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This invention relates to -the thermal reduc-
. tion of calcined magnesium containing mate-
rials in metal retorts, and is particularly directed
to overcoming hazards and effecting economies
in the commercial production of substantially
pure magnesium metal, ‘

In my copending application Serial. Num-
ber 417,810, filed -November 3, 1941, of which
this application is a continuation in part, there
is disclosed a process and apparatus for-recov-
ering volatilizable metals, including magnesium,
in sublimed form and free from other metals of
different vapour pressures.
disclosed is primarily directed to the fractiona-
tion and separate removal of the metals ex-
tracted from the charge of material in the heat-
ing vessel. : :

This application is directed to important fea-
tures of the invention as applied fo the direct
thermal reduction by ferrosilicon of calcined,
and preferably crystalline, magnesium contain-
ing materials, as will appear from the following
description in conjunction with the accompany-
ing drawing in which— '

Figure 1 is a diagrammatic illustration of a
furnace in perspective;
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"by any suitable means 10.

with the retort wall over a relatively narrow area.
As shown in Figure 2, this thermal contact is
provided by a heat conducting band 8 of cop- -
per, brass or the like which may. be secured to
the condenser or retort in any desired way.
"The outer open end of the retort is closed by a
cover 9 which is claraped. tightly to the retort
The condenser is
closed by the plate i having an opening i2
therein. The.coil springs 13 on bolts 14 exert

< g pressure on plate 11 to tightly seat the con-

The invention there .
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denser in the retort. Means for producing a re-
duced pressure in the retort are illustrated by
the -pipe 5. A cooler 16 through which water
may be circilated surrcunds the outer end of
the retort. Carried by the condenser closure
plate tl is the fractionating condenser means
consisting of the series of spaced discs 17, 18, 19
providing a relatively long path of travel for
vapours. The innermost disc 19 is out of ther-
mal contact with the condenser wall and re-
mains at a higher temperature than the other

. discs.

" Figure 2 is a sectional view of the condenser -

portion of g retort;

Pigure 3 is a.similar view of a modified form,
and

Pigure 4 is a similar view of a further modi-
fication. ' ‘

In the drawing I represents a furnace in which
a battery of metal retorts 2 are horizontally dis-
posed, with the reducing portion 3 of the retort
" 'in the heat reservoir of the furnace and the
condensing portion 4 without the furnace for
charging and discharging at atmospheric pres-
sure. The furnace may be heated in any de-
. sired way to provide a substantially constant
reservoir from which the retorts absorb heat to
uniformly heat the charge therein. = Electric
heating is desirable in providing a static heat
reservoir with a controlled neutral atmosphere.
If gas, oil or other fuels are used, care should
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be taken to avoid corrosive-gases.which react--

with the metal of the retorts. The heat resistine
alloy steel of which the retorts are formed is
expensive and long life of the retorts is essen-
tial to economical operation. _
Within the exposed or condensing zone of each
retort is a removable condenser 5, the inner end
of which adjacent the furnace is seated in pres-
sure contact 6 with the wall of the retort, and
the outer end 7 of which is in thermal contact
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As shown in Figures 3 and 4 the outer end
of the retort is somewhat elongated beyond the
zone occupied by the removable condenser §
for .facility in cooling the fractionating con-
denser zone of the retort. In Figure .3 the con-
denser closure plate | fa extends beyond the wall
of the removable condenser to contact the re- .
tort wall to further facilitate cooling of the frac-
tionating condenser zone. In Figure 4 this plate
11p is thicker at its periphery- to provide sub-
stantial thermal contacts 20 and 21 for the wall

-of the removable condenser and thaf, of the retort

respectively. . .
In operation the charge of briquetted magne-
sium containing material and ferrosilicon is suc-
cessively charged into the retorts. - The remov-
able condenser and the fractionating condenser
are put in place and the retorts are evacuated to
provide the desired reduced pressure therein.
The temperature immediately surrouding the re-
ducing portion of the retorts being in the neigh-
borhood of 1150° C. the magnesium, sodium and
the like in the charge are volatilized without sub~
stantial injury to the retorts. The metal vapours
pass from the reducing portion of the retort
to the condensing zone. The vapours impinging
upon the dice (8 are deflected to the wall of the

-removable condenser where the magnesium con-

denses in a unitary structure 22 substantially as -
shown. The vapour of metals of higher vapour

- pressure if any are present passes around the

disc 19 through fhe perforated disc I8 and is
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condensed in the cooler zone of the fractionat-
ing condenser to be removed therewith independ-
ently of the magnesium. The thermal contact of
this outer portion of the removable condenser
with the wall of the retort, which is cooled by
water circulation, insures the drop in temper-
ature found necessary to form distinct separate
fractions of the sublimed metals.

