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ABSTRACT

L process 1is provided for the production of
magnesium from magnesium oxide, generally in the form
of calcined colomite, in which magnesium vapour is
produced in & heatec reaction zone from solid
reactants fed substantially continuously to such
reaction zone. The solic¢ reactants include &
reductent and optionelly & slac forming agent,
preferably ferrosilicon &and zluminz respectively.

The reaction zone is heated by a thermal plasma, the
electrical current of which includes the furnace bath
as an integral part of it. The plasma forming geas is

preferably argon.
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FIELD OF THE INVENTION

THIS INVERTION relates to a method for the
thermel procuction of magnesiun, anc more perticulerly
from magnesium oxide containinc feea materiesls using &

process inveolvincg silicon as at least one reductent.

EACKGROUND TO TEE INVENTION

2 number of methods are presently usea for the
proauction of magnesium but only the thermal processes
are of concern in this specification. One of the
earlier processes 1¢ the Ficoeon process 1in which
calcined colomite anc¢ silicon, usuelly in the form of
ferrosilicon are briguettea then charcea into tubulear,
steel retorts and zre then reacﬁeé. The energy
recuirec for the reaction iec suppliec externelly of

the tubuler retorts. Temceratures of zbout 1450K
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ana pressurecs of below 14P& ere commonly employed.
The reaction 1s & s0lid stete reaction with magnesium
vapour beinc the product. The Plogeon process
suffers the disadvantace of low production capacity

per unit ana high maintenance costs.

Another of the earlier thermzl processes to be
developed it the carbothermic process. This procecss
is bzsed on the reaction of mezonecium oxide with
carbon to procuce magnesium vapour. This process
cenerelly reguires cuenchinc of the magnesium vapour
which proauces megnesium powder anc subsecuent powder
heancling problems. South African Petent No. B4/988%

Gescribes &n improvement to this process.

One of tnhe lzter developments is the Macgnetherm
process. In ihis process, czlcinea colomite is
reacted with ferrosilicon, in the presence of elumina,
in & submergecd-erc reeactor. The resction witn the
ferrosilicon tzkes place in the mciten stete et or

near the clsa

)

surface, which 1s cenerzlly ebove the
thermal enercy source which 1s ceneratec bv &
submergec electrooe. Thermel eﬁergy reaches the
reaction zone bv convection &nc¢ ccnéuction. The

tempereature within the reactor is normellv in the



region of 1820K while pressures are normally below
4kPa. This process suffers the disadvantage that the
thermal energy source is below the reaction zone and,
in consequence, slagging agents such as alumina or
bauxite flux are preferably introduced to reduce slag
liguidus temperature and viscosity, with resultant
increased turbulence, mixing and heat transfer while
staying within the constraints of sufficient
electrical resistivity of slag and sufficient
ferrosilicon holdup in the slag. Operation under
vacuum increases leakage problems and dictates batch
operation in practice. South African Pateht No.
84/7540 describes such a process as applied to reject

slags of other pyrometallurgical processes.

It is accordingly an object of this invention
to provide a process for the continuous production of
magnesium which alleviates at least some of the

problems of a process such as the Magnetherm process.

SUMMARY OF THE INVENTION

In accordance with this invention there is
provided a process for the continuous production of
magnesium in a furnace bath wherein solid feed

materials including at least some magnesium oxide and
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at least some reducing agent are fed at & controlled
rate to & reaction zone in the furnace bath, the
reaction zone consisting of at least molten slag in
which geseous magnesium is produced the magnesium
vapour being recovered as reqguired, the process being
characterised in that the reaction zone and furnace
beth are directly heated by means of & transferred-erc
thermal plasmé in respect of which the furnace bath
forms an integral part of the electricel circuit, the
heazting being effected to a temperature at least above
the minimum temperature for the reduction reaction of

magnesium oxide.

Preferably the feecC metericls comprise
completely celcinec and optionelly prenheated dolomite
enc either ferrosilicon or eslterneatively silicon
ané/or aluminium and optionelly zluming containing
materiegl. Such feed materials preferebly comprise
about 77% by mass of calcined dolomite, about 13% bv

mass of ferrosilicon and about 10% by mess of alumina.

h further feature of the invention provides for
pure argon to be preferably usec &s the furnece plasma
forminc gas and furthermore for aroon to be used as a

purcing or sweepinc gas.
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Still & further feature of the invention
provides for the furnace to be operated at or near

atmospheric pressure,

Yet further features of the invention provige
for the transferred-arc thermal plasméz to be generated
by direct current or alternating current power
supply; for the electrode or plasma generator to be
mounted in any suitable ceometrical arrangement above
the furnace bath; and for the furnace to be

associeted with & magnesium recovery circuit.

It is envisagec thet in the case of direct
current operetion reversed polerity (ie. the electrodge
is the anode instead of the cathode) meay well be

adventacgeous to the volatilization of the magnesium.

