2. THE MANUFACTURE OF METALLIC SODIUM

Metallic sodium can be prepared from & number of sodium compounds
in a number of ways. The compound most commonly employed in early
processes was sodium hydroxide, but modern manufacture is based almost
entirely on sodium chloride. The most important techniques for the re-
duction of these salts to sodium metal have been the thermochemical
‘method (using carbon or carbon compounds as the reducing agents) and
electrolytic reduction.

A crifical review of the development of the metallic sodium industry up
101922 has been published by Batsford®: 2, Another review of the industry
from 1855 to 1020 appears in Regelsberger’s book, * Chemische Technologie
der Leichtmetalle”**.. Other reviews are those by Becker* and by Moltke-
hansen and Eger™. The manufacture of sodium in Germany is reviewed
by Schermack®, An early historical review of the processes for production
of metallio sodium s that by Carer. Auothet revio on the manfactute
of sodium and of sodium compounds s by Achille!. A recent review of
sodium manufacture s that by Hardiets.

THERMOCHEMICAL REDUCTION PROCESSES
Sodium can be obtained from any of a mumber of sodium compounds by
high-temperature reduction, as reviewed by Meyer in Gmelin’s Hand-
buch®,
Sodium carbonate can be reduced with carbon in the form of charcoal or
coke, finely-divided iron, sulfur, aluminum, or magnesium as the reducing
gent.

Aluminum, magnesium, calcium, ealcium hydride, calcium silicide or
cliieh ttida wil oo sl shloel 5 s ok Slovabe Yenpers:
tures,

Finely-divided iron, ferrosilicon, calcium carbide or coke yield sodium
from fused sodium hydroxide.

Sodium silicate, sulfide, sulfate, and cyanide can also be reduced to
sodium at high temperatures, according to Gmelin.

High-frequency induction furnace reduction of sodium compounds to
sodium by granular graphite have been covered by Blackwell and Turner®,

Calcium carbide has also been proposed as a reducing agent™, as will be
discussed more fully in the sections to follow.
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Fven though electrolytic processes for sodium manufucture had largely
supplanted thermal reduction processes in industry by 1890, some new
thermal processes were patented; among them arc those by Wolfram®,
Packer™, and Speeketer and Weber®.

Some work fhas uleo been done on the production of sodium by electro-
thermie reduetion in furnaces similar to carbide furnaces as discussed by
Covlest #. .5,

Processes Using Sodium Carbonate

Sodium carbonate can be reduced to metallic sodium with aluminum
powder, according to Gmelin® and Regelsberger®®., Friend® states that
iron can also be used as a reducing agent. However, magnesium is not suit-
able for the reduction of sodium carbonate because explosions oceur on
heating the mixturci®:

“The commercially important reduction process for sodium from sodium
carbonate has been that using carbon as the reducing agent. The over-all
reaction is:

Na:COs + 2C — 2Na + 3CO (aH,

= 231 keal/gmole)

and the reduction presumably occurs in three stages:

NaiC0: — Nas0 + CO:

CO0s + € =200

Na:0 + € — 2Na + CO
The general conduct of such a process has been described by Gmelin®,
by Batsford®, by Friend® and by Regelsberger®. The separation of the
molten sodium carbonate from the carbon on heating is prevented by the
addition of chalk to keep the material pasty, as discussed by Gmelin®,
Mellor* and Thorpe®. Gmelin also states* that external heating of the
reaction vessel may be avoided by conducting hot water-gas through the
reaction mixture,
 Contact of soda ash with carbon dissolved in molten iron causes reduc-
tion to sodium, according to Gmelin® and Mehner,

A mixture of sodium carbonate, ferric oxide and calcium hydroxide can
be reduced to sodium with wood charcoal, as stated by Gmelin®, Batsford®*
and Blackmore”. Sodium carbonate alone can be reduced with pure carbon
prepared from alkali-soluble cellulose, according to Jacobs'.

Swan and Kendall have obtained British patents™:  on process modi-
fications for the reduction of sodium carbonate or hydroxide with carbon.

ne*® provides for condensation of sodium vapor from the process in
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fused salt, such s sodium cyanide. Another™ describes a column for react-
ing incandescent carbon with molten sodium hydroxide or carbonate.

Ylla-Conte has described & process for the manufacture of sodium by the
reduction of the carbonate or hydroxide with carbon. The process is con-
ducted under reduced pressure with vacuum pumps following a product
condenser®™®. . 7, This process is illustrated in Figure 2.

The reduction of sodium carbonste with carbon at 1100°C should prefer-
ably be followed by a quick quench of the resulting sodium vapors to &
temperature below 700°C, according to Lacy'™.

The reduction of sodium carbonate with ferrophosphorus (FeP) has
been described by Bowet, Powdered iron, (erriv: oxide pigment and tri-
sodium phosphate are co-products of the reacti

The Deville Process. The Deville process HE

Fio. 2.1, Ylla-Conte Apparatus for Reduction of Sodium Compounds with Carbon

1—Reaction vessel
2 Hoarth
—Feeder vessel
4—Feed sorow
5—Reaction conveyor serew
6—Exit tube for reaction residue
7—Storago vessel for reaction residue
$—Alkali metal vapor pipe

denser
10—Residual gus pipe
11—Secondary condenser
12—Non-condensable gas pipe
18—Vacuum pumps
14— Transmission gear
15—Motor
16—Liquid Receiver
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is described by the inventor®: 9, A miture of sodium carbonate,

reoal, and lime was heated to a high temperature and the sodium con-

i iron exipraent. Tho offccncy oftho proces was ow snd the e

rt due to the b
ever, the np\.u‘» process was in use for 30 yum"', and it reached
production of 5,000 to 6,000 kilograms of sodi

TR s et A e

of carbon and sodium carbonate fused in an arc furnace has been

o by MeConies, MacPhail and Kirk of Dow Chemieal Company™.

furnace is operated at 1200°C and the sodium vapor is condensed by

ehilling in & lead alloy, containing 5 to 15 % sodium, at 375 to 400°C.

ion of this condensing liquid is continuously withdrawn to a still

ting at 600°C in which sodium is removed. The process is illustrated
igure 2.2

appuratus and techniques involved in the condensation and distil-
n recovery process are further described by Griswold and Me-

tents by Deyrup®* and by Deyrup and Knox™, These patents both
‘specifically to treatment of the product mixture from the carbon re-
of sodium carbonate.

es Using Sodium Hydroxide
mnnfmm:: of sodium by the ﬂ\erml reduction of sodium hy-

other reducing material to produce sodium vapor which is
He also describes the apparatus for this processt.
e pmaucm.. of sodium-Jead alloy by the reduction of sodium hydrox-
ith carbon in the presence of lead is outlined by Rossiter’
, the major work on. thermocheieal reduction of caustio was

e Castner (Iron Carbide) Process. In the latter 1800's, Hamilton Y.
became interested in the manufacture of aluminum, then selling

about ten dollars per pound, as recounted by Fleck®.
ner first worked out an improvement of the Deville process® de-
gried to improve contact between the reactants, sodium carbonate and
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charcoal. He substituted sodium hydroxide for sodium carbonate,  mix-
ture of iron and carbon for the carbon alone. The improved process fea-
tured better contact between reactants, permitting a lower process tem-
perature. It followed the reaction:
GNaOH + FeC: — 2Na,COs + Fe + 3H, + 2Na

The process was put into operation on a commercial seale at Oldbury,
England, in 1888, The sodium plant was located adjacent to an aluminum
plant and the aluminum thus produced dropped from ten dollars to five
dollars per pound. Over 100 tons of aluminum were produced in this plant
over a two-year period.

