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1. Field of the Invention The present invention relates to a hot-
air circulat- ing furnace, and nore particularly to a circulation system
for circul ating atnospheric gas supplied to a heat treating chanber. 2.
Description of Related Art Conventionally, for heat treatnent such

as sintering of ceramc products, a het 1ai+ circul ating furnace as shown
by Fig. 4 has been used. Under tenperature |less than about 500[err]Cto
600[err]C, heat transfer is caused mainly by convection rather than by
radi ation. Therefore, it is éKBbéﬂRﬂﬁIRdaLA1LNGWﬁ“RNAPEﬁ i nsi de
tenperature to use the hot air circulat- 1ing furnace wherein heated gas
flows in a heat treating chanber. The hot air circulating furnace

conprises a heat insulati furn casi ' | e furnace 12 which.
Is a heat treating chanber Eiﬁgéﬁiﬁﬁ%§ﬁﬁ§g&:i§¥€§ﬂ£¢ metal boards and a
gas passage 13 in which atnospheric gas G such as heated nitrogen
supplied from outside flows. Further, boxes (not shown) which

contai n cergm %ieardo%tfctt%eorlnq;eqlq:rio%ubj ects are piled in the nuffle furnace

The present invention relates to a hot air circulat-
ing furnace, and more particularly to a circulation system
for circulating atmospheric gas supplied to a heat treating
chamber.

2. Description of Related Art

Conventionally, for heat treatment such as sintering
of ceramic products, a hot air circulating furnace as shown
by Fig. 4 has been used. Under temperature less than about
500°C to 600°C, heat transfer is caused méinly by convection
rather than by radiation. Therefore, it is proper for the
unifofmity of inside temperature to use the hot air cifculat-
ing furnace wherein heated gas flows in a heat treating
chamber. The hot air circulating furnace comprises a heat
insulating furnace casing 11, a muffle furnaqe 12 which is a
heat treating chamber assembled by heat resisting metal
boards and a gas passage 13 in which atmospheric gas G, such
as heated nitrogen, supplied from outside flows.

Further, boxes (not shown) which contain ceramic
products or other subjects are piled in the muffle furnace
12, and mutually opposite side walls of the muffle furnace 12

have small openings 14 through which the atmospheric gas G



12, amd nutual |y opposite side walls of the nuffle furnace 12 have snal
openi ngs 14 through which the atnospheric gas G

- 2- fl ows. Above the nuffle furnace 12, a gas supply pipe 15is led into
t he gas passage 13, and further, a sirocco fan 16 for circulating the
atnospheric gas G and an electric heater 17 for heating the atnospheric
gas Gto a specified tenpera- ture are provided. The sirocco fan 16 is
connected to a notor 19 via a seal bearing 18 and is driven by the notor
19. In the hot air circulating furnace, the sirocco fan 16
must be hifjldws headboesi the nguffbhel finenadeat2nga é¢8s supplytpive benbkss
must have a good sealing function, which in- creases the cost.

Addi ti onal 1}edt hbtntpethel sascpassage bdd apdrierthece afsipeeeo nehdRr slGet
alimt to the tenperature of the atnnsggeric gas G which géevents

i npr overrentfon ¢hrculabigt the atnospher #nd i 915 EEiGn Reater
sealing performance of the seal bearing 18 cannot be avo'gfd because the
seal bearih571%9?sh%?5%9$ytm%f?ﬁﬂﬁﬁﬁkﬁfikt%%ﬁt%nﬁ%r%ﬂ%ﬁ%? ¢4 or bofRRera-
bet ween thg;inside and Ehe.&u@siQﬁEof Ihe'hotfair g%éculgiin fﬁrnece.
Accor di ngl ysU§¢  BECOmeRT A 1EFCul 1% siﬁ%ﬁ%&t_%ﬁt%ﬁ e® ai 0TV gEh) FPonf
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purity of the atnospheric gas
In the hot air circulating furnace, the sirocco fan
16 must be highly heat resisting, and the bearing 18 and
other members must have a good sealing function, which in-
creases the cost. Additionally, the special material and
performance of these members set a limit to the ' temperature
of the atmospheric gas G, which prevents improvement in the
production efficiency. However, deterioration of the sealing
performance of the seal bearing 18 cannot be avoided because
the seal bearing 18 is greatly influenced by the temperature
difference between the inside and the outside of the hot air
circulating furnace. Accordingly, it becomes difficult to
prevent outside air (oxygen) from penetrating into the fur-

