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BACKGROUND OF TRE _INVENTION
This application is based on Japanese Prioxity
Application Hei 8-56944, the contents of which are hereby
incorporated by reference.

1. Fie t nvention

The present invention relates a batch-type kiln having
particular applicability in the performance of firing
treatmants, such as a dewaxing step and a firing step, on a
ceramic product, such as a ceramic capacitor.

2. D iption of e te

Conventional batch-type kilns comprise a heating
chamber and a table. The heating chamber is formed by
placing a rod-shaped or U-shaped heatex within a box-shaped
or cylindrical kiln body. A table is disposed at the bottom
portion of the heating chamber and is capable of being
raised and lowered. A sagger containing a ceramic product
is placed on the table, and the table is raised te place the
saggex into the heating chamber for firing treatment. Upen
completion of the treatment, the table is lowered and the
sagger is removed from the kiln.

Conventionally, dewaxing and firxing steps are
successively pexformed on the ceramic product., However, in
so treating the ceramic product in conventional batch-type
kilns, the treatment of an organic binder produced during
dewaxing becomes a problem. Decomposition of the bindex
produces a gas which is heavier than air. This gas flows
downward towards the bottom ¢f the heating chamber. There
is a narrow gap between an outer peripheral portion of the
table and the kiln body. the temperature of the gap being
less than 100°C during firing. 2as a result of this
relatively low temperature in the gap, the gas produced Irom
binder decomposition which flows therethrough liquefies or
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solidifies, accumulating as tax which produces an offensive
smell. In addition, the kiln wall and the table are made of
a felt-like heat-insulating wmaterial. The gas produced by
binder decomposition penetrates into this heat-insulating

5 material, causing the penetrated binder component to
carburize dve to thermal decomposition or the like. This
effect can result in reduced heat insulation, electrical
leakage, or other problems.

SUMMARY OF THE INVENTION
10 Accoxdingly, an okject of the present invention is to
provide a batch-type kiln which can prevent accumulation of
a bindexr component in, for example, a gap formed between a
table and z kiln wall.
According to one aspect of the invention, there is
15 provided a batch-type kiln. The kiln comprises a kiln bedy
and a heating chamber disposed within the kiln bedy, which
has a heater disposed therein. A table is disposed at the
bottom of the heating chamber, the table having a peripheral
portion and an upper surface for supporting an object to be
20 treated. The peripheral portion of the table and a portion
of the kiln body define a gap therebetween. This gap forms
a gas-intyroducing path for introducing a gas into the
heating chamber.
Accorxding to a second aspect of the invention, there is
25 provided a batch-type kiln, which comprises a kiln body and
a heating chamber disposed within the kiln body, the chamber
having a heater disposed therein. A table is dispesed at
the bottom of the heating chambexr for placing thereon an
cbiject to be fired. The table is capable of being raised
30 - and lowered. A gas-introducing path is also provided, for
incroducing into the heating chamber a gas which is the same
type as an atmospheric gas in the kiln from a gap between an
ocuter peripheral portion of the table and the kiln body.
The gas produced in the heating chamber by binder
35 decomposition flows downwaxd, attempting to flow into the
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gap between the table and the kiln body. However, by
supplying the same type of gas as the atmospheric gas in the
kiln through the gap and into the heating chamber prevents
the gas formed by bindexr decomposition from flowing into the
5 gap, thus preventing accumulation of the binder component
in the gap. In addition, the gas produced by binder
decompesition in the vicinity of the kiln body hecomes
agitated due to the inflowing gas, thereby reducing binder
component adhesion onto and penetration into the kiln body

10 and the table.

The gas supplied into the heating chambey is the same
type as the atmospheric gas in the kilh, sa that the
atmosphexe in the kiln will not be disturbed. In the batch-
type kiln in which a degreasing step and a firing step arxe

15 successively pexformed, the aforementioned gas is introduced
only during the dewaxing step, such that the gas is net
supplied duxing the firing step.

