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The following specification pariicularly describes and ascerlains the natnre of this invention and the manner
. which it is 10 be perfornied :—

This is an invention by Messrs, VEERARAGHAVA
ARAVAMUTHAN, Scientist, KUPPUSWAMY VENL/-
GOPALAN, Scientist and THALEPERAMPIL PARA-
MESWARAN MADHAVAN, Scnior Scicntific Assistant,
all Indion Nationals and working at Central Electro-
chernical Research Institute, Karaikudi-3, Tndia.

This invention relates to IMPROVEMENTS IN OR
RELATING TO THE PRODUCTION OF ELECTRO-
h.YTIC CALCIUM METAL,

Calcivm is extensively used in industry especially as
an alloving efement. A number of alloys of calcium with
I:1]uminium, lead, copper, magnesium etc,, are known.
Calcium is used as a reducing agent in the production
of metals like uranium, thorium, titanium, zirconium and
khromium. Tt is used as a deoxidiser and a desulphurising
agent, As a dehydrating agent it is also used in organic
chemical industry for dehydrating alcohols and organic
solvents, It is employed 1o separate argon from nitrogen.
It is used in the production of nodular cast iron, mecha-
nite castings etc, There are alse many other uses for cal-
cium metal,

The production of calcium metal by fused chloride
clectrolysis has many disadvantages. A high cathodic
current density is employed. A water cooling arrange-
-ment for the calhode is normally emploved and as soon
as the metal is formed on the waler-cooled cathode, the
tathode is raised. Mixtures of calcium chloride with cal-
cium fluoride or potassium chloride are commonly em-

loyed as electrolyte. Recently, calcium-chloride-barium
chloride mixtures have also been employed with or with-
out the addition of alkali metal chlorides. Because of the
Ihigh current density employed, high cell voltages are
necessary and therefore the energy requirements are
thigh. In addition, as stated already, a water-cooled
cathode which is almost a point cathode is  employed
band the collection of metal has to be done carefully,

These factors have been taken into account and

a simple procedure has been evolved for avercoming the

ifficulties. Not only clectric energy requirements have

been considerably reduced but also deposition and the
Jemoval of caleium metal has been made easy,

. It is known that calcium metal and sodiwm metal
Tic very close in the electrochemical series. Tt is  also
known that calcium and sodium are miscible with each
'sther and form alloys. It is also known that the solubility
of the calcium in sodium decreases as ftemperature de-
creases. Using these principles, the present invention is
made.

According to the present invention, the process for
the preduction of calcium metal by electrolysing calcium
chloride in an electrolytic cell is characterised in that
80% calcium chloride (rest being water) is used as a raw
material and is fed into the electrolytic cell containing
about 90% calcium chloride on anhydrous basis and 5-
'10% alkali metal chlotides, sodium and/or potassiom,

On passing d.c., calcium is liberated at the cathode
and chlorine is evolved at the anode.

A kigh calcium, low sodivm alloy is deposited first,
instead of ditectly depositing calcium  metal  at  the
calhode,

Thus, a deposit containing about 97% calcium and
3% sodium is first obtained at the cathode which on
subsequent 1eaction with the electrelyte produces calcium
metal which floats and reaches the surface of the elee-
trolyte.

By scrapping the cathode, the calcium metal floals
on the surface and is removed from the cell by laddiing,

The current  densities employed, especially  the
cathode current density, is much lower as compaied 1o
the conventional current densities employed (1.5-2 amp/
sq. ¢m.) and therefore a reduction in  cell voltage is
achieved, e.g., at 10 volis per cell, 26-28 kwh of d.c. u-e
required per kilogram of the metal, and the energy re-
quirement is considerably reduced in high amperage ceils.

Electrolysis is conducted a1 600°C, wherchy  the
dissolution of calcium metal, unlike in the conventional
clectrolytic cefl, in negligibly small.

This invention includes within its scope, an appar-
atus for the produciion of calciuvm metal by fused chlo-
tide electrolysis which comprises a vefractory lined mild
stecl vessel to withstand the action of molten chloride
electrolyte, a cathode of stainless steel or mild steel or
any other similar material which is submerged in the
electrolyte and a rod or plate anode of graphite and/cr
carbon concentric with the cathode without any gaseous
atmosphere above except chlorine and provided with a
refractory Hned top lid with provision for sucking chlo-
rine whercby the metal is laddled out from the cathode
in a solid state.

The clectrolytic cell is very simple in construction.
1t consists of mild steel oufer vessel lined inside with
fireclay or high alumina bricks. Cathode is of mild steel
in the form of plates and the connections are given
from the side walls of the electrolytic cell which are
suitably insulated. The cell design is such that the shell
of the cell can be assembled or dismantled by em-
ploying flange like arrangement to fix the face plates.
Anodes and cathodes can be very easily fitted into the
electrolytic cell. There may be necessity to remove the
anode only and therefore a top anode system is em-
ployed which allows very easy removal of the anode
and its replacement. There is no diaphragm in between
the anode and cathode. The electrolyte can be very
easily melted within the cell by shorting the anode and
cathode with a graphite wedge to start with.

The cell can be operated continuouvsly. The feed
material is 80% calcium chloride on anhydrous basis
and the remaining 20% as water of hydration.

The process relates to the production of calkcium
metal by fused chioride electrolysis.

