
Z . THE MANUFACTURE OF METALLIC SODIUM

Metallic sodium can be prepared from a number of sodium compound*
m a number of ways. The compound most commonly employed in early
processes as sodium hydroxide, .but modern manufacture is based almost
ntirely sodium chloride. The moat important techniques for the re-

d ti f these salts to sodium metal have been the thermochemical
thod (using carbon or carbon compounds as the reducing agents) and

lectrolyti reduction.
V nt cal review of the development of the m till r »I n i d ntri up

to 1922 has been published by Bataford" \ I str^
from 1855 to 1820 appears in Regelsberger si „ r
der Leichtmetallo""1. Other reviews are th
hansen and Eger™ The manufacture of s HI I 1
by Schermack*11. An early historical review el li»- | r tsy 1 jr ur j<i i titu
of metallic sodium is that by Carrier". Another review on the manufneture
of sodium and of sodium compounds IB by Achille1. A recent review uf
sodium manufacture is that by HardieBri.

THERMOCHEMICAL REDUCTION PROCESSES

Sodium can be obtained from any of a number of sodium compounds by
high-temperature reduction, aa reviewed by Meyer in Gmelin's Haud-

Sodium carbonate can be reduced with carbon in the form of charcoal or
coke, finely-divided iron, sulfur, aluminum, or magnesium as the reducing
agent.

Aluminum, magnesium, calcium, caJcium hydride, calcium Hilicide or
calcium carbide will reduce sodium chloride to sodium at elevated tempera-

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

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

High-frequency induction furnace reduction of sodium compounds t,i
sodium by granular graphite have been covered by Blackwell and Turner*.

Calcium carbide has also been proposed as a reducing agent™, fin will he
discussed more fully in the sections to follow.

Processes Using Sodium Carbonate

Sodium carbonate can be reduced to> metallic sodium with aluminum
powder, according to Gmelin1" and Regelsberger"1. Friend" states that
iron can also bo used as a reducing agent. However, magnesium is not suit-
able for the reduction of sodium carbonate because explosions occur on

Na,CO. + 2C -* 2Na + 3C0 (HH,,, = 231 kcal/gmole)

and the reduction presumably occurs in tfiree stages:

Nu,CO, - . NaiO + COs

CO, + C - . 2CO

Nas0 + C -> 2Na + CO

The general conduct of such a process has been described by Gmelin1",
by Balsfortl", by Friend" and by Regelsberger"1. The separation of the
molten sodium carbonate from the carbon on heating is prevented by tie
addition of chalk to keep the material pasty, as discussed by Gmelin1",
Mellor1"" mid Thorpe"1. Gmelin also states111 that external heating of the
reaction vessel may be avoided by conducting hot water-gas through the

Contact of soda ash with carbon dissolved in molten iron causes reduc-
tion to sodium, according to Gmelin1" and Mehner1".

A mixture of sodium carbonate, ferric oxide and calcium hydroxide can
l>c reduced to sodium with wood charcoal, ns stated by Gmclin1", Bateford"
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 patents1"' ™ on process modi-
lications for the reduction of aodium carbonate or hydroxide with carbon.
One*" provides for condensation of sodium vapor from the process in a



fused salt, with as sodium cyanide. Another"* describes a column for react-
ing incandescent carbon with molten sodium hydroxide or carbonate.

Ylla-Conte has described n process for the manufacture of sodium by the
reduction of the carbonate at hydroxide «itb carbon. The process is con-
ducted under reduced pressure with vacuum pumps following a product
condenser1" •" ' "' 1 hi "i 'I r ti rl in Injure 2.1.

The reduction of *»!,„• . I • •' ."Imi, at 1100°C should prefer-
ably be followed by a - i • • • I i -ulting sodium vapors tn ti

The reduction of Oudnmi L I I , . , i- id iurophosphorus (FefP) hns
been described by lioive". Pondered iron, ferric oxide pigment and tri-
sodium phosphate are co-products of the reaction

The Derillc Process. The Deville process for the manufacture of so-
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Ajara MSI h r» mixture of sodium carbonate,
ghgrcua mperature and the sodium con-
densed (he process was low and the life
of the «i peralurc operation.

H for 30 years™, and it reached

>g sodium by distillation of a
b ised in an arc furnace haa been

. of Dow Chemical Company"1.
id the sodium vapor is condensed by

rap taming 15 % sodium, at 375 to 400°C.
A portion of this condensing liquid is continuously withdrawn to a stall
operating at BOOT in which sodium is removed. The process is illustrated
in Figure 2.2.

The uppairalus and techniques involved in the condensation and distil-
lation recovery process are further described by GrimvOld and Mc-
Conicl.1^ '=•.

Tht fioiioiiiiis of producing sodium by distillation of a fused mixture of
carbon and sodium carbonate have been discussed by Oettel"1.

The recovery of sodium from a gaseous mixture with carbon monoxide
may be accomplished by contacting the mixture with molten tin, according
[o patents by Deyrup"' and by Deyrup and Knoit*"1. These patents both
refer specifically to treatment of tho product mixture from the carbon re-
duction of sodium carbonate.

