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(57) ABSTRACT 

Magnesium is produced from a mixture of magnesium 
oxide and calcium oxide by blending the mixture with 
silicon or ferro-silicon and shaping the blend in the 
form of bricquets, heating the briquets in an inert atmo 
Sphere under temperature and pressure conditions ca 
pable of substantially inhibiting formation of magne 
sium vapor, said temperature being not lower than the 
melting point of calcium-silicon alloy, and thereby 
producing calcium-silicon alloy within said briquets 
and subsequently heating the briquets for thereby re 
ducing magnesium oxide. 

7 Claims, 7 Drawing Figures 
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PROCESS FOR PRODUCTION OF MAGNESUM 

BACKGROUND OF THE INVENTION 

This invention relates to an improved process for the 
production of metallic magnesium by the thermic re 
duction of magnesium oxide at an elevated tempera 
ture, 
Commercial methods employed for the manufacture 

of metallic magnesium are divided under two classes, 
i.e., electrolytic methods which obtain magnesium by 
the electrolysis of magnesium chloride (MgCl) and 
thermic reduction methods, which produce magnesium 
vapor by thermally reducing magnesium oxide in a vac 

. 

The present invention relates to a vacuum reduction 
method and, more particularly, to the silicothermic re 
duction method. 
These methods reduce calcined natural dolomite or 

calcined artificial dolomite (mixture of magnesium 
oxide and calcium oxide) at an elevated temperature 
under a high degree of vacuum by using chiefly silicon 
or silicon-iron alloy as the reducing agent and condense 
the resultant vaporized magnesium to obtain metallic 
magnesium in a solid or liquid form. These operations 
are batchwise. The reaction of reduction is effected by 
the Pidgeon Process in an externally heated steel-made 
retort under conditions of about 1200°C and 10 
mmHg and by the Magnetherm Process in an internally 
heated vacuum electric furnace under conditions of 
above 1500C and 20 mmHg, for example. The reduc 
tion reaction gives birth to a reaction residue, which is 
discharged in the form of a high-temperature solid in 
the case of the Pidgeon Process and in the form of a 
high-temperature molten slag in the case of the Magne 
therm Process. The capacity for magnesium production 
per unit reactor, namely one retort in the Pidgeon Pro 
cess or one electric furnace in the Magnetherm Pro 
cess, is 50 to 90 kg/day or 2.5 to 7.5 tons/day. Thus, the 
unit capacity is much greater by the Magnetherm Pro 
cess. According to the Magnetherm Process, the reac 
tion residue is discharged in the form of a high-temper 
ature molten slag and, owing to addition of alumina to 
the raw materials, the melting point of the reaction resi 
due is lowered so that at the working temperature of 
the electric furnace, the reaction residue retains a mol 
ten state possessed of suitable electricconductivity. 
Said reaction residue, therefore, constitutes itself an 
electric resistor and, because of the Joule effect, func 
tions as an internal heat source of the electric furnace. 
Further, the molten slag can easily be discharged by 
means of tapping procedure. Because of these advan 
tages, this process permits use of a large capacity elec 
tric furnace. 
Even with the Magnetherm Process, however, it is 

difficult to achieve improved efficiency over the exist 
ing level for the reasons to be given herein below. In the 
Magnetherm Process, a glanular magnesia-containing 
substance and a granular reducing agent are added in 
termittently to the molten slag and dissolve therein to 
cause a reaction of reduction in the molten slag. It is 
clear from physical chemical theory regarding molten 
substances that the rate of the reaction depends on the 
activity of MgO in the molten slag. As the reaction pro 
ceeds, the reaction velocity declines and the yield of 
magnesium decreases. 
An object of this invention is to provide an improved 

process of notably high yield for the manufacture of 
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2 
magnesium by the dry thermic reduction of magnesium 
oxide. 

SUMMARY OF THE INVENTION 
To accomplish the object described above according 

to the present invention, there is provided a process 
which comprises, as a first stage, blending a substance 
composed of magnesium oxide and calcium oxide, gen 
erally known as dolomite, with silicon or ferrosilicon or 
a mixture thereof, shaping the blend in the form of bri 
quets, subsequently heating the briquets in an inert at 
mosphere under temperature and pressure conditions 
capable of substantially inhibiting formation of magne 
sium vapor, said temperature being not lower than the 
melting temperature of calcium-silicon alloy, and 
thereby forming calcium-silicon alloy within said bri 
quets, and, as a second stage, placing the briquets con 
taining the calcium-silicon alloy in a steel retort or 
tightly closed electric furnace and heating the briquets 
therein to produce magnesium vapor. The magnesium 
vapor is solidified at a cooled section of the steel retort 
or it is introduced into a separate condenser to be liq 
uefied. The briquets having calcium-silicon alloy 
formed therein are hard enough to resist disintegration 
and show high thermal conductivity. Particularly the 
fact that magnesium oxide and the calcium-silicon alloy 
are held in a state of intimate contact within the bri 
quets brings about highly advantageous conditions for 
the reduction reaction. Since the reaction velocity is 
notably high, the rate of reaction achieved is high and 
the vapor pressure of magnesium is also high as com 
pared with those obtained by known methods, there is 
enjoyed an advantage that the operation can be per 
formed not only under a pressure above normal pres 
sure but even under a pressure even below normal pres 
sure, the production rate or yield of magnesium is 
higher than that of known methods and production can 
be made more economical. 
The other characteristics and advantages of the pres 

ent invention achieved to success from the detailed de 
scription to be given herein below with reference to the 
attached drawings. 

