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PRODUCTION OF METALS IN MULTIPLE
RETORT DISTILLING FURNACES

Frauk G. Breyer, Wilton, Conn., assignor to Do-
minion Magnesium Limited, Toronto, Ontario,
Canada, a corporation of Canada

_Application August 7, 1943, Serial No. 497,732
(CL 13—20)

16 Claims.

This invention relates to the distillation of
metals in multiple retorts and to multiple retort
metallurgical furnaces. The invention is partic-
ularly useful for the production of magnesium
according to the so-called “ferro-silicon” process.

In that process magnesium-bearing material,
such as calcined dolomite, is reacted with ferro-
silicon by heating charges of the reactants to high
temperatures in multiple metal retorts located
within & common furnace. The retorts must be
kept closed to the atmosphere and under nearly
absolute vacuum during the reaction period, dur-
- ing which gaseous reaction products including
magnesium vapor pass from each retort into g
connected condenser where magnesium is con-
densed in metallic form. After complete reaction
each retort-condenser assembly is opened to re-
" cover magnesium and discharge the reacted ma-
terials, whereupon another charge is inserted, the
retort is reclosed and another reaction period
ensues. ,

During each reaction period the retorts must
be subjected to such high temperatures and such
great pressure differences between their inside
and their ambient atmospheres that retorts made
of ordinary metals or refractories would imme-
diately collapse under the stresses involved, To
avoid this and yet secure good heat conductance
to the charges-therein the retorts are made of
special heat-resistant alloys, such as iron-nickel
alloys, but even so there remains a grave prob-
lem to overcome, of keeping the retorts from
warping, bending and cracking so rapidly as to
prohibit satisfactory or economical operations.
Whenever a crack or fissure develops in a retort it
leaks pressure and must be replaced. This would
oceur so frequently in the use of known multiple
retort metallurgical furnaces that the process
could not be practiced, if at all, without periodi-
cally discontinuing the retorts from service and
turning and resetting them on their mountings so
as to distribute bending, warping, and cracking
effects as uniformly as possible arcund each
retort wall,

The main object of this invention is to provide
new methods for use in the production of metals
in multiple retort distilling furnaces, and new
furnaces to carry out these methods, which pro-
long the lift of retorts and constitute the means
of avoiding prohibitive costs, wastes and inter-
ruptions to operation, otherwise caused by the
rapld bending, warping and cracking of retorts,
in processes carried out at high temperatures un-
der strong vacuum conditions,. Another object
is to render unnecessary the periodic releasing
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and resetting of retorts on their mountings in .
multiple retort furnaces. Another object of this
invention is to secure efficient and substantially
uniform heating and reaction conditions in the
operation of multiple retort metal distilling fur-
naces. A specific object of the invention is to
provide multiple retort distilling furnaces suit-
able for the efficient production of magnesium
according to the ferro-silicon process, Other ob-
Jjects and advantages of my invention will appear
from the following description.

I have observed that the factors tending to
cause rapid retort failure in operations of the type
above described are not only the high tempera-
tures and vacuums established during each re-
action period but also the periodic changes in
heat dissipation rates and pressure conditions -
which occur in the course of production opera~
tions. When the retorts are opened to discharge
their contents and insert new charges heat is
dissipated from the retort walls at a rate much
faster than the rate prevailing during the reaction
period, and the reforts consequently tend to be
cooled abruptly and to contract in dimensions.
On the other hand, during the ensuing reaction
period the rate of heat dissipation drops, which
tends to increase the retort temperature corre-
spondingly, and at the same time a strong vac-
uum is maintained which causes the ambient fur-
nace atmosphere to exert a great pressure on the
expanding retort walls. In the use of known mul-
tiple retort metallurgical furnaces these factors
would subject the retorts repeatedly to intense
heat strains and dimensional changes, producing
destructive bending, warping and cracking effects.
Further factors to be contended with are that the
retorts in such furnaces generally are heated by
direct heat exchange with the flame or the pri-
mary heat radiation of the furnace heat supply
and in the presence of strong drafts of furnace
gases, and these entail objectionable tempera-
ture differences along the length and elsewhere
over the heat-absorbing surfaces of the retorts.

