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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] The invention relates to an induction furnace
suited to operation at temperatures of around 3000°C
and above. It finds particular application in conjunction
with the graphitization of pitch fibers and other carbon-
containing fibers and will be described with particular ref-
erence thereto. It should be appreciated, however, that
the furnace is also suited to other high temperature proc-
esses, such as halogen purification of graphitic materials
to remove metal impurities.

DISCUSSION OF THE ART

[0002] Batch induction furnaces have been used for
many years for fiber graphitization and other high tem-
perature operations. A typical induction furnace includes
an electrically conductive vessel, known as a susceptor.
A time-varying electromagnetic field is generated by an
alternating current (ac) flowing in an induction heating
coil. The magnetic field generated by the coil passes
through the susceptor. The magnetic field induces cur-
rents in the susceptor, which generate heat. The material
to be heated is contained within the susceptor in what is
commonly referred to as the "hot zone," or hottest part
of the furnace.
[0003] For operations which require high tempera-
tures, of up to about 3000°C, graphite is a preferred ma-
terial for forming the susceptor, since it is both electrically
conductive and able to withstand very high temperatures.
There is a tendency, however, for the graphite to sublime,
turning to vapor. Sublimation increases markedly as the
temperature rises above about 3100°C. Because of var-
iations in temperature throughout the susceptor, furnace
life at a nominal operating temperature of about 3100°C
is typically measured in weeks. Life at 3400°C is often
only a matter of hours. Thus, furnaces which are operated
at temperatures of over 3000°C tend to suffer consider-
able downtime for replacement of components.
[0004] Graphitization of carbon-containing fibers, in
particular, benefits from treatment temperatures of over
3000°C. For example, in the formation of lithium batter-
ies, uptake of lithium is dependent on the temperature of
graphitization, improving as the graphitization tempera-
ture increases. Some improvements in the heat distribu-
tion throughout the susceptor have been accomplished
by measuring the temperature at different points within
the furnace during heating using pyrometers. Different
densities of induction power are then delivered to multiple
sections of the susceptor along its length, according to
the measured temperatures. However, pyrometers are
prone to failure and need recalibration over time.
[0005] To increase the lifetime of the susceptor, it is
desirable to cool the furnace rapidly once the high tem-

perature heating operation is complete. Typically, cooling
coils carry water around the furnace. However, because
the furnace is generally well insulated, it often takes about
a week to cool the furnace down from its operating tem-
perature. In some applications, heat exchangers are em-
ployed to speed cooling. In such designs, the furnace is
cooled to a temperature of about 1500°C by heat loss
through the furnace insulation. Then, valves above and
below the hot zone are opened and forced circulation
through an external heat exchanger is begun. This sys-
tem works well for furnaces that are rarely operated
above 2800°C. In furnaces that are routinely operated
above 3000°C, the frequent replacement of hot zone
components renders these designs expensive to oper-
ate. In other designs, the loose insulation material above
the furnace is knocked off the furnace to speed cooling.
As a result, the insulation needs to be replaced after each
furnace run.
[0006] US3297311 discloses a device for refining mol-
ten metal such as steel, wherein the device comprises a
ladle for the molten steel, a vacuum tank; the ladle being
enclosed in the vacuum tank; at least one electromag-
netic multi-phase stirrer. It also comprises a cover of heat
conducting material with good temperature resistivity be-
ing positioned at the upper part of the ladle within the
vacuum tank, means for raising and lowering the cover;
the cover being provided at its upper surface with a heat
insulating layer and electrical induction coil. The induc-
tion heating coil is positioned adjacent the heat insulating
layer.
[0007] US3408470 discloses a furnace which is a low
frequency induction furnace having a covered, electrical-
ly conductive annular retort forming a short-circuited sec-
ondary which is heated by currents induced therein. It
has an electromagnetic coil comprised to the plurality of
O-shaped core pieces each arranged with one side pass-
ing through the central opening of the retort and the other
sides extended along the outer walls of the retort and
cover. The retort is enclosed in an evacuable sealing
chamber and means are provided for evacuating the
chamber and for admitting gaseous media into the retort.
[0008] US2181092 relates to metallurgical operations
including an apparatus and method of producing and re-
taining a metallic vapour containing atmosphere and in
the carrying-out of metallurgical operations in such an
atmosphere. More particularly, there is described a meth-
od of producing lithium copper comprising heating said
copper in a molten condition in a furnace and maintaining
a lithium vapour in the furnace atmosphere during the
heating of the copper.
[0009] The present invention provides a new and im-
proved induction furnace and method of use, which over-
come the above-referenced problems, and others.