The disc 19, being out of direct thermal con-
tact with the condenser wall and remaining hot,
insures deposition of the magnesium only on the
wall of the removable condenser, where it builds
up into a unitary structure with an inwardly pro-
jecting ledge 23. This structure of magnesium
condensate is important in insuring against igni-
tion when the metal is exposed to the atmosphere
without cooling substantially below the con-
densing temperature of the metal. It will be ob-
served that the only thermal contact which the
hot disc 19 has with the retort is indirectly
through the slender supporting rods 24.

When the heating cycle of the initially charged
retort is complete, the vacuum is broken and the
retort is discharged in air. The fractionating
condenser is first removed carrying with it any
pyrophoric metal fraction which most readily
ignites when hot upon exposure to air, and which
if not so removed is likely to ignite the hot mag-
nesium fraction in the retort. The removable
condenser with the pure magnesium fraction is
then removed without the necessity of further
cooling to avoid ignition. In this manner the
fire and explosion hazard is eliminated and at
the same time there is a minimum loss of the
heat initially applied to the retort. The residue
of the charge is removed and the retort is ready
for a new charge. The several retorts are suc-
cessively operated in this manner without removal
from the furnace.

In this way, with the retorts remaining per-
manently in the furnace during their useful life,
successive heating up and cooling down of the
retorts is-avoided, and their life correspondingly
prolonged. At the same time due to the fact that
the retorts are maintained.constantly at the re-
duction temperature for the charges placed there-
in all heat loss due to cooling down and reheat-
ing the retorts is avoided.

It will be observed that the reducing portion of
the retort is long in relation to the condenser
portion. It has been found that the condenser
portion need be but about one sixth of the length
of the retort. This is due to the condensation
and removal of any sodium separate from the
magnesium, which by avoiding the fire hazard
requires less cooling of the condenser portion
of the retort. This in turn requires a minimum
of expensive retort metal per pound of mag-
nesium produced, since about five sixths of the
retort is utilized in conducting heat to the charge
to be reduced. .

The briquetted charge of calcined crystalline
magnesium containing material and ferrosilicon
is preferably heated in air to about 850° C. to
degas the charge feeding it hot to the furnace.

Iclaim: .

1. In the production of magnesium through
sublimation by thermal reduction of magnesium
containing material with ferrosilicon under re-
duced pressure in a retort in a heating furnace,

the method which comprises fractionately con--

densing metal vapours in a portion of the retort
without the furnace, and without cooling the con-
densing portion of the retort substantially below
the subliming temperature of said vapours sepa-
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rately discharging under normal atmospheric
conditions the fractions of solid metals.

2. In the production of magnesium through
sublimation by thermal reduction of magnesium
containing material with ferrosilicon in meta] re-
torts the reducing portion of which is horizontally
disposed within a heating furnace, the method
which comprises fractionately condensing to solid
metal metal vapours in a portion of the retorts
without the furnace, and upon completion of the
evolution of vapours from the reducing portion of
the retorts and without cooling the condensing
portion of the retorts substantially below the sub-
liming temperature of said vapours successively
opening the retorts to the atmosphere, and sepa-
rately removing the hot solid metal fractions
ifrom each retort.

3. In the thermal reduction by ferrosilicon of
calcined magnesium containing material under
reduced pressure in metal retorts under substan-
tially constant temperature in a furnace with the
condensing end of the retorts without the fur-
nace, the method which comprises condensing to
solids in separate fractions the metal vapours
evolved from the reducing charge in the retorts
and without further cooling of the retorts re-
moving the said separate fractions of solid metal
successively from the retorts.

4, In the thermal reduction by ferrosilicon of
calcined crystalline magnesium containing ma-
terial under reduced pressure in a plurality of
metal retorts in a furnace at substantially con-
stant temperature with the condensing end of the
retorts without the furnace, the method which
comprises successively charging the retorts at
atmospheric pressure, sealing the retorts and re-
ducing the pressure therein and vaporizing the
magnesium in the charge, condensing to solids in
separate fractions the metal vapours evolved from
the charge in each retort, without further cooling
of the retorts successively removing from each re-
tort under normal atmospheric conditions the
said separate fractions of metal, and thereafter
removing the spent residue recharging the re-

5 tort and repeating the cycle.

5. A furnace for the production of magnesium
by thermal reduction with ferrosilicon compris-
ing a heaf reservoir, -a plurality of metal retorts
horizontally disposed with a reducing portion
within the furnace and a condensing portion out-
side the furnace, a removable metal liner for col-
lecting magnesium within the condensing zone of
each retort and having at its outer end direct
thermal contact with the wall of the retort, means

5. for water cooling the retort wall adjacent said

thermal contact and separate means within said
water cooled zone of the retort for collecting and
removing pyrophoric metal independently of
magnesium.

