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PROVISIONAL SPECIFICATION.

IMPROVEMENTS IN OR RELATINGI\{E’?A{HE PRODUCTION OF MAGNESIUM
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Thne following specification describes the nature af this invention.

Turs 15 AN INVENTION BY VEERARAGAVA ARAVAMUTHAN awp KUPPUSWAMY VENUGQPALAN, B0TH OF
THE CENTRAL ELECTRO-CHEMICAL RESEARCH INSTITUTE, KARAIKURI, INDIA, BOTH INDIAN CITIZENS. ,

The electrolysis of fused magnesium chloride in ad-
mixture with alkali metal ehlorides accounts for the
major worid produetion of magnesivin metal. In a
widely used cyclic Drocess, the anodic chlerine frem
magnesium chloride slectrolysis is first converted into
hydrochloric acid and reacted with (a) pure Magnesite
or (b) pure basic magnesium carbonate obtained from
Dolomite or (¢} pure magnesium hydroxide obtained
from sea {(by reacting with calcium hydroxide or
by reacting with ealeined dolomite). Large scale
possibiiities also exist to get pura basic and normal
magnesium carbonates from bitterns with the simultane-
ous production of potash-nit-ogen fertilisers. Such basie
and normal carbonates of magnesium can also be treat-
ed with hydrochiorie acid to get magnesium chloride,

In the second step, the magnesium chloride soluiion
is evaporated io get the hydrated sait and in the final
stage magnesium chloride sailable for uge as a cell feed
is oblained from the hydrated salt. All these stepr are
time consiming, require a rumber of eguipment and
also very careful coafrol of cperations.

NOVELTY IN THE INVENTION.

In the present inveniion anhydrous magnesivm
chloride in admixiure with alkali metal chlerides for
use directly in e'ectrolysis is obtained in one stage by
healing mixtures of suitabie proportions of soiium
chleride, pofassium chloride, ammoniwn chloride and
pure magnesium carhonate or oxide of magnesivm or
mixiure of carbonate and oxide. Ammonia or a mixture

of smunonia and carbon dioxide is expelled.

Although magnesium oxide or carbonate can be re-
.acted with ammonium chloride in the solid phase at
temperatures above 300° . with expulsion of ammonia
and formation of magnesinm chloride, yet the reaction
slows down after some time possibily owing to the for-
mation of magnesiurm  OXY chioride. Magnesium
chloride that is formed as the first product of the re-
aclion may envelope the magnesium  carbonate and
thus slows down the rate of reaction. However, it ihe
magnesium chioride formed is continuously removed
from the sphere of action with the farmation of doubls
salt of magnesium chloride ,with alkzali metal chlorides,
fresh surfaces of magnesium carbonate can bs coniinu-
gusly exposed, to the action of ammonium chloride and
the rate of reaction can be maintained practically cons-
tani throughout. This has been fully borne out by
experiments in which magnesium earbonate alone was
reacted with ammaonium chloride (time taken 6 1/2
bours) and (2) mixtures of the same weight of the
inagnesium ecarbonate with sodium, potassitm and or
caleium chlorides with ammaonium chloride were heated
from the beginning (iime taken 3 Rours).

By adopting the above procedure, for eg., a double
salt having sodium chloride, potassium chioride and
magnesium chloride in the raiio of 26:33:41 respect-
ively was obtained amd subsequently electrolysed to get
magnesium metal under the same conditions of voltage,
current density and temperature used in industrial
practice viz., a cathodic curfrent density of 3-4 amps.
per sq. in & temperaturg of T00-750° C. and cell voltage
of 7 io T.3.

ADVANTAGES QF THE PROCESS.

In comparison with the existing practiee this method
of obtain’ng anhydrous ch oride consumes less time and
eliminates the use of a number of equipment, Less
teehnical skil is needed for the present process. By a
suitable arrangement the preparation of anhydrous
magiesium chloride in admixture with sodium and potas-
sium rhlorides can be done in the same vessel in which
electrolysis can also be conducted. The most imporiant
advantage of this proeess is the production of chlorine
economcally as by-product in the manufacture of sedium
carbonate by the ammonia soda process. The ammuoia
or mixtures of ammonin and carbon dioxlde expelled
in the p}-oducticn of anhydrous mixed chloride is
employed for obiaining sedium earbonate from sodium
chloride and the by-product ammonium chioride in the
solid stale is employed for produsing anhydrous chloride.
Thus in the cyclic process, the chlorine of the sodium
chloride is firet fixed zs ammonium chloride, then as
magnesium chloride and finally libarated as free chlorine
by elecirolysis.