BRIEF EXPLANATION OF THE DRAWINGS 

FIG. 1 is a graph showing the results of a test con 
ducted on the rate of reaction in the formation of calci 
um-silicon alloy by the reaction between calcium oxide 
from calcined dolomite and silicon. 
FIG. 2 is a graph showing the relation between the 

atomic fraction of Ca and Si and the vapor pressure of 
magnesium observed in the reduction of magnesium 
oxide with calcium-silicon alloy. 
FIG.3 represents X-ray diffraction patterns substan 

tiating presence of reactants and products described in 
the specification of this invention. 
FIG. 4 is a reaction apparatus used in Example 1 for 

calcining crude briquets. 
FIG. 5 is a reducing apparatus used in Example 1 and 

Comparative Example 1. 
FIG. 6 is a graph showing the relation between the 

reaction time and the rate of reaction determined in 
Example 1 and Comparative Example 1. 
FIG. 7 is a reducing apparatus used in Example 2 and 

Comparative Example 2. 
DETAILED DESCRIPTION OF THE INVENTION 
This invention relates to improvements pertaining to 

and in the method for the manufacture of magnesium 
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by the silicothermic reduction of calcined dolomite. 
This invention originates in the mechanism of reac 

tion newly brought to light by the inventors and is con 
cerned with a process for the production of magnesium 
by the thermic reduction of calcined magnesium oxide 
with silicon accomplished at an efficiency higher than 
is obtained by known methods. 
Now, the present invention will be described in de 

tail. 
The term "calcined dolomite' used herein below in 

the description shall be interpreted as either calcined 
natural or artificial dolomite containing magnesium 
oxide and calcium oxide substantially equimolarily and 
products obtained by calcining mixture of magnesium 
oxide with calcium oxide and mixtures thereof with 
carbonates or hydroxides. The term “inert gas" shall 
refer to gases which refrain from reacting with other 
coexisting substances in the course of a reaction. Spe 
cifically for the purpose of the present invention, ar 
gon, neon, helium and hydrogen are used either singly 
or in the form of a mixture as the inert gas. 

First, the mechanism of reaction brought to light and 
forming the foundation of the present invention will be 
described with reference to the results obtained in test. 

l. It has heretofore been held that the solid-phase re 
duction of calcined dolomite by silicon proceeds be 
cause the calcined dolomite and silicon react directly 
with each other to produce dicalcium silicate, as ex 
pressed by the following reaction formula, and conse 
quently increase the absolute value of the free energy 
of reaction which is required for the reduction of mag 
nesium oxide. 

2(MgO'CaO) + Si = 2Mg + CaSiO, 
(Solid) (Solid) (Vapor) (Solid) 

The inventors have demonstrated, however, that in 
the reaction of calcined dolomite with silicon, magne 
sium oxide from the calcined dolomite is not reduced 
directly by silicon but calcium-silicon alloy is formed 
first by the reaction of calcium oxide with silicon and 
the reduction reaction between magnesium oxide and 
this alloy proceeds subsequently. 
The test results covering the reaction velocity in the 

formation of the calcium-silicon alloy by the reaction 
between the calcium oxide from the calcined dolomite 
and silicon are shown in FIG. 1. Powdered calcium 
oxide and silicon were intimately blended in amounts 
to give a ratio of 4 mol of CaO to 5 mol of Si sufficient 
for producing calcium silicon alloy particularly calcium 
disilicide (CaSi) by reducing calcium oxide from the 
calcined dolomite without excess or deficiency and the 
resultant blend was shaped in the form of briquets hav 
ing an apparent density of about 1.4 to 2.2. The sample 
briquets were heated in an inert atmosphere of argon at 
varying temperatures of 850, 950, 1100 and 1200°C 
for a prescribed time. The heating was carried out in a 
high-frequency furnace for the temperature of briquets 
to be elevated quickly to the indicated levels, so that 
the initial conditions of reaction and their possible ef 
fects were negligible. Yields of CaSi, were determined 
by X-ray diffraction analysis and differential thermal 
analysis. In the graph of FIG. 1, the rate of reaction in 
the formation of CaSi, is indicated by the ordinate and 
the reaction time (in minutes) by the abscissa. The co 
ordinates for the temperatures of 1100 and 1200°C 
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4 
correspond to the upper abscissa graduation and those 
for the temperatures of 950 and 850°C to the lower ab 
scissa graduation respectively. It is seen from the graph 
that the reactions at 1100 and 1200°C proceed very 
quickly so that within only 5 minutes of reaction, the 
ratio of formation of CaSi exceeds 85% at 100°C and 
95% at l 200°C respectively. In contrast, the reactions 
at 850 and 950°C proceed very slowly. A possible rea 
son for the significant difference in the rate of reaction 
between the temperature levels of 950 and 110°C 
may be that at temperatures over about 1050°C, the 
formed alloy is in a molten state and the reaction taking 
place in a solid-liquid phase proceeds at a notably high 
reaction velocity, whereas at temperatures under 
950°C, the alloy is in a solid form and does not contrib 
ute to acceleration of the reaction at all. 
The present invention resides in applying what the 

inventors have thus brought to light to the process for 
magnesium production. The reaction of the calcium 
silicon alloy with the calcined dolomite proceeds in the 
paths expressed by the following elementary reaction 
formulas (1) through (4). 

(XCa+ YSi=A CarSiy alloy, particularly CaSi.) 