Fig. 22. Dow Thermochemieal Process Apparatus
ace. 21—Gland

22—Cover flange.
23—Lead reservoir
2

Pump.

i "
6—Gas-tight glands 2—Insulated line
7—Solids inlet. 27— Distributor box
§—Rotary lock 25— Transverse slots
9—Expansion orifice 29—Insulated drain
10—Bushing. ump
11—Thrust block S—Motor
12—Steel backing ring 32— Transfer lino
13—Condui il
14—Quench chamber i—Furnace
15—Molten lead streams 35—Drain line
16—Gas exhaust ¥ Lodluglrion
17—Damper 7—Sodium collector ring
18—Controller 38—Product receiver
19—Gage line 30—Sodium outlet
20—Reamer rod 40—Vacuum connection
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Hall's electrolytic method for aluminum appeared'®. Almost si
ously, Heroult developed an electrolytic process for making alumi-
from bauxite and the principal use for metallic sodium was eliminated.
stuer continued to work on process improvements for sodium manu-
scture, however, and in 1891 he patented an electrolytic process using
odium hydroxide—a modification of the method by which Sir Humphry
avy first isolated sodium metal. The process is described in detail later
this chapter.

and Regelsberger®®!, iron carbide (obtained by
g tar with finely-divided iron at 1000°C) reduced sodium hydroxide
sodium according to the equatio

3NaOH + FeCy — 3Na + Fe + 35Hs + CO + CO:

tent by the Societie D'Electro-Chimie® also covers a process for the
mochemical reduction of sodium hydroxide to sodium,
cesses Using Other Reducing Agents. A number of reducing
igents can be used to produce sodium metal from sodium hydroxide.
 Calcium carbide can be used to reduce sodium hydroxide—alone, or in
res with sodium chloride. The eaustic must be dry to avoid explo-

Fi6. 23, Netto Reduction Process Apparat

us
a—Caustic reservoir ‘m—Insulating jacket
b—Val n—Heating flu
o—Charging funncl o—Hot gas inlet
d—Tron plug Flue gas outlet
e—Lid a—Flue gas duct
f—Retort —Flue gas duct
‘o a—Caustic heating duct
hi—Tap pipe Vet to chimney
Valve u—Charging valve
k—Vapor outlet w—Hot gases
1-Sodium reservoir y—Soda receiver
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sions of acetylene gencrated from the carbide and moisture. This process
is described by Batsford®® and by Wolfram?®.

Caleium hydride may be employed, as pm“u-d out by Gmelin®,

Carbon may be used according o the reacti

4NaOH + 2 = Na:COs + 2Na + 2H, + CO

which is conducted at red heat. At white heat, the sodium carbonate is
reduced as well. The process is described by Ylla-Conte and also in
another reference!’.

Batsford indicates** that conl gas or other reducing gases passed into
molten sodium hydroxide cause sodium to distill over. Ferrosilicon may be
employed, according to Gmelin®,

Processes Using Sodium Chloride and Other Halides

Sodium chloride can be thermochemically reduced by a number of agents.
Thus, aluminum will reduce NaCl on heating, but the yield is low, aceord-
ing to Mellor™. Gmelin states that" caleium hydride or slieide can be
used to produce sodium from NaCl at high temperatures. The redu
of sodium chloride by  mixture of slicon metal and calciugs oxide is cov i

by Kroll:,

Magnesium easily reduces sodium chloride to sodium in a hydrogen at-
mosphere, according to Gmelin®. However, Mellor indicated that"* the
reduction is incomplete.

Sodium chloride heated at high temperatures with molybdenum, or
tungsten, and hydrogen, forms sodium molybdate or sodium tungstate and
HCI. The sodium compounds are reduced {0 the metal by heating with
carbon at 1200 to 1300°C™: =,

Sodium fluoride can be reduced to sodium by aluminum; the reaction
occurs with explosive violence when aluminum powder is used. The reac-
tion:

GNaF + Al — 3Na + AINaiFy

is described by Batsford® and by Specketer™. The reduction of alkali
fluorides by aluminum is also covered by Specketer and Weber®®.

Reduction by Caleium Carbide. Calcium carbide reduces sodium
chloride to sodium at high temperatures according to the equation:

2NaCl + CaC: — CaCls + 2Na + 20

Methods of carrying out this reaction are deseribed
ford®, by Hackspill and Stachling®, and by Regelsberge
fluoride behaves similarly, as described by Moeser and Eidman™. Accord-
ing 1o the patent by Hackspill and Stachling"®, lampblack of superior
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quality is produced as a by-product. However, Gmelin™ states that only
mcnla of sodium are produced unless sodium carbonate is added to the
NaClL.

Freeman covers production of sodium by heating a finely-divided mix-
ture of NaCl and CaC: to 1200 to 1300°C, obtaining CaCls , sodium and
carbon as reaction products. The sodium is volatilized and condensed.

Free-energy and equilibrium data for the reaction:

2NaCl + CaC; — 2Na + CaCl, + 2C

have been published by Kawahara®. Other publications by Kawa-
hara® . 5 report the effects of various added substances, such as mag-
nesium chloride, calcium oxide and calcium fluoride, on the reaction.

Other publications on the production of sodium by reduction of sodium
chloride with calcium carbide include those by Gel'd, Mikulinskii, Polya-
kova and Selyanskii® and that by Specketer*". Specketer goes on to point
out that thermal reduction processes are also applicable to potassium pro-
g but not to lithium, due to its high boiling point.

ium fluosilicide can be reduced to sodium by the action of calcium
carbide,aceoring o Cmelin® and to Mallor™

Reduction by Carbon. Sodium can be produced by reducing NaCl with
carbon in the presence of Ca0 or Ca(OH)s

2NaCl + Ca0 + € —2Na + CaCls + CO.

as sm\ed by Barth®, Gmelin'®, Regelsberger®®, and Wood®®. The melting
t of the reaction mixture may be lowered by the addition of zine chlo-
nde, us,lcmm chlondc, sodium fluoride, or barium chloride®.

y Lead. Sodium can be obtained by reducing anhydrous
\nCl wuh lvud uwrdmg to the reaction:

2NaCl + Pb — PhCl: + 2Na

According to Vournasos®, 100 parts of NaCl and 200 parts of lead powder
or fine lead shot are heated until homogeneous at a temperature below red
heat. The sodium distills over und the lead is recovered.

Reduction by Tron. As pointed out by Hackspill and Grandadam®
and by the Sovietie D'Electro-Chimic®, sodium can be obtained in good
yields by the reduction of sodium fluoride with iron.

