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This invention relates to methods of recovering 
metallic magnesium from its ores by heating a 
mixture of ore and reducing agent, with and with 
out other substances, at temperatures at which 
the magnesium metal reduced from the ore is 
distilled from the reaction mass, and thereafter 
condensing the magnesium vapors to recover that 
metal in solid form. 
Such processes as just generally described are 

conventional and have taken many specific forms, 
none of which have been particularly successful 
connercially. While the thermal processes of 
directly reducing or distiling magnesium and re 
covering the vapor are inherently simpler than 
those processes which are based upon the elec 
trolysis of Imagnesium chloride and by which 
most magnesium metal is now produced, the 

(C. 75-6). 
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simplicity is more apparent than real. The 
fundamental difficulty with the thermal produc 
tion methods of making magnesium is one of 
cost. The comparatively high cost of such proc 
esses arises primarily from the following factors: 

First, the reduction agents heretofore proposed, 
which are otherwise generally operable, are rela 
tively high in cost, except for carbon which has 
the inherent disability of producing a gaseous re 
action product, carbon monoxide, which reacts 
with the magnesium vapor to again form mag 
nesium oxide. No inexpensive and positive meth 
od of treating the mixture of magnesium vapor 
and carbon monoxide produced by the carbon 
reduction has yet been developed with the result 
that the product of this reduction must be again 
treated in an expensive and separate step to re 
duce its magnesium oxide content, 
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mal reduction operations utilizing these reduction 
agents in a continuous manner, the equipment 
necessarily involved in the upkeep of that equip 
ment is very expensive and impractical. 

For these and other reasons magnesium can 
not, at present, be thermally reduced at prices 
which will commercially compete with magnesi 
um produced by the electrolysis of magnesium 
salts, such as magnesium chloride. 
The object of the present invention is to pro 

wide an improved process, the improvement con 
sisting in the use of a novel reducing agent, by 
which the thermal reduction of magnesium from 
its ores may be carried out at costs lower than 
those heretofore encountered in thermal reduc 
tion processes. A further object is the provi 
sion of a new and novel method of reducing mag 
nesium from its Ores. 
This invention provides a thermal reduction 

process so reduced in cost as to compete con 
mercially under favorable conditions with pres 
ent electro-chemical methods, 

in the practice of the invention I employ as a 
reducing agent aluminum carbide and in the 
preferred and, under present conditions of the 
art, competitive form I employ a modification 
thereof containing as active components alumi 
num carbide and aluminum. While this alumi 
num carbide-aluminum mixture could be made 

80 from pure substances, such as pure carbon and 

35 
Second, thermal processes necessarily operate , 

at high temperatures and require expensive ap 
paratus, including furnaces, retorts, vacuum 
pumps and similar equipment and a high inci 
dence of labor. Moreover, this equipment must 
be made of materials which withstand high tem 
peratures. Such materials are expensive and 
deteriorate rapidly at the temperatures used, 
Third, the use of any reduction agents, even 

those such as aluminum, silicon, ferrosilicon, cal 
cium carbide, silicon carbide, silicides and others, which do not produce a gaseous products of re 
action which will seriously react with the mag 
nesium vapor, has to date been limited to batch 
operations because of the difficulties of conduct 
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ing the operation continuously, said difficulties 
being inherent in the high temperatures involved 
and the desirability of using vacuum distillstion 
to avoid the use of even higher temperatures. 

pure alumina, considerations of cost and efn 
ciency are in favor of the use of a reducing agent 
which is itself the product of the reduction of 
aluminous ore with carbon. Thus the preferred 
reducing agent is made by mixing an aluminous 
Ore, such as bauxite, with a commercial carbon, 
Such as Ordinary Coke, and reacting the mass at 
high temperature under circumstances somewhat 
different, and less expensive, than would be em 
ployed if it were the purpose of the process to 
reduce the aluminum oxide or the aluminous ore 
entirely to pure aluminum, and to prevent the 
formation of aluminum carbides which are usu 
ally an unwanted material in commercial 
aluminum, 

Despite the fact that much of the aluminum 
in this partially reduced mixture is in the form 
of aluminum carbide, the mixture is highly effi 
client as a reducing agent when reacting with a 
magnesium oxide ore, such as calcined dolomitic 
limestOne or calcined magnesite. When this mix 
ture is used as the reducing agent, its ratio of 
efficiency to cost is high, as compared to known 
reducing elements, as will herein be discussed and 

Fourth, although it is possible to conduct ther- 55 demonstrated. 