Processes Using Sodium Hydroxide

The manufacture of sodium by the thermal reduction of sodium hy-
droxide with chemic&l agents has been descril)ed by various investigators.

I Thus, Nctto"*' "*• ™ describes a process for sodium production whereby
•Molten caustic was trickled over coke or wood charcoal as shown in Figure
2.3. Thowless3*3 covers contact of preheated caustic with preheated car-
'bonaceous or other reducing material to produce sodium vapor which is
then condensed. He also describes the apparatus for this process1".

The production of sodium-lead alloy by the reduction of sodium hydrox-
ide with carbon in the presence of lead is outlined by Ilossiter"8.

However, the major work on thermochemical reduction of caustic was
that of Cannier.

The Cn-trier (Iron Carbide) PTOCHS. In the latter lSOQ's, Hamilton Y.
Costlier iHTiime interested in the manufacture of aluminum, then selling
for alxmt tru dollars per pound, as recounted by Fleck".

Castner first worked out an improvement of the Deville process" dc-
| signed to improve contact between the re&ct&ntg, sodium carbonate and



charcoal. He substituted sodium hydroxide for sodium carbonate, a mix-
ture of iron and carbon for the carbon alone. The improved process fea-
tured better contact between reautantfl, permitting a lower process tem-
perature. It followed tbe reaction:

liXaOH + FeC, — 2Xa,C0, + Fe + 3H, + 2tJa

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

trolytic method for aluminum appeared1". Almost si-
ult developed an electrolytic process for making alumi-

jjj from bauxite and the principal use for metallic aodiuin was eliminated.
n" bier continued to work on process improvements for sodium manu-

s, however, and in 1801 he patented an electrolytic process using
m hydroxide—a modification of the method by which Sir Humphrj-
first isolated sodium metal. The process is described in detail later

in this chapter.
According to Ginelin'" and Hegelsborger"1, iron carbide {obtained by

heating tar with finely-divided iron it 1000°C) reduced sodium hydroxide
to sodium according to the equation:

3KaOH + FeC, -* 3 + Fe + ^ + CO + CO-
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A patent by the Societie D'Electro-Chimie"1 also covers a process for the
thermocheinical reduction of sodium hydroxide to sodium.

Processes Using Other Reducing Agents. A number of reducing
agents cnn be used to produce sodium metal from sodium hydroxide.

Calcium .uri.ide ..-an bo used W reduce sodium hydroxide—alone, or in
^^fc^mixtures with sodium chloride. The cuustic must be dry to avoid esplo-

to Reduction Process Apparatus
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w-Hot guns



aione of acetylene generated from the carbide and moisture. This process
is described by Bataford" and by Wolfram™.

Calcium hydride may be employed, as pointed out l>y Gmelin"1.
Carbon may be used according to Uie reaction:

•JNaOH + 2C -> NMCO, + 2Na + 2H, + CO

which is conducted at red heat. At while heat, the sodium carbonate is
reduced as well. The process is described by Ylla-Conto"' and also in
another reference10.

Batsford indicates" that coal gas or other reducing gases passed into
molten sodium hydroxide cause sodium to distill over. Ferrosilicon may be-
employed, according to Gmelin1".
Processes Using Sodium Chloride and Other Halidea

Sodium chloride can bsthermochemically reduced H intiiiilx I t t
Thus, aluminum will reduce NaCl on heating, bu ( 1 I
ing to Mellor1". Gmelin states that'" caluu i 1
used to produce sodium from NaCl at high t
of sodium chloride by a mixture of silicon mcUil i 1
by Kroll'".

Magnesium easily reduces sodium chloride to sodium in a hydrogen at
mosphere, according to Gme!inrt*. However, Mellor indicated that"1 111*1

reduction is incomplete.
Sodium chloride heated at high temperatures with molybdenum or

tungsten, and hydrogen, forms sodium molybdate or sodium tungstate anil
HC1. The sodium compounds are reduced to 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 pnwder is lined. The re

6SnV + Al -* 3Na + AlN's,F,

is described by Batsford" and by Specketer*1. The reduction of alkali
fluorides by aluminum is also covered by Specketer and Weber"

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

2NaCI + CaC: — CaClj + 2Xa + 2C

Methods of carrying out this reaction are described in Gmelin™, by Bats-
ford", by HackBpill and StachLing™, and by Kegelsberger™. Sodium
fluoride behaves similarly, as described by Moeser and Eidman™. Accord-
ing to the patent by Hackspill and StaehJing11*, lampblack of superior

Freeman" covers production of sodium by heating a finely-divided mis-
ture of NaCl and CaC, to 1200 to 130CC, obtaining Cad i , sodium anil
carbon as reaction products. The sodium is volatilized and condensed.

Frea-cnergy and equilibrium data for tha reaction:

2XaCl + CaC, — 2Na + CaCls + 2C

have been published by Kawnhara1". Other publications by Kana-
hara"'- "'• "• 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, Polys-
kova and Selyanskji™ and that by Specketer**1. Specketer goes on to point
out that thermal reduction processes are also applicable to potassium pro-
duction, but not to lithium, due to its high boiling point.

Sodium fluosilicide can bo reduced to sodium by the action of calcium
carbide, according to Gmelin™ and to Mellor'".

