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The present invention concerns high frequency
furnaces of the retort type, especially for earry-
ing out metallurgical processes, for example, the
production of metals, alloys and the like, for heat
treatment of electrically non-conductive mate-
rial and similar purposes, and more particularly
for thermally recovering magnesium, calcium and
similar metals from their compounds by reduction
and distillation in vacuum.

The process of heating electrically non-con-
ductive material in high frequency furnaces by
mixing electrically conductive material in pieces
of suitable size with the non-conductive material
of the charge, whereby the electrically conductive
particles are heated by the induction currents
set up and serve as heating elements in the
charge is well known. The method whereby elec-
tric conductors are placed in a charge which only
possesses a low conductivity in such 2 way that
the latter serves as a dielectric in a condenser and
is then heated up as a result of the heat gener-
ated is alsc familiar. Furthermore, the employ-
ment of the inductive effect in heating electrically
conductive charges in the melting of steel and
similar processes is known in a number of differ-
ent variations,

In the first-mentioned process which is based
on the inductive effect, the obtaining of a satis-
factory result is naturally dependent te a very
great extent upon the possibility of employing
2 conductive material which does not exert a
detrimental influence upon the process and which
can preferably be used over again in 3 subse-
‘quent operation. The conditions are the same
in the case of electric conductors when heating
the charge with the help of the heat of resist-
ance. Moreover, if the charge is to be heated
for instance in a retort, the introduction of the
electric conductors may give rise to difficulties
in many instances.

The disadvantages referred to above are ob-
viated in the high frequency furnace which is the
subject of the present invention and in which
the heating of the charge is carried out indi-
rectly without employing electric conductors in-
troduced into the charge or the container. The
high frequency furnace according to the inven-
tion is mainly characterized by the employment
as heating element for indirect heating of the
charge, of a reaction container divided in the
vertical direction into several different sections,
and manufactured of a metal such as iron, steel
or other metal or metal alloy, which is heated
by means of the induction currents set up in the
Iurnace to high temperature, said container sec-
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tions being surrounded by a supporting layer of
non-cenductive, for instance ceramic, material.

In the experimental investigations on which
the present invention is based, it has been proved
that there are great difficulties in carrying out
reactions of the kind indicated above in high re-
tort furnaces with metal containers for the
charge at high temperatures and under vacuum.
Under said conditions the metal reaction con-
tainer is subjected to considerable strains and
stresses which at some places may be compressive
strains, at other places simultaneously tensile
strains. 'The metal container, the strength of
which is considerably decreased at the high tem-
perature, cannot endure and withstand said
strains, even when the walls are of comparatively
great thickness, without deformation or de-
struction.

The above-mentioned difficulties are removed
by the present invention. By means of the di-
vision of the metal container or retort in sec-
tions in accordance with the invention it is pos-
sible to build up retorts of a considerable height,
for example, up to 3 meters or more, and to carry

5 out the treatment in these retorts at very high

temperature, notwithstanding the great stresses
in the form of tensile stresses and compressive
stresses hereby occurring, since these stresses are
apportioned on a plurality of sections, each be-
ing & unit per se, without direct connection with
other units. In addition, by providing a support-
ing layer of suitable thickness gnd strength, said
layer can be caused to provide a reinforcement
for the walis of the reaction chamber, thus ob-
viating the danger of the deformation of the iat-
ter even in case of relatively thin walls,
According to a preferred form of the invention
the retort sections are made in the form of tubes
or tube sleeves of cylindrical or, preferably,
slightly conical form, and tapering downwards in
order to obtain better contact against the sup-
porting layer. These tubular parts are further
pbreferably provided with suitable supporting
means which at the same time serve as rein-
forcements, for example outwardly directed col-
lars and beads, running from above downwards
and preferably tapering downwards, which rest in
corresponding recesses or on corresponding pro-
jections in the surrounding supporting layer.
The supporting ang reinfercing layer or wall
of electrically non-conductive material may be
produced by tamping ang sintering ceramic ma-
terial around the retort sections in the furnace
itself, or it may consist of already sintered mate-
rial which is built up round the retort sections
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or is cast in suitable pieces in accordance with
the shape of the retort sections, for example in
sections in the form of rings made of ceramic
material. By this means the dimensions of mat-
ing parts of the retort sections and the suppors-~
ing wall are so chosen that the former at the
working temperature of the furnace fits closely
to the latter.

According to one embodiment of the invention
gas channels are arranged in the supporting wall
which by means of vertical intermediate spaces
between the retort sections are in communication

with the interior of the furnace, thus allowing the:
escape of gases formed in the processes taking:

place in the furnace.