Heating in a vacuum with iron displaces sodium from a number of sodium
compounds, such as the hydroside, carbonate, cyanide, nitrate or sulfate,
With sodium chloride, bromide, or iodide, however, the high volatility of
the iron halides prevents successful reaction. The lesser volatility of iron
fluoride permits successful reduction of sodium fluoride.
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Processes Using Sodium Tetraborate

Borax tan be reduced with finely-divided coke or charcoal according to
the equatior

N

BO; + 7C = 2Na + 7C0 + 4B

“The mixture is first heated to 600°C to remove the water of crystallization
irom the borax and then to 1000°C to distill the sodium, according to
Peacock™.

Processes Using Sodium Sulfide and Sulfate

The production of sodium from its sulfate by heating with coke in a
carbon-lined retort is described by Emanuel”: % Sodium sulfide is produced
in an initial reaction. Lime and additional coke are then added and the
temperature is raised from 600° to 850°C to distill over the sodium.

NasS + Ca0 + C — 2Na + CaS + CO

The same process may be adspted to sodium aluminate®,

Tavoisier™® produced sodium by forming the sulfide in a first step and
then heating it with carbon and a materia} which forms stable sulfides.
The first step of Lavoisier’s process can be carried out by heating sodium
carbonate, oxide, chloride or fluoride with CS. vapors or with sulfur to give
the sodium sulfide.

Specketer* describes a process for the reduction of sodium sulfide with
calcium carbide according to the equation:

NusS + CaC; — CaS + 2Na + 20

The same reaction is covered by Specketer and Hofmann®® and in & patent
by Chemische Fabrik Griesheim Elektron®,

Processes Using Sodium Aluminate

Sodium aluminate or mixtures of sodium aluminate and sodium car-
bonate ean be reduced with carbon in an electric furnace. This process is
described by Emanuel®, by Batsford?, by Regelsberger:® and by Gmelin®,
Processes Using Sodium Cyanides

Sodium cyanide, ferrocyanide, or ferricyanide can be reduced 1o sodium
by heating with finely-divided iron at about 1200°C

2NaCN + Fe — 2Na + FeCs +

according to Bucher® %, Aluminum and magnesium may be used to re-
place the iron.
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Processes Using Sodium Peroxide
“The production of sodium from sodium peroxide is considered here,
although the economics of such a process are certainly unattractive. How-
ever, sadium can be produced from its peroxide and some cyclic process
sight involve recovery of sodium from sodium peroxide.
Sodium peroxide is reduced to sodium on hulmg with powdered char-
coal at 300 to 400°C, according to the equatio

3Na:0s + 20 — 2Nu;C0; + 2Na

A siwilar resction, but one which proceeds with explosive violence is that
with calcium carbide

7N#:0s + 2CaCs — 2Ca0 + 4Na.CO; + 6Na
as deseribed by Thorpe®!, Gmelin® and Friend®.

Processes Using Misc. Sodium Salts

The report of DeBoer et al® states that sodium chromate s reduced by
zirconium. The reaction begins at about 740°C and a yield of 70 % sodium
and B0% sodium oxide is reposted. The sume wuthors report that sodium
dichromate heated with zirconium in & ratio of 1:10 evolved sodium at
250°C and that yields of 50 % sodium and 25 % sodium monoxide were ob-
tained. This same report states that sodium molybdate can be effectively
reduced with zirconium at about 550°C and that sodium tungstate can be
reduced to sodium at 450°C.

The reduction of sodium nitrite with ealcium carbide and a second so-
diiim salt containing no oxygen s deseribed by Danckward:. Some repre-
sentative equations ai

NaNO; + 3CaCs + ONaF — 2NaCN + 4CO + 6Na + 3CaF:
NaNO; + 3CaC; + 3NasS — 2NaON + 4CO + 6Na + 3CaS

Sodium silicate can be reduced to sodium with chareoal at 900 to 1300°C,
according to Peacock™. The reduction of sodium silicate or ferrosilicate
with iron in an electric furnace is described by Morrison™®,

2]

SODIUM BY ELECTROLYSIS OF MOLTEN SODIUM SALTS

The development, of cols for the electrolysis of fused sodiwm salts has

heen deseribed by Moltkehansen and Fger™. The first patents on sodium

manufacture are also discussed by them'™ and by Borchers in his handbook
on electrometallurgy®.

A large number of salts and salt mixtures have been proposed for elec-

trolysis to sodium. Some of these mixtures simply involve the addition of
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a second salt to lower the melting point of the primary salt. Scholl* dis-
cusses a cell for the electrolysis of & melt of equal parts of NaOH and
NasS.

Reviews on the electrolytic manufacture of sodium include those by
Davis™, Wacser™, Ryska®, Kirchrath™ and Arndt?.

A summary of the types of cells proposed for the electrolytic production
of sodium s that by Ryska®. Energy consumption in soditim manufacture
in the years 1918, 1928, and 1938 has been tabulated by Walde™,

A variety of specific proposals have been made far erll canstruction for
the electrolytic manufacture of sodium. Details of some early electrodes
have been covered by Boelsterli®,

Processes Using Sodium Hydroxide

Sodium was first prepared by electrolysis from sodium hydroxide, So-
dium is formed at the cathode and the anode reaction is:

40H — 2H,0 + 04

A secondary reaction oceurs at the cathode when water diffuses through
the bath and rescts with sodium:
2Na + 2H.0 — 2NuOH + H,
This gives an over-all reaction:
4NaOH — 2Na + 2NaOH + H, + 0.

and since water reacts with half the sodium produced, the yield can never
be more than 50% of theoretical and other reactions in the cell may lower
the yield even more. Thus, sodium may diffuse to the anode and react with
oxygen to form Na0, . This reacts with more sodium to give NasO.

1f commercial NaOH is used, the water is frst electrolyzed o give oxygen
at the anode and hydrogen at the cathode. Hydrogen production becomes
more difficult until, at the decomposition voltage of fused NaOH, sodium
‘appears. If no moisture is present, no hydrogen is evolved before the sodium
appears.

Decomposition voltages, according to Mellor™, are as follows:

1.3 volts; water present in NaOF

2.2 volts; sodium in fused NaOH.

3.1 volts; calculated from Thomson’s rule
4.4 volts; caleulated from heat of formation.

Labhardt** describes removal of NaOH which has absorbed water and
replacement with anhydrous alkali in cell operation in manufacturing
sodium from caustic.

Other observations on the decomposition voltage of NaOH are to be
found in a book by Billiter* and in an article by Baur®,
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Tho lectrode reaction in the electralysis of sodium hydroxide have been
discussed by Asheroft®, Carrier, and Neumann and Giertser

The Castner Process. The Castuer electrolytic process s o o1
scribed by the inventor®. Castner's life and personal notes on the develop-
ment of the Castner process have been presented by Fleck®.