It will be appreciated that in this
specificetion the term "thermal plasme™ is intended to
mean an electrically cenerated gaseous plasme in which
the ion temperature lies between 5000K ané 20000K &ngd
wherein the furnace bath forms an integrezl part of the

electricel circuilt.

BRIZF DESCRIPTIOKR OF THE DRAWING

An embodiment of the invention is described, by
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way of example only, with reference to the
accompanying drawing in which a transferred-arc
thermal plasma furnace and condenser for magnesium

recovery are illustrated.

DETAILED DESCRIPTION OF THE EXAMPLE OF THE INVENTION

In general it is envisaged that the process may
be applied to standard Magnetherm feeds that is,
calcined dolomite, ferrosilicon and alumina containing
material. Referring to Fig. 1, suitable proportions
of said feed material are fed directly inté the
reaction zone 1 of a transferred-arc plasma 2 at a
controlled rate through the feed inlet 3. The
reaction zone is heated by an electrically-generated,
argon plasma which is directed into the reactor from a
central, hollow, graphite electrode 4. The outlet 5
is interfaced with a vessel 6 suitable for collecting
magnesium or combustion of magnesium for subsequent

collection as magnesium oxide (not shown).

The temperature of the reaction zone is
preferably in the region of 1950K while the pressure
is preferably atmospheric. It will be appreciated

that the direct application of the plasma to the
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reaction zone allows the reaction zone to be heated to
very high temperatures, thus obviating, even at low
argon flow rates, the necessity for undesirable vacuum

conditions.

Spent ferrosilicon and slag may be continuously
removed from the system by suitably positioned outlet
7 while the magnesium vapour formed mey be passed to a
magnesium recovery unit which, for experimental
purposes, was a condenser, & filter &nc an ecid trap 8

to permit & conmplete magnesium mass balance to be made.

It will be appreciated that the reaction is
carried out in an argon atmosphere and thet the

reactor is substantially leak proof.

Electrical contact is meintazined with the bath
via & counter electrode or anode 9, the bath
accordingly forming &n integreal part of the electrical

circuit.

In order that the invention mayv be better
understood, experimentzl tests conducted to date will

be ciscussecd below and the results civen.
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EXAMPLE -

The test equipment employed was a
transferred-arc plasma furnace which consists of a
50kVA direct current power supply and a reactor having
rated capacity in the region of lkg of magnesium
produced per hour. The electrode 4 which 1s in this
case the cathode has its axial hole therethrough for
the supply of argon gas. Tne unit operatively
utiliseé 60V ané 7002 and hence generaztec a power of
approximately 40kW. The anodic electrode for the
plasma arc is the reactor bath itself &c indicated

ebove.

The raw meterials used for the test work were
calcined dolomite, ferrosilicon enc alumingz. The
totel raw materizl feed rete wes ebout 5kg/hr in the
mass ratio of 77% cealcined dolomite, 13% ferrosilicon
ané 10% alumine. The total raw materiel fed to the
reaction zone by means of twe sezled feed hoppers each
connected to & spirel feea of the Monaci tvpe (for
further deteils of which see South Aifrican Petent No.

§4/0894).
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The actual compositions of. the raw materials

are given in Table 1.

TABLE 1

Chemicel Analysis of the raw material feed mzss per

cent.

Teed MgO Ca0 SiQ, Rl 0O, FeO
Calcined

Dolomite 37,7 54,6 1,0 0,5 0,4
Elumina eeo,¢

Si Fe Al C Ca

Ferro-

Silicon 74,8 18,0 2,2 0,2 0,3

rcon wes fed to the reactor at a total rea-e

0,6m/hr as a sweeping,

ges.

-

of

purging and plasmé supporting
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The ges pressure within the reactor was -
maintained neer atmospheric, that is approximately
85kpPa, and the partial pressures, of the argon and
magnesium gas were maintained in the approximate ratio
of 1 to 1. The temperature of the reaction zone,
although it could not be accurately determined, was

expected to be in the region of 1950K.

The magnesium vepour was condensed in the
vessel 6 to produce magnesium metal. rnelysis of the
crude condensed magnesium indicatec¢ that & high purity
level of 99.8% is attzinable by thermal redaction in
the plasma operated process. This metel can be
further refined to remove entrained calcium ancg
oxides. L noteworthy further advantage of working at
atmospheric pressure is the suppression of unwanted
vaporation of manganese anc silicon which are
typically present in amounts of 0,03 and 0,02 per cent
respectively. These are lower then the values for
the Magnetherm process. Thus meégnesia bearing
material with higher menganese contents can be
utilized in this process than woulc otherwise be the

cese.

