple, the Solution quickly develops a dark red col 
oration, due to the formation of an iron salt, in 
mediately adjacent the anode. While the use of 
an inert anode is preferred, the use of an anode 
Such as an iron anode may be deemed to possess 
certain advantages, for example, the condition of 
the anolyte can be visually observed and theire is 
no Solvent Waste due to the formation of nitrogen 
gaS. However, as pointed out, an additional re 
covery Step is required to separate the contami 
nating netal from the other materials, as will 
also be further discussed hereinafter. 
In making up the original electrolyte, the alkali 

or alkaline earth metal salt, either anhydrous 
or containing a Small amount of Water as has 
been described, obtained from any suitable source, 
may be dissolved in the anhydrous liquid to pro 
Wide the requisite concentration. One conven 
ient method of obtaining a lithium salt, such as 
lithium perchlorate, is to react calcium perchlor 
ate and dilithium calcium phosphate (obtained, 
for example, by reacting dilithium sodium phos 
phate in an autoclave under pressure with lime 
in the presence of water) forming lithium per 
chlorate and insoluble tricalcium phosphate. 
The lithium perchlorate solution is separated 
from the insoluble phosphate and the lithium 
Salt is recovered from the solution and dried. 
This method of obtaining a lithium salt is not 
claimed herein but is the subject-matter of 
Copending application Serial No. 666,187, filed 
April 30, 1946, now Patent No. 2,548,037. 

Various methods may be employed in the treat 
ment of the anolyte to prepare it for re-use in 
the cell. For example, when an inert anode has 
been used, the anolyte may be rendered suitable 
for re-use merely by the addition of the desired 
amount of alkali or alkaline earth carbonate, 
Oxide or hydroxide thereto. In general, however, 
it will be desirable to employ a series of steps in 
cluding a reaction in the aqueous phase between 
the ammonium perchlorate and the alkali or 
alkaline earth metal carbonate, oxide or hydrox 
ide. In such a procedure, the ammonia is re 
moved from the anolyte, by heating if necessary, 
and the residue is dissolved in water and reacted 
With the carbonate, oxide, or hydroxide of the 
desired alkali or alkaline earth metal. In the 
case a carbonate is employed, ammonium car 
bonate is obtained as a by-product. The solu 
tion containing the alkali or alkaline earth metal 
Salt is then evaporated, advantageously after 
the addition of a Small amount of the acid of the 
anion to make Sure that all the ammonia has 
been removed and to serve as a make-up for any 
Sinall loSS of the anion. The salt recovered may 
be further dried if desired by any of the methods 
hereinafter discussed and is then mixed with 
anhydrous liquid ammonia, to provide a cell feed 
containing the requisite amount of salt. The 
ammonia initially removed from the anolyte to 
gether With any other ammonia available from 
other portions of the process, for example, that 
Which may be evaporated from the cell, is col 
lected and condensed and is reused, with a small 
amount of make-up ammonia, to prepare the 
cell feed. 

in the case the anode is not inert, the anolyte 
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after: the removal of the ammonia, therefromis 
treated with water to precipitate a hydroxide 
of the metal introduced to the anolyte by the 
anode, for example, ferric hydroxide. The -hy 
droxide is then removed from the Solution and 
the solution is treated with the carbonate, oxide 
or hydroxide as described. 

In a typical case, in the production of:10-pounds 
of lithium metal per hour, by a cyclic. process, a 
cell having an iron cathode, a carbon anode, and 
operating with a current density of 20, amperes 
per square decimeter of electrode surface is tem 
ployed. This cell requires 18,000 amperes and 
operates at 5 volts. The feed to the cellis, a 
liquid comprising liquid ammonia. With which is 
combined lithium perchlorate, the conceatation 
being 2 mols of lithium perchlorate per litre.9f 
feed, and the rate of feed is such that the cell is 
supplied with 154 pounds of lithium perchlorate 
per hour. 
tion containing 12/2% of-li r 
liquidammonia and floats On electrolyte and 
is removed from the cell. The ammonia is 
evaporated from the bronze solution and ide 