Reduction by Carbon. Sodium can bo produced by reducing NaCl with
carbon in the presence of CaO or Ca(0H),

2KaCl + CaO + C — 2Na + CaCI, + CO

as stated by Barth", Gmelin1", Hegelsberger"1, and Wood1™. The melting
point of the reaction mixture may be lowered by the addition of sine chlo-
ride, calcium chloride, sodium fluoride, or barium chloride".

Reduction by Lend. Sodium can be obtained by reducing anhydrous
-VtiCI with lead according to the reaction:

'NaCI + Pb - . PbCU + 2Xa

R r I I J out by Haekspill and GrandadW"
n"<l I rnie", sodium can be obtained in good
y'el<l8 I I i I u fluoride with iron.

Heating in a vacuum with iron displaces sodium from a number of sodium
compounds, such as Ihe hydroxide, carbonate, cyanide, nitrate or sulfate.
With wdiurn chloride bromide or iodide, however, the high volatility of
the iron halides prevents successful reaction. The leaser volatility of iron
fluoride permits successful reduction of sodium fluoride.



s Using .Sodium Tetraboralc
Homx (.'an be reduced wiUi finely-divided coke or charcoa

1 i
ordin

Iheequntic

NajB.0, + 7C — 2Na + 7C0 4 +B

The mixture is first heated to 000°C to remove the water of crystallisation
from the borax and then W lOOO'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 sulBde is produced
in an initial reaction. Lime and additional coke are then added and the
temperature is raised from 1)00° to 850°C to distill over the sodium.

Na,5 + CaO + C -> 2Na 4- CaS + CO
The same process may be adapted to sodium alumiuatc**.
Lavoisier1" produced sodium by forming the sulnde in a first step and

then heating it with carbon and a material which forms st&blo eu I fides.
The .first step of I-avoisior's process can be carried out by heating sodium
carbonate, oxide, chloride or fluoride with CSi vapors or with sulfur to give
the sodium sulfide.

Speeketei4*4 describes a process for the reduction of sodium siilfcde with
calcium carbide according to the equation:

.Va,S + CaC, - CaS 4- 2Ka + 2C

Proteases Using Sodium Aluminate

Sodium aluminate or mixtures of sodium illuminate and sodium car-
bonate can be reduced with carbon in an electric furnace. This process is
described by Emanuel", by Batsford", by Regelsberger"1 and by Gmelin™.

Processes Using Sodium Cyanides

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

2XaCN + Fe -> 2Na + FeC, + N.

magnesium may he used To re-

Process Using Sodium P™>ide
The production of sodium from sodium peroxide is considered here,

although the economics of such a process are certainly unattractive. How-
ever, sodium can be produced from its peroxide and some cyclic process
might involve recovery of sodium from sodium peroxide.

Sodium peroxide is reduced to sodium ou heating with puwdered char-
coal at 300 to 400°C, according to the equation:

3Ka,O, + 2C -> 2Xa,C0, 4- 2N»

A similar reaction, but one which proceeds with explosive violence is that
with calcium carbide >

7\aiOi 4- 2CaC, - . 2CaO 4- 4NaiC0i 4- 6Na

as described by Thorpe31, Gmeliii™ and Friend".

Processes Using Misc. Sodium Suits

The report of DeBoer et a/.™ states that sodium ehromate is reduced by
zirconium. The reaction begins at about 740°C and a yield of 70% sodium
and 30% sodium oxide is reported. The same authors report that aodium
dichromate heated with zirconium in a ratio of 1:10 evolved sodium at
250°Cand that yields of 50% sodium and 25% sodium monoxide ware ob-
tained. This same report states that sodium molybdatfl can he effectively
reduced with iirconium at about 550°C and that sodium tungstate can be
reduced to sodium at 450°C.

The reduction of sodium nitrite with calcium carbide and a second so-
dium salt containiug no oxygen is described by Danckwardt*1. Some repre-

2XaN0: + 3CaC, + GXa*1 — 2XaCN 4 4CO 4- ONa 4- 3CaF,

aXaXO, 4- 3QiCa 4- 3NaiS - . 2XaCN 4- 4CO 4 ONa + 3CaS

Sodium silicate can be reduced to sodium with charcoal at 900 to L300°C,
according to Peacock111. The reduction of sodium silicate or ferrosilicate
with iron in an electric furnace is described by Morrison™.

SODIUM BY ELECTROLYSIS OF MOLTEN SODIUM SALTS

The development of cells for the electrolysis of fused sodium salts has
Iran described by Moltkehanseu and Eger™. The first patents on sodium
mimufaclure arc also discussed by them1" and by Borchcrs in his handbook
mi 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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in the years 1918, 1U28, and 1938 has been I

A variety of specific proposals have been
the electrolytic manufacture of od De 1
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Processes Using Sodium Hydroxide

4OH-f2H,O + OI

on occurs at the cathode when wat
with sodium:
2Na + 2H,0 — 2NaOH + H,

4NaOH -» 2Na + 2NaOH 4- Hi + O,

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 Na.,0,. This reacts with more sodium to give NajO.