The device is an electrolytic cell which has been
simplified as stated already.
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Normally, anhydrous calctum chlonde 15 used as
a cell feed whereas we employ, as stated already, com-
mercially avidable 80% calelum chlonde, the remam-
mg 20% bemng water of hydration

In our process, we get a calelum-sodum alloy con-
taimng very small percentages of sodum (of the order
of 3% sodium) at the cathode which then reacts w h
the electrolyte (contaming on anhydrous basis 95%
caleiom  chlonide and about 5% of sodium  and/or
potassiumy coleride) to form the calcum metal

The removal of calewm melal 1s done by simply
scrapping the cathode and laddling out the calcum
metal This 15 possible because the calenm metal floats
and reaches the electrolyte surface

The process 15 coatinuous The cuirent denmttics
and the voltage of opelation are low, the energy for
the product on of calcium metal m comp ason with the
casting procedures 13 low

Deialed descriphion ol tne cell 15 grren  below
which mdicates the novel features mentroned above
In the accompanying drawings (1) mmdwcates the mild
s eel veseel {2) ndreates the bolt and nut ariangement
(3) represenis the refiacto,y lining {4) 15 cathode lead
(3} 13 mud steel cithode (6) s graphute anode  (7)
15 electrolyte.

The meltng of the eclecholyic s carried out by
placing o wedge of giphite between tnode ond cathode
and fillmg up the space with a muxtuie of calcium
chlonde and sodwun chlonde and then impressing dc
The wedze acts as a resistor The heat generated m the
wedge melis the mextiie and fuither feeamg of th
salt mixtore 15 conurued ull the required level of the
electrolyte 15 obluaned which 15 sbout 6” above the
cathode Then the wedee 15 negotiated with a rod ond
removed oui the cell DC at 10 volts, 500 ampers 1>
impres~¢d The temperature 1s mantuned at  about
600°C by varying the current and voitage, 1f need be
Once mn an hour or so the cathode s secrapped with
rod, when the metal floats up which 15 laddled out
Then fresh calcium chlonide 1s added Durmg this pro
cess as metal 15 {oimed the electrolyte level lowers and
after the metnl 15 renoved 1t 15 again made wp by he
fresh addihion of calelum chionde

The main »dvantage of the process s3 1f 1s a con
tinuous cne and requires less elecineal energy per hio
gram of metal produced

The main difficulty normally ercounteied 1 the
production of calctum metal 15 the gh  sclubikty of
calc um metal m caloww chlonde This alkaline earth
metl alse quickly oxidises when exposed to atmosphere
n a kot condition Ii 13 rather a cumbersome proce
dure to employ any nert atmosphere The present in
ventton has taken care of all these factors by employ-
mg a suitable electrolyte composition, temperature and
albo getttng the metal depossted just below the clec-
trolyte level so as to prevent the metal from haviog free
access to ar However, it allows 1t fo rase uptc the
electrolyte level The metal 1s deposited as calcm low
sodum alloy The sodiwm present 1m the alloy 15 mostly
chlorinated durmg the upward movement of anodc
chlorine The metal » deposited near solid state
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WE CLAIM :

1 A process for the production of calcwm metap
by electrolysmg calcium chlode in an clectrolyt ¢ cell
which 1s charactelised i that 80% caleium  chloridd
(1est being water) 18 used as a riw material and 15 fed
mto the e ectrolytic cell containmng about 90% calciung
chlonide on anhydrous basis and 5-10% alkali me.al
chlonides sodmm and/or potassium

2 A process as clamed m Clatm | wheremn o
passing dc, caleium 1s hberated 2t the cathode an¢
chlorine is evolved at the anode

3 A process as claimed 1 Claim 1 or 2 wheren‘
a high calemm, low sodm alloy 15 deposited first)
mstead of directly  depositing  calciwum  metal at the
cathode

4 A process as clmmed 1 Claim 3 wherein a depo--
st cort imng about 97% caleum and 3% sodum 1.
first obtamed at the cathode which on subsequent reac
ton with the electrolyte produces calcium metal which
floats and :caches the surface of the electrolyte

5 A process as clumed mn any of the preceding
ciaims wherein by scrapping the cathode, the calcium
metal floais on the smfice and 1s removed from thg
ccif by laddling

6 A process as clamed in any of the precedng
claims where n the current densites cmployed, espectal
ty the cathode current density, 1» much lower as com
pued to the conveohional curreat densihes emploved
{152 amp/sg cm) ind therefore a reduction m cell
voitare 18 achieved, e g, at 10 volts per cell, 26-28 kwh
of de arc requred per kilogram of the metal, and the
enersy requirement 15 considerably reduced mn high
amne age cells

7 A process as claimed m any of the precedmgl
clums whetern clectiolysis 15 conducted at  600°C,
whereby the dissolution of caloram muial unlike  h
conventional electiolybic cell, m neghgibly smali

8 An apparatus for the production of calcwnd
metal by fused chionde electrolysis as clamed in any
of the preceding claims which comprises a  refractory
hned nuld steel vessel to withstand the action of molten
chlonde electiolyte, a cathode of stanless steel or mil
steel or any ofner simlar material which 15 submerge
i the electro*yie and a rod or plate anode of graphit
and/or carbon concentiic with the cathode without ana
rascous atmosphere above except chlormne and provide
with a refiactorv hned top hid with provision for suckmé
chlorime whereby the metal 5 laddled ocut from ihe
cathode 1n a sohd state

Dated this 23rd dav of Septcmber, 1967
(Sd)
PATENTS OFFICFR,

Council of Scientific & Industrial Rescaich
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