metal, balance 

livered to the compressor. The anode product 2. 
contains ammonia, ammonium perchlorate, and 
lithium perchlorate. The liquid-ammonia is also 
evaporated from the product and is returned to 
the compressor. Water and lithium carbonate 
equivalent to the ammonium perchlorate is then 
added to the residue and ammonium carbonate 
is obtained as a by-product. Following evapora 
tion of the solution and drying of the Salt, Sub 
stantially -anhydrous lithium perchlorate is ob 
tained. In this example, approximately 40% of 
the lithium perchlorate is recycled as the result 
of the presence of this salt in the anolyte assit 
is removed from the cell. The necessary make 
up ammonia, is added to the recovered liquid 
ammonia and the cell feed is prepared by mix 
ing the required amount of lithium perchlorate 
and the ammonia, to provide a cell feed of the 
stated concentration. 
As has been stated, the process is operative 

When limited amounts of Water are aSSociated 
With the alkali or alkaline earth metal Salt dis 
solved in the anhydrous liquid Solvent to form 
the electrolyte, but, in the preferred embodiment 
of the invention an anhydrous or Substantially 
anhydrous salt is employed. In the processing 
of the anolyte to convert it into a material for 
re-use as the cell feed, the alkali or alkaline 
earth metal Salt is dried and this drying reduces 
the water content so that Only a limited amount 
remains with the salt or it may remove the Water 
substantially completely. 
In the preparation of the salts from aqueous 

media, it has frequently been found desirable to 
crystallize, from a concentrated Solution, a crop 
of hydrated crystals and then to subject them to 
dehydration, thus producing a product which is 
nearly free from impurities. The mother liquor 
from this separation can be further concentrated 
to produce more of the crystals and usually the 
mother liquor from Several batches is accumu 
lated into One large batch Which is treated as 
stated. It is also possible to prepare anhydrous 
salts in a manner similar to that described, for 
example, by mixing solid lithium carbonates with 
Solid ammonium perchlorate in the presence of 
water and applying heat until the Water is re 
moved. 
The Saits may be dried by any Suitable method 

at atmospheric pressure or under a Vacuum. 
The use of vacuum drying Will result in the re 

The-cathode product is a bronze:Solu 
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14 
moval of moisture attemperatures lower thani. 
can be used at atmospheric preSSure, and in the 
case of thermally sensitive salts, the use of yac 
uum drying may be found to be advantageous. 
The particular method employed in the drying 

of the salt will depend on the extent of dryness. 
desired and the characteristics of the particular. 
salt. In the case of the perchlorates, it is usually 
only necessary to heat the material to a sufficient 
temperature to drive out, all, or Substantially gall 
of the water. Thus, in the preparation of lithium: 
perchlorate, the Wet Salt may be heated to atten 
perature of about 300° C. and then cooled down 
to room temperature in which case; the material . 
frozen to a solid state can be broken up readily, 
and dissolved in the Solvent. In the case of the 
thiocyanates, which are subject to thermal des 
composition, other methods are generally, en 
ployed. . . . . . . . . 

: One-of-the-methods which may be used in the 
production of a Substantially anhydrous. Salt, . 
where, there is a tendency for the salt; being 
treated to decompose, 'involves the steps of an 
moniating: the partially dried: salt at the same . 
time that the residual water is removed. Thisis 
accomplished, for instance, by passing cannoaia 
gas, for: example, that which may be evolved as 
excess ammonia, in the electrolysis, step: (usually 
mixed with nitrogen), over the partially, dried salt 
which is maintained at an elevated temperature. 
Thus, in the preparation of lithium thiocyanate, 
for example, the partially, dried Salt is placed in 
a closed container maintained at a temperature 
in excess of about 150.C. and into: whichian 
monia gas is passed. After a period of time Sufi 
cient to drive out; the residual Water, lowering of 
the temperature will result in a relatively hot 
solution of lithium thiocyanate in ammonia and, i. 
On cooling, this. Solution; Serves: as: a highly con 
centrated cell feed which can be added:to the 
cell in the liquid state or can be further diluted. 
before its addition to the cell. Alternatively, the 
material can be treated by crystalizing the an 
moniated Salt from the ammonia. Solution. This 
crystalline product may then be used as a cell 
feed either directly or in a dissolved condition. 
Furthermore, this Salt may be de-ammoniated to 
form an anhydrous Salt if that should be desired. 
For Salts highly sensitive to thermal decomi 

position, it is also possible to dry the Salt from 
the frozen state at temperatures Substantially 
lower than the freezing point. In Such a case, the 
drying is conducted under conditions of high 
vacuum and the Water sublimes from the Solid 