SUMMARY OF THE INVENTION

[0010] According to the present invention, there is pro-
vided a furnace comprising: a vessel which defines an
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interior chamber for receiving items to be treated; a
means for heating the vessel; wherein the heating means
includes an induction coil and the vessel includes a sus-
ceptor, the induction coil inducing a current in the sus-
ceptor to heat the susceptor; a cap which selectively clos-
es the interior chamber of the vessel; and a cooling as-
sembly including: a dome which defines a chamber, and
a lifting mechanism which selectively lifts the cap allowing
hot gas to flow from the interior chamber of the vessel
into the dome, wherein the furnace includes cooling
means for actively cooling the dome.
[0011] There is also described, a cooling assembly for
a furnace. The cooling assembly includes a dome which
defines an interior chamber. A cooling means cools the
dome. The assembly includes means for selectively pro-
viding fluid communication between a hot zone of the
induction furnace and the dome and means for controlling
the communicating means in accordance with at least
one of a temperature of the hot zone and a temperature
of the interior chamber.
[0012] There is also described, an induction furnace.
The furnace includes a susceptor which defines an inte-
rior chamber for receiving items to be treated, the sus-
ceptor being formed from graphite. An induction coil in-
duces a current in the susceptor to heat the susceptor.
A layer of flexible graphite, exterior to the susceptor, in-
hibits escape of carbon vapor which has sublimed from
the susceptor.
[0013] There is also described, a method of operating
a furnace. The method includes items to be treated in a
first chamber which contains a gas and actively cooling
a second chamber which contains a gas. The second
chamber is selectively fluidly connectable with the first
chamber. After the step of heating, the first chamber is
cooled by selectively fluidly connecting the first chamber
with the second chamber, thereby allowing heat to flow
from the gas in the first chamber to the gas in the second
chamber.
[0014] An advantage of at least one embodiment of
the present invention is that significant increases in fur-
nace life are obtained.
[0015] Another advantage of at least one embodiment
of the present invention is that cool down times are re-
duced.
[0016] Another advantage of at least one embodiment
of the present invention is that the cooling assembly is
readily removable from the furnace, simplifying removal
and replacement of the susceptor and other hot zone
components.
[0017] Other advantages of at least one embodiment
of the present invention derive from greater accuracy in
monitoring variations in furnace temperature throughout
the furnace.
[0018] Still further advantages of the present invention
will be readily apparent to those skilled in the art, upon
a reading of the following disclosure and a review of the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIGURE 1 is a side sectional view of a batch
induction furnace according to the present invention,
showing a furnace cap in a closed position;
[0020] FIGURE 2 is a side sectional view of the batch
induction furnace of FIGURE 1, showing the furnace cap
in an open position
[0021] FIGURE 3 is an enlarged sectional view through
A-A of FIGURE 2 of the wall of the furnace showing a
pyrometer mounted therein;
[0022] FIGURE 4 is an enlarged side sectional view of
the furnace wall of FIGURES 1 and 2 showing a pyrom-
eter mounted therein;
[0023] FIGURE 5 is a side sectional view of the cooling
assembly of FIGURE 1;
[0024] FIGURE 6 is a plot illustrating the effects of the
cooling assembly on furnace temperature over time;
[0025] FIGURE 7 is an enlarged side sectional view of
the actuator of FIGURE 5;
[0026] FIGURE 8 is an enlarged sectional view of the
sealing and guiding mechanism of FIGURE 5;
[0027] FIGURE 9 is a side elevational view of the dome
of FIGURE 5, showing cooling coils mounted to the ex-
terior;
[0028] FIGURE 10 is a top plan view of the dome of
FIGURE 5, showing cooling coils mounted to the exterior;
and
[0029] FIGURE 11 is a side sectional view of the
clamping mechanism of FIGURE 5.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0030] With reference to FIGURES 1 and 2, an induc-
tion furnace suited to operation at temperatures of over