6. Apparatus as defined in claim 5 wherein said
thermal contact comprises a narrow metal band
between said liner and the retort wall. '

7. Apparatus as defined in claim 5 wherein said
thermal contact comprises a closure plate for
said condenser liner, the periphery of said plate
contacting the wall of the retort.

8. Apparatus as defined in claim 5 wherein said
thermal contact comprises a closure plate for said
condenser liner, said plate having broadened
shoulders engaging the liner and the wall of the
retort.

9. Apparatus for producing magnesium by
thermal reduction and sublimation comprising a
furnace, a plurality of metal retorts fixedly and
substantially horizontally arranged within the
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furnace with a minor portion thereof extending
outside the furnace, and nieans for providing re-
duced pressure within the retorts, each retort
having within the condenser portion outside the
furnace a liner for collecting and removing pure
magnesium gnd separate means for collecting and
independently removing pyrophoric metal.

10. Apparatus as defined in claim 9 having in

the condenser portion of each’ retort a vapour
baffling disc free from direct thermal contact with
the condenser wall. :

11. Apparatus as defined in claim 9 having sus-
pended in the condenser portion of each retort
a hot baffle to deflect magnesium vapour against
the condenser wall to form a structure of con-
densed metal which will not readily ignite.

12. A method for the direct production of uni-
- tary structural masses of magnesium, which com-
prises heating magnesia containing material with
ferrosilicon under reduced pressure in a retort in
a heating furnace to reduce the -magnesia and
form vapours of magnesium, sodium and like
pyrophoric metals, cooling the vapours -to con-
dense in one zone the magnesium vapour to form
a unitary structural mass of magnesium substan-
tially free from sodium and like pyrophoric
metal, and removing the same from the retort in

air independently of sodium and like pyrophoric.

metals.

13. A method for the direct production of uni-
tary structural masses of magnesium, which
comprises heating magnesia containing material
with ferrosi.icon under reduced pressure in metal
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retorts in a furnace to reduce the magnesia and -

form vapours of magnesium, sodium and like
pyrophoric metals, fractionately condensing said
vapours in a portion of the retorts without the
furnace to form unitary structural masses of
magnesium substantially free from sodium and
the like, and separately discharging under nor-
" mal atmospheric conditions the fractions of con-
densed metals.

14. The direct method of producing magnesium
from rock containing it, which comprises heating
magnesia containing material with ferrosilicon
under reduced pressure in a retort. to reduce the
magnesia and produce metals in vapour form,
reducing the temperature of said vapours to de-
posit magnesium in solid phase in & unitary struc-
tural mass in one zone within the retort and so-

dium and like pyrophoric meta] in another zone .

within the retort, and separately removing from
the retort at atmospheric pressure the respec-
tive deposits of condensed metals. )

15, The direct method of producing coherent
masses of magnesium from rock containing it,
which comprises maintaining metallic retorts at
a substantially constant temperature to reduce
magnesia and form metal vapours, charging said
retorts with magnesia containing material and
ferrosilicon, producing a low pressure within the
retorts, condensing magnesium vapours into co-
herent structural form in one zone of the retort
and sodium and like vapours in a cooler zone of
the retort, and separately removing from the re-
tort at atmospheric pressure the respective con-
densates.

16. Apparatus for producing coherent masses
of magnesium from rock by thermal reduction
under reduced pressure with ferrosilicon, com-
prising a furnace, at least one metal retort having
a reducing portion within the furnace and a con-
densing portion without the furnace, means for
providing reduced pressure within the retort, and
means for condersing magnesium vapour and col-
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~ condensing said vapours, condensing the vapours
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tural form for removal from the retort independ-
ently of other vapours formed and condensed
within the retort. :

17. Apparatus for producing coherent masses
of magnesium by thermal reduction under re-
duced pressure with ferrosilicon of magnesia con-
taining material, comprising a furnace at a sub-
stantially’ constant temperature, metal retorts
having a reducing portion within the furnace and
a condensing portion without the furnace, means
for providing reduced pressure within the retorts,
means for condensing magnesium vapour in co-
herent structural form substantially free from
sodium and like pyrophoric metal for removal
from the retort independently of said pyrophoric
metal, and means for separately collecting said
ccndensed pyrophoric metal for removal from the
retort. i :

18. A method of producing metallic magnesium
by. direct thermal reduction which comprises
heating; to form-metal vapours, magnesiunr con-
taining material and ferrosilicon under reduced
pressure in the reducing portion of a metal retort

- stationarily lccated in a furnace with an end of

the retort without the furnace and constituting
a condenser portion to receive said vapours, re-
tarding the flow of the vapours in the condenser
portion at a point spaced from its outer end to
cause the magnesium vapors to condense into a
ccherent structural form and build up at said
point spaced from the outer end of the condenser,
removing the hot magnesium from the retort in
air without ignition, withdrawing the hot residue
and recharging the retort while hot. . )