In the above-described kiln, it is preferable to supply
& gas which is of the same type as the atmospheric gas,

20 along the horlzontal face of a step (formed at the outer
peripheral portion of the table} from the ocuter periphery
inwardly, and then to allow the gas to flow upwardly aleng
the vartical face of the step and into the heating chamber.
In such a case, the gas-supplying path ig non-linear, which

25 reduces the amount of heat escaping from the heating
chamber, and allows heat to be left in the gas flowing
through this path. As a result, 3 temperature drop in the
kiln occurs less often.

When the cuter periphery of the heater is covered with

30 s thexmal resistant insulating tube, it is fully protected
from the binder component produced during the dewaxing step.
thereby eliminating the problem of electxical leakage
occurring between heatexs or between a heater and the kiln
body. In addition, in such a case, effects on the

35 properties of the cobject to be f£ired due to evaporation of
impurities contained in the heater are reduced. Further,
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effects on the heater due to evaporation of impurities
contained in the object to be fired are reduced.

It is preferable to form a cylindrical air chamber at
an outside wall of the kiln, and provide the chamber with an
opening for admitting air into the air chamber and an

" opening for dlacharging air therefrom. In such a case, when

the temperature rises in the kiln, the air chamber is used
as a heat-insulating layer. During the cooling process, the
accumulated heat in the air layer is removed by allowing the
air to circulate via the air admission opening and the air
discharge opening, thereby removing the. accumulated heat in
the air layex for effective cooling.

BRIEF DESCRIPTIO THE WINGS

The objects and advantages of the invention will become
apparent from the following detailed description of the
preferred embodiments therecf in connection with the
accompanying drawings in which like numerals designate like
elements, and in which:

FIG. 1 is a sactional view of & batch-type kiln in
accordance with the present inventien;

FIG. 2 is a sectional view taken along line A-A of the
batch~type kiln of FIG. 1; and

FIG. 3 is an enlarged view of secticn B of the
hatch-type kiln of FIad. 1.

batch-type kiln in accordance with the present invention
will be described. ‘

The batch~type kiln comprises & cylindrical kiln body 1
having an opening at the bottom portion thereof and formed
by a heat-resistant member 2 made of, for example, ceramic
brick or felt. The kiln further includes a heating chamber
3, which has a plurality of spiral heaters 4 dispased in a
concentric manner with heating chawber 3. Spiral heatexrs 4
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Pass through the ceiling of kiln body 1, and are inserted

into heating chamber 3 through the upper wall of chamber 3.
Spiral heaters 4 are covered along their respective

outer peripheries with a heat-resistant insulating tube 5,

5 except for a terminal portion 4a of the heaters. Tube § can
be constructed of a material which does not allow
venetration of a binder component or the like, such as fine
alumina or silica ceramic. The bottom end cpening of tube §
butts against the bottom portion of kiln body 1. 1In this

10 way, the gas produced in heating chamber 3 by bindex
decomposition is prevented from flowing into tuke S.

Gas supply tubes 6§ are disposed in the same concentric

pattern formed by spiral heaters 4. Like spiral heaters 4,
gas supply tubes 6 are inserted into heating chamber 3

18 through the ceiling of kiln body 1. Prom a gas supply
source (not shown), an atmespheric gas which is suitable for
use in the dewaxing step and the firing step, i.e., air or

any of its compenentas (e.g., . H, and H,0), is supplied to
gas supply tubes 6 in crder to|introduce the atmospheric gas

20 towards the center of heating chamber 3 through blowing
cpenings éa. N

An exhaust tube 7 is provided at an upper portion of
kiln body 1 in order to exhaust gas from heating chamber 3.
As shown in FIG. 1, exhaust tube 7 is preferably disposed
25 along the central axis of heating chamber 3. Exhaust tube 7
is connected to an exhaust gas treating device (not shown).
A table 10 with a step portion 11 foxmed at an outer
pexiphery thereof is disposed at the bottom portion of
heating chamber 3. Table 10 is made of a heat-resistant
30 material such as described ‘with reference to kiln body 1. A
ceramic plate 12 is borizontally supported by means of
plural columns 13, S0 as to be raised from the upper surface
of table 10. Plate 12 is used to hold one or more saggers
19 each containing an object to be fired. Such an object
35 can include, for example, a molded part formed from a
ceramic.
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In order to uniformly fire the object by means of
heatexs 4 disposed around the object and to allow the
objects being fired to equally contact the atmospheric gas,
table 10 is xotated. In this regard, a rotary shaft 18 of a
motor 14 is linked to the lower centyal porticn of table 10.
A plate 16 mounted to wotor 14 can be driven vertically
upward or downward by means of a raising-and-lowering device
17, such as a hydraulic cylinder. Thus, table 10 can be
rotationally driven by motor 14, and can be vertically
driven upward and downward by raising-and-lowering device
17.

