2,773,750
2 Sheetg-Sheet 1

FURNACE

L. CONANT

. 11, 1956

Filed June 14, 1951

m
Q <
od o~ [ Y]
9__
= X ] @
NN,
DNONNNIN NNNNNN
(o} \\\\\\\“\\ SN
N~ VY
N AN A
NN 7777777,
~ 0 9 AR
N
~ ol I N NN
\\“\\\“\\ AOPRNNNNN
W“\\\\\\\\ \\\\“““ ) A
7 ” .
+ 2] B @ @ 0 0 0 0 hw\Yuikis B
— X SN AR NN
7577777 77777./7 7, 777277777 W\ L NN th
S N A R A A A NN
[e} NN AR AL AR A AL \\\\\\\\\ Ll y
| NN i i i i 2 ke
70707 7
77 ) 7 777 SN ARSI SN T 774NN
w 2 \\\\\“\\\\\\\“\\\\\\\\\\u A NN NN /////////////////////////////////////Uﬂuuj “\\\ ANNNY SR —
A A Ay 7 N
o NN\ A T2 NN ol
N f 0% [ SNNN \\\“\\\M\\. VAR
VI, [l 255 NN\ PAPALAR, (/7
00 N o N7 WYY
27 SOOR IR | NN\ 4
%9 o wn 2 NSNS AT 77727077270, 077 Q
N 77, =2 / WA SN QYA \““\\\\\\\\\\\\\ 7007
NN ] ORI N R RN 77 SN A AN A
QNN .M _ [12] NN ATy 3 NN AL 2 ENAIAAAL
N RN R NN SN 7000070572707
== < \. 7% ANAN //// //// ////// /// //////// < ////// s 7
_ T, Z SN NS RN NN 202402, i S__n S
— = o T—0-n
— NN o
0 o 3 — N
) NN s
N NSNS 27 NN AR AN A o)
NN NN NN A AR =
\\\\\\\ /7//// Z, RN MR
NS 77 N .
7 NN ZZZ | NN 27 NN 42
i )— @ 2 NN 27NN
A, o B 2 NN 72 NN NN | B
WA N~ NN ZA2Y 42277 NN
R NALAPE RN 5N AT RS NSV L
\\\\\\“\\\ 3 22272 S T A Y ///////////////”/// AAMMNTAN \\\\ APAY “\\\\“\\ | o
N N - > > A SN R —_
N NN A A A A A A A NN A
A RN /// \\\“\\\\\\“\\\\\\\\\\\v\\\\\\\\\\ “\\\\\“\\\\\\\\\\\\\\\\\\\\\\\\\“\\\\\\\~ ANDERINN NN
N N S \\\\\\\\w\\\\\\\m\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\\\\\\ s AN — N~
4 (4
o N N W " S < & ,22,.7.7 A
N <& Y077
720 NNNRNNY
N g NN R
N\ q 8 R
3 \ N G NN N
\\ AR RAR NN AN o
N N
\ \
N \
N N <
N W\ N m

Jnventor
Cttorneys

Comenni

W
Gkt % K ranld

By



Dec. 11, 1958 L. CONANT 2,773,750
FURNACE
Filed June 14, 1951 2 Sheets-Sheet 2

18
23
—
: i
________ i |7/22
- | { oo
e 3| —
R
i 20 |
i
i + -
vl
i
i
L
L Jnventor
R R e e
Fig. 3 M fmé

Gk, 4l K ian

Cttorneys



\

United States Patent O

2,773,750
Patented Dec. 11, 1956

fice

1

2,773,750
FURNACE

Leland Conant, Luckey, Ohio, assignor, by mesne assign-
ments, to The Cleveland Trust Company, Cleveland,
Ohio, an Ohio banking corporation

Application June 14, 1951, Serial No. 231,473
6 Claims. (CL 23—277)

The invention relates to furnaces of the type having a
treating chamber intc which materials are charged for
thermal treatment, and the invention relates more
particulerly to an improved heating chamber structure
for such furnaces.

It is an object of the invention to provide a furnace
having a treating chamber structure of improved thermal
efficiency and capable of rapidly applying heat from an
external source to a charge under treatment.

It is also an object of the invention to provide a
furnace having an externally heated treating chamber
structure of high thermal efficiency and adapted for
treatment of materials that are highly corrosive when
heated.

The invention has for another object the provision
of a furnace having a treating chamber structure espe-
cially adapted for the treatment of materials which cause
or is accompanied by the presence of gases or vapors
within the charge under treatment, the construction being
such as to insure the discharge of such gases or vapors
from the treating chamber without undue or dangerous
accumulation of pressure in the chamber.