Cat-MgO=Mg+CaO (2) 
0.5Si-HMgO-Mg+0.5SiO, (3) 
CaOH-0.5SiO=0.5CaSiO, (4) 

2n 
2nn 2n+n (present 

Ps - (Puta-asi ) (weta-ace) formula) 

In these reactions, it does not matter whether the sub 
stances involved, except the magnesium vapor pro 
duced, are in a molten state or in a solid state. The re 
sults brought to light by the inventors can be explained 
by the associated reaction formula. 
Thus, the vapor pressure of magnesium is repre 

sented in accordance with reaction (2) through (4). 
Pug denotes the vapor pressure of magnesium, as the 
activity of silicon and ac, the activity of calcium respec 
tively. 
By using a preparation having magnesium oxide and 

calcium oxide mixed at a desired ratio, namely a prepa 
ration in which the variables n and n in the aforemen 
tioned formulas are selected as desired, as well as by 
using dolomite, it is made possible to form a calcium 
silicon alloy of the desired composition and then to ac 
complish the reduction of magnesium, with the vapor 
pressure of magnesium controlled as desired. 
The variables n and m are reaction fractions of the 

formulae (2) and (3) respectively. Accordingly, m?n 
equals the ratio of the corresponding elementary reac 
tions. 

2. The conclusion indicated by the present formula 
has been confirmed through tests conducted with a 
view to formulating a specific process capable of mate 
rializing what the inventors have brought to light. FIG. 
2 shows the results. Sample briquets having an appar 
ent density of about 1.8 were prepared by mixing mag 
nesium oxide, calcium oxide and calcium-silicon alloy 
having a different Si/Ca atomic ratio, and shaping the 
blends. For the purpose of comparison with the Pid 
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geon Process in which activities of the oxides are in 
unity, the reaction temperature was fixed at 1200°C 
and the heating was given in a stream of argon to mea 
sure the equilibrium pressure of magnesium vapor. In 
the graph of FIG. 2, the ordinate indicates the vapor 
pressure of magnesium in mmHg (P) and the abscissa 
indicates the atomic fraction of Ca and Si. In the graph, 
A represents thermodynamically calculated values and 
B experimentally found values. Li is liquidus point of 
the alloy in which the primary precipitation of Ca-Si 
occurs, L is liquidus point of the alloy in which the pri 
mary precipitation of Si occurs. The deviation of B 
from A results from the fact that thermodynamic data 
under consideration are presumably not settled. In the 
curve of B, the observed value of vapor pressure at the 
atomic fraction of 0.667Si and of 0.333Ca is found to 
be approximately equal to the condition expressed by 
the reaction formula of the Pidgeon Process and this 
vapor pressure is in agreement with the value observed 
by investigators. Both the experimentally and thermo 
dynamically determined curves show that the vapor 
pressure versus composition depends upon the content 
of calcium. 

3. Then, a study was made of the relation between 2 
the reaction temperature and the vapor pressure of 
magnesium. Calcined natural dolomite (containing 
31.8% by weight of MgO) and metallic silicon were 
pulverized to a particle size of finer than 80 mesh, 
blended in amounts to give a molar ratio MgOfSi-2/1 
and shaped in the form of briquets having an apparent 
density of about 2.0 g/cm. The sample briquets were 
preliminarily heated in the atmosphere of argon under 
normal pressure at 1200°C for five minutes to cause 
formation of calcium-silicon alloy within the briquets. 
Then the heated briquets were cooled and crushed into 
grains 3 to 5mm in diameter. By the same method as 
described above, the sample grains thus obtained were 
tested for equilibrium pressure of magnesium vapor. 
Consequently, there were obtained notably high vapor 
pressures such as, for example, 70 mmHg at 1250°C, 
180 mmHg at 1350°C, 400 mmHg at 1450°C and 1330 
mmHg at 1600°C, clearly indicating a relation of log 
P=A/T-B between the logarithmic vapor pressure and 
the reciprocal of absolute temperature, the parameters 
being A-10,454 and B=8.706. According to this for 
mula, the reaction temperature required for the vapor 
pressure of magnesium to reach 760 mmHg in this re 
action system is calculated to be about 1520C. 

In contrast, the principle of the reaction involved in 
the operation of the Magnetherm Process is expressed 
by the following formula (5), indicating that the reduc 
tion of MgO depends on the activity of Si contained in 
the silicon-iron alloy used as the reducing agent and on 
the activity of MgO present in the multicomponent 
molten slag. 

(liquid) (vapor) (in molten slag) (in molten slag) 

- - log Plog Pas' amo asto ' 
wherein, P. denotes the vapor pressure of magnesium, 

denotes the vapor pressure of magnesium of stan 
dard state thermodynamically, and ast, amo, asio de 
note the activities of Si, MgO and SiO respectively. 

5 

6 
From the standpoint of the melting point of molten 

slag, however, it is difficult to maintain reasonably high 
activity of MgO to improves the vapor pressure of mag 
nesium under consideration. In the neighborhood of 
1600°C, the vapor pressure of magnesium is at most 
several tens of mmHg when the slag composition is that 
of normal operation according to the formula (5). Ac 
cording to the present invention the process can be op 
erated at a notably high vapor pressure of magnesium 

O which is established by the reaction under consider 
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ation. This advantage brings about an effect of inhibit 
ing subsidiary reaction products such as CO and SiO 
which pose a serious problem to the Magnetherm Pro 
CSS. 