nace, which makes 1t.difficu1t to keep the high purity of the

atmospheric gas G.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
hot air circulating furnace which is improved in production

efficiency and in control of the purity of atmospheric gas in



SUMMARY OF THE | NVENTI ON An object of the present invention is to
provide a hot air circulating furnace which is inproved in production
efficiency and in control of the purity of atnospheric gas in
- 3- a sinple structure wi thout using special instrunents. In
order to attain the object, a hot air circulating furnace according to the
present invention conprises a heat treagifng chanber in which subjects are
pl aced, a gas passage which is provided around and connected to the heat
~treating chanber such that the gas passage and the heat treating chanber
forma circaisimplehstiueatupsphithcugassingcspatisl instesmenpply pipe
which is led in the gas passage to extend in a gas circul ating direction,
and an injection nokzlerdérchoisttpinvibedobjeah, eadhot 2he gatrsupptingi pe
to inject the atnospheric gas. The gas circuit is forned of the gas pas-
sage and tHeureaget raeeendlegahocthe npresent Ryerhbont ¢emPEif@Spherheatas
flows through the heat treating chanber in a horizontal direction or in a

vertical diteedtbng chamber 1p yhichisuRiests #Fe RI¥ERPnetiEagasPresage
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chamber such that the gas passage and the heat treating
chamber form a circuit in which atmospheric gas circulates, a
gas supply pipe which is led in the gas passage to extend in
a gas circulating direction, and an injection nozzle which is
provided at an end of the gas supply pipe to inject the
atmospheric gas. The gas circuit is formed of the gas pas;
sage and the heat treating chamber in such a way. that the
atmospheric gas flows through the heat treating chamber in a
horizontal direction or in a vertical direction.

In the structure, the atmospheric gas 1is supplied
from the gas supply pipe through the injection nozzle. When
the atmospheric gas is newly injected into the gas passage,
gas around the injection nozzle is drawn by the injected gas
in the gas circulating direction. Then, the atmospheric gas
flows -in the gas passage to the heat treating chamber and
flows therethrough.

According to the p;eSent invention, atmospheric gaé
around the injection nozzle is drawn by newly supplied atmos-
pheric gas, and thus, circulation of the atmospheric gas is
carried. out without using any special instruments such as a

sirocco fan -and a motor thereof. Thereby, the cost can be



gds around the injection nozzle is drawn by the injected gas in the gas
circulating direction. Then, the atnospheric gas flows in the gas passage
to the heat treating chanber and flows therethrough. According to
the present invention, atnospheric gas around the injection nozzle is
drawn by newy supplied atnos- pheric gas, and thus, circulation of the
at nospheric gas is carried out mﬁthoquﬁsjng any special instrunents such
as a sirocco fan and a notor thereof. ereby, the cost can be

-4- reduced, and control for keeping the high purity of the atnospheric
gas becones RARHEP) € drdli @ BIRSEL S IESD inAl B High S Pifk T8 € Jrecegsary
tolimt the tenperature of the atnobspheric gas in consideration of the
~material antydiEite UL Peddifed naidsmmes.mThei efinm1d heswivmapheri c
gas can be heated over 900[err]C, and the production efficiency can be

i mproved. Also, it is no mtdEmMdRSERIATIN mitHEHRAMMKESature of thiéhi s

and ot her objects and features of the present invention wll be apparent
fromthe fatmyepiedesgdptimreons tderatimrernct: the et eaticdn@nd/ipey form-
drawi ngs, in which: . -Fig. 1 is an elevational sectional view of a
hot air ance of the instruments. Therefore, the atmospheric gas can

be heated over 900°C, and the production efficiency can be

improved.
BRIEF DESCRIPTION OF THE DRAWINGS

This and other objects and features of the presené
invention will be apparent from the following description
with reference to the accompanying drawings, in which:

Fig. 1 is an elevational sectional view of a hot air
circulating furnace which is a first embodiment of the
present invention;

Fig. 2 is an elevational sectional view of a hot air
circulating furnace which is a second embodiment of the

present invention;

Fig. 3 is an elevational sectional view of a hot alir
circulating furnace which iq a third embodiment of the
present invention; and

Fig. 4 is an elevational sectional view of a conven-

tional hot air circulating furnace.