According to my invention a very great store
or reservoir of heat is provided for the furnace
chamber in which the retorts are located, the
retorts are heated predominantly by radiation
from this heat reservoir, and heat is supplied into
the chamber during the course of operations at
an average rate sufficient to offset average heat
losses and thus to maintain the store of heat
nearly constant and at the desired reaction tem-
peratures at all times, The amount of heat stored
and kept available to the retort walls is so great
that normal wide fluctuations in the rate of heat
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.capacity of the retorts.

dissipation through the retort walls, or in the
rate of heat flow into the furnace, are able to
cause only relatively minute chenges in the re-
tort temperature, and in this way the retorts are
relieved of drastic heat strains and dimensional
changes such as otherwise would produce destruc-
tive bending, warping and cracking efiects. The
action of the heat reservoir, to ellminate wide
temperature changes otherwise caused by varying
rates of heat dissipation or heat supply, is ansl-
ogous to the governing action of & fiywheel upon
the speed of a rotating machine where the load
on the machine or its driving power fluctuates
over a wide range. )

To this end, the furnaces herein disclosed are
made with & large chamber; into which the re-
torts extend in parallel spaced relation to each
other, and the chamber is defined predominantly
by thick heat-absorbing, heat-radiant refractory
structures having a heat capacity which exceeds
by many times the average hourly heat-absorbing
In quantitative terms,
the total heat-radiant surface area provided by
these structures generally is at least twice the
total area of heat-absorbing surface provided by
gll of the retorts within the furnace chamber,
and this ratio preferably is at least three to one
in furnaces adapted for the ferro-silicon process.
The refractory walls of such furnaces preferably
are made at least 9 inches thick, and the furnace
is made to hold a volume of heat equivalent to
at least 45 B. t. u. for each B, {. u. of heat ab-
sorbed through the retort walls in an hour of
operation for magnesium production.

While the heat supply for the furnace may
be furnished in various ways, within the fore-
going aspects of my invention, a further feature
of my preferred embodiments resides in furnish-
ing the heat which maintains the desired re-
action conditions to the furnace itself, rather
than directly to the retorts, and in heating the
retorts predominantly by secondary radiation
from the furnace structures, rather than by di-
rect exchange with the primary radiation from
the heat source. The retorts preferably are
shielded from this primary radiation, such as by
means of heat-radiant refractory structures lo-
cated between each retort and the source of the
heat supply. Furthermore, the furnace chamber
preferably is kept closed against the inflow or
egress of gases so that the atmosphere therein
normally is quiescent and undergoes circulation
only as the result of convection currents. In
these ways, it is possible to keep each retort at
sufficiently uniform temperatures over its entire
surface area under all conditions of operation,
obviating irregular temperatures and heat strains
caused by localized impingement of primary heat
radiation or furnace flames upon retort walls,
and the preferred embodiments also obviate the
variations of retort temperature otherwise in-
duced hy sweeping gases within the furnace
chamber. A further resuwlt achieved by main-
taining a dead or quiescent atmosphere in the
furnace is that the composition of the gases con-
tacting the retort walls is subject to ready con-
trol, so that it is possible to exclude substances,
such as sulphur compounds, which at high tem-
peratures are particularly damaging to the welds
and to the special alloys, such as iron-nickel al-
loys, used in making the retorts of furnaces for
magnesium production.
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The accompanying drawings, forming & part .

hereof, illustrate several forms of multiple metal

(]

3,386,430

retort distilling furnaces embodying the features
of the present invention..

In the drawings,

Figure 1 is a vertical cross-section through a
furnace which constitutes a preferred embodi-
ment of the invention;

Figure 2 is a front elevation, partly in longi-
tudinal cross-section, of the furnace shown in
Figure 1;

PFigure 3 is & vertical cross-section through an-
other preferred embodiment, designed for the
use of & gaseous fuel; end

Flgure 4 is g vertical longitudinal section
through 2 portion of a third form of construc-
tion, which embodies some but not all of the fea-
tures of the invention. .

The embodiment illustrated in Figures 1 and
2 is an electricelly-heated multiple retort furnace
adapted for tre production of magnesium accord-
ing to the ferro-silicon process. The furnace has
a horizontally elongated chamber {6, which con-
stitutes a heat reservoir; a plurality of metal re-
torts 28 extending transversely into the space
within the chamber, in parallel and spaced rele-
tion to each other; and s plurality of electrical
heating elements 38, such as those known in the
art as “globars,” disposed in a well 32 at the base
of the chamber and distributed lengthwise
thereof in symmetrical relationship to the sev-
erel retorts.

Each refort 28 leads through the front wall of
the furnace structure into an integral condenser
section 22 outside the furnace chamber. The
condenser has a removable front cover 23, & cool-
ing jacket 24, and a vent pipe 25 that is con-
nected through manifold 26 and exhaust line 27
with & vacuum pump 28. When the covers 23
of the several retorts connected with a certain
pump 28 are closed, and the pump is operated,
a vacuum condition suitable for magnesium dis-
tillation is established in each of the several re-
tort-condenser units.