4. Further, the production of calcium-silicon alloy 
can be obtained by using ferrosilicon instead of silicon. 
It has been demonstrated by X-ray diffraction analysis 
that in the substitute use, silicon corresponding to the 
amount of silicon resulting from the deduction of the 
compound equivalent to FeSi in the case of 75% ferro 
silicon and that from the deduction of the compound 
equivalent to FeSi in the case of 50% ferrosilicon re 
spectively take part in the reaction preferentially, 
FIG.3 represents X-ray diffraction patterns obtained 

by reactants and products in the various tests men 
tioned above. Specifically, the diagrams No. 1 A 
through F are standard diffraction lines used to detect 
reactants and products. The diagram. A represents use 
of pure silicon and the diagram B use of 75% ferrosili 
con; in the range of the used composition, FeSi is also 
detected. The diagram C represents use of 50% ferro 
silicon, although presence of FeSi is detected besides 
the compound mentioned above. The diagram D repre 
sents a calcium-silicon alloy having a composition of 
62.9% of Si, 30.1% of Ca and the remainder of Fe. The 
diagram E represents use of calcium disilicide prepared 
stoichiometrically. The diagram F represents use of cal 
cined dolomite as the raw material. The diagrams No. 2 
through No. 5 relate to briquets which were stoichio 
metrically prepared, with the aim of producing CaSi, 
to include calcium oxide and pure silicon or 90%, 75% 
or 50% ferrosilicon at a molar ratio of said CaO to free 
silicon of 4 to 5 and which were thereafter subjected to 
heat treatment in the first stage to produce CaSi and 
accompanying CaSiO, so that unreacted Si is recogniz 
able. The diagrams No. 6 and No. 7 represent the prep 
arations having calcium oxide and silicon blended in 
amounts to give a molar ratio CaO/Si-4/3 and 4/2 re 
spectively, each having silicon content of less than is 
stoichiometrically required. Substantially the whole of 
the silicon is seen to have taken part in the reaction, 
with diffraction lines of CaSi and excess CaO appear 
ing conspicuously. Similar results have been confirmed 
to issue from the reaction between calcined dolomite 
and silicon. The diagrams No. 9 through No. 12 repre 
sent the briquets having a molar ratio of CaO/Si=4/5, 
with pure Si, 90% ferrosilicon, 75% ferrosilicon and 
50% ferrosilicon respectively used as the reducing 
agent. The diagrams furnish a clear proof that silicon 
does not react with magnesium oxide directly but re 
acts preferentially with calcium oxide to produce 
CaSi. 
The present invention has been accomplished on the 

basis of the results brought about from the various tests 
described above. To be more specific, this invention 
relates to a process which comprises, as a first stage, 
adding silicon or ferrosilicon to calcined dolomite or a 
magnesium-containing raw material having magnesium 
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de mixed with calcium oxide, homogeneously blend 
and shaping the mixture in the form of briquets, 

ating the briquets in an inert atmosphere under the 
nperature and pressure conditions capable of sub 
ntially inhibiting the formation of magnesium vapor 
i thereby giving rise to calcium-silicon alloy within 
briquets and, as a second stage, heating the briquets 
ntaining the calcium-silicon alloy to effect the re 
red reduction. In this case, the briquets are gener 
prepared by pulverizing natural or artificial dolo 

e and silicon or ferrosilicon to a particle size finer 
in 80 mesh and blending the resultant powders. For 
ictical purpose, the raw materials are desired to be 
ked at a stoichiometric ratio or roughly at a molar 
io MgOfCaOfSi=lf 10.5. In this case, the equimolar 
io MgOfCaO=lfi is practically satisfied in natural 
omite. Where ferrosilicon is used as the silicon 
irce, it is adequate to determine the amount of ferro 
conso as to meet the aforementioned molar ratio in 
ms of free silicon equivalent. The briquets thus pre 
red are then heated. As regards the temperature for 
sheating, since the ratio of reaction is extremely low 
temperatures under 950° C as indicated in FIG. 1, 
: lower limit of reaction temperature is fixed at 
50°C. The upper limit of temperature for this heating 
st satisfy the conditions capable of substantially in 
iting the formation of magnesium vapor during the 
ting. Said conditions are selected from the formula 
pressing the relation between the temperature and 
vapor pressure of magnesium touched upon in (3) 

the results of test described above. Let T stand for 
absolute temperature required for heating the bri 

sts under normal pressure, and the pressure (in 
nHg) is required to exceed the value of P, which is 
culated from the following equation. 

- (-54 
log P = T - St. 

r example, the heating is given advantageously at a 
nperature of about 1500C under normal pressure 
of about 1200°C under a reduced pressure of about 
mmHg. If the briquets are heated at the temperature 
isfying the conditions just described, then the reac 
n leading to the formation of calcium-silicon alloy is 
elerated, the formed calcium-silicon alloy is ob 
ned in a molten state, the briquets consequently ac 
re hardness enough to withstand disintegration, the 
rmal conductivity is enriched, the magnesium oxide 
the reducing agent in the briquets are brought into 

tate of intimate contact and conditions highly advan 
eous for the reducing reaction in the subsequent 
p are brought about. The briquets are subsequently 
jected to solid-phase reduction in the following 
p. If, in this case, they are exposed to a temperature 
reeding the melting point of the calcium-silicon alloy 
ntained therein, or even after they have thoroughly 
eased magnesium vapor, the briquets themselves are 
ained fast by the magnesium oxide or the high melt 
dicalcium silicate resulting from the reduction and, 
refore, are kept from being disintegrated. 
Now a description will be given of the reduction to 
ich the briquets containing the calcium-silicon alloy 
subjected. The reaction conditions (temperature 

i pressure) for this reduction can be selected in ac 
dance with the vapor pressure of magnesium and 
reaction velocity. Specifically, the heating is re 
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8 
quired to be given under a pressure lower than the pres 
sure which is calculated from the formula of the rela 
tion between the pressure P (mm Hg) and the absolute 
temperature T touched upon in (3) of the test results 
described above. Let T stand for the absolute tempera 
ture of heating, and the pressure will have to be lower 
than the pressure P, (in mmHg) to be calculated from 
the following equation. 