3 
The aluminum carbide-aluminum mixture may 

be made in various specific ways and in various 
purities. One form that I have found suitable 
is that obtained by mixing low grade bauxite 
and coke and subjecting the mass to the heat 
ing of an arc with the result that there is 
produced a solid lump of reaction product sur 
rounded by unreacted charge. After the furnace 
is cool enough to handle this lump, it may be read 
ily Separated from the loose granular unreacted 
charge and may be prepared for use by a sin 
ple pulverizing process, since this reaction prod 
luct tends to be friable and pulverant, an item 
which in itself considerably reduces the cost over 
the use of aluminum, which must undergo an 
expensive granulating or pulverizing step before 
it can be satisfactorily used as a reducing agent 
in Connection with magnesium ores. Such reac 
tion products may vary in composition but are 
composed principally of aluminum carbide and 
metallic aluminum, of doubtful purity. A typical 
product contained the following: 
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4. 
finely ground reactants are thoroughly mixed 
and, preferably, compressed into pellets or bri 
quettes. Better results are obtained if all of the 
reactants are of a size passing a standard 100 
mesh screen, although such refinement is not 
necessary. The eficiency of the reaction is in 
creased by the addition to the mixture of fluorides 
or chlorides, as is likewise true in prior processes 
for the thermal reduction of magnesium ore, but 

() in my improved process certain fluorides and 
chlorides and certain mixtures thereof are par 
ticularly eficacious as will, hereinafter, be de 
scribed. Magnesium oxide or any ore containing 
magnesium oxide, Such as dolomite Or magnesite, 

15 may be used as the source of magnesium. Where 
the magnesium is in the ore in the form of car 
bonate, it is preliminarily calcined to drive off 
carbon dioxide and thus reduce the carbonate to 
oxide. I include magnesium oxide, Ores contain 

20 ing that oxide and calcined carbonate ores in the 
term "Oxidic magnesium ore.' The tempera 
ture at which the reaction best takes place is, of 
course, the lowest temperature consistent with 

Per cent good results, and it is a feature of my invention 
Al4C3 ----------- -------------2 is that where the mixture is heated in vacuo the Al ------------- 40.95 Fe ------------- process thereof may be operated efficiently at 
AlN------------ 0.12 St.------------- 227 temperatures as low as 1100° C., which temper 
A3 - - - - - - - - - - C ------------- 09 ature is lower than the efficient operating tem 

all percentages being by weight. The impurities, 
Such as iron, titanium, silicon and calcium, are 
the result of the original content of the impure 
aluminum ore and may even be helpful, and at 
least not harmful, when this product is used as 
a reducing agent for the reduction of magne 
sium. The actual cost of production of this 
product is an interesting feature in the econo 
miles which are obtained by the use of this ma 
terial as a reducing agent, Both the aluminum 
carbide and the aluminum of the mixture are 
produced at low cost, the latter at about one 
half the kilowatt hours per pound necessary to 
the production of commercis aluminum, and this 
single factor is quite apart from the other ex 
pensive steps in the production of COrnmercial 
aluminum, such as beneficiation of ore to obtain 
a pure alumina, the use of carbon in the form 
of pure electrodes instead of in the commercial 
and cheap form of coke, etc., all of which are 
avoided. The cost of this materis is equally in 
teresting when compared with ferrosilicon, in 
which silicon is the reducing agent, the power 
consumed in the preparing of ferrosilicon being 
in the neighborhood of about one-fourth more per 

peratures employed with other comparable proc 
esses using known reducing agents. Good results 
can, however, be obtained at temperatures as low 
as 900' C. When the reaction mixture is heated 
at atmospheric pressures higher temperatures 
are necessarily employed for equivalent results, 

5 out temperatures above about 1500 C. are not 
generally desirable or eficient. 
The reduction agent and the oxidic mange 

sium ore may be mixed in various proportions. 
It is wasteful and inefficient to use ore in such 
amount that its magnesium oxide content is less 
than that required to react with the aluminum 
carbide and aluminum in the reduction sgent. 
At least stoichiometric proportions of magnesium 
oxide and aluminum carbide and aluminum should 

45 be used, sand I have found that when the mag 
hesium oxide is in excess the eficiency of the 
reaction is greaty increased, 

following in tabular form are the results ob 
tained with various indicated reaction mixtures 

50 in the practice of the invention, all of the results 
being obtained by heating the dry briquetted 
mixture at indicated temperatures and in indi 
cated vacuum for stated periods of time and con 
densing the metallic vapor distilled from the 

pound than the cost of preparing the aluminum reaction mass. In each case the reducing agent 
carbide-aluminum reduction product. 
In practicing the process of this invention the 

used was a product obtained by the reduction of 
bauxite by coke, all as above set forth. 