Step portion 11, formed at the outer periphery of table
10, is formed by a horizontal face 1lla and a vertical face
11b. Faces lla and 1lb are disposed in the vicinity of
heating chamber 3. A gas-introducing path 18 (FIG. 3) is
formed by the gap between step portion 11 and a portion of
kiln body 1.

A metallic inner frame 20 is placed on the outer
peripheral face of kiln body 1, and an outer frame 21 is
placed over inner frame 20 such that at the outer pexripheral
portion, inner frame 20 is spaced at an equal intexval, for
example, from 20 to 30 cm, from outer frame 21. A
cylindrical air chamber 22 is formed in this space between
inner frame 20 and couter frame 21.

A discharge opening 22a facing an upper portion of the
kiin is formed at the upper portion of air chamber 22, while
an annular air supply portion 23 is formed at a lower
portion of air chamber 22. From an air supply source (not
shown), air is supplied to supply portion 23 via an aix
admission opening 23a. The air is supplied into air chamber
22 from a plurality of blowout openings 23b formad at
constant pitches in the upper wall of supply portion 23. 1In
this way, the air in air chamber 22 flows upward and is
discharged from discharge opening 22a.

An annular gas-intreducing portion 24 is formed at a
point below annular air supply portiom 23, Air supply
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portion 23 and gas-introducing portion 24 are separated by a
dividing plate 25, which also serves as a supporting plate
for supporting the bottom surface of kiln body 1. A gas,
which is of the same type as that supplied to gas supply
5 tube &, is supplied to gas-introducing portion 24 through a
gas admission opening 24a. The gas is then blown radially
inwaxdly from a plurality of blowout openings 24b formed at
constant pitches along an innex wall of gas-introducing
portion 24. ' The gas passes through gas-intreducing path 18
10 and into heating chamber 3. More specifically, as shown in
FIG. 3, the gas flows radially inward along the horizontal
face 1la of step portion 11 of table 10, and then flows
upwardly along vertical face 1lb of step portion 11. 1In
this manner, the gas is flows upwardly, concentrically, and
15 unjformly into heating chamber 3.
The operation of the kiln having the above-described
construction is discussed below.
Table 10 is lowered by raising-and-lowering device 17
to allow the placement of a plurality of boxes 19 on top of
20 each other on table 20. Table 10 is next raised to
introduce boxes 19 into heating chamber 3.
Table 10 is rotated by motor 14, and power is supplied
to heaters 4 in order to heat tha heating chamber 3 to a
predetermined temperature. Atmospheric gas is supplied from
25 gas supply tubes 6 to heating chamber 3 to perform a
dewaxing step. In the dewaxing step, an organic binder gas
formed by decomposition is produced from parts molded from
ceramic (i.e., the objectz to be fired). This gas attempts
teo accumulate at the bottowm portion of heating chamber 3 due
30 to its relatively heavy weight. The introduction of a gas
which is the same type as the atmospheric gas through gas-
introducing portion 24 into heating chamber 3 via gas-
introducing path 18 causes it to be wniformly blown out from
the gap between kiln body 1 and table 10, thexeby preventing
35 the gas produced by binder decomposition from flowing inte
the gap.
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The gas also generates a current in the vicinity of the
wall of kiln body 1 and the region around table 10, thereby
reducing penetration of the gas produced by binder
decomposition into the heat-resistant materials forming kiln

5 body 1 and table 10. The exhaust gas created in the heating
chamber is exhausted through exhaust tube 7 at the top
portion of the kiln.