Commereial practice of the Castrer process at the Vadheim Electro-
chemical Works in Sogn, Norway, and at the Fredrikstad Electrochemical
Plant in Fredrikstad is described by Moltkehansen®. Detailed plant in-
vestment and operating costs for Castner process plants are available in
Moltkehansen and Eger™, -

The Castner cell as shown in Figure 2.4 consists of an iron container
surrounded by brickwork so that the exterior of the cell body can be heated
with gas flames. The cathode o, soppet nickel) enters from & bottom
well, as described by Wallac

A cylindrical sodium callesto is mupparted direely above the eathode.
Below this collector is & eylinder of iron-wire gauze which surrounds the
upper position of the cathode and serves as a diaphragm. This gauze
eylinder is enclosed in turn by the iron or nickel anode which may consist
of a cylinder or a series of bars suspended from the cover of the cell.

Some sodium particles pass through the sereen o the anode where they
react with atmospheric or anodic oxygen, causing small explosions and
some yield loss. If a very fine mesh screen is used, it will act s a bipolar

2.4, Cross-Section of Castuer Electrolytio Cell
Avlmn cell body

K—Molten caus

ase pipe
Csottum o e L—Cathode connection

D—Sodium motal M—Iron gauge cylinder
E-Molten enustio N-Lid

F—Anode P—Gas escape port
G—Gas burners B—Briokwork S i
H—Cathode i—Asbestos insulation
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electrode. Nonconducting sereens of alumina or similar material have been
proposed but, according to Kochler'®, do not uppear to be practicable.

The commercial Castner cells are about. 18 inches in diameter and 24
inches deep and each hold about 250 pounds of molten caustic. The caustic
used has to be pure and dry; dryness is insured by the addition of metallio
sodium where necessary

These cells are connected in series. The voltage across each cell is 4.5
105.0 volis. The anode current density is 150 amps per sq dm and the cath-
ode density 200 amps per sq dm. A 1230-ampere cell holding 150 pounds of
caustic averages 10 kg sodium per day. The current efficiency averages
36% for long periods. Taking the decomposition potential of NaOH as
2.25 volts at 340°C, the energy efficiency of such s cell is about 18%, ac-
cording to Allmand and Ellingham?.

‘The variation in current efficiency with composition has been determined
for NaOH-Na:CO; mixtures*l.

Corrent Eficiency

63.08
0

The current yields of sodium for NaOH-NaCl mixtures are lower than for
NaOH alone. Only 39% was obtained in the best run. No chlorine was
generated from the electrolysis of mixtures containing 25 t0 50% NaCl.

Asheroft'® points out that addition of 30% NaCN and seven parts of
NaCl or Na:CO; to a sodium hydroxide bath gives a misture melting at
250°C which does not readily form crusts.

The sodium hydroxide was premelted before introduction to the cell in
the Castner process. Waeser describes this aspect in some detail.

A porous alumina diaphragm for use in the electrolysis of molten caustic
has been described by Ewan®: ¥,

The electrolyte in the Castner cell contains added sodium chloride to
improve its electrical conductivity'®. In addition, the caustic raw material
contains small amounts of both sodium chloride and sodium carbonate.
Therefore, the chloride and carbonate contents of the cell inerease during
operation. When the concentrations reach 18% NaCl and 8% Nu,CO;
the bath is discarded and operation is started with a fresh charge.
The caustic is recovered from tl by dissolving it in
water, removing the chloride and carbonate, and reconcentrating the
caustic. Koehler'™ states, however, that the presence of sodium chloride
was objectionable because it attacked the iron parts of the cell and fouled
the electrolyte. He therefore recommends mercury-cell caustic as a prefer-
able charge material for Castner sodium cells.

Hydrogen can be collected from the anode compartment

desired.
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Originally sodium was removed by hand from the cathode chamber with &
perforated ladle that retained the sodium and allowed the molten caustic
1o flow back into the cell. However, mechanical means were later developed
ion and removal of the sodium.

et favorable operating temperature for the Castner cell i 320 to
An outside souree of heat is needed to maintain this temperature
in small cells but the combination of heat of reaction and heat produced
by the current make external heating unnccessary in large eclls. However,
the operating temperature of the cell should not be much abave the melting
point of caustic (315°C for pure NaOH, 300°C for material containing im-
puritics) or excessive difusion will occur, reduing sodium production'™.
“Thus, operation at 25°C above the melting point will cause the rate of re-
combintion of the soditim to equal the rate of decomposition of the hy-
droxide and production vill be zero. On the other hand, a theoretical yield
of sodium can be obtained at a temperature 5°C above the melting point
of the bath, Operation at low current density also reduces convection cur-
™ Erom the development of Castnr’ el for the lecrolyss of caustic in
1891 until about 1920, this was the only sodium process of practical im-
portance. Sodium metal production was sbout 13,000 tons per year during
this period.

The Castner cell s deseribed by Mantell™.

Th the Castner cell are simplicity of on and low
temperature operation. However, because pure sodium hydroxide is a
relatively expensive chemical raw material, the Castner process has been
superseded by the Downs process based on sodium chloride. I

Other Modifications. A larger cell for the electrolysis of caustic was
developed by T. Kolkin, the technical director of the Vadheim Works in
Norway®: . The Kolkin cell overcame diaphragm troubles encountered
in the Castuer cells at the Vadheim works.

Another modification of the basic Castner cell is eredited to Becker*: *.
Work on the Becker process by LeBlane and Carrier has been pub-
lishedies 167,165, :

The Hulin cell™. ™. % differs from the original Castner cell mainly in
electrode-mounting details. Another patent by Hulin® is also directed
toward a clean cathode—in this case by periodie current reversal.

A development deseribed by Rathenau and Suter'® features a contact
hode that is immersed only a few millimeters in the clectrolyte, thereby
preventing loss of sodinm through side reactions with the bath.

Neumann and Giertsen™ described another modified cathode form for
a Castner cell. =

According to Kirk and Othmer'®, a Castner-Krebs cell with a hollow
cathode has been operated in Japan.
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Processes Using Sodium Chloride

In industry research emphasis was on the development of a practical cell
for the manufacture of sodium from sodium chloride. Even Faraday® con-
lucted experiments in 1833 with the object of obtaining sodium by the
electrolysis of sodium chloride. An early patents on chloride eleetrolysis are
those by Rogers®™, Grabau'”, Acker?, Ashroft™, and R. J. MeNitt who
patented a design in 10177,

However, the cell which finally achieved success was the Downs cell*,
The Downs cell benefits from the advantages of using sodium chloride as
opposed to sodium hydroxide as a source of sodium, as follows

1. Sodium chloride s cheaper.

2. Sodium chloride is more easily available.

3. Chlorine is produced as a valuable by-product. (It must be pointed
out, however, that chlorine is also produced as a by-product in the
manufacture of the caustic later used for electrolysis in the Castner
process.)

4. Increased current efficiencies are possible.

Furthermore, the Downs cell has successfully conquered the disadvantages
of employing sodium chloride which include:

1. The corrosive effect of NaCl on refractory surfaces.

2. The need for special handling equipment, for the chlorine evolved.

3. The higher cell temperature which must be maintained since NaCl

:
&
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Fi6. 2.5, Historieal Trends in Sodium Manufucturing Processes
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melts at 800°C as compared with 300°C for NaOH. (At 800°C,
the vapor pressure of sodium is almost half an atmosphere and
soditim becomes soluble in NaCl.)