3000°C includes a susceptor 10 formed from an electri-
cally conductive material, such as graphite. The suscep-
tor includes a cylindrical side wall 12 closed at a lower
end by a base 14. A removable insulative cap 16 closes
an upper open end 18 of the susceptor to define an in-
terior chamber 20, which provides a hot zone for receiving
items to be treated. The cap 16 includes a lid portion 22,
formed from graphite, which seats on a shelf 24 defined
by the susceptor adjacent the upper end 18. The lid por-
tion 22 is attached to a lower surface of an enlarged in-
sulative plug 26, preferably formed from a rigid insulation
material, such as graphite rigid insulation. The plug 26
has an outwardly extending peripheral flange at its upper
end. The cap 16 closes the interior chamber 20 during a
heating phase of an induction furnace operating cycle,
allowing the furnace to operate under a slight positive
pressure of an inert gas, such as argon. The inert gas is
one which does not react with the furnace components
or product being heat treated over the temperature range
to which the components and product are exposed. This
prevents oxidation of the carbon and graphite furnace
components and product being heat-treated. At operat-
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ing temperatures below about 1900°C, nitrogen may be
used as the inert gas, which is then replaced with argon
as the temperature reaches this level. The positive pres-
sure is preferably up to about 20 kg/m2.
[0031] The susceptor 10 is inductively heated by an
induction coil 30, powered by an AC source (not shown).
The coil 30 produces an alternating magnetic field, which
passes through the susceptor, inducing an electric cur-
rent in the susceptor and causing it to heat up. Items to
be heat treated, such as pitch fibers for forming graphite,
are placed in a canister 32, which is preferably formed
from graphite. The canister 32 is loaded into the suscep-
tor chamber 20 prior to a furnace run. Heat is transferred
from the susceptor to the fibers by radiation.
[0032] The induced current flowing through the sus-
ceptor 10 is not uniform throughout its cross section. The
current density is greatest at an outer surface 34 and falls
off exponentially toward an inner surface 36. The thick-
ness of the susceptor is selected to achieve a relatively
uniform current profile through the susceptor and induce
some current and heat directly in the graphite canisters
32 inside the furnace. A suitable thickness for the furnace
is about 5 cm. The temperature profile through the cross
section of the susceptor is one of increasing temperature
from the outer surface 34 to a maximum within the sus-
ceptor and then decreasing to cooler at the inner surface
36.
[0033] As best shown in FIGURES 3 and 4, the outer
surface 34 of the susceptor is wrapped with a barrier
layer 40 of a flexible graphite sheet material. Suitable
graphite sheet is obtainable under the tradename Gra-
foil® from Graftech Inc., Lakewood, OH. The flexible
graphite sheet material is preferably formed by interca-
lating graphite flakes with an intercalation solution com-
prising acids, such as a combination of sulfuric and nitric
acids, and then exfoliating the intercalated particles with
heat. Upon exposure to a sufficient temperature, typically
about 700°C or above, the particles expand in accordion-
like fashion to produce particles having a vermiform ap-
pearance. The "worms" may be compressed together in-
to flexible or integrated sheets of the expanded graphite,
typically referred to as "flexible graphite," without the
need for a binder.
[0034] The density and thickness of the sheet material
for the barrier layer 40 can be varied by controlling the
degree of compression. The density of the sheet material
is generally within the range of from about 0.4 g/cm3 to
about 2.0 g/cm3 and the thickness is preferably from
about 0.7 to 1.6 mm.
[0035] An adhesive (not shown) may be applied be-
tween the flexible graphite sheet 40 and the outer surface
34 of the susceptor 10 to hold the sheet in contact with
the susceptor during assembly of the furnace. Preferably,
the graphite sheet covers the entire outer surface 34 of
the susceptor, including the side wall 12 and base 14,
although it is also contemplated that the graphite sheet
may be employed only adjacent to those areas which are
heated to the highest temperatures, commonly termed