The dewaxing step is followed by a firing step. More
specifically, the supply of atmospheric gas from gas supply

10 tube 6 and from gas~introducing path 18 is stopped, and the
temperature of heaters 4 is raised to f£ire the cohject being
treated. Here, although the binder component, remaining in
heating chamber 3, is completely decompesed by heat, there
is a smaller amount of bkindexr component in the gap between

15 table 10 and kiln body 1, and a smaller amount adhering to
the wall of kiln body 1, thexeby preventing deterioxation of
the heat-resistant members and reducing the amount of dirt
on kiln body 1.

As described above, air chamber 22 is formed at the

20 outer peripheral portion ¢f kiln body 1. As the temperature
riseg, air gupply to air chamber 22 is stopped, thus
allowing alx chamber 22 to be used as a type of heat-
resistant layer. Therefore, heat-resistant member 2 can be
made thinner than previously possible, reducing the size of

25 kiln body 1.

During the cooling process, air is supplied from
blowout openings 23b of air supply portion 23 into aix
chamber 22, and is discharged from discharge opening 22a.
The accumulated heat in air chambexr 22 is thereby removed at

30 one time. As a result, the cooling time of kiln body 1 is
reduced. .

The present invention is not limited to the above-
described embodiment., For example, the kiln beody of the
present invention can be a shape other than cylindrical.

35 Furthermore, while the table has been described asz a
rotating table, the table can be one which only moves in the
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vertical direction. Therefore, the table is not limited to
cne which is disc-shaped. For example, the table can be
cylindrical in shape, in addition to one having a step
portion formed at the outer peripheral portion of the table.

5 " In such a case, the gas supply path can extend linearly
upward.

Although in the foregoing description, the atmospheric
gas supply tube and the gas-introducing path were described
as being separate from one ancthex, the supply tube can be

10 eliminated. 1In this case, the gas supply path can he used
in place of the supply tube. In such a case, however, it is
still necessary to provide a gas supply tube for supplying
atmospheric gas into the boxes, since the gas-intreducing
path causes a gas current to be generated on the table.

15 Thereforae, when the gas-introducing path is used as a
substitute for the gas supply tube, it is preferable that
the object to be fired not be contained in a sagger.

In addition, although the exhaust tube for removing
exhaust gas has baen described as being disposed at the top

20 portion of the heating chamber, it can opticnally be
digposed at the side portion thereof.

Furthermore, although the heaters have been deseribed
as being arranged concentrically and vertically with respect
to the kiln body, they can be arranged horizontally, in the

25 case where the kiln body is square in shape.

The heaters themselves can be rod-shaped or U-shaped,
in addition to being spiral-shaped. However, xcd-shaped
beaters should have terminal portions at hoth enrds thereof.
In the case of U-shaped heaters, an elliptical section

30 should be present when covered with a heat-resistant
insulating tube. TFor spiral heaters, the terminal pertions
are at one gide and are rod-shaped, thereby allowing the use
of a cylindrical tube. Thug, the arrangement becomes
simple, and costs are reduced.

35 It is preferable that the heat-resistant insulating
tube be made of a material, such as alumina ox gilica
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ceramic, which does not allow penetration of a binder
component, is fine, and is not conductive.
As can be understood from the foregoing description, a’
gas-introducing path is provided in order to introduce a gas
5 which is of the szame type as the atmospheric gas in the kiln
from the gap between the outer peripheral portion of the
table and the kiln body. The gas blown out from the gas-
introducing path prevents the flow of a binder gas produced
by decomposition into the gap between the table and the kiln
10 body, whereby accumulation of the binder component in the
gap is prevented from occurring. In addition, the gas
produced by binder decompesition at the vicinity of the wall
of the heating chamber is agitated due to the inflowing gas,
thereby reducing the amount of binder component adhesion
15 onto and penetration into the table and the heat-resistant
member forming the kiln body.
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VWHAT IS CLAIMED 1S:
1. A batch-type kiln, comprising:

{(a) 2 kiln body;

(b) a heating chamber disposed within the kiln
body, the heating chamber having a heater
disposed therein; .

() a table disposed at the bottom of the heating
chambexr, the table having a peripheral
porticn and an upper surface for supporting
an object to be treated, the peripheral
portion of the table and a portion of the
kiln body defining a gap therebetween, the
gap forming a gas-introducing path for
introducing a gas into the heating chamber.