However, Thorpe states® that the high working temperature (600°C)
and the high operating voltage of the Downs cell imply substantial main-
tenance costs and a theoretically poor energy efficiency. Thus, many other
salt mixtures have been investiguted, us described by Daneel®. The ascen-
sion of the sodium chloride process is illustrated in Figure 2.5

According to Daueel®, the decomposition voltage of NaCl is 4.2 volts.
Among the salts proposed for uddition to NaCl to lower its melting point
in sodium cell operation are the following:

Material Relerences
CaCly 192
31
108
KOl and an alkaline earth chloride 193
251
o8
KCl and NaxC0; 193
KCl and NaF 193
KF 65
NaF 102
o8
103
NaF and an alkaline earth chloride 31
Na:CO: 193

The questions of melting points and decomposition voltages of sodium
chloride and salt mixtures containing sodium chlo ussed in de-
tail in Engelhard’s “Handbuch der Technischen Elcktrochemie”. Volume
11 of this series is entitled * Die Technische Elektrolyse im Schmelzfluss”
and the initial section by von Steinwehe™ deals with the thearetical uspects
of the electrolysis of melts, The seeond section by Moltkehansen and Eger'
deals with production of the alkali metals.

The addition of aluminum to s fused chloride bath for sodium manufac-
ture is covered by Grebe and Boundy'. An oxide in the bath s thus pre-
cipitated as sodium sluminate.

To obtain good results in the electrolysis of fused NaCl,

. The anode must be made of graphite
. The anode space must permit the easy removal of chlorine
. The cathode must be metallic, preferably iron
The cathode space must permit the sodium to be collected and re
moved without coming in contact with reducible substances.
. Fire-resisting materials must be used for all parts of the cell
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6. No metallic particles should be present in the melt between the poles,

In the electrolysis of mixtures of fused carnallite (MgCls) with NaCl,
very little sodium is found in the magnesium metal product until the MgCls
conuentmuon falls below one per cent, according to Shcherbakov and
Yumanova®

A unique cype of cell construction for the electrolysis of sodium chioride
to produce sodium is covered by Brodet%, The cathodes come up through
the cell floor and are surrounded by a dome-shaped partition, entirely below
the surface of the melt. Sodium is withdrawn from underneath the top of
this dome.

Improved current efficiencies are claimed for sodium cell operation at
very high temperatures at which sodium is volatilized from the cell as it is
formed. A patent by Grebe and Boundy"® describes the apparatus for such
2 process.

The Acker Cell. The Acker cell*: * 45 % is of historic interest because
it was the first cell to produce sodium from sodium chloride. The sodium
was obtained as a sodium-lead alloy and was ultimately recovered in the
form of NaOH by steam decomposition of the lead alloy.

A cross-section of an Acker cell is shown in Figure 2.6. The sodium ps
duced in the cathode chamber alloys with a layer of malten lead in the bot-
tom of the cell to give sodium-lead alloy. Steam decomposes the ulloy and

i tes the mixture of lead and caustic arvurd the cell. As mixture
circulates, caustic and hydrogen are disengaged and removed, and the Jead
re-enters the cathode chamber to undergo further alloy formation.

The Acker cell operated at 850°C (1562°F) and this temperature was
maintained entirely by the current. The cell required 6 to 7 volts and had
an average current efficiency of about 94 %.

The Asheroft Cell. The Ashcroft cell, as described in the litera-
turel® . 2. %, has hoen operated on a large commercial scale in Norway.

Fig. 26. Section of Acker Electrolytic Cell
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As shown in Figure 2.7, the cell consists of two compartments: a decom-
posing compartment in which the primary electrolysis takes place—and
Ih(' producing compartment in which a second electrolysis is carried out.

In the seeond compartment, fused sodium hydroxide is used as the elec-
trolyte and soddium metal is deposited on u spherical nickel cathode. A hood
above this eathade coffects the sodium, which leaves the cell continuously
through a riser pipe.

The operating of the
Asheroft cell is about 770°C (1418°F). The current density at the cathode is
about 1860 amps per sq ft (200 amps per sq decimeter). The temperature
in the producing compartment is 330°C (626°F).

the denuded lead alloy through the other, the partition acting as a heat-
exchange surface,

“The NaCl compartment takes about 7 volts, the NaOH compartment 2
volts. The eurrent is about 2000 amps.

The MeNitt Cell. In the MeNitt cell™ . shown in Figure 25,
the cathode is in the middle of the cell surrounded by an annular anode.
“The hood over the cathode collects the metallic sodium. The cell s rather
tall with the object of increasing the hydrostatic pressure in the electrolyz-
ing zone and thus raising the boiling point of the sodium formed. The struc-
ture of the MeNitt collis thus similar to that of the l)m\ ns cell, except that
the MeNitt cell has the cathode in the central p

In a variation of the basic MeNitt cell™, the ey deciytais flowd
through & number of cells in the same electrical circuit.

Tn recent years, R. J. MeNitt has been granted a number of patents
on specific equipment modifications for sodium cells, but not for the central-
cathode cell which is referred to above as the McNitt cell. Rather, they
involve modifications of Downs type cells. They include:

A technique for feeding salt to cells
n instrument for the detection of cell diaphragm failure™
A sodium collector hood design™

Fia. 2.7, Section of Asheroft Eleetrolytio Cell
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Recovery of light metal from a fused bath®

Hlectrolyte cireuation for heat transfer™

Current regulation for increased cell efficiency™

Ausiliary purifying electrodes for removal of oxides from the bath'™

Heat regulation for improved cell efficiency™

The Daneel-Lonza Cell. Three other cells for the electrolysis of fused
NaCl have been operated on a commercial scale. The Daneel-Lonza cell
described by Daneel: % & and by Arndti* was the first of these and
employed ceramic walls or “salt curtains” to confine the sodium to the
eathode area; o diaphragms were used. The name of this cell is derived
from the fact that the cell invented by Daneel was used by the firm of
Elektrizitatswerk Lonza.

The Seward Cell. The Seward cell, using the contact-eleetrode principle
with the cathode immersed only a few millimeters in the electrolyte, was
used by the Virginia Electrolytic Company.

The Seward cell has been deseribed by von Kugelgen and Seward®: =

Fia. 28, Section of MeNitt Eleetrolytic Cell
e K-

A—Anod —Metalli dinphrugm
—Conductor N—Sodium overfow pipe

0—Sodium receiver

D—Conductor 0'—Sodium drawoff valve
P—Chlorine

FAsbestos lining  Q—Salt charging port

G—Fire brick Z—Tnverted collector bell

H—Cover Z—Riser pipe
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by Seward, von Kugelgen and von Bidder®* and by von Kugelgen, von
Ridder and Seward=" and by von Bidder™*.

Seward and von Kugelgen™ covered an electrolyte composition contain-
ing sodium fluoride and an alkaline earth metal chloride. Another patent®
by von Kugelgen and Seward was quite similar.