the "hot zone." The graphite sheet material serves as a
vapor barrier around the susceptor, inhibiting escape of
carbon vapor which has sublimed from the susceptor sur-
face 34. This causes the partial pressure of carbon vapor
to increase in the region adjacent to the susceptor. An
equilibrium is soon reached between the rate of vapori-
zation and the rate of redeposition of carbon on the sus-
ceptor, which inhibits further vapor loss of graphite from
the susceptor.
[0036] With continued reference to FIGURES 1 and 3,
the susceptor is housed in a pressure vessel 50, formed,
for example, from fiberglass with a bottom flange 52
formed from aluminum. The pressure vessel is lined with
cooling tubes 54, preferably formed from a non-magnetic
material, such as copper. The cooling coils are arranged
in vertical, serpentine circuits. The cooling tubes are elec-
trically isolated from each other to prevent current flow
in the circumferential direction. A cooling fluid, such as
water, is run through the cooling tubes at all times, to
prevent overheating of the tubes and other components
of the furnace.
[0037] The cooling tubes are cast into a thick layer 56
of a refractory material, comprising primarily silicon car-
bide, which provides good thermal conductivity, strength,
and electrical insulation. A layer 58 of an insulation ma-
terial, such as carbon black, is packed between the re-
fractory material and the susceptor 10 adjacent the sides
12 and base 14. The flexible graphite layer 40 is held in
place, during operation of the furnace, by the layer 58 of
insulation material. The carbon black is preferably in the
form of a fine powder, which allows it to be vacuumed
out of the furnace when it is time to replace or repair the
susceptor 10. The susceptor is then readily removed from
the furnace. The thickness of the layer 58 of insulation
material is kept to a minimum to allow for rapid cool down
times. The level of insulation is preferably chosen to pre-
vent excessive heat loss and yet provide for the shortest
possible cooling time. The increased power require-
ments for heating compared with a conventional furnace
is offset by the gain in furnace productivity derived from
the rapid cool down time.
[0038] With reference now to FIGURE 5, a cooling as-
sembly 60 is selectively mountable to an upper end of
the furnace to enclose the upper end of the susceptor
chamber 20. The cooling assembly includes a dome 62
formed from copper or other non-magnetic material. The
dome 62 defines an interior, gas-tight dome chamber 64,
which holds an inert gas under slight positive pressure.
During the heating portion of the furnace operating cycle,
a lower end 66 of the dome is closed off from the sus-
ceptor chamber 20 by the furnace cap 16 (FIGURE 1).
It is not necessary for the cap 16 to seal the interior cham-
ber 20 from the ambient environment, since the dome
serves this purpose. The dome is actively cooled during
the cool down portion of the furnace cycle. Specifically,
as shown in FIGURES 9 and 10, cooling coils 68 are
fitted to an exterior surface of the dome and are connect-
ed with an external heat exchanger 70. Preferably, the
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entire surface of the dome is used for cooling to maximize
the rate of heat removal. A first set of the cooling coils
68A surrounds a cylindrical side wall 72 of the dome,
while a second set of the cooling coils 68B is arranged
exterior to an upper wall 74 of the dome.
[0039] The cooling assembly 60 is movable by a suit-
ably positioned hoist (not shown) from a position away
from the furnace to a position on top of the furnace. A
peripheral flange 76 at a lower end of the dome is
clamped to an upper portion 78 of the furnace wall (com-
prising upper ends of the refractory material and fiber-
glass pressure vessel, respectively), which extends
above the susceptor (FIGURE 2).
[0040] The dome serves as a heat exchanger for the
furnace during cool down. As shown in FIGURE 5, a lifting
mechanism 80 is operable to lift the cap 16 of the furnace.
This creates an opening 82 (FIGURE 2) between the
furnace chamber and the dome chamber 64. Specifically,
the cap 16 is lifted from a closed position, shown in FIG-
URE 1, where the lid portion 22 sits on the shelf 24, to
an open position, shown in FIGURE 2, where the lid por-
tion is spaced from the shelf. Rapid mixing of the hot gas
from the susceptor chamber 20 and cooled gas within
the dome 62 takes place by natural convection. The de-
gree of opening is adjusted by raising the cap 16 using
a feedback control to limit the temperature within the
dome chamber 64 to below the melting point of copper,
preferably in the range of about 200-300°C, although
higher temperatures are optionally sustained where tem-
perature detection and control are particularly accurate.
The cap 16 is movable, in infinitely variable amounts, in
the direction of arrow B to a position in which it is housed
entirely in the dome (FIGURE 5).
[0041] The entire cooling assembly 60 is removable
from the furnace, allowing the susceptor 10 to be readily
removed for repair or replacement. A clamping mecha-
nism 84, best shown in FIGURE 11, selectively clamps
the peripheral flange 76 of the cooling mechanism to the
furnace wall 78. In this way, the dome 62 seals the upper
end of the chamber 20 and dome chamber 64 from the
outside, ambient environment, during a furnace run. The
clamping mechanism 84 includes a cooling coil 86, which
is fed with cooling water, to keep the clamping mecha-
nism cool. Optionally, as shown in FIGURE 1, an external
support 88 carries most of the weight of the dome to avoid
potential damage to the upper end of the furnace wall 78.
[0042] With reference to FIGURE 5, one or more tem-
perature detectors 90, such as thermocouples, are posi-
tioned within the dome 62. The temperature detectors
provide a signal to a control system 92 which signals the
lifting mechanism 80 to lower the cap to decrease the
size of the opening 82, if the temperature within the dome
chamber 64 becomes to high, and instructs the lifting
mechanism to increase the size of the opening, by raising
the cap 16, if the temperature drops below a preselected
level.
[0043] Optionally, as shown in FIGURE 5, fluid mixing
means, such as fans 94, are provided within the dome