The actuel composition of the condenseag

magnesium metel is given in Table 2.
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. TABLE 2
{ —_—
\
Chemical Analysis of Condensed Magnesium product.
Test No. Composition by mass %
Mg Ca i El Fe Mn
5 1. 88,81 0,10 0,03 0,01 0,01 0,02
2. 99,84 0,08 0,02 0,01 0,01 0,03
3 ge,80 0,08 0,02 0,02 0,02 0,04
4. 89,80 0,10 0,02 0,02 0,02 0,02

The composition of the slac for each test is given

-

10 in Table :Z.

TABLE 3

Chemical Anzlysis of the producecd slags.

Test No. Composition by mass %
MgO Cal Sio, k1,0,
|
15 . 7, 53,2 23,2 12,7
2. €,5 52,5 24,6 10,9
3. 4,7 56,2 22,3 - 1z,98
4 €,3 47,7 21, 10,8




13.

A magnesium recovery was calculatec for each

Test as follows :-

Mg in feed - Mg 1in slag
% Mg vapour procduced

"
Ed

Mg in feed

5
Mg condensed
Condenser efficiency =
Mg vapour proguced
The magnesium recovery results are given in
10 Table 4.
TEABLE 4
Magnesium recovery by mass %
Test No. Mg vapour Condenser
produced efficiency
15 1. 78 38
2. 75 57
i
3. ge | 6¢
4. £3 % 2¢ * J
*  Magnesium was lost by combustion in this
20 test when the condenser was openeaq.

The recovery results for Mg vapour producec,
compare favourably with the £3% recovery reportec for the
Magnetherm process when +he sczle of these tests are borne

in miné ané the batch nature of the tests is considerec.

100
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14.

It will be understood thet the exact conditions
in the reactor must be selected according to
requirements and, as & result, appreciable test work
and research may be found to be necessary to determine
optimum conditions within the framework of this

invention.

It will be appreciated that the use of a
transferred-arc plasmea furnace results in the direct
application of thermal energy to the reaction zone of
the reeactor. Sufficiently high temperatures hence
may be maintezined in this zone offering the advantace
of operation at atmospheric conditions. Furthermore,
the viscosity &anc¢ electricel resistivity of the slac
become variables of less importeance théan in the
conventional Magnetherm process and hence the alumina
adcition can be reduced or even'dispensed with. The
invention thus coffers & convenient process for the
thermal production of magnesium which zlleviates the
vacuum.leak problems of prior art processes and which

may permit continuous operation.

It will be understood that numerous variations
mey be made to the invention without departing from

the scope hereof, for example the raw materizl feed
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mixture may contain other-;ources of megnesium oxide
such as metallurgical slags, calcined magnesia or
calcined serpentine, or alternatively, other reducing
agents such as aluminium, calcium, carbon, silicon or
combinations thereof may be employed, or
alternatively, the furnace may contain & water-cooled
tungsten electrode or a composite copper and graphite
electrode that can be progressively extended into the
reactor to accommodate electrode wear or the furnace
mey operate on alternatinc current. The invention is
limited only to a process for the production of
magnesium in a furnace bath wherein feed materials
including at least some magnesium oxide ané at least
some reducing agents are each fed, at a controlled
rate, to a reaction zone in the bath, the reaction
zone comprising at least molten slag which is directly
heated by means of a transferred-arc thermzl plasmz to
& temperature and at least above the minimum

temperature for reaction.
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WHAT IS CLAIMED IS :-

1. A process for the continuous production of
magnesium in a furnace bath wherein solid feed
materials including at least some magnesium
oxide and at least some reducing agent ére fed
at a controlled rate to a reaction zone in the
furnace bath, the reaction zone consisting of
at least molten slag in which gaseous magnesium
is produced the magnesium vapour being
recovered as required, the process being
characterised in that the reaction zone ang
furnace bath are directly heated by means of a
transferred-arc thermal plasma in respect of
which the furnace bath forms an integral part
of the electrical circuit, the heating being
effected to a temperature at least above the
minimum temperature for the reduction reaction

of magnesium oxide.

2. A process as claimed in claim 1 in which
calcined dolomite is employed as the source of

magnesium oxide.
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A process as claimed in either of claims 1 or 2
in which the reducing agent includes
ferrosilicon or aluminium or both of such

reducing agents.

A process as claimed in any one of the
preceding claims in which one or more of the
feed materials are preheated prior to feeding

to the reaction zone.

A process as claimed in any one of the
preceding claims in which the necessary plasma

forming gas is argon.

A process as claimed in claim 5 in which argon
is used as a purging or sweeping gas for

ensuring the exclusion of atmospheric oxygen.

A process as claimed in anv one of the
preceding claims in which the pressure within

the furnace is roughly atmospheric pressure.

A process as claimed in any one of the
preceding claims in which the feed materials

comprise, in mass percentages, about 77% of
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celcinec dolomite, ebout 3% of ferrosilicon

end about 10% of elumina.

S. k. process substentiezlly as herein gescribead

with reference to the eccompenvinc drawing,

DATED this 18th day of SEPTEMBER, 1986

For the Applicant
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