Von Kugelgen and Seward® also covered a cell using a molten metal
anode of silver or copper such that the chlorine liberated formed a chloride
of one of these metals.

The Ciba Cell. The Ciba cell was an adaptation of the Castner cell for
the electrolysis of caustic to sodium chioride. A mixture of sodium chioride
and other chlorides which were molten at 620°C were electrolyzed in rec-
tangular or oval cells heated only by the current.

The Ciba cell was developed by L. Liuib and B. Steinbuch of Ges. fur
Chem. Tnd., Basle (Soe. Anon pour 1’Ind. Chim. & Basle) and patented by

em!”. 20, %1, %2 Another modification of the Ciba design was patented
by Steinbuch®,

The Downs Cell-Arrangement. The Downs electrolytic process and
cell are described by Downs®: ##, The essential characteristic of the Downs
cell was the provision of  central anode and a surrounding cathode defining
an annular electrolysis zone.

The Downs cell consists of a steel shell lined with refractory and insulat-
ing brick as shown in Figure 2.9. The graphite anode projects upward from
the bottom of the cell and is attached to the electrical connections®. The
cathode is a cast-steel cylindrical ring, supported by projecting iron arms
which extend through the cell walls to the electrical connections.

Over the anode and submerged in the clectrolyte is a conical collector
bell for chlorine gas, made of iron or refractory material. Corneil” describes
a baflle to lessen splashing and deposition of salt in this dome.

Around the lower edge of the bell is an inverted annular launder or
trough, also submerged, for collecting the sodium. There are screens ex-
tending downward from this bell assembly between the electrodes which
serve to prevent the sodium from recombining with the chlorine. A riser
pipe attached to the top of the launder permits the sodium to flow con-
tinuously into an external receiver. The riser pipe extends far enough above
the bath level so that the sodium (sp gr 0.88) can overflow but the bath
(sp gr 2.1) cannot. The riser pipe and receiver also permit the sodium to
ool before it passes to the filter where ealcium is removed.

The electrolyte contains an added salt, calcium chloride, which depresses
the melting point of pure NaCl which is 800°C to 505°C for the eutec-
tie mixture containing 66.8% CaCls. In commercial Downs cell op-
eration, however, 58 to 59 % CaCls is used at a permissible operating tem-
perature of 575 to 585°C, which simplifies cell construction and the choice
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of materials of construction. The salt is purified and dried before being
fed to the cell through openings in the cell covers.

The sodium produced in the cell is pure, except, for dissolved calcium
{sxoeptof oo, foetrtes of varina s piitien, sally arising from the
salt from which the sodium is made—see Chapter 8 for detailed analyses).
‘The solubility of calcium in sodium is as follows:

© %
00 5.5
(eutectic) 505 &
400 4
200 2
(m.p. of Na) 07.5 0.01

During cooling in the riser pipe, an appreciable amount of caleium crys-
tallizes out and, because of its higher density, falls back into the electrolyte

. 39. Section of Dowas Hestrlytio Cell (fom G L, Mastell, “ndustesl
Eioorochn
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and reacts with it. The operation of such u riser pipe is described by Hulse!*
and the construction of the tickler in the riser pipe is described by Hulse and
Hardy'®.

The crude sodium issuing from the receiver following the riser pipe is
filtered at 105 to 110°C to reduce the ealcium content below 0.04% and
to separate small amounts of bath and oxides. The purity of the sodium
15 99.9% and the chlorine as produced is pure enough to be liquefied and
marketed.

The cell operates at about 7 volts, according to Mantell™, and at a cur-
rent efficiency of 80 to 85 %. This corresponds o an energy consumption
of 5 KWH of AC power per pound of sodium, allowing for a 6 to 8% loss
in converting AC to DG power,

Electrode manufacture has been covered in a number of patents, Gil-
bert™: 1% covers the manufacture of graphite anodes. Attachment of the
anode to the bottom plate of the Downs cell to eliminate heat losses at that
point is covered by Smith and Williams™. Anode sealing and retaining
means have also been discussed by Carlisle®. Minor improvements on
cathode structure have been detailed by Williams®®,

A report by Gardiner deseribes the Downs cell as it was operated at
Knapsack, Germany. Tt consisted of  steel shell, five fect in diumeter and
six feet high, set into the operating floor so that half of it protruded. The
shell was internally-lined with acid-resisting brick and externally lagged
to conserve heat. A composite cylindrical graphite anode entered through
the base of the shell and was surrounded by s cast-steel cathode. The cath-
ode rested on lugs fastengd to the lower half of the sides of the cell. The
one.and a half inch annulus between anode and cathode had & 16-mesh
iron gauze diaphragm centered therein. This gauze was suspended from
an inverted cireular trough which collected the sodium rising on the cath-
ode side of the diaphragm. Chlorine evolved at the anode passed up through
a central nickel dome within the sodium collector, The chlorine contained
SiCli and was therefore washed with water in stoneware towers and then
dried with sulfuric acid in similar towers prior to use,
Since the cells operated at 7 1o § voits, they were commonly
s 24 cells connected in series and arranged in two parallel rows.
was started by packing it with a dry mixture of 58 %
to the top of the anode. Graphite wedges were
placed i the anmilus e area U s s Sos e o
1 to el the salt mix the wedges. The wedges
were then withdrawi and the cel illed to the top. When all the salt had
melted, the diaphragm, sodium collector ring, and chlorine dome were
lowered into the cell.
In operation, sodium passed up the riser pipe into a collector tank and

rranged
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thenee to a seale tank from which it was discharged under itrogen into
filtering vessel held at 120°C. Most of the calcium metal and sodium osides
were removed in the filter, Some calcium metal which deposited on the walls
of the riser pipe was seraped back periodically into the collector channel.

The Knapsack cells had a life of several hundred days, determined by
the rate of corrosion of the graphite anode. Diaphragms required more
frequent renewal, however. A battery of 24 Downs cells operating at 24,000
amperes current: produced 230 wetric taus af sodiun wetal per month and
385 metric tons of chlorine. According to Neubauer and Deutsch™, the
Knapsack plant contained 65 Downs cells operating at 25,000 amperes
and producing 650 tons of sodium per month. Energy consumption was 1
IKWH per 90 to 95 grams of sodium. Labor requirements at Knapsack were
given s 3.45 man-hours per 100 kg sodium, including both process and
repair work.

Details of cells similar to the Downs cell are given by MeNitt'st. 1,
by du Pont* % and by Gilbert'®,

Gireulation of the electrolyte or bath in the annular space defined by the
anode and cathode of a Downs cell has been the subject of a number of
patents. Two techniques are described by Gilbert™: 1!, One simply involves
the use of u perforated cathode and the other involves the use of a gas lft
within the cell. Hardy and e a perforated
circulation.

The Downs Cell Over-All Process. Some interesting figures on Downs.
cell operations in the Degussa plant in Germany are presented by Mac-
Mullin'® and a comparison with amalgam cell operation is given in
Table 2.1.