chamber 64 to improve circulation of the gases between
the susceptor chamber 20 and the dome chamber 64.
[0044] Above about 1500°C, heat flows most rapidly
through the sides of the furnace and thus the rate of cool-
ing through the insulation layer 58 is relatively fast. Thus,
the cooling effects of the dome 62 are not generally ben-
eficial during an initial period of the cool down portion of
the cycle. The cap 16 of the furnace is therefore prefer-
ably kept closed during this initial cool down period be-
tween about 3100°C and about 1500°C. Once the fur-
nace temperature reaches about 1500°C, the insulation
material inhibits cooling and the cooling action of the
dome 62 becomes effective. Lifting of the cap 16 is there-
fore preferably commenced at this stage.
[0045] FIGURE 6 demonstrates the effect of the upper
cooling assembly 60 on the rate of cooling of the furnace.
Two curves are shown, one showing the predicted cool-
ing of a furnace without a dome, the other showing the
predicted cooling using the dome 62. It can be seen that
the cooling time is about 48 hours when the dome is used,
thus reducing the overall cool down time by at least half.
These results were predicted for a susceptor of 63 cm
internal diameter, 241 cm height, and 4.65m2 of heat
transfer area in the dome (i.e., the total area of the dome
side wall 72 and top wall 74).
[0046] With reference once more to FIGURE 5, and
reference also to FIGURE 7, the lifting mechanism 80
advantageously includes a linear actuator 100. The ac-
tuator 100 is coupled at its lower end to a mounting plate
102, by a coupling joint 104. The mounting plate 102 is
mounted to the upper wall 74 of the dome by bolts 106,
or other suitable attachment members. The linear actu-
ator 100, which may comprise a pneumatically or hydrau-
lically operated piston 107, extends or retracts to draw
on or to release one end of a roller chain 108, which
passes over a system of pulleys 110. The other end of
the chain 108 is connected with an upper end of a verti-
cally oriented, cylindrical lift rod 112. The linear actuator
100, mounting plate 102 chain 108, and pulley system
110 are supported within a housing 114, formed from
stainless steel, or the like, and are not subject to the hot
gases within the dome chamber 64.
[0047] A lower end of the lift rod 112 extends into the
dome chamber 64 and is coupled with the furnace cap
16 by a stainless steel coupling 120. The coupling 120
is mounted to a graphite support rod 121, which extends
right through the cap 16. With reference also to FIGURE
8, the rod 112 passes through a first opening 122 in the
actuator mounting plate 102 and a second opening 124
in the upper wall 74 of the dome.
[0048] With continued reference to FIGURE 8, a seal-
ing and guiding assembly 130 serves to guide the lower
end of the rod 112 through the openings 122, 124 and
to provide a seal between the dome chamber 64 and the
interior of the housing 114. Specifically, the sealing and
guiding assembly includes a cylindrical sleeve 132,
formed from stainless steel. The sleeve is welded, or oth-
erwise mounted, a short distance above its lower end
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133 to an annular mounting flange 134, which in turn is
bolted to the mounting plate 102, around the opening
122. An upper end of the sleeve is mounted to a second
annular flange 136 by bolts 138. The lower end 133 of
the sleeve 132 extends below the mounting flange 102.
An annular seal 140, such as an O-ring, is pressed by
the lower end 133 of the sleeve 132 against an upper
surface of the dome upper wall 74. The seal sealingly
engages the lift rod 112 as it moves up and down there-
through. A spacer tube 142 is supported within the sleeve
132 between upper and lower bearings 144, 146, which
are seated against the flange 136 and seal 140, respec-
tively. The spacer tube 142 receives the lift rod 112 there-
through.
[0049] Turning once more to the furnace operation,
several pyrometers 150 (three in the preferred embodi-
ment) are mounted in thermal communication with cor-
responding tubes 152 which pass through the susceptor
wall 12 into the susceptor chamber 20 (FIGURES 2-4).
The pyrometers 150 are positioned at different regions
of the susceptor chamber 20 and permit continuous mon-
itoring of the surrounding temperature during heating and
cooling of the susceptor chamber. Preferably, the pyrom-
eters 150 signal the control system 92, which uses the
detected temperatures to determine when to signal the
lifting mechanism 80 to begin lifting the cap 16.
[0050] Several witness disks 154 are also positioned
in the susceptor chamber 20 at various points throughout
the hot zone prior to the start of a furnace cycle. The
witness disks 154 provide an accurate determination of
the highest temperature to which each disk has been
exposed. In a preferred embodiment, the witness disks
are formed from carbon, which becomes graphitized dur-
ing the furnace run. The maximum temperature is deter-
mined by measuring the size of the graphite crystallites
in the exposed disks 154, and comparing the measure-
ments with those obtained from accurately calibrated
sample disks. X-ray diffraction techniques are available
for automated determination of crystallite size from the
diffraction patterns produced.
[0051] The witness disks 154 are examined after the
furnace run to reveal a more detailed pattern of temper-
ature distribution than can be provided by the pyrometers
150 alone. Additionally, the disks 154 provide a check
on the pyrometers 150, which tend to lose their calibration
over time, or fail completely. Because of the low cost of
the disks, and ease of use, many more witness disks can
be used than is feasible with the pyrometers. The disks
154 are discarded after each furnace run and replaced
with fresh disks.
[0052] Preferably, a database is maintained for each
furnace to store pyrometer readings and disk measure-
ments and is analyzed for trends. Pyrometer errors, in-
duction coil end effects, and poorly insulated areas can
be detected and corrected over the course of several
furnace cycles.
[0053] A typical furnace run proceeds as follows. Items
to be treated, such as pitch fibers to be graphitized, are