2. The batch-type kiln according to ¢laim 1, whevein
the peripheral portion of the table includes a step portion
comprised of a horizontal surface and a vertical surface,
the gas-introducing path being formed between a portion of
the kxiln body and the step portion.

3. The batch-type kiln according to claim 1, further
comprising a gas supply tube for introducing a gas inteo the
heating chamber.

4. The batch-type kiln according to claim 1.'wherein
the heater is at least partially covered witkh a heat-
resistant insulating tube along an outer peripheral poztion
thereof,

5. The batch-type kiln according to claim 4, wherein
a bottom end of the heat-resistant insulating tube is in
contact with the bottom of the heating chamber, thereby
preventing gas in the heating chamber from entering the
tube.
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b 6. The batch-type kiln accoyding to claim 1, wherein

2 the heater is spiral-shaped, rod-shaped, or U-shaped.

1 7. The batch-type kiln according to claim 1, wherain

the kiln-body and the heating chamber are cylindrical in

3 shape.

1 8. The batch-type kiln according to claim 7, whersin

2 a plurality of heaters are arranged concentrically with

3 respect to the heating chamber.

1 9. The batch-type kiln according to claim 8, further
2 comprising a plurality of gas supply tubes for introducing a
3 ‘gas into the heating chamber, the plurality of gas supply

4 tubes and the plurality of heaters together forming the same
5 concentxic cixrcle with respect to the heating chamber.

1 10. The batch-type kiln according to claim $, wherein
2 the plurality of gas supply tubes each has plural blow

3 openings facing the central axis of the heating chamber.

1 11. The batch-type kiln according to claim 10, further
2 comprising an exhaust tube extending through an upper wall

3 of the kiln body along a central axis thereocf, for

4 exhausting gas frowm the heating chamber.

1 12. The batch-type kiln according to claim 1, further
2 comprising weans for raising and lowering the table.

1 13. The batch-type kiln according to ¢laim 12, further
2 comprising means for rotating the table. :

1 14. The batch-type kiln according to <¢laim 1, furtherx
2 comprising an annular gas supply inlet in communication with
3 the gas-introducing path for introducing a gas therethrough.
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15. The batch-type kiln according to glaim 1, further
comprising an air chamber circumseribing the kiln body, the
air chamber having an annular air supply portion for
introducing air into the air chawmberx.

16. A method of using the batch~type kiln according to
claim 1, comprising:

(a] introducing an object into the heating
chamber; and

{(b) performing a dewaxing process on the object
by heating the heating chamber and by
supplying an atmospheric gas through the gas-
introducing path,

17. The method according to ¢laim 16, further
comprising rotating the object during the dewaxing process.

18, The method according to claim 16, further
comprising performing a firing process on the object after
the dewaxing process, wherein the atmospheric gas supplied
through the gas-introducing path is stopped, and the
temperature of the heater is increased.

1%. The method according to claim 16, further
comprising providing an air chambex c¢circumscribing the kiln
body, the air chamber baving an annular air supply portioen,
wherein air is introduced into the air chamber through the
air supply portion when the temperature of the heatex is
decreasad, and wherein airflow into the air chamber through
the air supply portion is stopped when the temperature of
the heater is increased.

20. A batch-type kiln, comprising:
(a) a kila body cylindrical in shape;
(B) a cylindrical heating chambeyr disposed within
the kiln body and concentric thereto;

4
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(e} a plurxality of heaters disposed within and
concentric to the heating chamber;

(d) a plurality of gas supply tubes for
introdueing a gas into the heating chamberx,
the pluxality of gas supply tubes and the
plurality of heaters together forming the
same concentric circle with respect to the

heating chamber;

(e} an exhaust tube extending through an upper
wall of the kiln body along a central axis
thereof, for exhausting gas from the heating

chamber.

(£} a table disposed at the bottom of the heating
chamber, the table having a peripheral
portion and an uppex surface for supporting
an object to be treated, the peripheral
portion of the table and a portion ¢f the
kiln body defining a gap therehetween, the
gap forming a gas-introducing path for
introducing a gas into the heating chamber;

{g) an annular gas supply inlet in communication
with the gas-introducing path for introducing

a gas therethrough; and

{h) means for raising and lowering the table.
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