“The over-all process flow sheet for a modern Downs cell plant is shown
in Figure 2.10. It shows the salt p\mﬁv:anon system and other facilitics
attendant to the mamufactare of sodium,

P
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ns Cell—The Caleium Problem. The calcium sludge from
st aufosten of sochi from s i oF el Bt
dium chlorides present a disposal problem. The operation of sodium filtra-
tion and of sludge removal has been outlined by Gilbert™,

The sludge has been offered for sale on an “as is” basis as a low-cost
reducing agent. A process has been developed for the recovery of the cal-
cium metal in fine, erystalline form with the simultaneous production of
sodium methylate by treatment of the sludge with methanol. This process
i described by Calingaert®, by Hill™. ™ and by Hill and Soroos™,

The sodiun-calcium alloy resulting from the Downs cell electrolysis of
mistures of molten sodium and caleium chlorides has been the subject of
soveral patents. Thus, a mixture of sodium, calcium and oxide can be in-
troduced into a fused mixture of sodium chloride and caleium chloride
undergmng electrolysis in a Downs-type cell. The recovery of sodium in
such an operation has been described by Hulse'®.

A similar process is deseribed by Gilbert™, wherein sodium is filtered
from the Downs cell sludge, the residue is reacted with sodium chloride,
more sodium is separated, and the residual salt mixture is returned to the
Downs cell.

Hulse! also describes the operation of a similar cell wherein caleium
chloride containing calcium oxide is fed o the cell and an oxide-free salt
mixture is produced as a suitable feed for sodium-producing cells.

The separation of sodium from mixtures with calcium and non-metallic
substances may be achieved by introducing the impure sodium into a fused
salt bath having a specific gravity higher than that of sodium. Such a bath
is specified as containing calcium chloride and at least 30% of sodium
chloride and operates at 600 to 800°C. The apparatus is described by
Gilbert*"- 1%, Another patent by Gilbert* covers a similar process in which
impure sodium is contacted with an oxidizing agent such as air or an alkali
metal hydroxide.

Tho sodium-caldium alloy from the cells may be contacted with solid
NaCl at temperatures of 500 to 700°C to recover sodium!

A method of ting the caleium problem would bc 10 use a low-
melting eutectic in the cell which does not contain calcium. One such p
sible mixture contains 35.6 % NaCl and 64.4 % NaxCO; and melts at 600°
according to Smith and Veazey™. =,

Processes Using Sodium Carbonate

The electroly
tion:

of molten Na.CO; gives sodium according to the equa-

2Na;C0; — 4Na + 2005 + 0,
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Sodium chloride may be added to lower the melting point of sodium car-
bonate and even when a misture of 5% Na:C0s and 45% NaCl is elec
ysed at high current density, chlorine is evolved. Metal anodes cannot be
used because of oxidizing conditions in the melt and even carbon anodes
aro atacked by oxygen with the formation of CC

“The clectrolysis of sodium carbonate to sodium is covered by a patent by
Dickson'® and a number of patents by Chemische Fabrik Von Heyden:
40,5 one patent® covers the electrolysis of a molten mixture of sodium
carbonate and sodium chloride.

Processes Using Sodium Tetraborate

Metallic sodium can be obtained by electrolyzing borax at about 800°C
in a carbon crucible with an internally-cooled cathode. The eathode de-
posit consists of pure sodium inside, a layer of sodium and boron, and an
outside layer of pure horon covered with solid electrolyte.

The addition of Al:O; and BeO almost mmph‘(cly prevents redu
of the electrolyte by sodium. On the other hand, sodium production is
leerensed and boron production increased at high temperatures, according
t0 Austin and Lee’

Processes Using Sodium Nitrate
Molten sodium nitrate can be electrolyzed to give sodium metal. Graph-
e anodes are used and NO and O; are evolved at the anode.

. D. Darlng first reduced sodium nitrate electrolytically to sodium
it 1860 8 Jescribed i . sericn of palental T T 9.7 aud
artioles: @ ¥,

Otter work on the eletrolyss of alkali nitrates bas been reported by
Muller

The electml)mx or molten sodium nitrate is advantageously carried out
in the presence of fused sodium carbonate. The second sult serves to sup-
press the migration of the nitrate anion, fixing the nitrate ion in the anode
chamber as carbon dioxide, and forming more sodium nitrate!®. This pre-
vents migration of nitrate ion to the cathode where it could react with the
sodium metal.

Processes Using Sodium Cyanide

According to Thorpe®!, the clccm:lyus of fused sodium cyanide, using
graphite anodes and a nickel-wire cathode has also been proposed. The
cyanogen produced is absorbed in NaOH and returned to tho proces. A
current affciney of 90 0.93% and an operating voltage o 6 volt s caimed
for such & process.

Acker has been granted patents?: " covering sodium cyanide baths for
the electrolytic production of sodium.
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bes mol

Bucher® pres
ented process,

Asheroft” covers sodium manufacture by electrolysis of & mixture of
sodium hydroxide and sodium eyanide. The sodium s recovered as sodium-
lead alloy.

1 sodium cyanide as the electrolyte in a pat-

Processes Using Sodium Sulfide and Sulfate

The recovery of sodium and sulfuric acid from sodium sulfate by elec-
trolysis is covered at Aten®. According to Rogerst?, sodium can be ob-
tained by the electrolysis of sodium sulfide.

'MANUFACTURE OF SODIUM IN ALLOY FORM

In so-called “double-cell” processes, a sodium alloy or sodium amalgam
is produced at the cathode and is decomposed in a secondary cell with the
reformation of the cathode metal and the production of a sodium compound.

Early work on the production of sodium alloys and the recovery of so-
dium from these alloys was conducted by Rogers®*. This work has also
been deseribed by Richards:=: 3. 2

Vautin was also an early worker in electrolysis of sodium salts with lead
cathodes® 8, and Hulin™ was still another.

An interesting process patented by Asheroft® covers the treatment, of
sodium-lead alloy with ammonia, thus recovering the sodium as sodium
amide and regenerating the lead. A somewhat similar process is described
by Chemische Fabrik Von Heyden®.

Manufacture of Sodium as Sodium Amalgam

The electrolysis of sodium chloride or sodium hydroxide in & mercury
cathode cell may be used to produce sodium in the form of sodium amal-
gam.

A typical cell may be 18 inches wide and 25 feet long. It has mercury
seals at each end to keep the electrolyte in the cell. If sodium hydroxide is
used as the electrolyte, practically pure oxygen is obtained as u by-product;
if sodium chloride is the electrolyte, chlorine is obtained, of course.