loaded into one or more of the canisters 32. The canisters
are closed and placed into the susceptor chamber 20,
along with several fresh witness disks 154. The cooling
assembly is maneuvered by a suitably positioned hoist
(not shown) until the flange 76 is seated on the furnace
wall portion 78. The atmosphere within the susceptor
chamber 20 and dome chamber 64 is replaced with an
inert gas, at a slight positive pressure. The inert gas is
continuously passed through the chamber 20 during the
run, via inlet and outlet feed lines (not shown). The cap
16 is lowered by the linear actuator 100 to the closed
position, in which the cap closes the susceptor chamber
20. Cooling water flow through the cooling tubes 54 is
commenced (cooling of the dome may delayed until
some time later, prior to lifting the cap 16). The induction
coils 30 are powered to heat the susceptor 10, thereby
bringing the susceptor chamber 20 to operating temper-
ature. This may take from one to two days, or more. Once
the operating temperature is reached, e.g., 3150°C, the
temperature in the susceptor chamber 20 is maintained
at the operating temperature for a sufficient period of time
to achieve the desired level of graphitization or to other-
wise complete a treatment process. The control system
92 employs feedback controls, based on pyrometer
measurements, to actuate the induction coils 30 accord-
ing to the detected temperatures.
[0054] Once the heating phase is complete, the power
to the induction coils 30 is switched off and the furnace
begins to cool by conduction through the insulation layer
58. Once the temperature of the susceptor chamber 20
drops to about 1500°C, the linear actuator 100 is instruct-
ed to lift the cap 16 slightly, to an open position, allowing
the hot gas within the susceptor chamber 20 to mix with
the cooler gas within the dome chamber 64. As the tem-
perature within the susceptor chamber falls further, the
actuator 100 lifts the cap 16 further away from the cham-
ber, increasing the size of the opening 82, so that the
maximum rate of cooling can be sustained, without over-
heating the dome chamber 64. Below about 1000°C, the
pyrometers 150 are preferably replaced with thermocou-
ples. Once the susceptor chamber 20 reaches a suitable
low temperature, the cooling assembly 60 is removed or
otherwise opened to the atmosphere, for example, by
opening valves (not shown) in the dome 62.
[0055] The improved cooling provided by the cooling
assembly 60, the flexible graphite barrier layer 40, and
accurate temperature monitoring provided by the witness
disks 154 described, all contribute to improved furnace
operation. Susceptor life is significantly improved by use
of the flexible graphite. Tests in which a part of the sus-
ceptor was protected by the flexible graphite while an-
other part was left unprotected show visible differences
in the thickness of each of these parts of the susceptor
after only a short period of time. Furnaces operating at
over 3000°C have been found to last at least 4-5 times
as long between susceptor replacements as convention-
al furnaces operating without the flexible graphite barrier
layer 40. The induction furnace is suited to extended op-
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eration at operating temperatures of up to 3150°C, which
has not been feasible with prior induction furnaces.
[0056] It will be appreciated that while the cooling as-
sembly has been described with reference to an induction
furnace, the cooling system may also be employed to
cool other types of furnace which operate at high tem-
peratures.
[0057] The invention has been described with refer-
ence to the preferred embodiment. Obviously, modifica-
tions and alterations will occur to others upon reading
and understanding the preceding detailed description. It
is intended that the invention be construed as including
all such modifications and alterations insofar as they
come within the scope of the appended claims or the
equivalents thereof.