If commercial NaOH is used, the water is first electrolysed to give oxygen
at the anode and hydrogen at the tttthode. Hydrogen production becomes
more difficult until, at the decompoaition voltage of fused NaOH, sodium
appears. If no moisture is present, no hydrogen is evolved before the sodium
appears.

Decomposition voltages, according to Mellor1", are as follows;
IS volts; water present in NaOH
2.2 volte; sodium in fused NaOH
3.1 volts; calculated from Thomson's rule
4.4 volts; calculated from heat of formation.

I-abhardt* describes removal of NaOH which has absorbed water and
replacement with anhydrous alkali in cell operation in manufacturing
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•'Intrude. Nonconducting screens of alumina or winiilar material have bmi
proposed but, ai-curding to Koehler1*5, do not appear lo I* practicable.

The commercial Castner rells are about IS im-hc-s in diameter Slid 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 me&llir
sodium where necessary.

These veils are connected in scries. The voltage aero* w l i ni l is i r.
to 5.0 volts. The anode current density is 150 amps per sq dm :unl iln- uiili-
odedenaity200 amps per s<i dm. A 1250-ampere cell holding loll nouml* <>t
caustic averages 10 kg sodium per day. The current efficiency avorajji'i-
38% for long periods. Taking the decomposition potential of XaOH as
2.25 volts at 340°C, the energy Efficiency of suchfl 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'1.

The current yields of sodium for \aOH-XaCl mixtures are loner than for
XaOH alone. Only 39% wan obtained in the best run. Ko chlorine was
generated from the electrolysis of mixtures containing 25 to 50% NaCl.

Asheroft11 points out that addition of 30% NaCN and seven parts of
NaCl or NajCOj to a sodium hydroxide bath gives a mixture melting at
250°C which does not readily form crusts.

The sodium hydroxide was premelted before introduction to the cell in
the Castner process. Waeser1" describes this aspect in some detail.

A porous alumina diaphragm for use in the electrolyas of molten caustic

has been described by Ewan"- l s.

The electrolyte in the Castner ccli contains added sodium chloride to
improve its electrical conductivity

1
". In addition, the caustic raw material

contains small amounts of both sodium chloride and sodium rarlxinftU1.
Therefore, the chloride and carbonate contents of the cell incrcaHc during

operation. When the concentrations reach 18% NaCl and 8 ^ XitjCOj,
the bath is discarded and operation is started with a fresh charge.
The caustic is recovered from this discarded bath by dissolving it in
water, removing the chloride and carbonate, and reconcenfrating the

caustic Koehler
118

 states, however, that the presence of sodium chloride

u as 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 ran be collected from (he anode compartment if desired.
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of the bath. Operation at low current density also reduces convection cur

From the development, of Ctutner's cell for the electrolysis of caustic in
181)1 until about 1920, this was the only sodium process of practical im-
purUnce. Sodium metal production was about \5,000 Urns per year during
this period.

The Castner cell is described by Mantel]™.
T]icjtdv:iiir;iK'>>w>f ihr < 'astner cell are simplicity of construction and low

t'-miiii.i • ^i".•... ' . lln^i-1'cr, because pure sodium hydroxide is a
n-bi • .'I nra material, the Castner process has been
»ur>- - f.« based on sodium chloride.

Uih< I- Mi].lili,-;ii iLiTi-. \ liirger cell for the electrolysis of caustic: was
Jeix'lupul liy T. Ki>lkin. ilie technicftl diriictor of the Vadheim Works in
Norway

1
"
1 I K

. The Kolkin cell overcame diaphragm troubles encountered

in the Castner cells at. the Vadheim works.

Another modification of the basic Castner cell is credited to Becker" • " .
Work on the Becker process by LeBlanc and Carrier has been pub-
lished

1
"-"'•"*.

The Hulin cell1"' * • " • differs from tho original Castner cell mainly in
elcrtrodc-mounting details. Another potent hy Hulin

117
 is also directed

A developmi'in '!• -• i i •••! '.i 1! ii'.i 'I'm .IM,I .-un'i-'-
0
 features a contact

'•IIIIKKIC that is iiir. • - . . • •• . . - (',!• electrolyte, thereby

IMTvmiiins los- i.i • • i , '• .• •• .. • • . . - • i d ihebath .

Neumann and U N M I , ' . | ,~. rh.,] •, ,., | iilinl cathode form for

aCasI jr cell.
ig to Kirfc and Othnier'", a (Wner-Krela cell with a hollow

•jithode has been operated in Japan.



Processes Using Sodium Chlori

In industry research emphasis was o h
for the manufacture of sodium from sodium
ducted experiments in 1833 with the ob
electrolysis of sodium chloride. An ea pa
those by Rogers'", Grabau1", Ack A h

HOB which finally achieved success was the Downs cell6.
The Downs «ell benefits from the advantages of using sodium chloride as
opposed tei sodium hydroxide as a source of sodium, as follows;

1. Sodium chloride is 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
m™..f,-. i.i 'Ie Inter used for electrolysis in the Castnermanufacture of the ea

S3.)

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

1. The corrosive effect of NaCl on refractory surfaces-
3. The need for special handling equipment for the fhiorine evolved.
3. The higher cell temperature which must be maintained since NaCl

melts at 800°C as compared with 300°C for KnOH. (At 800V
I he vapor pressure, of sodium is almost half an atmosphere and
odium tmumri soluble in NaCl.)