The invention will now be described further by
way of example with reference to the accompany-
ing drawings in which two examples of the ar-
rangement are illustrated.

Fig. 1 shows, in vertical section, a high fre-
quency furnace arranged according to the inven-
tion and intended to work under vacuuro.

Figs. 2 and 3 show cross-sections through a
single reaction container with a supporting layer,
and

Figs: 4 and 5 show. similar cross-sections
through a somewhat different embodiment.

In Pig. 1 the furnace is generally indicated by
i :and the high freguency coil of the furnace by 2.
The furnace is enclosed in'a vacuums-tight outer
container 3 with cover 3¢, which may be evacu-
ated through a socket 4 in the cover. The feeder
connections for the high frequency coil 2 are in-
serted through vacuums-tight nipples 5 in the wall
of the container 3.
proper is formed from & plurality of vertically
spaced apartretort sections in the form of slightiy
conical tubes or tube sleeves 6, supported: inde-
pendently one above the other, as well as a hot-
tom-bowl 1, suitably of high temperature re-
sistant steel, and these are surrounded by a re-
fractory supporting layer 8; preferably of ceramic
material. 'This supporting layer may be tamped
into the furnace and sintered on the spot or con-
structed of previously manufactured rings.
mutual dimensions of the retort sections 6 and
the supporting layer are so chosen ag already
mentioned, that the tubular parts after heating
to'the working temperature of the furnace:will
be in close contact with the supporting layer, as

will ‘be seen from the drawing, which shows the

furnace ab’ working' temperature; Outside the
tubular sections 6.are; in the supporting:layer 8,
arranged vertical channels 8 which at"10 through

small vertical intermediate spaces between the 5
retort sections § are in connection with the in-

terior- of the retort; so that gases which may he
formed during the treatment in the furnace may
escape- therethrough . and- finally. escape into &
condensation zone which in.the drawing is shown
as a-casing t4; but which may also be arranged in
any other way. Each retort section §-is-at:its
upper edge provided with-an outwardly directed
peripheral.flange .or-collar- (2 resting in'a corre-
sponding recess:in the supporting layer- 8. These
parts form cooperative-means serving to support
the retort sections in spaced apart relationship
and. to provide. for independent expansion and
contraction of the retort sections during heating
and cooling thereof.

In Figs. 2 and 3, 16'is the tubular retort: sec-
tion which at its upper edge is provided with the
peripheral flange or collar 22 vesting in'a corre-
sponding recess in the.supporting layer 18 iwhich
in this case is supposed to be:a previously sintered

In the:furnace i the refort i
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ring of ceramic material. The retort section 16 is
so dimensioned that only on attainment of the
working temperature of the furnace will it fit
tightly against the reinforcing layer 18 and be
supperted thereby, this being illustrated by indi-
cating the cold, i. e. shrunken lining, i. e. the re-
tort section, by broken lines in Fig. 2. The lower
edge of the retort section similarly rests against
an annular supporting bracket or flange 17 on
the ring of the fireproof material 18" only at the
working temperature. Gas channels 19 are ar-
ranged in the supporting layer and 21 are verti-
cal reinforcing ribs arranged on the outside of
the retortsection.

Tigs. 4 and 5 show a corresponding arrange-
ment with a tubular retort section 26 with a sup-
porting layer. 28, the section 26 being by means
of a flange or collar 32 suspended in a corre-
sponding recess in the supporting layer and rest-
ng below against the annular supporting bracket
or flange 27 in the supporting layer. The:rein-
forcing ribs are here indicated. at 31, while 30
are gas channels which in.this case are arranged
in the horizental direction straight through the
supporting layer to collecting channels outside
helatber (not shown).

Tt ig obvious:that in the embodiments shown
different modifications and alterations may: be
made within the scope of the invention. Thus; all
of the retort sections may have the same height
and diameter; or else the parts may be made with
2, diameter inereasing upwards in the direction
of the height of the furnaee; for example, and be:
of the same or different height. The sections
may either be arranged with similar intermediate
sosces, as is shown in Fig. 1, or also in such &’
way that they nearly are in'contact with each
other when the furnace is heated to the working
tempersiure. Instead of a single reaction cham-
ber or retort, as shown in Fig. 1, the retort fur-
nace may also contain several such retorts formed
by tubular slesves 6, in which case said retorts
may be heated by means of one and the same or
several high frequency coils; the retorts being in
the latter case stuitably arranged in circles con-
centrically with the coils. Obviously, several fur-
naces may be enclosed in one vacuum-tight con-
tainer 3, and they may be connected with a com-
mon gas condensation zone. Instead of using a
retort with a metal bottom, as shown in Fig. 1,
it may in many cases be more advantageous to
employ retorts without a metal bottom. For the
rest, the retort sections in respect to the form and
the thickness of the wall, are made to suit the
therimal and . electrical conditions: prevailing in
the furnace.