The furnace chamber {8 is defined by heat-
radiant refractory walls of great heat-absorbing
capacity. Each wall preferably is made with a
plurality of courses of refractory brickwork, total-
ling at least 9 inches thick. As shown, the front,
back, end and bottom walls have inner courses
fia, 12a, 18a and (4c, respectively, made of heat-
absorbing refractory such as firebrick; the roof
or top wall and the wall of well 82 have inner
courses 152 and 32a, respectively, made of similar
material; and beyond its inner course each wall -
has at least one course or layer of heat-insulat-
ing .refractory material, such as indicated at b,
§2b, 13b, 14D, 15b and 32b, respectively. The roof
is made with a third or outer layer {8c of heat-
insulating material, while the other walls as
shown have outer layers flc, i2c, {3¢c, 14¢c and
32¢ of refractory material such as firebrick.

The volume and heat capacity of the furnace
chamber {0 are much greater than in the case of
any multiple retort metallurgical furnaces known
to the prior art. For example, the average clear-
ance between the top of each retort 20 and the
inner roof course {5a preferably is at least twice
the retort diameter. The retorts are spaced apart
a distance exceeding half their diameter, so that
the chamber has unusual length as well as height.
This spacing of the retorts is provided not only
to maintain a great heat capacity in the cham-
ber but also so that the entire heat-absorbing
area of each retort may receive radiant heat
substantially uniformly from the adjacent fur-
nace structures without having the heat flow to
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any area of one retort obstructed objectionably
by an adjacent retort, The relationship of cham-
ber volume and heat capacity to the heat-absorb-
ing capacity of the retorts within the chamber
may be expressed in terms of the ratio of the total
heat-radiant surface area of the chamber to the
total heat-absorbing surface area of the retorts.
This ratio is at least two to one in all embodi-
ments of the invention, and in Pigures 1 and 2 it
is at least three to one.

As seen in PFigures 1 and 2, the retorts 20
are mounted on insulating tiles 29 which in turn
are supported from firebrick arches 34 disposed
across the bottom of chamber 10 between the
respective retorts and the underlying heating
elements 30 in well 32. The arch structures thus
shield the bottoms of the retorts against the pri-
mary heat radiation from the heating elements,
which radiation, however, they absorb and radiate
secondarily so that the entire heaf-absorbing
area of each retort is exposed to a substantially
uniform heat flow composed predominantly of
secondary heat radiation from the refractory
structures defining the chamber 10. The fur-
nace chamber, moreover, is entirely closed against
the inflow or egress of gases, so that a dead at-
mosphere, free from sulphur or other gases harm-
ful to the retorts, is maintained in the furnace.
The furnace atmosphere circulates only in re-
sponse to convection currents, and this circula-
tion contributes to the desired uniformity of heat-
ing conditions.

In furnaces constructed for magnesium pro-
duction, as herein disclosed, the heating means
are adapted to supply heat into the furnace cham-
ber at an average rate sufficient to hold it at
an ambient reaction temperature of about 1150°
to 1200° C. The furnace chamber is made to hold
a quantity of heat equivalent to at least 45 B. t. u.
for each B. t. u. of heat absorbed by the retorts
in an hour under reaction conditions. At a re-
action temperature of about 1150° C., for ex-
ample, the retorts will absorb heat at an average
rate in the order of about 1500 B. t. u. per hour
per square foet of retort surface.

In operation, the furnace chamber is kept at
reaction temperatures 24 hours a day, and the re-
torts are maintained on their settings through-
out their life. In the course of operations for
magnesium production, a charge is fed into each
retort through the front or condenser end while
cover 23 is open, the cover is then clamped in
place, and pump 28 then operates to establish the
desired vacuum inside the retort. Upon the com-
pletion of reaction, the vacuum is broken, cover

23 is removed, magnesium metal is then re- -

moved from the condenser, and the reacted
residue in the retort is discharged, where-
upon the retort is ready to receive another
charge. The retorts receive heat substan-
tially ‘uniformly from the furnace structures
throughout these operations, and the great store
of heat kept available in the furnace walls, at
the desired temperature, so greatly overweighs
the effects of widely fluctuating rates of heat dissi-
pation or heat supply that the temperature of
the retorts is kept sufficiently uniform to avoid
the destructive effects of dimensional changes
and heat strains.