Cornponents of restion Intxture other than the Yield per 
reduction agent, Relation of R - Approx. Tim Woil engag 

Run No. - ture to available alt- tip, Eno? vision annula oO, - ' mercury reaction 
Ore Other per cent by weight fixture 

i-------- Calcined magnesite--------------------------------------- Stoichiometro---------- 200 3 0.5 6, 6 
2-------------do---------------------------------------------------------- do. e----------------- l, 100 8 . 88.1 
8------------- do---- - a 1,200 3. 0.0 79.5 
4-------------do. 1,100 3 0.9) 69.8 
5. --do- l,000 3 .0 43. 
6. --do- 100 8 0.0 87.4 
7. --do- d 1,000 3 0.6 67.5 
8------------- do------------------------- Stoichiometrio. 1,100 3. 0.20 75, 6 
9-------- -----do------------------------- S 0--------- 1,100 3 020 86.9 
10------- Caloined dolonite (40% MgO) ,100 8 0,30 847 

contact. 
il------------do--------------------------------------------------------- do------------------- 1,100 3 O3 832 
2 --do---- 5% CaF -------do------------------- 1,100 6 020 989 
13-- ----do------------------------------ do--------------------- About 35% exces MgO. 1,100 3 0.20 92. 

enaislewor-.w 
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Referring to the results shown in said tabula- and depreciation of the relatively expensive 
tion, it will be noted that an excess of MgO in equipment. The sum of such items is substan 
the reaction mixture is beneficial; that rising tially fixed and must be apportioned over the 
temperature produces more efficient results (com- amount of magnesium made in the furnace in 
pare runs 1 and 2); that increase of time in- is a given time. Thus, for example, the cost of 
creases yield (compare runs 11 and 12) and that the aluminum carbide-aluminum reducing agent 
the use of fluorides and chlorides increases the is, per pound, about equal to the cost of the well 
efficiency of the reactions (compare runs 1 and known reducing agent calcium carbide but, per 
3; runs 10 and 11; runs 1 and 9; runs 1 and 8). pound of reducing material, the aluminum car 

Moreover it will be noted that with the use of lo bide-aluminum is about three times as efficient 
fluoride or chloride and with or without an ex- in reducing the oxidic magnesium ore, and thus 
cess MgO present, the results obtainable at tem- when this invention is used, furnace equipment 
peratures of 1200 can be approximately dupli- of given capacity produces about three times as 
cated by 1000 C. and exceeded at 1100° C. (com- much magnesium with consequent lowered cost. 
pare runs 1 and 7; runs 1 and 8; runs 1 and 9; 15 A comparison between processes using ferro 
runs 2 and 5; runs 1 and 6). silicon as the reducing agent and processes oper 

It will likewise be noted that calcium chloride ated in accordance with this invention is con 
is more efficient than magnesium fluoride or cal- tained in the following tabulation of results ob 
cium fluoride or mixtures thereof but that a tained in operations conducted under comparai 
double salt of MgF2.MgCl2 is equally efficient. 20 tive conditions: 

s 

Run 

A. B 

Reducing agent----.............. ---. Ferrosilicon containing 5% by Aluminum carbide-aluminum Aluminum carbide-aluminunu . weight of silicon. Conta 38.73% AC and containing 38.73%. AlCs and 
40.95% Albalance inpurities. 40.95%. A balance impurities. 

Dolomite----------------------- Magnesite. MSE ore, calcined.-------...- ... 
M content of the ore-------...---- 40%---------------.......------ 90%. 
Relation MgO to reducing consti- 25% excess-------------------.25 ---...-. . . . s. ---. Stoichiometric. 
tuent in mix. - 

Additional effective compound.----- 5% CaF----...---------------- -- 5% CaCl. 
Temperature------------...- ... C. - 1150---------------------------- 100. 
Time of reaction hours------ - - - - - Percentage yield of total available Mig. 
Pounds of Mg produced par pound 
Oceae, 
Kw required to produce sufficient 
Going agent to reduce a pound 

3. Relative magnesium production per 1.------------------...----------- 
day per furnace unit. 

The conclusions just stated on the basis of the 40 From these figures it will be noted that the 
tabulated results are representative of the COm- furnace unit used is two to four times as efficient 
parative results which are obtained by varying when aluminum carbide-aluminum mixtures are 
the various factors in the practice of my inven- used as the reducing agent. A feature of this 
tion. Thus in the preferred practice of my in- Comparison is the fact that such results are ob 
vention, and in the form which gives highest 45 tained at operating temperatures 50 centigrade 
performance at lowest operating cost, the re- lower. This lower temperature is significant be 
action should take place at the lowest tempera- Cause it is directly reflected in reduced deteriora 
ture consistent with good results-usually about tion of equipment and, consequently, reduced 
1100° C. in the presence of an excess of mag- COst. Moreover it will be noted that these results 
nesium oxide over that required to combine.with 50 are obtained with reduced power costs (in the 
the aluminum carbide and aluminum in the re- present instance 12 to 23 per cent, less). While 
duction agent-usually an excess of 10 to 50 per the amount of aluminum in the aluminum car 