Monger rhnrpf unites™ that the high working temperature (600°C)
it Itit- high operating voltage of the Don ns coll imply substantial mam
UHireKniH m.l i il> Nil. illi piiur < M ri» ilh.iimv llm manv other

m of the so.li

'he addit m oed uxi

cd as sodi m a m a
T b a good re h (T sed aC
I. The anode must be made of graphite
1. 1 he anode space must permit the easy rvinoval of ehlonne
3. The eathutle must be metullir, prffersbly iron
I. The culhode i^iare must permit the sodium to be collected and n

moved without coming in contact with reducible sutistances,
o. Fire-resisting materials must be used for all parts of the cell



6. NO metallic particles should be present in the ruelt between the poles
In tlie electrolysis of mixtures of fused carnallite (MgCI,) with NaCI,

very little sodium is found in the magnesium metal product until the MgCla
concentration talk below one per cent, according to Shcherbakov and
Yumanova".

A unique type of cell construction for the electrolysis of sodium chloride
to produce sodium is covered by Brode**. The cathodes come up tbi'ough
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 coll operation at
very high temperatures at which sodium is volatilized from the cell as it is
formed. A patent by Grebe and Boundy"1 describes the apparatus for such

The Acker Cell. The Acker coll1'».«.'." is of historic interest becauso
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-Bection of an Acker cell i ^ T«i i M I f r
duced in the cathode chamber all
torn of the cell to give sodium 1 I I

circulates, caustic and hydrogen 1 II II I
re-enlers the cathode chamber to undirgu further alluy torn ati, u.

The Acker cell operated at 8SQ°C (1562T) and thia temperature was
maintained entirely by the current. The cell required (i to 7 volla and had
an average current efficiency of about 94%.

The Aehcroft Cell. The Ashcrofl cell, as described in the litera-

\ I ci f g he ell o is sts of two compartments: a dccuiu-
p t ho primary electrolysis takes place—and
lh h eh a second electrolysis is carried out.

I ised sodium hydroxide is used as the elec-
1 ted on a spherical nickel cathode. A hood
ah, jd h ch leaves the cell continuously

The operating temperature in the decomposing compartment of the
Ashcroft cell is about 770°C (1418T). The current density at the cathode li
about 1880 amps per sq ft (200 amps per sq decimeter). The temperature
in the producing compartment is 330°C (026T).

The pipe connecting the two chambers has a partition along its entire
l;ngtb. The hot lead-sodium alloy passes through one side of the pipe and
the 1 1 d 1 I 11 1 gh th othe the partition acting as a heat-

: about Its, the NaOH compartment i

I I M P, tt cell " ' • l n shown iu Figure 2.8,
th 1 i 111 if the cell surrounded by an annular anode.
The hood over the tutiiudc collects the metallic sodium. The cell is rather
tall with the object of increasing the hydrostatic pressure in the electrolyz-

g one tnd thus raising the boiling point of the sodium formed. The strut'-
re of the McNitt cell is thus similar to that of the Downs cell, except that

the McNitt cell has the cathode in the central position.
In a variation of the basic McNitt coll1", the molten electrolyte is flowed

through a number of cells in the same electrical circuit.
In recent years, R. J. McNitt has been granted a number of patents

on specific equipment modifications for sodium cells, but not for the cenlral-
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'"
An instrument for the detection of cell diaphragm failure™
A sodium collector hood designLK



mo a of oxides from ft bnth™
Heat re* .. .....
The Hum-. II ,,,,,.i < I'll- lln-iv nlher cells for the electrolysis of fused

NaCI have hmi opc-rnipd tin a commercial scale. The Daneel-Lonaa cell
described by Danee]».».«-« and by Arndt11 was the first of these and
employed ceramic walls Or "salt curtains" to confine the sodium to the
cathode area; no diaphragms were used. The name of this cell is derived
from the fact that the cell invented by Danecl was used by the firm of
Elektrisitatswerk Lonzn.

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

The Seivard cell has been described by von Kugelgeu and Scward™- ™

by Seivard, vim Kugelgen and von Bidder™ and by von KugclRcn, von
Ridder and Seward1" and by von Bidder™,

Seward and vou Kugelgen'1' 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 Soward'" 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 a b a Cell. The Ciba cell was an adaptation of the Castner cell for
the electrolysis of caustic to sodium chloride. A mixture of sodium chloride
and other chlorides which were molten at (S2O°C were electrolysed in rec-
tangular or oval cells hinted only by the current.

The Ciba cell was developed by I,. J.luin and E. Steinhuch of ties, fur
Chem. Ind., Basle (Soc. Anon pour L'lnd. Chim. a Basle) and patented by
them1".<«. ui. us. Another modification of the Ciba design was patented
by Steinbucb1".

The Downs Celt-Arrangement. The Downs electrolytic process and
cell are described by Downs8*-aa. The essential characteristic of the Downs
cell WHS the provision of a central anode and a surrounding cathode defining
an annular electrolysis gone.