-0.454 
- - - 8,706 lug P = T 

In the operation of the Pidgeon Process or the Mag 
netherm Process, the equilibrium pressure of magne 
sium vapor at the operation temperature is of the order 
of several tens of mmHg at most. The countertype of 
the present invention plainly exceeds this level. The 
lower limit of the temperatures at which the present in 
vention can manifest its characteristic features should, 
therefore, be fixed at 1200°C (the temperature at 
which the equilibrated pressure of magnesium vapor 
exceeds 40 mmHg). As is evident from (3) of the test 
results introduced above, the equilibrium pressure of 
magnesium vapor notably increases as the temperature 
raises from the limit 1200°C and the degree to which 
the operating pressure within the reaction system is de 
creased can be mitigated in proportion as the tempera 
ture increases over this level. If the reduced pressure is 
maintained, then the reduction is accelerated and the 
productivity is improved accordingly. In practical oper 
ation, therefore, it is desirable to use as low a pressure 
as permissible insofar as the pressure is not below the 
equilibrated pressure of CO gas. Normally, the reaction 
can be carried out under a pressure above 25 mmHg. 
Conditions desirable for obtaining high productivity 
are 5 to 10 mmHg at 1200°C and 50 to 100 mmHg at 
1500°C, for example. As concerns the upper limit of 
temperature for the reduction reaction, no restrictive 
factor arises from the reaction itself. It is determined by 
such factors as the durability of the reaction system to 
heat and the thermal stability of the molten slag. With 
a view to permitting the mineral slag to be discharged 
in a molten stage, therefore, the upper limit of tempera 
ture determinable from the data on phase diagram of 
mineral slag is 1700°C. 
When the briquets having the calcium-silicon alloy 

formed therein are placed within the heating furnace 
kept at 1200°C to 1700°C, the reduction of magnesium 
oxide by the calcium-silicon alloy is carried out very 
rapidly and a major amount of magnesium vapor is 
evolved. Then the magnesium vapor is introduced to 
the condenser and collected in the liquid state. If an in 
ternally heated furnace is employed as the heating fur 
nace, the molten slag is retained continuously within 
the furnace throughout the continuous operation 
thereof. Depending on the nature of the briquets and 
on the nature of the molten slag, the briquets having 
the calcium-silicon alloy formed therein at times float 
on the surface of the molten slag or may be partially or 
totally submerged in the molten slag, and complete the 
magnesium production with notably high vapor pres 
sure of magnesium. 
This conclude the description of the present inven 

tion. It is further pointed out that since the process of 
this invention can be exercised at a degree of vacuum 
milder than that involved in the operation of the known 
methods such as, for example, the Pidgeon Process and 
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the Magnetherm Process, it enjoys the following advan 
tages. 
The fact that the process of this invention can be car 

ried out at a mild degree of vacuum while the other 
methods require operations to be performed at such a 
greatly reduced pressure as 10 mmHg brings about an 
effect of inhibiting the formation of CO gas or SiO gas 
in the furnace interior and of eliminating the degrada 
tion of magnesium yield of the accelerated wear of 
electrodes due to reoxidation of formed magnesium va 
por. With reference to the reaction between molten 
slag and the electrode or lining carbon as experienced 
by the Magnetherm Process, since the equilibrium 
pressure of CO at 1500 to 1600°C is more than about 
17 mmHg, the surface of the carbon electrode or car 
bon lining within the furnace is covered with a film of 
CO gas under such degree of vacuum as saved 10 or 20 
mmHg applied in the case of the Magnetherm Process 
which results in the loss of energy, increased electrode 
load and attendant obstacles and reoxidation of magne 
sium. The process of this invention does not require the 
furnace interior to be maintained under a high degree 
of vacuum and, therefore, does not entail the various 
obstacles just mentioned. 
As is demonstrated by the preferred embodiments of 

this invention, the process of this invention, when car 
ried out by using such furnace as is employed in prac 
ticing the Magnetherm Process, Pidgeon Process or 
some other similar known process, brings about a nota 
ble improvement in the productivity and yield of mag 
nesium permits continuous feeding of raw materials 
provides effective inhibition of harmful secondary re 
actions, and so on. 
The heat treatment in the first stage and all the treat 

ments in the second stage according to the method of 
the present invention can be carried out in one furnace 
by using an internally heated furnace containing 
therein a molten slag and having such a construction 
that the crude briquet to be cast into the furnace forms 
therein a calcium-silicon alloy before it reaches the 
molten slag, and the resultant briquet reaches the mol 
ten slag. 
Now the present invention will be described more 

specifically herein below by reference to preferred em 
bodiments. It should be noted, however, that the pres 
ent invention is not limited to these examples. 