... cent. by weight, and in the presence of about 2 bide-aluminum mixture is not critical, practical 
to 15 per cent. by weight of the reaction mass of considerations limit the aluminum content to 
at least one chloride or fluoride of the class con- 55 not more than about 85 per cent. of the total 
sisting of magnesium and the alkaline earth aluminum carbide-aluminum content of the mix 
metals and, preferably, in the presence of the ture. 
following: Having thus described and explained my inven 

Mixture of chlorides and fuorides and, pref- tion, claim: 
erably, the double salt MgF2.MgCl2. 6 . In the process of producing magnesium by 

Chlorides-preferably CaCia. the thermal reduction of oxidic magnesium ore at 
Mixtures of fluorides and chlorides and, pre- temperatures above the melting point of Image 

erably, the double compound MgF2MgCl2, nesium, the improvement consisting in the use of 
Akaline earth metal fuorides and specifically a reducing agent containing altrainLin carbide. 

calcifloride. 65 2. In the process of producing magnesium by 
Magnesium fluoride. the thermal reduction of oxidic magnesium, Ore 
The advantages of this invention are best re- at temperatures above the melting point of mag 

flected in the efficiency of the methods of the nesium, the improvement consisting in the use as 
invention. In the high temperature reduction a reducing agent of the product of the partial 
of oxidic magnesign ore the limiting factor of cost 70 reduction of aluminous ore with carbon, said 
is, in final analysis, connected more with the product containing aluminum carbide and alu 
cost of furnace operation than with the relative Intinum, the aluminum being not in excess of 85 
cost of the materials processed. The greater per cent, by weight of the total content of alu 
part of the total cost of processing is composed minum carbide and aluminum. 
of such items as labor, supervision, fuel, power 75 3. In the process of producing hagnesium by 
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the thermal reduction of oxidic magnesium ore 
attemperatures above the melting point of mag 
nesium, the improvemeat consisting in the use as 
a reducing agent of the product of the partial 
reduction of aluminous ore with Carbor, said 
product containing, aluminum carbide and alu 
minum, the aluminum being not in excess of 85 
per cent. by weight of aluminum carbide-alumi 
num content, and mixing said ore with said agent 
in such proportions that the magnesiurn. Oxide 
content is present in excess of the amount the 
oretically recessary to react with all alumn 
carbide and aluminum in said agent. 

4. In the process of producing magnesium by 
the thernal reduction of oxidic magnesium ore at 
temperatures above the melting point of mag 
nesium, the improvement consisting in the use 
as reducing agent of a mixture of aluminum car 
bide and aluminum and mixing with the reaction 
mass containing said ore and reducing agent, 2 to 
15 per cent, by weight, of the total weight of said 
mass, of at least one compound selected from 
the class consisting of the fluorides and chlorides 
of magnesium and the alkaline earth metals. 

5. In the process of producing magnesium by 
the therma reduction of oxidic magne3n ore 
at temperatures above the melting point of mag 
nesium, the improvement consisting in the use as 
reducing agent of a Enixture of aluminum carbide 
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and aluminum and mixing with the reaction tags 
containing said ore and reducing agent, 2 a 5 
per cent. by weight, of the total weight of &gid 
mass, of the compound MgF.MgCla. 

6. In the process of producing magnesign by 
the thermal reduction of Oxidic magnesiuan creat 
temperatures above the melting point of image 
sium, the improvement consisting in the use as 
reducing agent of a mixture of alumn certicide 

O and aluminum and mixing with the reaction mass 
containing said ore and reducing agent, 2 to 5 
per cent, by weight, of the total Weight of S3id 
mass, of the compound (CaCl2. 

7. In the process of producing. magnesium by 
the thermal reduction of oxidic magnesia e 
at temperatures above the melting point of mag 
nesium, the improvernet Consisting in the Be as 
reducing agent of a mixture of alumina in cer 
bide and aluminum and mixing with the reggio 
mass containing said ore &nd reducing agent, 2 
to 15 per cent. by weight, of the total weight of 
said mass, of a mixture of magnesium gluoride 
and calcius fluoride. 

8, The improved process of claim 4 characte 
ized by the fact that the magnesium oxide con 
tent of the charge is in excess of that theoretically 
required to react with all of the aluminancia 
bide and aluminum in said charge. 

CHARSS 8. WAORE, 