The sodium amalgam produced may be used directly in chemical proc-

ing, us in the manufacture of sodium methylate, for example. See

1.
‘The manufacture of sodium amalgam will be treated only briefly here
ace this Monograph is primarily concerned with the manufacture and
uses of metallic sodium. However, the largest use of sodium amalgam has
een in amalgam cells for the manufacture of caustic where the sodium
metal is never isolated as such. Amalgam cells for caustic have been ade-
quately reviewed by Mante

&
g
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i i m, of the recovery

An excellent review of the production of sodium amalgam, of
of metallic sodium from such amalgams, and of the uses of sodium amalgam
a5 & chemical intermediate has been presented by MacMullin'

Manufacture of Sodium as Sodium-Lead Alloy
The use of Pb-Na alloy in producing sodium by electrolysis is described
by Carrier®- ¥, The electrolysis of PbNa alloys to give sodium at the cath-
ode and lead at the anode is discussed by Kremann, Kienal and Mark!™.
Philipp and Focrsterling? have described an apparatus for the clectralytic
preparation of sodium-lead alloy. Schlotter has described a lead cathode
e jum alloy manufacture.
rl"rl‘;‘:m‘;olym ¥ sodium hydroside with a lead cathode to produce
odium.lead alloy is covered in & number of patents by Raschen®” and
‘Asheroft: %+, A number of patents have also been granted to Ash-
croft®: . 3, 7, Fievet®, Orlandi#, Hulin®: %, and MeNijtt. . i
for the electrolysis of fused sodium chloride with molten lead cathodes.
"The separation of sodium from lead offers a major problem when pure
sodium i desired. Hulin has described his work on this problem™ as has
Jellinek and his co-workers': 1. 16 14, :
The production of sodium-lead alloy in a cell using a thin stream of
molten lead as the mobile cathode for the electrolysis of fused salt is a
feature of a cell developed by Szechtman®.

MANUFACTURE OF SODIUM BY ELECTROLYSIS IN SOLVENT MEDIA
The electrolysis of sodium salts in non-aqueous media is attractive from
4 research viewpoint in that it offers the possibility of a low-temperature
electrolytic process for sodium. Although many organic media do not react
with sodium, there remains the problem of picking » medium in which the
salt is soluble, one which does not react with sodium, or with the coproduct
of the electrolysis of a particular sodium salt.

Gy e ——»Clp
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Frg. 2,11, Section of cell for sodium amalgum manufucture (from R. B. MacMullin,
Chem. Eng. Progress, 46, 40 (1950)).




38 sop1va

In Liquid Ammonia

The electrolysis of sodium chloride solutions in liquid ammonia to pro-
duce sodium has been deseribed by Hura and Abe. 1%. 17, They deseribe
a process for the electrolysis of sodium in liquid ammonia using metallio
cathodes chosen 50 that they do not catalyze sodium amide formation.
Aluminum, magnesium, cadmium, zine and tin are stated to be acceptable
cathode materials. The catholyte in this process is an indigo-blue solution
of sodium in liquid ammonia, which is removed and the ammonia evapo-
rated off. A graphite anode and a diaphragm of asbestos cloth or porous
alundum are suggested in the patents.

A solution of sodium iodide in liquid ammonia with sodium amalgam
as the anode can be electrolyzed to give sodium, according to Ewan®,
As the electrolysis proceeds, the electrolyte separates into two layers. The
upper layer contains the liberated metal which can be removed continu-
ously and evaporated to recover the sodium. Continuous addition of am-
monia and fresh amalgam and continuous removal of denuded amalgam
are specified.

In Organie Solvents

‘The production of sodium by electrolysis of sodium and aluminum chlo-
rides in nitrobenzene-xylene mixtures has been deseribed by Klocho' and
Ruban*®. Similar work has been reported by Plotnikov and Yankelevich®,

‘The possibility of electrolytic production of sodium from sodium bromide
in ethylene diamine as a solvent has been discussed by Fedot'ev and
Kinkul'skaya*,

The production of alkali and alkaline-earth metals by the electrolysis
of a nonaqueous liquid comprising anhydrous liquid ammonia, methyl-
amine, ethylamine, or pyridine combined with  salt of the metal to be
produced is covered by Minnick and Presgrave®,

MANUFACTURE OF SODIUM BY RECOVERY FROM ALLOYS

It is frequently convenient, as pointed out in some of the foregoing sec-
tions, to recover sodium from various production processes in the form of
its alloys. Thus, it may be recovered from the clectrolysis of aqueous so-
dium salt solutions as the sodium amalgam; it may be recovered from ther-
mal reduction processes or molten salt electrolysis as the lead alloy.

The production of sodium or sodium-potassium alloys by the reaction
of calcium amalgam with fused NaCl or a mixture of NaCl and KCl s
reported by du Pont,

Then, one is faced with the problem of recovery of sodium from the
alloys. This is generally done by one of two methods—electrolysis or distil-
lation
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y vever. I chemical removal
Other methods may also be employed, however. Thus, ¢ ren
of mercury from sodium amalgams can be accomplished by addition of
alkaline-earth metals such as calcium, according to Gilbert and Clare’

Recovery by Eleetroly
Sodium metal can also be prepared by the electrolysis of a dilute sodium
chloride solution to form a dilute amalgam which is then used as the anode
in a fused bath, as stated by Gardiner® and Gilbert"*- . Amalgam proc-
esses are also described by Neubauer and Deutsch™. :
Gardiner” describes a 1000-amp experimental cell operated by . G.
Farben. at Gersthofen for sodium from amalgam. The amalgam, containing
2 to 0.3% sodium, was heated to 250°C, then picked up on three 50-mm
diameter nickel discs rotated 1t:20 to30 RPM on a horizontal axis between
ur steel cathod s
ru"ll:h:e:nmxt cell contained o misture of molten NaOH, NaBr, and Nal
which permitted operation at only 230°C. The partially-stripped amalgam
from the experimental el was returned {0 the denuder of the parent cell
where 50% NaOH was made. The cathode deposits in the experimental
cell contained 0.3 t0 1.0% mercury which was lowered to 0.01 % by passage
over metallic calcium at 380°C.
The eell voltage rose from 15 to 1.9 slowly and the cell was cleancd at
120-day intervals. Tnitial current effciency was 95% and averaged 80 to
90% over the 120-day period. The process flow sheet is shown in Figure 2.12.
Tnformation was obtained in this German work permitting design of &
16,000 ampere cell using eleven 1000-mm diameter disc anodes and produc-
ing 265 kg of sodium per day at 85% current effciency.
Patents by Tmperial Chemical Industries, 144 and Gilbert™ are of
interest in connection with sodium production from amalgam.

. Flow disgram of electrodeposition of sodium from smalgam (from R.
, Chem. Eng. Progress, 48, 40 (1950)).
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Fu 3. Flow diagram of Moulton process for sodium from amaly with er
enertion (om K. . Machali, Chem. Eng. Progres, 16, 40 0080, "

The production of sodium from an alloy with tin or other metals can be
carried out by making such an alloy the anode in a fused alkali borate
bath, according to Stalhane and Py,

Recovery by Distillation

A number of patents have been issued on the distillation of sodium alloys
including one by MeNitt" and one by Pidgeon* which covers an apparatus
for the separation of sodium and magnesium by distillation,

A process for the recovery of metallic sodium from amalgam by distilla-
tion in a high-temperature binary-fluid steam generator has been proposed
by Moulton™ and by Crahan, Moulton and Seavey®". The process flow
sheet, as presented by MacMullin®® is shown in Figure 2.13.
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