EXAMPLE 

Calcined natural dolomite (containing 31.8% by 
weight of MgO) pulverized to a particle size finer than 
80 mesh and 75% ferrosilicon (containing 49.5% of 
free silicon) pulverized to a particle size finer than 80 
mesh were mixed in amounts to give a molar ratio 
MgO/Si=2/1 to 2/1.1 and the blend was shaped in the 
form of crude briquets having an apparent specific 
gravity of about 2.0 g/cm and a maximum diameter 
range of -mm to 40mm. 
Then, the crude briquets were placed in a reaction 

apparatus like the one shown in FIG. 4 and heated 
therein. 

In the drawing, 1 denotes an upper hopper, 2 a reac 
tion zone, 3 a briquet receptacle, 4 and 5 a gas inlet and 
outlet, 6 an external auxiliary heater, (with a metal or 
carbon serving as a heating element; a proper external 
gas flame heater or electric resistance generator may 
be used as occasion demands) 7 a high-frequency gen 
erator, 8 crude briquets and 9 briquets having calcium 
silicon alloy formed therein. In the present example, 
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10 
argon was introduced as the inert gas through the inlet 
4 and discharged through the outlet 5 to effect dis 
placement of the air in the reactor interior. The heating 
of the briquets for the formation of said calcium-silicon 
alby was carried out under a minute pressure (several 
mm of water column) of this inert gas. To be specific, 
when the crude briquets 8 were fed to the upper hopper 
1, they were caused to descend down the reaction zone 
2 (kept at 1050 to 1200°C), during which descent they 
were heated by the high-frequency wave generator 7 
and consequently caused to produce calcium-silicon 
alloy therein. The fired briquets 9 containing the calci 
um-silicon alloy were then moved into the briquet re 
ceptacle 3. As is apparent from the diagram, the heat 
ing or the formation of calcium-silicon alloy in the bri 
quets could be carried out continuously by having 
crude briquets fed continuously into the upper hopper 
1. 
When the retention time of the briquets within the 

reaction zone was fixed at about 20 minutes, the con 
version to calcium-silicon alloy exceeded 95%. 
Subsequently the fired briquets having the calcium 

silicon alloy already formed therein were subjected to 
reduction reaction in a reduction apparatus like the 
one shown in FIG. 5. In the drawing, 9 denotes the fired 
briquets, 10 the slag, 11 a raw material bin, 12 a screen 
feeder, 13 an internally heating reaction furnace, 14 a 
screw, 15 a slag discharge outlet and 16 a magnesium 
vapor outlet. 
The fired briquets 9 stored in the raw material bin 11 

were conveyed by the screw feeder 12, thrown into the 
internally heated reaction furnace 13 and retained for a 
fixed length of time in the furnace interior. The solid 
slag formed was discharged by the screw 14 through 
the outlet 15. Inside this furnace, the fired briquets 
were heated and MgO in the briquets was reduced to 
give rise to magnesium vapor. The furnace interior was 
maintained under conditions of 10 to 10 mmHg of 
pressure and 1300°C of temperature. 
Of the results obtained in this example, the relation 

between the reaction time and the rate of reaction (cal 
culated on the basis of MgO remaining in the solid slag) 
was as shown in FIG. 6. In the graph, the ordinate rep 
resents the rate of reaction (%) and the abscissa the re 
action time (minutes). The continuous line represents 
the results obtained in this example. The graph indi 
cates that the rate of reaction over 95% was reached 
very rapidly, namely in a matter of 5 to 10 minutes. 

COMPARATIVE EXAMPLE 
Crude briquets prepared by faithfully following the 

procedure of Example 1 were at once placed in the re 
ducing apparatus of FIG. 5 as used in Example 1 and 
subjected to reducing reaction. The results are shown 
by the dotted line in the graph of FIG. 6. 
As the graph clearly indicates, a reaction time of 

more than 90 minutes was required for the rate of reac 
tion to exceed 95%. The briquets involved in the pres 
ent comparative example exhibited a behavior entirely 
the same as that observed in the operation of the Pid 
geon Process. Comparison clearly shows that the pro 
cess of the present invention is effective in notably im 
proving the productivity and yield of magnesium as evi 
denced by the results of Example 1. 

EXAMPLE 2 

The procedure of Example 1 was followed by using 
entirely the same raw materials to produce briquets 
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having calcium-silicon alloy formed therein. The fired 
briquets were then subjected to reduction reaction by 
using an apparatus like the one shown in FIG. 7 under 
the various conditions described herein below. 

In the drawing, 21 denotes a vertically movable elec- 5 
trode, 22 a carbonaceous furnace base, 23 a tap for the 
molten mineral slag, 24, 25 and 26 each a briquet bin, 
27 the molten mineral slag composed preponderantly 
of CaSiO-AlO system, 28 a magnesium vapor 
pump, 29 a magnesium vapor condenser, 30 a magne- 10 
sium receptacle and 31 an air discharge outlet. The ap 
paratus shown in FIG. 7 is an improved vacuum-tight, 
single-electrode furnace whose electrode is rendered 
vertically movable under reduced pressure. 

in the present example, the reaction ratio was studied 15 
under various conditions by changing the feed rate of 
raw materials, with the furnace interior maintained 
under 50 mmHg of pressure and 1400° or 1500°C of 
temperature. The results of the test are shown in the ac 
companying table under the columns, B-1 through B-5. 
In the test, the actual power load was 48 to 55 
KW/kg. Mg/hr. The reaction ratio was calculated on the 
basis of the yield of magnesium. 