cirtculating furnace which is a first enmbodi ment of the present invention;
Fig. 2 is an elevational sectional view of a hot air <circulating furnace

which is a second enbodi nent of the present invention; Fig. 3is
‘an el evational sectional view of a hot air circulating furnace which is a
third enbodi nent of the present invention; and Fig. 4 is an

el evati onal sectional view of a conven- gtional hot air circulating

f ur nace. - b- DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Preferred enbodi nents

of the present i nWEDPAIGED aDESCREBTIONeQF THE PREFERRED EMBQDEVENTS show a
first enmbodi ment, a second enbodinent and a third enmbodi ment of the
present invention, respectively. 1In the drawi ngs, the sane parts and
menbers are provided with the sane reference synbol s. The first
enbodi nent is a batRrefgpredorempodimerts of sthePreserte IRYRBLERRPrLes a
heat insulating furnace casing 2 with an electric heater 1 enbedded

t her ei n, a eF¢rtbedyrnace 3 assenbl ed by heat resisting netal boards and a
gas Figs. 1, 2 and 3 show a first embodiment, a second
embodiment and a third embodiment of the present invention,
respectively. In the drawings, the same parts and members
are provided with the same reference symbols.

The first embodiment is a batch type hot air circu-
lating furnace which comprises a heat insulating furnace
casing 2 with an electric heater 1 embedded therein, a muffle
furnace 3 assembled by heat resisting metal boards and a gas
passage 4 provided around the muffle furnace 3. The muffle
furnace 3 is a heat treating chamber, and boxes (not shown)
containing subjects, such as ceramic products, are piled in
the muffle furnace 3. The gas passage 4 communicates with
the muffle furnace 3 so as to form a circuit for atmospheric
gas G. The gas passage 4 is a tube made of heat resisting
metal. The gas passage 4 communicates with the muffle fur-
nace 3 in such a way that the atmospheric gas G which 1is
heated by the electric heater 1 flows through the muffle
furnace 3 in a horizontal direction. In mutually opposite
side walls of the muffle furnace 3 where the gas passage 4
abuts, a lot of small openings 5 are made.

A gas supply pipe 6 is led in the gas circuit. The

gas supply pipe 6 is straight, and the pipe 6 led in the gas



passage 4 provided around the nuffle furnace 3. The nuffle furnace 3 is a
heat treating chanber, and boxes (not shown) containing subjects, such as
ceram c products, are piled in the nuffle furnace 3. The gas passage 4
comruni cates with the nuffle furnace 3 so as to forma circuit for

at nospheric gas G The gas passage 4 is a tube nmade of heat resisting
metal . The gas passage 4 communi cates-wgth the nuffle fur- nace 3 in
such a way that the atnospheric gas G which is heated by the electric
heater 1 flows through the nuffle furnace 3 in a horizontal direction. In
mutual |y oppostaet sidefimeldsinfatpespvibhetduerternd3inher edihecybsnpassage

4 abuts, a lot of small openings 5 are nade. A gas supply pipe 6
is led in twkighstiberatmospheifhe ggasGsapptylaptes.6 Is theafghst emblodhe
pipe 6 led in the gas - 6- circuit is

fixed in a PeRtti okheogast 8WBPLY RiBer@cisohefninykhehupper at BspheRi cofas

Gcirculates. In the first enbodi- . ment, the gas supply pipe 6.is led |n
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and 'nJeCtggoﬁEiQ tJ?els fitted to the end of the gas supply pipe 6, and
the atmospheric gas G supplied from the pipe 6 1is further
compressed by the injection nozzle 7 and injected into the
gas passage 4 through the nozile T.

In the hot air circulating furnace of the firsf
embodiment, when the atmospheric gas G supplied from the gas
supply pipe 6 is newly injected through the injection nozzle
7 in the gas circulating direction, gas G around the nozzle 7
is drawn by the injeéted gas. More specifically, the move-
ment of the injected gas G influences the gas G around the
nozzle 7, and the gas G moves in the circulating direction
together. The atmospheric gas G is heated by the electric
heater 1 embedded in the furnace casing 2 while flowing in
the gas passage 4 toward the muffle furnace 3. Then, the
atmospheric gas G flows into the muffle furnace 3 through the
small openings 5, and the subjects, such as ceramic products,
put in the muffle furnace 3 are sintered by the heated gas G.