A funther object of the invention is to provide a
furnace for simultaneously treating materials in solid,
molten and vapor states and adapted to effect separation
from the solid material of the materials in the molten
and vapor states and effect separate discharge of the
two latter materials from the treating chamber of the
furnace.

With the foregoing and other incidental or ancillary
objects in view, the invention consists in certain forms,
arrangements, and combinations of structural parts here-
inafter described and particularly defined in appended
claims, the description of an exemplary form of con-
struction being set forth in connection with the accom-
panying drawings.

In the drawings,

Fig. 1 is an axial vertical section of the furnace.

Fig. 2 is a section on the line 2—2 of Fig. 1.

Fig. 3 is a section on the line 3—3 of Fig. 1.

Referring in detail to the furnace shown in the draw-
ings, 1 designates as an entirety a furnace treating cham-
ber structure which is designed to be heated by external
means hereinafter described and comprises a crucible 2
having a flat bottom wall and cylindrical side walls, a
cover or dome 3, which rests upon the top of the crucible
2 with a closely fitting joint and a sealing ring 4 which
is disposed to cover the said joint.

The treating chamber structure further comprises an
interior crucible core designated as an entirety by the
numeral 5 and comprising a conical body part 6, a
circular base 7 which is formed with a top recess to
receive the bottom of the body 6, and a pointed top
piece 8. The core base 7 rests directly on the bottom
wall of the crucible 2 with the major parts of the lower
surface of the base and of the upper surface of the
bottom wall of the crucible in good heat-conducting
mutual engagement. The body 6 of the core is fitted
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with four graphite pins 9, the ends of which engage the
inner side wall surface of the crucible 2 and serve to
center the entire core structure in the crucible.

The cover 3 has a central aperture 3¢ in which is
fitted a depending flanged feed tube 10 through which
solid material to be treated may be charged into the
crucible 2, the material being delivered to tube 10 from
any conventional feed mechanism (not shown) through
a conduit 11 which is preferably made of stainless steel.
The cover 3 is formed also with an opening 3b in its
side wall to receive the downwardly inclined discharge
conduit 12 through which vaporous products may be dis-
charged from the treating chamber.

The body 6 of the core structure has its bottom formed
with a downwardly opening recess and base 7 is formed
with a central aperture registering with the recess so as
to form in the bottom of the core structure a chamber
13 in which is arranged a circular weir piece or conduit
14 which also constitutes a part of the treating chamber
structure of the furnace and has a lower reduced section
formed with screw threads I4aq which engage mating
threads formed in the bottom wall of the crucible 2 and
the top of a suppoerting block 15 which has a down-
wardly opening recess 13a into which the lower end of
the weir 14 projects. Thus constructed and mounted, the
weir piece 14 has good heat-conducting engagement with
the boftom wall of the crucible and with the block 15.

The bottom of the core base 7 is formed with a plu-
rality of radially extending shallow grooves 7a which
form restricted communicating passages leading from an
annular space between the inner side wall of the crucible
2 and the outer surface of base 7 to the chamber 13.
Thus molten material that settles in the bottom of the
treating chamber may find its way through passages 7a
into the chamber 13 and thence over the top of the weir
member 14 to be discharged through the weir opening
from the bottom of the furnace. The elevated weir thus
maintains in the bottom of the furnace a bath of hot
molten material up to the level of line A. This body of
molten material forms an effective liquid seal for all of
the passages (7a) leading from the main charge space
of the crucible to the molten material outlet conduit
through the weir. Should solid lumps of the charge ma-
terial find their way to the outer ends of passages 7a
they are held back by the restricted size of the passages
until the material is molten. Thus both vapors and
molten material are separated from solid material under
treatment and are separately discharged from the
furnace.

All parts of the treating chamber structure of the
furnace, are formed of nonmetallic refractory material.
The material of at least the crucible 2 and the core
structure 5 should also have good thermal conductivity,
that is to say, not substantially lower than ithat of
graphite; and at least the side walls of the crucible of
the structure should preferably have sufficient electric
conductivity to permit satisfactory induction heating of
the furnace. For at least some uses graphite is a pre-
ferred material for all parts of the treating chamber
structure, including inlet conduit 19 and outlet conduit
12, because graphite is highly refractory, both chemically
and thermally, and has good thermal and electrical con-
ductivity, However, in its broader aspects the invention
is not limited to the use of graphite alone. The sup-
porting block 15 also is preferably formed of graphite
and its upper pant is heated by coil 27 both directly and
indirectly through the bottom of crucible 2 which tightly
engages it, This heating helps to insure the main-
tenance of the weir conduit at a sufficiently high temper-
ature to prevent freezing of the molten material therein.