COMPARATIVE EXAMPLE 2 

An apparatus like the one shown in FIG. 7 and de 
scribed in Example 2 was used, calcined natural dolo 
mite (containing 37.4% by weight of MgO and 59.7% 
by weight of CaO) coarsely crushed into grains 5 to 
14mm in diameter was thrown into the bin 24, 80% fer 
rosilicon coarsely crushed into grains 5 to 14mm in di 
ameter was fed into the bin 25 and powdered alumina 
prepared by the Bayer Process for use in electrolysis of 
aluminum was introduced into the bin 26. They were 
blended to a regulated composition and treated in ac 
cordance with the Magnetherm Process. To be specific, 
the calcined natural dolomite, ferrosilicon and alumina 
were blended in amounts to give a weight ratio of 
77/14/9 and fed into a molten slag (consisting of 54.8% 
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curred a phenomenon of shelfing around the upper 
electrode. No increase of actual power load resulted in 
operational improvement. 
The results of Example 2 and those of Comparative 

Example 2 are compared in the table. This table fur 
nishes a clear proof that the effects of the present in 
vention are conspicuous. The data of B series are seen 
to be superior to those of A clearly in terms of con 
sumption of raw materials, feed rate of raw materials, 
yield of magnesium (kg/hr.) and reaction ratio of mag 
nesium. 

EXAMPLE 3 

Briquets having calcium-silicon alloy formed therein 
were prepared by faithfully following the procedure of 
Example 1. These briquets were subjected to opera 
tions performed under varying magnitudes of pressure 
not lower than normal pressure. According to (3) of 
the results of test described in the detailed description, 
the temperature at which the equilibrium pressure of 
magnesium vapor issuing from the briquets of this in 
vention reaches 760 mmHg is calculated to be about 
1520°C. Actually in the present example, however, the 
reaction temperature was fixed at 1600°C. At this reac 
tion temperature, the vapor pressure of magnesium 
reached 1330 mmHg, a value amply sufficient for 
smooth progress of the reaction. 

In this example, the vacuum system was so controlled 
that the inner pressure of the reaction apparatus 
reached 760 mmHg and 1 100 mmHg during the opera 
tion. The results of the operation were as shown in the 
table under the column, B-6 and B-7. The actual elec 
tric power against the reaction was invariably about 5.5 
KW/kg. Mg/hr. As the results indicate, the operation of 
the present invention could be carried out when the ap 
paratus interior pressure is higher than normal pres 
sure. In this case, both productivity and reaction ratio 
were decidedly higher than could be obtained by the 
conventional process (data under the column A, in the 

of Cao, 28.5% of SiO, 15% of AlO, and 1.5-2% of 40 same table). 

A B 

Reaction SO) 4()) 
ternperature (C) 

Pressure (mm Hg) 1) 5) 
Feed rate of raw 
materials(kg/hr) 635 64() 

Feed rate of raw 
Mg( kg. Mg/hr) ()7 18 

*R:itio of feed rate 
(Yf raw material } ()2 

Yield of Mg 
(kg. Mg/hr) 92.() 9. 

Reaction ration 
of Mg (%) 860 87. 

Table 

B-2 B-3 B-4 B-5 B-6 B-7 

5}() 1500 500 500 60) 1600 

5) 50 5() 5() 760 ()() 

726 869 169 1895 78) 25 

23 147 198 32 3O2 9. 

... 6 139 87 3.03 2.78 180 

.6 42.() 89.5 294, 302.0 82.() 

93.2 96.6 95.7 91.6 96.5 95.3 

* The values for the B series are those proportionate to the value (625 kg/hour) for A. 

MgO) in the furnace interior at the rate of 625 kg/hour 
(introduced batchwise at intervals of 12 minutes) and 
allowed to react under conditions of 1500C of temper 

What is claimed is: 
1. In a process for obtaining metallic magnesium 

from a mixture of magnesium oxide with calcium oxide 
ature and 10 mmHg of pressure. The results were as 60 as the raw material by reducing said mixture at an ele 
shown in the table under the column A. In this case, the 
magnesium reaction ratio determined by the same 
method as in Example l was 86% and the actual elec 
tric power against the reaction was 6.5-7.8 
KW/kg. Mg/hr. In this case, when the feed rate of raw 65 
materials was increased, the reaction became remark 
ably unstable and, owing to consequent solidification of 
slag and segregation of raw materials and slag, there oc 

vated temperature to give rise to magnesium vapor and 
cooling said magnesium vapor, the improvement which 
comprises two stages, the first stage of adding at least 
one member selected from the group consisting of sili 
con and ferrosilicon to said mixture consisting of mag 
nesium oxide and calcium oxide, blending and shaping 
the resultant mixture in the form of briquets, and heat 
ing said briquets in an inert atmosphere under tempera 
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ture and pressure conditions capable of substantially 
inhibiting the formation of magnesium vapor, said tem 
perature being not lower than the melting point of cal 
cium-silicon alloy and thereby giving rise to calcium 
silicon alloy within said briquets and the second stage 
of heating, in a heating furnace, the briquets having cal 
cium-silicon alloy formed therein for thereby reducing 
the magnesium oxide present in said briquets into me 
tallic magnesium. 