By controlling the volume of gaé G supplied from the
gas supply pipe 6, the volume of atmospheric gas G circulat-

ing 1in the gas circuit can be proportionally controlled.



gas passage 4 through the nozzle 7. In the hot air circulating
furnace of the first enbodinent, when the atnospheric gas G supplied from
the gas supply pipe 6 is newy injected through the injection nozzle 7 in
the gas circulating direction, gas G around the nozzle 7 is drawn by the

i njected gas. More specifically, the nove- nent of the injected gas G

I nfl uences the gas G around the - nozzle 7,-and the gas G noves in the
circulating direction together. The atnospheric gas Gis heated by the
electric heater 1 enbedded.in the furnace casing 2 while flowng in the
gas passagexperimentalhe, méatrtyfsevenetBnes ddanmuchtatmosphesphegas gas G
flows into the nuffle furnace 3 through the small openings 5, and the

subj ects, sash mewlerswpplpeddiicos, theupire 6heambhé| ecivenbated. ar eFur-

sintered by the heated gas G By controlling the volunme of gas G
suppl i ed fremexhe altoughply p$pect, shownyorynexipaust mepheks c BERVizied
circulat- ing in the gas circuit can be proportionally_control]l ed.
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w lied fromthe pipe 6 be cjrcylated, . Fur-. th t hough
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vol unme of “%fgtﬁgéséée“@iEﬂroGERePﬂé QQhQQStVB$F€? of supplied gas G is

taken out
Further, 1in the portion of the gas passage 4 into

which the atmospheric gas G flows ffom the muffle furnace 3
immediately, a sampling port S which communicates with a gas
content detector, for example, an oxygen concentration meter,
is provided. The contents of the atmospherié gas G immedi;
ately after sintering the ceramic products in the muffle
furnace 3 are detected, whereby appropriate gas control such
as appropriate oxygen density control is possible.

In the first embodiment, the gas passage 4 1is con-
nected to the muffle furnace 3 in such a way that the gas G
flows through the muffle furnace 3 in a horizontal direction.
However, as will be described later in connection with the
second and third embodiments referring to Figs. 2 and 3, it
is possible to connect'the gas passage 4 to the muffle fur-
nace 3 in such a way that the atmospheric gas G flows through
the muffle furnace 3 in a vertical direction. The same parts
and members of the second and third embodiments shown in
Figs. 2 and 3 which are also used in the first embodiment are
provided with the same reference symbols as provided in

Fig. 1, and the detailed description of these parts and



gas passage 4 through the exhaust port. Further, in the portion of
the gas passage 4 into which the atnospheric gas Gflows fromthe nuffle
furnace 3 imediately, a sanpling port S which conmmunicates with a gas
content detector, for exanple, an oxygen concentration neter, is provided.
The contents of the atnospheric gas Gimedi- ately after sintering the
ceram c products in the nuffle furnace 8 are detected, whereby appropriate
gas control such as appropriate oxygen density control is possible.

In the first enmbodi nent, the gas passage 4 is con- nected to the nmuffle
furnace 3 imembehsaiwapmilb&edthe gas G flows through the nuffle furnace 3
in-a horizontal direction. However, as will be described later in
connection with theRefersitgata Flhgrd2enBoliphenait céreniatgngofurgace20nd
3, it is possible to connect the gas passage 4 to the nuffle fur- nace 3
in such a wahet heecoRd gmhedpmentcigadescribed.t hiBughe t secands| empafhace
3in avertical direction. The sane _parts and _nenbers of the second and
third enbodPRBAe sthRoEAS| Rasppge. 421§ngonngRtEA hPecaafedliBEdPPATHhaDE| Bst
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direction. In the ceiling board and the bottom board of the
muffle furnace 3, a lot of small openings 5 are made. The
atmospheric gas G flows into the muffle furnace 3 through the
small openings 5 made in the bottom board and flows upward in
the muffle furnace 3. Then, the atmospheric gas G flows oué
of the muffle furnace 3 through the small openings 5 made in
the ceiling board. In this structure, the temperature dis-
tribution in the muffle furnace 3, ih which boxes (not shown)
containing ceramic products are piled, is not so uneven as
that in the structure of Fig. 1.