The block 15 rests upon a water-cooled support struc-
ture designated as an entirety by 16 and comprising metal
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plates 17 and 18 between which are interposed an outer
rectangular metal frame 19 and an inner frame 20
which surrounds plate apertures 172 and 18a beneath
the recess 154 of block 15. Support 16 is also provided
with a partition 21 extending from frame 19 to frame 29
on one side of the plate apertures. The various parts
of the support structure 16 are suitably welded together
to form a water tight chamber therein. Adjacent the
partition 21 frame 19 is fitted with a waiter inlet conduit
22 and a discharge conduit 23 so that cooling water
entering the chamber of the support 16 may be suitably
distributed therethrough before issuing through the dis-
charge conduit. ‘

Two layers of blocks 24 of fire brick or other refractory
structural material of low thermal conductivity rest upon
the cooling plate 16, and upon the top layer is disposed
an upright wall 25 of refractory material, such as
“Transite,” which encloses a space surrounding the side
walls and part of the bottom wall of the crucible which
is filled with tamped loose refractory material 26 of low
thermal conductivity. OQutside the wall 25 and relatively
close thereto is arranged a high frequency electrical coil
conventionally indicated at 27 by which the treating
chamber structure can be inductively heated in well
known manner. :

An outer enclosing structure for the furnace is pro-
vided in the form of a top rectangular frame and corner
uprights, all formed of angle members 28, 28, preferably
made of aluminum alloy, the lower ends of the upright
angles being attached to the supporting base 16. To the
angle frame structure are attached side walls 29 and a
top wall 36 both of which may be formed of a material
such.as Transite. The enclosed space to the right of the
coil 27 in Fig. 1 is made large enough to accommodate
electrical control apparatus (not shown) for the furnace.

In order to indicate the advantages of the furnace con-
struction which is shown in the drawings it will be con-
venient to describe the use and operation of the furnace
for the decomposition of ammonium beryllium fluoride
which is a highly corrosive substance when heated. The
solid double salt on being charged into the treating cham-
ber of the heated furnace up to a suitable level near the
top of the core structure 5 is subjected to the heat of the
hot side walls of the crucible 2 both by conduction and
by radiation from the side walls. However the salt is
not a good conductor of heat and for that reason the
temperature of the charge tends to rise relatively slowly
as the material of the charge moves slowly downward
toward the bottom of the crucible. With the present
furnace this undesirable condition is to a very substantial
extent overcome by the fact that heat is transmitted from
the bottom wall of the hot crucible upward into the core
structure § so that the temperature of the core is raised
above the temperature of the charge immediately sur-
rounding it. For this reason the charge is brought to the
decomposition temperature in a shorter time than would
be possible without the use of the core structure. As
the charge progresses downward in the treating chamber
of the furnace the double fiuoride salt is decomposed into
beryllium fluoride and ammonium fluoride, the former
settling in a molten state in the botiom of the furnace
while the ammonium fluoride in a vapor state is drawn
off through the outlet conduit 12. The elevation of the
outlet weir 14 above the bottom of the crucible main-
tains a molten bath of the beryllium fluoride up to the
level of line ‘A and this highly heated bath, surrounding
the lower part of the core structure, facilitates the heat-
ing of the latter.

Notwithstanding the more -efficient -heating of the
charge attended by the use of the core structure the solid
double salt may progress downward in the crucible to a
considerable .extent before decomposition occurs and
since decomposition is accompanied by the evolution of
rather large volumes of vapor there is danger of the
building up of dangerously high vapor pressures within
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the charge. Indeed such pressures might easily reach an
intensity that would result in blowing the dome off the
furnace with resultant damage of the apparatus and en-
dangering of attendants. By the tapered form of the core
structure 5 such danger is avoided since even a relatively
small lifting of the charge by the pressure of gases or
vapors therein results in the formation of a clearance
between the charge material and the converging sides of
the core so that the gas or vapor generated in the body
of the charge is afforded relatively free passage to the
furnace outlet conduit 12. In the manner previously
explained both the vapors (ammonium fluoride) and-the
still solid parts of the charge are prevented from having
access to the discharge passage for molten material.
Furthermore, the provision. for -effective heating of the
weir member prevents freezing of the molten material in
the discharge conduit.