2. The process of claim 1, wherein said heating fur 
nace is an internally heated furnace containing therein 
a molten slag and having such a construction that the 
crude briquets to be cast into the furnace are heated to 
each form therein a calcium-silicon alloy before they 
reach the molten slag, and the resultant briquets reach 
the molten slag so as to allow the reduction of magne 
sium oxide, in which the heat treatment in the first 
stage and all the treatments in the second stage are car 
ried out. 
3. The process of claim 1, wherein the heating in the 

first stage is given at a temperature in the range of from 
1050 to 1500C under a pressure exceeding the pres 
sure calculated from the formula: 

-0.454 
log P = T -- 8.7O6 

(wherein, P. denotes the pressure expressed in mmHg 
and T is said heating temperature) in an inert atmo 
sphere. 
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4. The process of claim 3, wherein the heating in the 

first stage is carried out in an atmosphere of argon at a 
temperature in the range of from 1050 to 1200°C for 
a period between 5 and 20 minutes. 

5. The process of claim 1, wherein the briquets hav 
ing calcium-silicon alloy formed therein are heated at a 
temperature in the range of from 1200 to 1700°C 
under a pressure not higher than the pressure calcu 
lated from the formula: 

- (),454 

(wherein, P, its the pressure expressed in mmHg and T. 
is said heating temperature) in a gaseous atmosphere 
wherein at least one member selected from the group 
consisting of an inert gas and magnesium gas. 

6. The process of claim 5, wherein the heating fur 
nace is an internally heated furnace containing a mol 
ten slag, the pressure of the inert atmosphere is at least 
25 mmHg, and the briquets having calcium-silicon 
alloy formed therein are heated in a state such that the 
briquets float on said molten slag. 
7. The process of claim 5, wherein the heating fur 

nace is an internally heated furnace containing a mol 
ten slag, the pressure of the inert atmosphere is at least 
25 mmHg, and the briquets having calcium-silicon 
alloy formed therein are heated in a state such that the 
briquets are wholly or partially submerged in said mol 
ten slag. 

k k sk : ck 
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oxide riced with Calci): oxide, honoggereoul blending 

ani shaping the Irixture in the form of bri:uets, heating the 

it i? 2 tas in in in 2rt 3 trios. here: uncer the toirperature and pressure 

cor it...ic r.; , , a.h).3 cf substantia, is inhibiting the firration of 

magnesium vapor and the reby giving rise to calcium-silicon allicy 

within thc brigue is alli, as a sectorsi stage, heatir, the briglets 

containing tic calciuli-silicon all cy to effect tile required re 

auction. In this case, the briguiets are generally prepared by 

pulverizing natural cr artificial dolomite and silicon or f S rrd 

e t silicon to a particle size fillier than 30 res an bieriding 

resultant powders. For practical purpose, the raw materials sire 

rol. 3. cratio MgO/Cata Si at l/./C. 5. In this case, the equirtolar 

ratio gO/CaO = 1/l is practically satisfied in natural dolomite. 
icon source, it is adoquate G farrosilicon is: usici as the si W - 

to ceil&ri:ii e tile ac::t of ferro:silicon so as to neet the afore 

in eition?: a Clar ratio in terils of fres silicon equivalent. The 
briq.(: -3, thus prepairs d are then jeated. As regards the te:per 

Jtra for this heating, since the ratio of reaction is extreisel 

low it ver?peratus: £ 3 lini: 85 °C as indicatcd in Fig. l, the lo'er 
lirit of reactic: texiperature is fixed at loS0 °C. Thic upper 

liilit. of terper a lice f c. tilis heating Inst satisfy the conditions 

cash aisle of substanti&il, in:ibit.'...r.o. the fo Tnation of magnesium 
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va; or diri rig the haiting. Sa'i conditions are sclected from to 

forrali: ; exies: Sir: tie relation be t'ye cn the teaperature and the 

vanco grassure cf. tag regi.u. tc.: ched in 31 in (3) of the result: E. c. 

test dei, crited hio; a. ?et T. Stinct for its a soiut ( tempera luxe 

ire, and the re...ired for haating this briqi (, ts; l.h.. cr mornia pros:: 

pressuze (in Ian Fig) is requirei to excect this vallic of P which is 
-- 

cc culty isi frct, the fol. ("win c. : : actioia. 
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For example, tine heating is give? at 73 nt; eously at a temperature 

of Ecut lS00 C u, i.der normal, press arc and of about 1200° C under 

it ... ii. 5; ...E.S.. I if the lic.lets are: heai-). 

tisfying the conditions just described, then 

the taction is sing to the for a ticn of ?calcium-silic I alloy is 

act. . . . at it d, the fing.d calciuli-sili cc clo is chtair:d in: a 

moltki state, the iriquests censequently acquire hardness encrgh 

to withstani disincgration, the thirical conductivity is enricinec, 
the Ilign C. Siun. cziida 3rd tia raucing agent in the briquets are 

brous; it into a state oif intinate contact and conditions highly 

advantageous for the reducing reaction in the subsequent step are 

orought aloclit. The bricicts are subsequentl. s ubi acted to solid 
f phase reduction in this following step. If, in this case, they are 

the O f exposed to a telerature exceeding the felting point 

calcility- silico; alloy cottaina. t. rein, or ever, after they have 

thcroi is cleased ragnesign vapcir, the briquets themselves are 

et.ain&al fast by tine ragrassium oxide or the ligh melting di calcium Y S 

silicats resulti-g firom the redictidin aid, therefore, are kept 

froi saint disint.cgrated. 

Now a dos crition will ba given of the leduction to which 

the hri its cont., ini, tie calciu.h-silicor: alloy are shiect ed. 

The rea, ctic codition is tea existure aris pressure) for this r. e 

duction in 33 selectid in accordance with the vapor pressure Qi. 

ria gneisiuka and the reaction velocity. Specifically, the heating 

is re 

  