~ 19. A method of producing metallic magnesium
by direct thermal reduction which comprises
heating to form metal vapours magnesium con-
taining material and ferrosilicon under reduced
pressure in a metal retort disposed within a fur-
nace with an end portion without the furnace for.

within the condenser portion of the retort, re-
tarding and deflecting the flow. of said vapours
at a point spaced from the outer end of the re-
tort to cause magnesium vapour to condenser be-
foré passing said point, further cooling uncon-
densed vapours in a zone adjacent the outer end
of the retort, removing the magnesium without
ignition at atmospheric pressure, withdrawing the
hot residue and recharging the retort while hot.

20. Apparatus for producing coherent masses

. of magnesium from magnesium containing rock
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by thermal reduction under reduced pressure
with ferrosilicon, comprising a furnace, a plural-
ity of metal retorts having a reducing and vola-
tilizing portion within the furnace and at least
one-end portion without the furnace constitut-
ing a condenser for metal vapours, means for

‘producing reduced pressure within the retorts,

each condenser having in operation a relatively
warm-zone and-s cooler:zone, said zones:being
sepatrated by a vapour deflecting and retarding
partition having a vapour passage therethrough,
and a removable closure for each condenser, said
cooler zone being adjacent said closure.

21. A method of producing metallic magne-
sium by direct thermal reduction which com-
prises charging magnesium-containing material
and ferrosilicon directly into a metal retort per-
manently located in a furnace maintained at the -
reduction temperature for the magnesium-con-
taining material during the useful life of the -

" retort, with an open end of the retort without

‘lecting the condensed metal in coherent struc- 75

the furnace and constituting a condenser por-
tion to receive vapors, evacuating the retort and
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heating the magnesium-containing material and
ferrosilicon under reduced pressure to form metal
vapour, condensing all of the magnesium vapor
into dense coherent structural form before reach-
ing -the outer end of the retort, and causing the
magnesium to build up in thickness at a zone
adjacent to but spaced from the outer end of
the retort to form an inwardly projecting ledge
at the end of the magnesium structure adjacent
to and spaced from the outer end of the retort,
discontinuing the evacuation, and opening the
retort to air, while leaving the condensed mag-
nesium in the condenser portion of the retort,
then removing the hot magnesium while retain-
ing its structural form from the retort in air
without ignition, withdrawing the hot residue
and recharging the retort while hot.

22, In the production of magnesiin through
sublimation by thermal reduction of magnesium-

containing material with ferrosilicon in metal .

retorts the reducing portion of which is horizon~
tally disposed within a heating furnace, the
method which comprises maintaining the retorts
permanently in the furnace during their life and
maintaining the furnace during repeated opera-
tions at the reduction temperature for the mag-
nesium-containing material, fractionally con-
- densing to solid metal with the magnesium in
dense coherent structural form metal vapors in
a portion of the retorts without the furnace, and
upon complétion of the evolution of vapors from
the reducing portion of the retorts and without
cooling the condensing portion of the retorts sub-
stantially below the condensing temperature of
said vapors successively opening the retorts to
the atmosphere, and separately removing the hot
solid - metal fractions from each retort with the
magnesium in dense coherent structural form,
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recharging each retort while hot with magne-
sium-containing material and ferrosilicon and
repeating the cycle.

23. A method of producing metallic magnesium
by direct thermal reduction, which comprises
charging magnesium-containing material and

. ferrosilicon directly into the open end of a metal
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retort permanently located in a furnace main-
tained at the reduction temperature of the mag-
nesium-containing material during the useful life
of the retort, with said open end of the retort
extending outside the furnace and constituting
a condenser portion, inserting an open ended

‘Tremovable condenser sleeve in the condenser por-

tion of said retort, sealing the open end of the
retort and evacuating the interior thereof and
heating the magnesium-containing material and
ferrosilicon under reduced pressure to form mag-
nesium vapour, condensing all of the magnesium
vapor before reaching the outer end of the retort
and causing the magnesium to deposit in & dense
coherent unitary structure in the condenser
sleeve, building up the thickness of the magne-
sium in a zone adjacent to but spaced from the
outer end of the retort to form an inwardly pro-
jecting ledge at the end of the magnesium strue-
ture adjacent to but spaced from the outer end
of said retort, discontinuing the evacuation and
opening the retort to air while leaving the con-
densed magnesium in the condenser portion of
the retort, then removing the condenser sleeve
with the hot magnesium thereon while retain-
ing its dense coherent unitary structure from the
retort in air without ignition, separately with-
drawing the hot residue, recharging the retort
while hot, and repeating the cycle.
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