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

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

Around tiie 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 recoiribining with the chlorine. A riser
pipe attached to the top of the launder permits the sodium to flow con-
linuously into an external receiver. The riser pipe extends far enough above
the bath level 90 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
cool before it passes to the filter where calcium is removed.

Tha electrolyte eontiine an added salt, calcium chloride, which depresses
the melting point of pure NaCl which is 800°C to 605QC for the eutec-
tic mixture containing 66.8% CaCli. In commercial Downs cell op-
eration, however, 58 to 59% CaCU is used at a permissible operating tem-
perature of 575 to 585°C, which amplifies cell construction and the choice



j the cell through openings in the cell covers.
n produced in the cell is pure, except for dissolved c;

(except, of cc
fait from which the eodii
The solubility of calcium

npurities, usually arising froi
3 is made—see Chapter S for detailed anal1

BodiumisasfoHows:

and rcacta with it. The operation of auch a risi
jitid the construction of the tickler in the riser
Hardy'".

The crude sodium issuing from tlie receiver following the riwr pipe in
filtered at 105 to 110°C to reduce the calcium content below 0.04% and
to separate small amounts of bath and oxides. The purity of the sodium
is 99.8% and the chlorine as produced in pure enough to b* liquefied and
marketed.

The cell operates at about 7 volts, according to Mantell1™, and at a cur-
rent efficiency of 80 to 85%. This corresponds to an energy consumption
of 5 KWH of AC power per pound of eodhim, allowing for a (1 to 8% loss
in converting AC to DC power.

Electrode manufacture has been covered in a number of patents (.il
bert1"1 "* covers the manufacture of graphite anodes. Attachment of the
anode to the bottom plate of the Downs cell to eliminate heat lasses at that
point is covered by Smith and Williams1". Anode sealing and retaining
means have also been discussed by Carlisle"*. Minor improvement on
cathode structure have been detailed by Williims"1*

A report by Gardiner"" describes the Du II i* r itf 1 at
Knapsack* Germany. Tt consisted of a ateel and
six feet high, set into the operating floor I I 1 he
shell was internally-lined with acid -c I ^ e d
to conserve heat. A composite cylindrical R | I I I 1 o igh
ihebascof the shell mid was surrounded In „ t I tl t Hea l th
«li> rested on lugs fastened to the lower half of the sides of the cell. The
out.and a half inrh nmmlus lwtween anode and cathode had a lG-mesh
iron KJIIIZ^ diaphragm centered therein. This gauze was suspended from
an inverted circular trough which collected the sodium rising on the cath-
xie ide of the diaphragm. Chlorine evolved at the Hiiode passed up through
I f tral nickel dome within the sodium collector. The chlorine contained

siCI, and was therefore washed will, walcr in stoneware towers and then
1 cd with ™lfnrir nrid In *m \n

-• i til t II |x rued fil nonh arranged

1 miMiLre )f58%
( a l l , d 4 . Niifl up t | hltp Hedges were
placed in the an mi Ins between anwle mid cathode and a eurrent of 24
kiloamperes passed to melt the salt mirture around the wedges. The wedges

ere then withdrawn and the cell filled to t ie top. When all the salt had
melted, the diaphragm, sodium collector ring, and chlorine dome were
lowered into the <"Cll.

chlorine d



thence to a scale tank from which it watt discharged under nitrogen into a
filtering vessel held at 120cO. Mont of the culciuin mclal and sodium oxides
were removed in the filter. Koine calcium metal which doposilod on the walls
of the riser pipe wofl scraped back periodically into fhe collector channel.

The Knapsack cells had a life of several Inindred days, determined liy
the rate of corrt»ion of the graphite anode. Diaphragms required men*
frequent renewal, however. A battery of 24 Downs cells operating at 24,000
amperes current produced 250 metric tons of sodium metal per month anil
385 metric tons of chlorine. According to Koubauer and Deutseb™, the
Knapsack plant contained 65 Downs cells operating at 25,000 amperes
and producing 650 tons of sodium per month. Energy consumption was 1
KWH per 90 to 95 grams of sodium. I îbor requirements at Knapsack were
given as 3.45 man-hours per 100 kg sodium, including both process and
repair work.

Details of ceils similar to the Downs cell are given by MeNitt'". "»,
by du Pout"."and by Gilbert10.

Circulation of the electrolyte or bath in the annular space defined by the
anode and cathode of a Downs cell has been (he subject of a number of
patents. Two techniques are described by Gilbert™ '". One simply involves
the use of a perforated cathode and the other involves the use of a gas lift
within the cell. Hardy and Hulsc1" describe a perforated anode for improved

The Downs Cell Over-All P n u w . Some interesting figures on Downs
cell operations in the Degussa plant in Germany are presented by Mae-
Mullin118 and a comparison with amalgam cell operation is given m
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 purification system and other facilities
attendant to the manufacture o£ sodium.

TABLE 2.]. IUw M*IBBI*L CONBCHFTION FIOUMS FOB DOWNS



The ltouns Cell—The Calcium Problem. The calcium sludge from
I lie electrolytic manufacture of sodium from a mixture of calcium and so-
dium chlorides present a disposal problem. The operation of sodium filtra-
tion and of sludge removal has been outlined by Gilbert108.