Claims

1. A furnace comprising:

a vessel (50) which defines an interior chamber
(20) for receiving items to be treated;
a means for heating the vessel (50); wherein the
heating means includes an induction coil (30)
and the vessel (50) includes a susceptor (10) ,
the induction coil inducing a current in the sus-
ceptor to heat the susceptor;
a cap (16) which selectively closes the interior
chamber (20) of the vessel (50); and
a cooling assembly (60) including:

a dome (62) which defines a chamber (64),
and
a lifting mechanism (80) which selectively
lifts the cap (16) allowing hot gas to flow
from the interior chamber (20) of the vessel
(50) into the dome (62),
wherein the furnace includes cooling means
for actively cooling the dome.

2. The furnace of claim 1, wherein the dome (62) is
selectively mountable over the vessel (50).

3. The furnace of claim 1 or claim 2, wherein the lifting
mechanism (80) includes a linear actuator (100).

4. The furnace of claim 3, wherein the linear actuator
(100) is operatively connected with the cap (16) by
a lift rod (112).

5. The furnace of claim 4, wherein a lower end of the
lift rod (112) is mounted for vertical movement within
the dome (62) and the linear actuator (100) is carried
by the dome (62).

6. The furnace of any one of claims 1 to 5, wherein the
lifting mechanism (80) moves the cap (16) between

a first position, wherein the cap (16) closes the inte-
rior chamber (20) of the vessel (50), and a second
position, wherein the cap (16) is positioned within
the dome chamber (64).

7. The furnace of any one of claims 1 to 6, wherein the
dome chamber (64) is capable of maintaining a pos-
itive pressure of an inert gas.

8. The furnace of claim 1, wherein the cooling means
include cooling coils (68), mounted to a surface of
the dome (62), through which a cooling fluid is
passed.

9. The furnace of any one of claims 1 to 9, further in-
cluding:

a temperature detector (90) which monitors a
temperature of the dome (62).

10. The furnace of any one of claims 1 to 9, wherein the
dome (62) is formed from a non-magnetic material.

11. The furnace of claim 1, wherein the susceptor (10)
is formed from graphite, the induction furnace further
including:

a layer of flexible graphite, exterior to the sus-
ceptor (10), which inhibits escape of carbon va-
por which has sublimed from the susceptor.

Patentansprüche

1. Ofen, der Folgendes umfasst:

einen Kessel (50), der eine Innenkammer (20)
zum Aufnehmen von zu behandelnden Gegen-
ständen begrenzt;
ein Mittel zum Erhitzen des Kessels (50), wobei
das Heizmittel eine Induktionsspule (30) enthält
und der Kessel (50) einen Suszeptor (10) ent-
hält; und die Induktionsspule einen Strom in dem
Suszeptor zum Erhitzen des Suszeptors indu-
ziert;
eine Kappe (16), die selektiv die Innenkammer
(20) des Kessels (50) verschließt; und
eine Kühlbaugruppe (60), die Folgendes ent-
hält:

eine Kuppel (62), die eine Kammer (64) be-
grenzt; und
einen Hubmechanismus (80), der selektiv
die Kappe (16) anhebt, wodurch heißes
Gas aus der Innenkammer (20) des Kessels
(50) in die Kuppel (62) fließen kann,
wobei der Ofen Kühlmittel zu aktiven Küh-
len der Kuppel enthält.
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2. Ofen nach Anspruch 1, bei dem die Kuppel (62) se-
lektiv über dem Kessel (50) angebracht werden
kann.

3. Ofen nach Anspruch 1 oder Anspruch 2, bei dem der
Hubmechanismus (80) einen linearen Stellantrieb
(100) enthält.

4. Ofen nach Anspruch 3, bei dem der lineare Stellan-
trieb (100) durch eine Hubstange (112) operativ mit
der Kappe (16) verbunden ist.

5. Ofen nach Anspruch 4, bei dem ein unteres Ende
der Hubstange (112) zur vertikalen Bewegung inner-
halb der Kuppel (62) angebracht ist, und der lineare
Stellantrieb (100) durch die Kuppel (62) getragen
wird.