This process is of special interest whe-ever ammonia
?s o be rerovered from ammonivm chloride for re-use
in. the process. For, this can be ecombined with the
production of anhydrous magne:sium chloride provided
raw materials and power are caeap. Thus, eg., a mix-
ture of ammonia and swlphur gioxide cen be employed
to produce sodium su.phite from sodium chloride and
the ammonium chloride is employed to produce an-
hy_dmus magnesitm chloride and.finally magnesium and
chlorine,

] The following are among the aocieworthy features of
the inveniion:

) 1. A process for the producticn ¢of anhydrous maghe-
sium chloride in admixiure with alkali melzal chlorides
f}'om magnesium  ¢arbonate or oxide obtained from
a%ﬂerent sources such as Magnesite, Dolomite, Sea,
b:ttex"ns etc,, in one stage by heating suital e mixtures
of alkali metal chiorides, magnesium oxide gr carbonate
and ammgeonium chioride.

2. By following the procedure mentioned in (1) i{he
productiion of magnesium metal ran be ecoraomically
r-ombined with the production of spodium carbonate
sodium sulphite cte., aad chlorine of the sodium chloride;
can be ultimately recovergd as free chloring.
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COMPLETE SPECIFICATION.

IMPROVEMENTS IN OR RELATING TG THE PROBUCTION OF MAGNESIUM
METAL BY THE FLECTROLYSIS OF ANHYDROUS MAGNESIUR CHLORIDE.

COUNCE, OF SCIENTIFIC AND INDUSTRIAL RESEARCH, Oup Mis Roan, New Derus-1, INpia, aw Tanpram
REGISTERED BODY INCORPORATED UNDER THE REGISIRATION oF SOCIETIES ACT (Acr XXI oF 1860).

The following specification particulorly describes and ascerttiing the noture of this invention end
tne manner in which it is to be performed,

THIS IS &Y THVENTION BY VEERARAGAVA ARAVAMUIHAN anp KUPPUSWAMY VENUGOPALAN, BoTH OF
Tz CENTRAL PLECTRO-CHEMICAL Ressamce INSTITUTE, KARAIRUDI, INDrA, BOTH IKDIAN CITIZENS.

The elecirolysis of anhydrous magnesium chloride
in admixiure with alkali metal chlorides accounts for
the major world production of magnesium metal in a
widely wsed cyelic process, the anodic chlorine from
megnesium chloride electro'ysis is first converled into
hydro-chlorie acid and reacted with {a) pure magnesite
oi (b) pure basic magnesium carbonate obtained from
dolomite or (¢) pure magunesium hydioxide chlained
from sea {by reacting with calcium hydroxide
or 'by rewcting with caleined dolomite}., Large scale
poss.bilities also exist to get pure basic and normal
maognasivm  carbonates from biiterns with the simul-
tatievus production of potssh-nitrpgen fertilisers. Such
basic and norma’ carborates of magne.ium can also be
treated with hydrochioric acid to get magnesium chloride.

In the second step, the mapnesium chloride selulion
ig avaporatod to get the nydrated salt and in the final
stage magnesium chloride suitable for use as & cell feed
ji¢ obtained from the hydrated sait. All these steps are
time consuming, reguire a number of equipment and
also very careful control of operations.

In the production of meagnesium metal according to
the present invention, the siep of prepering anhydrous
magnesinm chioride as such or in combination with
alizali metal chlorides consists in reacting mapnesite,
dolomite, magnesium carbonate (or hydroxide or oxide)
obtainzd fron sea or hitterns with ammonium ¢hloride
&t 300° C. to 750" C.

Thus, in the invented process, there is only one
step involved in the production of anhydrous magne-
gium chloride Alkali metal chlorides could be in-
corporated in this one siep process. The reaction can
be conducted at temperatures starting from 300° C. upto
750" ¢, to get anhydrous magnesium chloride in one
gtep, either as polid or as liguid, together with sodium
ehloride, potsssium chioride, and caleivm chloride. The
physical steie ~f the anhydrous chloride depends oniy
upon ihe temoersiure under which it is prepared. The
anhwvdrous magiesivm choride thus prepared and con-
taining over 90 per cent of anhydrous magnesium
chlcride couid be used as the cell feed elther in the
solid athydrous siate or in the fused or in the molten
state, while e ectrolysis ig taking place in the produc-
"tion of magnesinm metal.