It will be apparent that the improved furnace is-de-
signed to effect a continuous discharge of molten ma-
terial through the elevated weir and by providing ap-
paratus capable of continuously charging the furnace the
latter may be operated continuously with high efficiency
for prolonged periods of time.

It will be understood that the description of the opera-
tion of the furnace for the decomposition of the double
fluoride salt is intended entirely for the purpose of expla-
nation and is in no way to be considered as limiting the
use of the furnace. On the contrary, one or more of the
advantages incident to the improved construction of the
furnace may be had in the treatment of a wide variety
of materials. It will also be apparent that the novel form
of the treating chamber structure and more particularly
of the crucible with core, may be embodied in apparatus
of various types and forms and with the use of various
forms of heating means, the scope of the invention being
indicated by the appended claims.

What is claimed is:

1. In a furnace, the combination of a closed chamber
structure comprising a crucible with bottom and side
walls formed of refractory material of good thermal con-
ductivity, a cover closing the top of the crucible, and a
solid core structure of considerable mass formed of re-
fractory material of good thermal conductivity and sup-
ported directly on the bottom wall of the crucible with
the major part of its bottom surface in good heat-con-
ducting engagement with the major part of the upper sur-
face of the bottom wall of the crucible, the core struc-
ture extending upward from the crucible bottom wall
to form for the furnace an annular charge-treating space
between the core structure and the side wall of the
crucible and the chamber structure having in the upper
part thereof a charging opening for delivery of solid ma-
terial into the annular charge-treating . space and a
separate discharge opening for vapors and having in the
bottom thereof a discharge passage for molten material;
and means wholly outside the charge-treating:space for
heating the side and bottom walls of the crucible and
causing effective heating of the core by the conduction of
heat thereto from the bottom wall of the crucible.

2. A furnace as claimed in claim 1 in which the hori-
zontal cross-sectional area of the annular charge-treat-
ing space is substantially smaller in the lower part of
the space than it is in its upper part.

3. A furnace as claimed in claim 1 in which there is
a lateral clearance space between the bottom part of
the core structure and the inner surface of the .crucible
side wall, in which the bottom of the core structure is
formed with a central downwardly-opening recess, in
which the bottom surface of the core is grooved to form
a plurality of radial passages for. molten: material be-
tween the said lateral clearance space and the said bot-
tom recess -of the .core, and in which the bottom  dis-
charge passage for molten  material is provided by.an
upright conduit extending through the bottom wall of
the crucible with good heat-conducting engagement there-



2,778,750

with and upward in the bottem recess of the core with
its upper open end at a level above the level of the said
radial grooves in the bottom surface of the core.

4. A furnace as claimed in claim 1 in which the hori-
zontal cross-sectional area of the annular charge-treat-
ing space between the core structure aad the side wall
of the crucible increasss progressively from the bottom
to the top of the charge space.

5. A furnace as claimed in claim 4 in which the cru-
cible is cylindrical and the core is comical with an up-
ward taper.

6. In a furnace, the combination of a closed chamber
structure comprising a crucible with bottom and side
walls formed of refractory material of good thermal
conductivity, a cover closing the top of the crucible, and
a solid core structure of considerable mass formed of
refractory material of good thermal conductivity and
supported directly on the bottom wall of the crucible
with the major part of its bottom surface in good heat-
conducting engagement with the upper surface of the
bottom wall of the crucible, the core structure extend-
ing upward from the crucible bottom wall to form for
the furnace an annular charge-treating space between the
core structure and the side wall of the crucible and the
chamber structure having in the upper part thereof a
charging opening for delivery of solid material into the
annular charge-treating space and a separate discharge
opening for vapors and the closed chamber structure be-
ing further characterized by a lateral clearance space
between the bottom part of the core structure and the
inner surface of the crucible side wall, by the formation
of the core with a central downwardly opening recess
and a plurality of radial grooves in its bottom surface
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forming passages for molten material between the said
iateral clearance space and the bottom recess of the core,
by an upright conduit extending through the bottom wall
of the crucible with good heat-conducting engagement
therewith and upward in the bottom recess of the core
with its upper open end at a level above the level of the
said radial grooves in the bottom surface of the core,
the conduit constituting a discharge passage from the
chamber structure for molten material; and means wholly
cutside the charge-treating space for heating the side and
bettora walls of the crucible and thereby effectively heat-
ing the core and the molten material discharge conduit
by conduction of heat to them from the bottom wall of
the crucible.
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