The form of construction illustrated in Figure 3
is a gas-fired muffle furnace embodying the fea-
tures described hereinabove. It is a modifica-
tion of the well-known “Curran-Knowles” fur-
nace, and so needs not be described in complete
detail. As appears from the drawings, the prin-
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cipal differences between the form of Figure 3
and the form of Figures 1 and 2 are that the
furnace chamber 110 of the former is separated
from the well containing the heating means by
means of a heat-conductive refractory muffle
wall 114, above which the retorts 120 are sup-
ported on refractory piers 129, and between each
retort and the muffle are lateral pier extensions
{34 which shield the bottom of the adjacent re-
tort against direct heat exchange with the pri-
mary radiation from the muffle wall, in a manner
similar to the action of arches 34 in Figures 1
and 2. Combustion chambers 132 extend length-
wise in the well below 114 and are fired by gas
from burners 130 disposed at the end walls of
the furnace. The chambers below {382 accommo-
date the air supply for combustion and serve
other purposes well understood in the art.

The third form of construction, illustrated in
Figure 4, is a flame-fired furnace which embodies
some but not all of the desirable features hereof
and hence is less desirable than the other pre-
ferred forms already described. The furnace
chamber 210 has a refractory bottom wall 214
formed with openings 209 to accommecedate the
heating means 230, which are burners for gaseous
or liquid fuel. The retorts 220 are disposed cen-
trally in chamber 210, being supported on mas-
sive piers 228 of heat-absorbent, heat-radiant
refactory material. These piers have lateral caps
or flanges 234 which assist in shielding the retort
bottoms from direct heat exchange with the
burner flames. The furnace is not wholly effec-
tive to keep all areas of each retort heated sub-
stantially uniformly, because of the presence of

. flames and sweeping combustion gases in cham-
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ber 210. As in the preferred embodiments, how-
ever, the furnace chamber is large and has a
heat capacity at operating temperatures exceed-
ing by many times the hourly heat-absorbing‘
capacity of the retorts therewithin: the heat-
radiant surface area of the refractory structures
defining the chamber is at least twice the total
heat-absorbing surface area of the retorts; and
the retorts are largely shielded from direct heat
exchange with the flames which provide the fur-
nace heat supply, so that the heat flow to the
retorts is composed predominantly of secondary
radiation from the chamber heat reservoir.

It is to be understood that the details and
forms described hereinabove and illustrated in
the drawings are presented to illustrate the prac-
tice of this invention but are not considered as
restrictions or limitations thereupon, except as
they may be set forth in the appended claims
and essential to distinguish the features claimed
from the teachings of the prior art.

I claim:

1. A multiple retort distilling furnace com-
prising a furnace chamber defined predominantly
by heat-absorbing, heat-radiant refractory
structures, a plurality of metal retorts extend-
ing into said chamber so as to be heated pre-
dominantly by radiation from said structures,
imeans for heating said structures so as to main-
tain their temperature substantially constant, the
total heat-radiant surface area of said struc-
tures being at least twice the total heat-absorb-
ing surface area of said retorts, anq means for
shielding the retorts against direct heat exchange
with said heating means.

2. A multiple retort distilling furnace for the
production of magnesium according to the “fer-
ro-silicon” process, comprising a horizontally

elongated furnace having a chamber defined by
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walls consisting predominantly of heat-absorb-
ing, heat-radiant refractory structures, a plu-
rality of metal retorts extending transversely
into seid chamber in parallel spaced relation tc
each other and disposed in 2 horizontal row
lengthwise thereof so as to be heated predomi-
nantly by radietion from said structures, and
means for hesting said chamber without substan-
tial heat conduction from the heating mesns di-
rectly to the retorts, sald structures having &
totel erea of heaf-radiant surface within the
chamber exceeding by at least twice the total
ares of saild retort surface, and said chamber
having 2 hest capacity at production femper-
atures at least forty-flve times greater than the
average hourly heat dissipation through the walls
of said retorts in the course of magnesium pro-
duction.