The sludge has been offered for sale on an "as is" basis as a low-cost
reducing agent. A process has been developed lor the recovery of the cal-
cium metal in fine, crystalline form with Ihe simultaneous production of

is described by {'aling;aertJ\ by Hill1™113° and by Hill and Soroos™'.
The sodium-calcium alloy rcsuUiTig from the Downs cell electrolysis of

mixtures of molten sodium and calcium chlorides has been the subject of
several patents. ThuSj a mixture of sodium, calcium and oxide can bo in-
traduced into a fused mixture of sodium chloride and calcium chloride
undergoing electrolysis in a Downs-type cell. The recovery of sodium in
such an operation haa been described by Hulse"".

A similar process is described by Gilbert"9, wherein sodium is filtered
from the Downs cell sludge, the residue is reacted with sodium chloride,
more sodium is separated, ftnd the residual salt mixture is returned to the
Downs cell.

H u W also describes the operation of a similar cell wherein calcium
chloride containing cakium oxide is fed to the cell nnd 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 fuard
salt bath having a specific gravity higher than that of sodium. Such a lath
is specified as containing I'alcium chloride and at least 30% of sodium
chloride and operates at fiOO t.. 800°C. The apparatus is described by
Gilbert3^' "*. Another patent by Gilbert1™ covers a similar process in which
impure sodium is contacted with an oxidizing agent such as air or an alkali
melal hydro-ride.

The sodium-calcium alloy from the cells may bo contacted with solid
N"aCl at temperatures of 500 to 700°C to recover sodium11*.

A method of eliminating the calcium problem would bo to use a low-
melting eutectic in the cell whirh does not contain calcium. One such pos-
sible mixture njutairifl 35.(1 % XaCl and 64.4 % Na.COi and melts at 600T,
according to Smith and Vcflzey™' ™.

Processes Using Sodium Carbonate

The electrolysis of molten XB,COI givi>s sodium ai-cording to the enua-

carbonate nnd sodium chloride.

Processes Using Sodium Tetraboratc

Metallic sodium can be obtained by electrolysing borax at about SOÔC
in a carbon crucible with an internally-cooled cathode. The cathode de-
posit consists of pure sodium inside, a layer of sodium and boron, and an
uutoide Layer of pure boron covered with solid electrolyte.

The addition of Al,Oj and BeO almost cumpletcly prevents reduction
of the electrolyte by sodium. On the other hand, sodium production is
decreased and boron production increased at high temperatures, according
to Austin and Lee".
Processes Using Sodium Nitrate

Molten sodium nitrate can be electrolyzed to give sodium metal. Graph-
ite or curbon anodes are used and NO, and 0 , are evolved at the anode.

.1. D. Darling first reduced sodium nitrate electrolytically to sodium
nitrite in 1SSS) us clctTuVd in a series of patents"•"•n•«• " • ' • • " and

is of alkali ni n reported bOther work on Ih
Muller'"'-1"1™"'.

The electrolysis of molten sodium nitrate is ndvantagcouylv carried uut
in the presence of fused sodium carbonate. The second still serves to Jfljp-
prcss the migration of the nitrate anion, fixing the uitralc iuri in the anode
chamber as earlxm dioxide, and forming more sodium nitrate™. Thi-s pre-
vents migration of nitrate ion to the cathode where it could react with the

Processes Using Sodium Cyanide

Affording to Thorpe111, tho electrolysis of fused sodium cyanide, using
graphite anodes and a nickeUwire cathode has also been proposed. The
cyanogen produced id absorbed in NaOH and returned to the process, A
current efficiency of 90 to 05% and an operating voltage of ft volts is claimed
for such a process.

Acker has been granted patents1'1 covering sodium cyanide baths Tor
the electrolytic production of sodium.



•<iit«J prices.
Ashcroft" covers sodium manufacture by electrolysis of a mixture of

sodium hydroxide and sodium cyanide. The sodium is recovered as sodium-
lead alloy.

Processes Using Sodium Sulfide and Sulfatc
The recovery of sodium and sulfuric acid from sodium suifate by elec-

trolysis is covered at Aten&. According to Rogers1*7, 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 described by Richards'"- ' " • ' » .

Vautin was also an early worker in electrolysis of sodium salts with lead
cathodes'-" •'", and Hulin1" was still another.

An interesting process patented by Ashcroft" covers the trcatmcnl
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 Hoyden".

Manufacture of Sodium as Sodium Amalgam

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

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

The sodium amalgam produced may bo used directly in chemical proc-
essing, as in the manufacture of sodium methylale, for example. See
Figure 2.11.

The manufacture of sodium amalgam will be treated only briefly hciv
since this Monograph is primarily concerned with the manufacture arid
uses of metallic sodium. However, the largest use of sodium amalgam h,.s
been in amalgam cells for the manufacture of caustic u'herr the podium
metal is never isolated as such. Amalgam i-elta for musTic have lm*n adc-
nusldy reviewed by Mantell'™.