h frequenecy electrie furnace of the re-

., tort type for the treatment of charges for mefal-

hurgieal ¢ milar purpocses, which comprises
in. hination a metal retort formed in 2 plu-
rality of tubular sections which .are spaced.apart
vertically one above the cother, independently.
supportad and insulated from each other, said re-
orh sections having thin metal walls” of low:
sirength incapshle, if unsupported, to withstand
the stresses occurring in the furnace, & self-sup-
porting nen-conducting: refractory wall  closely
surrcunding said retort sections, holding them
in spaced apart relationship and constituting:
their sole support;, an induction coil surrounding
said’retort adapted when energized to heat the
retort: sections and thereby to heat the furnace;
and cooperative means between the retort’ sec-
tions and the refractory wall:to support the re~
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tort sections in spaced apart relationship and to
provide for independent expansion and contrac-
tion of the retort sections during heating and
cooling thereof.

2. In a high frequency furnace of the retoit
type for the treatment of charges for metsllur-
gical and similar purposes, the combination of
a reaction chamber, a metal lining in said cham-
ber, said lining comprising a plurality of vertical-
ly spaced, separate tubular sections, a supporting,
insulating wall structure surrounding said cham-
ber and supporting said spaced lining sections
ab vertical intervals, an induction ecoil surround-
ing said wall structure for causing when fed with
8 high frequency current, said lining sections to
become heated and to heat the charge in said
reaction chamber, and gas channels in said wall
struecture opening into said reaction chamber at
spaced levels and through said intermediate
spaces between all said lining sections to allow
the escape of gases formed during the treatment
of the charge.

3. A high frequency furnace of the retort type
for the treatment of material in vacuum, com-
prising in combination a central reaction cham-
ber for receiving the material to be treated, a
metal lining in said chamber, said meta] lining
being divided in a plurality of vertically spaced
downwardly tapering tubular sections, a wall
structure of a non-conductive material surround-
ing and supporting said metal lining sections,
vertical gas channels in said wall structure open-
ing into said reaction chamber through the un-
covered parts of the wall structure between said
spaced lining sections, a condenser Iocated at the
top of the furnace and connected with said gas
channels, an induction coil surrounding said wall
structure for inducing gz heating current in said
metal lining sections to cause said sections to
heat the charge in said reaction chamber, and a
vacuum-~tight outer shell enclosing the entire
furnace.

4. A high frequency furnace of the retort type
for the treatment of charges for metallurgical
and similar purposes, which comprises in combi-
nation a metal retort formed in a plurality of
sections of frustro-conical shape slightly tapered
downwardly and spaced apart vertically one
above the other, said retort sections having thin
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metal walls of low strength incapable, if unsup-
ported, to withstand the stresses oceurring in the
furnace, a self-supporting non-conducting re-
fractory wall closely surrounding and correspond-
ingly tapered to fit said retort sections snd sup-
porting them in spaced apart relationship, an
induction coil surrounding said retort adapted
when energized to heat the retort sections and
thereby to heat the furnace, and cooperative
means between the retort sections and the re-
fractory wall to support the retort sections in
spaced apart relationship and to provide for in-
dependent expansion and contraction of the re-
tort sections during heating and cooling thereof.

5. A high frequency furnace of the retort type
for the treatment of charges for metallurgical
and similar purposes, which comprises in com-
bination a metal retort formed in a plurality of
tubular sections which are spaced apart verti-
cally one above the other, vertical ribs provided
on the oufside of each of said retort sections,
said retort sections having thin metal walls of
low strength incapable, if unsupported, to with-
stand the stresses occurring in the furnace, a
self-supporting non-conducting refractory wall
closely surrounding said retort sections, provid-
ed with recesses to receive the ribs of said retort
sections and supporting said retort sections in
spaced apart relationship, an induction coil sur-
rounding said retort adapted when energized to
heat the retort sections and thereby to heat the
furnace, and cooperative means between the re-
tort sections and the refractory wall to support
the retort sections in spaced apart relationship
and to provide for independent expansion and
contraction of the retort sections during heating
and cooling thereof.

GOSTA THEODOR LUNDGREN.
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