3. A multiple retort distilling furnace for the
production of megnesium according to the “ferro-
silicon” process comprising an elongated cham-
ber constituting a heat reservoir, and closed
ageinst the inflow and egress of gases so as to
have & dead stmosphere therein subject to dis-
turbance only by convection currents, said cham-
ber defined predominantly by walls of heat-ab-
sorbing, heat-radiant refractory structures hav-
ing great heat storing capacity, a multiplicity of
metal retorts extending transversely into said
chamber in parallel spaced relation to each other
g0 as to be heated predominantly by radiation
from the walls of said structures, and means for
hesting seid structures without substantial heat
conduction from the heating means directly to the
retorts, said structures having a total ares of
heat-radient surface exceeding by at least twice
the total heat-sbsorbing surface area of said
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retorts, ang said reservoir having s heat capac-

ity at an ambient temperature of about 1150° C.
equivalent to at least about 45 B. t. u. for each
B. t. u. of heat absorbed per hour by said retorts
in the course of magnesium production.

4. A multiple retort metallurgical furnace coms-
prising = horizontally elongated furnace chamber,
means for heating said chamber, a plurality of
metal retorts mounted in a horizontal row in
parallel spaced relation to each other within said
chamber, said chamber being defined predomi-
nantly by refractory structures, including the
walls thereof, of great heat-absorbing capacity,
meens for heating said chamber and walls, said
walls being at least about nine inches thick and
heving heat-radiant surfaces, the area of which
totals st least twice the total area of the heat-

_absorbing surfaces of said retorts, and means for
disseminating the heat from said heating means
predominantly to said structures so that heat
radiates therefrom substantially uniformly to the
heat-absorbing surfaces of all the retorts,

5. A multiple retort metallurgical furnace com-
prising a horizontally elongated furnace chamber,
means disposed glong the bottom of said chamber
for heating the same, a plurality of metal retorts
mounted in a horizontal row in parallel spaced
relation to each other within said chamber and
intermediate the bottom and the top thereof, and
refractory shielding means disposed between
each retort and said heating means so as to
shield the retorts against direct and irregular
heat exchange with said heating means, said
chamber being defined predominantly by refrac-
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tory structures of great heat-absorbing capacity
having heat-radiant surfaces the ares of which
totals at least twice the total areg of the heat-
sbsorbing surfaces of -said retorts.

8. A multiple retort metellurgical furnace com-
prising g horizontally elengated furnace chamber, .
means for heating said chamber, a plurality of
metal retorts mounted in & horizontal row in
spaced relation to each other within seid cham-
ber so as to be heated predominsntly by radiation
from walls of said chamber, said chamber being
defined by refractory structures of great heat-
absorbing capacity and by a heat-radient mufe
wall extending lengthwise of the furnace between
said heating means and said retorts, said struc-
tures having e total heat-radiant surface ares
exceeding by at least twice the total heat-ab-
gorbing area of said retorts.

7. A multiple retort metallurgical furnace com-
prising a horizontally elongated furnace chamber,
meeans for heating said chamber, a plurality of
metal retorts mounted in & horizontal row in
spaced relation to each other within said cham-
ber so as to be heated predominantly from walls
of said chamber, said chamber being defined by
refractory structures of great heat-absorbing ca-
pacity and by a heat-radiant muffle wall extend-
ing lengthwise of the furnace between said heat-
ing means and said retorts, said structures having
s total heat-radiant surface area exceeding by
at least twice the total heat-absorbing aree of
said retorts, and said structures including & plu-
rality of refractory shields each disposed inter-
mediate the bottom of one of the retorts end
said mufile wall so as to shield the retorts from
the primary heat radiation from said wall.

8. A multiple retort metallurgical furnace com-
prising a horizontally elongated furnace chamber,
means for heating said chamber, a multiplicity
of metal retorts mounted in a horizontal row in
spaced relation to each other within said cham-
ber and intermediate the bottom and the top
thereof so as to be heated predominantly by ra-
distion from walls of said chamber, said chamber
being closed against the inflow and egress of gases
so as to have a dead atmosphere therein subject
to disturbance only by convection currents, &
heat-radiant mufie wall defining the bottom of
said chamber and extending lengthwise thercof
over said heating means, the other walls of said
chember being defined by thick refractory ma-
terial of high heat-absorbing capacity having
heat-radiant surfaces the ares of which totals
at least twice the total ares of the heat-absorbing
surfaces of said retorts.

9. A furnace as described in claim 8, and thick
refractory members supporting the respective re-
torts within said chamber as aforesaid, said mem-
bers having horizontal extensions between the re-
spective retorts and the muffle wall to shield the
retorts against the primary heat radiation from
said wall.

10. A furnace as described in claim 5, wherein
said heating means comprise a multiplicity of
electrodes disposed in a well below said chamber
in symmetric relation to said retorts and said
shielding means comprise arches each extending
across the bottom of said chamber below one of

said retorts.
FRANK G. BREYER.