An excellent review of the production of sodium amalgam, of the r e c y
uf metallic sodium from such amalgams, and of the uses of sodium amalgam
us a chemical intermediate has been presented by MacMullin"*.
Mnnufucture of Sodium us Smlium-Uad Alloy

The use of Ph-Na alloy in producing sodium by electrolysis is described
by Carrier"1". The electrolysis of PbKa alloys to give sodium at the cath-
ode and lead at the anode is discussed by Kremaun, Kienzl and Markl™.
Philipp and Focrsteriing111 have described an apparatus for the electrolytic
preparation of sodium-lead alloy. Si-hlolter has described*11 a lead cathode
cell for sodium alloy manufacture.

The electrolysis erf sodium hydroxide with a lead cathode to produce
sodium-lead alloy is covered iu a number of patents by Raschen'" and
Ashcroft1^ " •" . A number of patents have also been granted to Asli-
rroft"' » • » • » , Fievet", Orlandi"1, Huliii"1- us, and McNitt"1- "'• " ' • ' "
for the electrolysis of fused sodium chloride with molten lead cathodes.

The separation of sodium from lead offers a major problem when pure
sodium is desired. Hulin lias described his work on this problem1" as has
Jcllinek and his co-workers1"' Mr liBh IM.

The production of sodium-lead alloy in a cell using a thin stream uf
molten lead as the mobile cathode for the electrolysis of fused salt is a
feature of a cell developed by Siechtman".

MANUFACTURE OF SODIUM BY ELKTROIYKS IN SOLVENT MEDIA
The electrolysis of sodium suits in non-aqueous media is attractive from

a research viewpoint in that it offers the possibility of a low-tcmperalure
electrolytic process for sodium. Although many organic media do not react
with sodium, there remains the problem of picking a medium in which the
salt is soluble, one which docs not react with sodium, or with the coproduct
of the electrolysis of a particular aodium salt.



Tlie electrolysis of sodium chloride solutions in liquid ai
duce sodium has been described by Hara and Abe'" ' ' " • l n . They describe
a process for the etectroly&is of sodium in liquid ammonia using metallic
cathodes chosen so that they do not catalyse sodium amide formation.
Aluminum, magnesium, cadmium, nine and tin are stated to be acceptable
cathode materials. The eatholyto in thia 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
alunduin lire suggested in the patents.

A solution of sodium iodide in liquid ammonia with sodium amalgam
an the anode can be electrolysed to give sodium, according to Ewan'1.
As the electrolysis proceeds, the electrolyte separates into two layeia. 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

I n Organic Solvents

The production of sodium by electrolysis of sodium and aluminum chlo-
rides in nitrobenzene-xylcne mixtures has been described by Klocho"7 and
Ruban™. Similar work has been reported by Plotnikov and Yantelevioh"".

The possibility of electrolytic production of sodium from sodium bromide
in etbylene 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-
amintf, ethyiamme, or pyridine combined with a salt of the metal to be
produced is covered by Minnick and PreBgrave"1.

MANUFACTURE OF SODIUW BY RECOVERY FROM AUOYS
It is frequently convenient, as pointed nut 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 electrolysis of aqueous so-
dium salt solutions as the sodium amalgam; it may be recovered from ther-
mal seduction 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 KaCl or a mixture of NaCl and KCI is
reported by du Pont".

Then, one is faced with the problem of recovery of sodiuin from thr
alloys. This is generally done by one of two methods—electrolysis or distil-
lation.

Other methods may also be employed, however. Thus, ehemical removal
uf mercury from sodium amalgams can be accomplished by addition of
alkaline-earth metals such as calcium, according to Gilbert and Clare"'.

Recovery by Electrolysis
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 bv tiardiner*9 and Gilbert"*- l ls. Amalgam proc-
esses are aleo deswibed by Neubaui-r and Deutsch1".

Gardiner" describes a 1000-amp experimental cell operated by I. G.
Farben. at Gerathofen for sodium from amalgam- The amalgam, containing
0.2 m m sodium, was heated to 250°C, then picked up on three 50-mm
diameter nickel discs rotated at 20 to 30 RPM on a horizontal axis between

The p 1 1 f i 1 ^ i Tl NaBr and Xal
which | r pped amalgam
f r i™ II I ihe parent cell

.•ell
taint!

The cell voltage rose from 1.5 to 1.9 slowly and the cell was cleaned at
120-day intervals. Initial current efficiency was 95% and averaged SO to
90% over Uio 120-day period. The process flow sheet is shown in Figure 2.12.

Infonnatun was obtained in this German work permitting design of a
16,000 ampere cell Using eleven 1000-mm diameter disc anodes and produc-
ing 2S5 kg of sodium per day at 83% current efficiency.

Patents by Imperial Chemical Industries, Ltd.1*6 and Gilbert111 are of



The production of sodium from an alloy with tin or other metals can be
carried out by making such un alloy the anode in s fused alkali bor&U*
bath, according In Stalbane and Pyk1".
Recovery by Distillation

A number of patents have been issued OIL [he distillation of sodium alloys
including one by McNitt"1 and one by PidgeoT)'" which covers an apparatus
for ttje separation of sodium and magnesium liy distillation.

A process for the recovery of metallic sodium from amalgam by distilla-
tion in a high-temperature binary-fluiil steam generator has been proposed
l>y Moulton™ and by Crahan, Moulkin nnd Seavey". The prncesa Row
sheet, as presented by MacMulliii1" is shown in Figure 2.13.
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