A’ the three steps involved in the conventional pro-
gess have boen avolded in the direct reaction practised
by us which simply consists in heating magnesium car-
bona‘e or oxide with soild ammonium chloride, with the
recovery of excass ammonium chioride, if any, and 2lsg
the hy-produst a mixture of smmonia and carbon
gioxide. The egipment is very simple in construction,
It has only a Adevice for heating the materialz out of
contagt with alr with condensation systems for the
recovery of ammponium salls,

Several comiposzitions of dovhle sails panging from
¢ per cent. of alkali metsl chiorides upto 40 per cent.
of alkali and allkaline earth ckloride mixtures namely
gotium, potassium snd  calcium chlerides—rest being
magnesium chloride—have been prepared by this pro-
(edure and used as csll-feed for the suceessfal produe-
tlon of magnesivm metal

In partial modification of the procees, for treatment
of magnesivm oras containing a high percentage of
silica, the initial Adiszolution of magnesium from the ore
i hydrochlorie aeid is done. It is followed by the pre-
cipitation of magnesium carbonate by reacting this
magnesiurmn chloride sclution with the ammonicm car-
Lonate by-product formed in the later stage of the pro-
vess 25 will be tlearly seen from the flow sheet at Figure
# of the accompaunying drawings.

Ammonium chloride by-product from processes such
a8 the manufacture of sodium carbonate, sodiumi sul-
phite, sodium sulphate or the like can be used,

The mixiures of magnesium carbonate ang am-
monium chloride are practically in theoretical propor-
tions fo get anhydrous magnesium chloride. Sodium
chioride and potassium chloride are added to the
magnesium carbonale, ammonium chioride mixtures in
amounts depending upon the amount alkali metal
chloride conlent needed in the cell fteed. To give a
typical example, magnesite of about 88 per cent. purity
(24 ios), ammonium chioride (26 1bs.) Sodium chloride
(3 lbs.), Potassium chloride {3 ibs.} are heated io get
30 lbs. of anhydrous sait.

The time required is 5 hours for ihe production of
30 Ibs. of the celi-feed by this ome step process. The
conventional procedure will take thrice this time to pro-
duce anhydrous magnesitm chioride starting frem the
same source. Such conventionzl steps involve (1) dis-
sotution of the ore in hydrochlorie acid, (23 Hliration,
(3) evaporation of the sclution and (4) partial or full
dehydration of the salt,

It will be seen that in the invented process the
chlorine of the sodium chloride is first fixed as am-
monium chloride in the production of sodium carbonate
or seodium sulphite by reacting sodium ehloride sohutions
with ammonia and carbon dioxide or sulphur dioxide,
The chigrine of the ammonium chloride is then fixed as
anhydrous magnesium chloride and finally the chlorine
is liberated as {Iree chlorine in, the production of
magnesium metal. The ammonia eveolved in the pro-
duction of anhydrous magnesium chloride is used again
in the process to produee more sbdium carbonate or
sulphite from sodium chloride.

Thus in the present process, anhydrous magnesiom
c¢hloride in admixture with alkali metal chlorides for
use direcfly in electrolysis is oblained in one stage by
heating mixtures of sodium chloride, potassiumn chlo-
ride, ammonium chloride and pure magnesium carbo-
nate or oxide of magnesium or mixtures of carbonate
ang oxide. Ammoenia or a mixture of ammonia ang
carbon dioxide is expelled.

By adopting this procedure, for eg. a double salt
having sodium chloride, potassinm chloride and magne-
sium chloride in the ratio of 26:33:41 respectively is
obtained and subsequently elecirelysed in a neon dia-
phragm 500 (five hundred) ampere cell. Magnesium
metal is obtzined under the same conditions of voltage,
current deosity and femperature used in industrial
practice viz.,, & cathodic eurrent density of 3-4 amps.

per sq. in a temperature of 700-750° C. and cell voltage
of 7 to 7.5,

By the same procedure, & celi-feed contalning B0-50
per cent. anhydrous magnesium chloride—rest being

sodium and potassium chlorides—have also been obtain-
ed and utilized,

ADVANTAGES OF THE PROCESS.