6. Ofen nach einem der Ansprüche 1 bis 5, bei dem
der Hubmechanismus (80) die Kappe (16) zwischen
einer ersten Position, in der die Kappe (16) die In-
nenkammer (20) des Kessels (50) verschließt, und
einer zweiten Position bewegt, in der die Kappe (16)
innerhalb der Kuppelkammer (64) positioniert ist.

7. Ofen nach einem der Ansprüche 1 bis 6, bei dem die
Kuppelkammer (64) einen positiven Druck eines in-
erten Gases aufrechterhalten kann.

8. Ofen nach Anspruch 1, bei dem die Kühlmittel Kühl-
spiralen (68) enthalten, die an einer Oberfläche der
Kuppel (62) angebracht sind, durch die ein Kühlfluid
geleitet wird.

9. Ofen nach einem der Ansprüche 1 bis 9 [sic], der
weiter Folgendes enthält:

einen Temperaturdetektor (90), der eine Tem-
peratur der Kuppel (62) überwacht.

10. Ofen nach einem der Ansprüche 1 bis 9, bei dem die
Kuppel (62) aus einem nicht magnetischen Material
gebildet wird.

11. Ofen nach Anspruch 1, bei dem der Suszeptor (10)
aus Graphit gebildet wird, und der Induktionsofen
weiter Folgendes enthält:

eine Schicht aus flexiblem Graphit, außerhalb
des Suszeptors (10), die Entweichen von Koh-
lenstoffdampf hemmt, welcher aus dem Sus-
zeptor sublimiert ist.

Revendications

1. Four comportant :

un récipient (50) qui définit une chambre inté-
rieure (20) pour recevoir des articles destinés à
être traités ;
un moyen permettant de chauffer le récipient
(50) ; dans lequel le moyen de chauffage com-
prend une bobine d’induction (30) et le récipient
(50) comprend un suscepteur (10) ; la bobine
d’induction induisant un courant dans le suscep-
teur pour chauffer le suscepteur ;
un chapeau (16) qui ferme sélectivement la
chambre intérieure (20) du récipient (50) ; et
un ensemble de refroidissement (60)
comprenant :

un dôme (62) qui définit une chambre (64) ;
et
un mécanisme de levage (80) qui soulève
sélectivement le chapeau (16) pour permet-
tre à un gaz chaud de s’écouler depuis la
chambre intérieure (20) du récipient (50)
jusque dans le dôme (62),
dans lequel le four comprend des moyens
de refroidissement permettant de refroidir
activement le dôme.

2. Four selon la revendication 1, dans lequel le dôme
(62) est en mesure d’être monté sélectivement sur
le récipient (50).

3. Four selon la revendication 1 ou la revendication 2,
dans lequel le mécanisme de levage (80) comprend
un actionneur linéaire (100).

4. Four selon la revendication 3, dans lequel l’action-
neur linéaire (100) est raccordé fonctionnellement
au chapeau (16) par une tige de levage (112).

5. Four selon la revendication 4, dans lequel une ex-
trémité inférieure de la tige de levage (112) est mon-
tée à des fins de mouvement vertical à l’intérieur du
dôme (62) et l’actionneur linéaire (100) est porté par
le dôme (62).

6. Four selon l’une quelconque des revendications 1 à
5, dans lequel le mécanisme de levage (80) déplace
le chapeau (16) entre une première position, dans
laquelle le chapeau (16) ferme la chambre intérieure
(20) du récipient (50), et une seconde position, dans
laquelle le chapeau (16) est positionné à l’intérieur
de la chambre (64) du dôme.

7. Four selon l’une quelconque des revendications 1 à
6, dans lequel la chambre (64) du dôme est en me-
sure de maintenir une pression positive d’un gaz
inerte.

8. Four selon la revendication 1, dans lequel les
moyens de refroidissement comprennent des ser-
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pentins de refroidissement (68) montés sur une sur-
face du dôme (62), au travers desquels un fluide de
refroidissement est acheminé.

9. Four selon l’une quelconque des revendications 1 à
9 [sic], comprenant par ailleurs :

un détecteur de température (90) qui surveille
une température du dôme (62).

10. Four selon l’une quelconque des revendications 1 à
9, dans lequel le dôme (62) est formé à partir d’un
matériau amagnétique.

11. Four selon la revendication 1, dans lequel le suscep-
teur (10) est formé à partir de graphite, le four à in-
duction comprenant par ailleurs :

une couche de graphite flexible, extérieure au
suscepteur (10), qui inhibe tout dégagement de
vapeur de carbone sublimée à partir du suscep-
teur.
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