SS. 
Considerable modification is possible in the 

nature of the cathode product, as Well as in the 
conditions of the process and the structure and 
operative characteristics of the cell, without de 
parting from the essential features of the in 
vention, and it is to be understood that such 
modifications and variations fall. Within the Scope 
Of the claims. 
We claim: 
i. A cyclic process for producing a metal 

selected from the group consisting of the alkali 
metals and the alkaline earth metals Which con 
prises electrolyzing between substantially inert 
electrodes in a cell a Solution of a Salt of Said 
metal selected from the group consisting of the 
perchlorate and thiocyanate in an anhydrous 
liquid selected from the group consisting of alm 
monia, methylamine, ethylamine and pyridine to 
produce a cathode product and an anode product, 
the concentration of salt in said anhydrous liquid 
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at least in contact with said cathode product 
being at least 2 mols of salt per litre of anhydrous 
liquid to provide a medium in which the cathode 
product is substantially insoluble; separating the 
cathode product from the electrolyte, whereby a 
cathode product comprising the metal Substan 
tially free from salt is obtained; separating the 
anode product comprising the anhydrous liquid, 
the anion of said metal salt and its associated 
solvated proton, SHi, where S is said anhydrous 
liquid, from the cell; reacting the anion of Said 
metal salt and its associated solvated proton with 
a compound of said metal Selected from the group 
consisting of the oxide, hydroxide and carbonate 
to form the corresponding metal salt, and utiliz 
ing said metal salt, in substantially anhydrous 
form, as source material in the process. 

2. The process of claim 1 wherein Said anhy 
drous liquid is ammonia. 

3. A cyclic process for producing a metai 
selected from the group consisting of the alkali 
metals and the alkaline earth metals which com 
prises electrolyzing between substantially inert 
electrodes in a cell a solution of a Salt of Said 
metal selected from the group consisting of the 
perchlorate and the thiocyanate in an anhydrous 
liquid selected from the group consisting of am 
monia, methylamine, ethylamine and pyridine to 
produce a cathode product and an anode prod 
uct, the concentration of Salt in said anhydrous 
liquid at least in contact with said cathode prod 
uct being at least 2 mols of Salt per litre of an 
hydrous liquid to provide a medium in which the 
cathode product is substantially insoluble; sepa 
rating the Cathode product from the electrolyte, 3. 
whereby a cathode product comprising the metal 
substantially free from sait is obtained; separat 
ing the anode product comprising the anhydrous 
liquid, the anion of Said metal Salt and its asso 
ciated Solvated proton, SH, where S is said an 
hydrous liquid, from the cell; reacting in an 
aqueous medium said anion and its aSSociated 
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solvated proton with a compound of said metal 
selected from the group consisting of the oxide, 
hydroxide and carbonate to form the correspond 
ing metal salt; removing Water from Said metal 
salt to render it Substantially anhydrous; and 
utilizing said metal salt as Source material in 
the process. 

4. The process of claim 3, wherein said anhy 
drous liquid is ammonia. 

5. The process of claim 3, wherein the metal 
produced is lithium, wherein the said metal salt 
is lithium perchlorate, and wherein the said an 
hydrous liquid is ammonia. 

6. The process of claim 3, wherein the metal 
produced is lithium; wherein the said metal salt 
is lithium thiocyanate, and wherein the said an 
hydrous liquid is ammonia. 

7. The process of claim 3, wherein the metal 
produced is calcium; wherein the said metal salt 
is calcium perchlorate, and wherein the said an 
hydrous liquid is ammonia. 

8. The process of claim 3, wherein the metal 
produced is calcium; wherein the said metal salt 
is calcium thiocyanate, and wherein the said an 
hydrous liquid is ammonia. 

LEONARD JOHN MINNICK, 
CYRIL PRESGRAVE. 
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