In comparison with the existing practice this
method of obtaining anhydrous chloride consumes less
time {5 hours for obtaining 30 1bs. of cell feed, as com-
pared with about 15 hours by the conventional process)
and eliminates the use of a number of eguipment, Less
technical skill is needed for the present process. The
most important advantage of this process is the pro-
duction of chlorine econamically as by-product in the
manufacture of sodium ecarbonate by the ammonia soda
process. The ammonia or mixtures of ammonia and
carbon dioxide expelled in the production of anhydrous
rixed chloride is employed for ohtaining sodium carbo-
oate from sodium chloride and the by-preduct
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ammonium chloride in the sold state is employed lfor
producing sohydrous magnesium chloride. Thus in the
cyclie process, the chlorine of the sodium chloride is first
fixed as ammonia chlorvide, then as magnesium: chloride
and finglly lberated as fres chlorine by electrolysis.

mﬁﬁc&s is of special interest whenever ammonija
iz to be recovered from ammonia chlonde for re-usge in
the process. Thus for e.g., a mixture of ammonia and
suiphur dioxide can be employed to produce sodinm
saiphite from sodium chloride and the ammonivum
chloride is employed to produce anhydrous magnesivm
chloride and finally magnesium and citlorine,

We claim:

1. In the production of magnesium metal the step
af preparing anhydrous maguaesium chleride as such or
in combination with alkali metal chlorides which con-
gists in reacting magnesite, dolomite, magnesjum carbo~
nate (or hydroxide or oxide} obtaired from sea or
bitterns with ammonium chloride at 362° C. to 750° C.

2, A process as clalmed in Claim ] wherein alitall
.metal chlorides are also incorporated.

3. A process as claimed in Claim 1 or 2 wherein
anhydrous magnesivm chloride thus prepared is used
83 a cell feed for elecirolysis in mixed alkali-alkaline
earth chloride bath for the production of magnesium
raetal.

4. A process as cleimed in any of the preceding
claims wherein anhydrous magnesium chloride thus
prepared is used as cell feed in the =olid anhydrous
state, in the fused state or in the molten state, during
electrolysis.

5. A process as claimed in any of the preceding
¢laims wherein after heating rmagnesium carbonate or
oxide with solid ammonjum chloride excess of am-
ammonium chloride is recovered, and alse the by-pro-
ducts, consisting of a mixture of ammonia and carbon
dioxide.

6. A process as claimed in any of the preceding
claims wherein the materials are heated out of contact
with air, and ammonium salts are recovered by con-
densation.

7. A process 3s claimed in any one of the preceding
vlaims wherein double salis ranging from 0 per cent.
allzali chloride up to 40 per cent. of alkali and alkaline
earth chioride mixtures, namely, sodiwm, potasivm and
calcium chlorvide—rzest helng magnesium chloride—are
prepared for use as cell feed.

8. A process as claimed in any one of the preceding
claims wherein for the treatment of magnésivm ores

WOTPC—L—148 Patont{50—15.11-80—190.,
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containing a high percentage of gilica, the injtial dis—
solution of mogresium from the ore is done by hydro-
chigric acid, and magnesium carbonate is precipitated
by racting the magnesium chloride solution with am-
monium earbonate,

9. A process as claimed in any of the precéding
cleims wherein ammonivm chloride by-product from
processes such as the manufacture of sodium  earbo-
nate, sodium sulphite, sodium sulphate or the like, can
he used.

10. A process as claimed in any one of the prece-
ding eclaims wherein for example magnresite of 93 per
cent. purity (24 ibs.}, ammoniumn chloride {28 lbs.),
sodium chloride (3 Ibs.), potassium chioride (3 lbs.) are
heated to get 30 lbs. of anhydrous zalt.

1l. A process as claimeg in Claim 10 wherein the
time required is 5 hours for the production of 30 lbs.
of cell used.

i2. A process as claimed in any of the preceding
claims wherein the chlorine of the sodium chloride is
first Axed as ammonium chloride in the production of
sodium carbonate or sodium sulphite by  reacting
sodiutn chloride solution with ammonium ang carbon
dioxide or sulphur dioxide, the chlorine of the
ammeonium chloride is then fixed as anhydrous magne-
sium chloride and finally the chlorine is liberated aa
fresh chlorine,

13. A process as claimed jn any of the preceding
claims wherein the ammeonia iovolved in the produc-
tion of anhydrous magnesiurm chloride is used again in
the process to produce sodium carbonate or sulphite
from sodiwm chloride,

14. In the production of magnesium metal the step
for production of anhydrous magnesiwm chioride sube
stantially as hereinbefore described.

15, A process for the production of magnesiam metal
substantially as hereinbefore described,

16. Magnesium metal whenever prepared according
te & process substantially as hereinbefore described.

-

' R. BHASKAR PAI,
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Dated $has 7th day of September, 1959,
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