Referring to Fig. 3, a hot air circulating furnace of
the third embodiment is described. 1In the third embodiment,
the gas passage 4 is connected té mutually opposite side
walls of the muffle furnace 3 in the lower half, and a tube 8
diverged from the gas passage 4 is led in the muffle furnace
3 through the ceiling board thereof. In the lower half of
each of the side walls, a lot of small openings 5 are made.
The atmospheric gas G flows in the muffle furnace 3 through

the small openings 5§ made in the side walls and flows upward

in the muffle furnace 3. Then, the atmospheric gas G flows



t he second enbodi nent is described. In the second enbodi- nment, the gas
passage 4 is connected to a ceiling board and a bottom board of the nmuffle
furnace 3 such that the atnospher- ic gas G flows through the nuffle
furnace 3 in a vertical direction. In the ceiling board and the bottom
board of the nuffle furnace 3, a lot of snmall openings 5 are nmade. The
at nospheric gas Gflows into the nuffle g wnace 3 through the snal
openings 5 made in the bottom board and flows upward in the nmuffle furnace
3. Then, the atnospheric gas G flows out of the nuffle furnace 3 through
the snal | apehiofystie muiEfie futmaoeid i tlyrdugh dthd tube S structure, the
tenperature dis- tribution in the nuffle furnace 3, in which boxes (not
shown) cont ai ni ng ber e seeendtenkodingnieand sthet Bulntheatbedimeniat in
the structure of Fig. 1. Referring to Fig. 3, .a hot air

circul ati ngheur r%ﬁ!'&’g]dfngt REEHi § kb FORHD AR Hi e P 18RS hE UG
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the muffle furRGsork sThed 148 "SR eid i idsh Grf vi¥eh the atmospher-
ic gas G converges after flowing through the ceramic products
put in fhe muffle furnace 3, for example, in the tube 8
through ‘which the atmospheric gas G returns from the muffle
furnace 3 to the gas passage 4, and therefore, detection of
the contents of the atmospheric gas G'is more accurate.

In the hot air circulating furnaces of the above
embodiments, the electric heater 1 for heating the atmospher-
ic gas G is embedded in the furnace casing 2. However, the
electric heater 1 can be set on an inner surface of the
furnace casing 2 or inside the gas passage 4. In a case that
the electric heater 1 is embedded in the furnace casing 2 or
is set on the inner surface of the furnace casing 2, the
electric heater 1 directly heats the muffle furnace 3 as well
as the atmospheric gas G, and thereby, the temperature dis-
tribution and the thermal responsibility in the muffle fur-
nace 3 are improved.

Although the above embodiments are batch furnaces,
the present invention is applicable to other types of fur-

naces. For example, a continuous furnace according to the



out ofrthe nuffle furnace 3 through the tube 8. In the second
enbodi nent and the third enbodi nent, the sanpling port S which

comuni cates with a gas content detector is provided in the portion of the
gas passage 4 in which the atnospheric gas Gflows fromthe nuffle furnace
3 imediately. |In the second and third enbodi nents, the sam pling port
Sis located in a position on which the ggmspher- ic gas G converges
after flow ng through the ceram c products put in the nuffle furnace 3,

for exanple, in the tube 8 through which the atnospheric gas G returns
fromthe nptrkkentf inventidnt eanhdegastrpetargd by eodnebediagonepldendditiyon

of the contents of the atnospheric gas Gis nore accurate. In the
hot air cir ofl awiffdef furaecssold and hyovrerovddiiod acgas, palssagieedtrac lgaat er
1 for heating the atnospher- ic gas Gis enbedded in the furnace casing 2.

However, th&UPRl¥ct Pi®eneht eand @anipdesddopnnggzigndr £our f §8€hof ofhe the
furnace casin%gz or_inside the gas passage 4. In a case that the electric
heater 1 i sPEAHdGIEYTPACESe Sf-urnace casing 2 or is set on the inner

surface of the furn casing.2, - the | ectri ¢ heater § dir ctl¥.ge ts.the
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those who are skilled in the art. Such changes and modifica-

tions are to be understood as being within the scope of the

present invention.



- 10 -* present invention can be structured by connecting- a pIura%F%y——e%———
muf fl e furnaces 3 and by providing a gas passage 4, a gas

and an injection nozzle 7 for each of the nmuffle furnaces “ﬂllﬂl IIIE ”III
Al t hough the present invention has been described in connec

preferred enbodi nents above, it is to be noted that various changes and
nodi fications are possible to those whojare skilled-in-the—art— Such
changes and nodifica- tions are to be understood as being mnthln t he scope
of the present invention. This Sheet Has Been Replaced 11
VHAT | S CLAWNRID IS: CLAIMED IS: A hot air circul ilunﬂ“H“H'HH conpri si ng:

a heat treating chanber in which subjects are pl a gas

passage which is provided around the outside of the heat treating chanber
and connected to the heat treating chanber, the gas passage and the heat
treating chdnber foArheF §l€'Féﬁcwlﬁﬁiww'éﬁ&ﬂ#@@pﬁ@ﬂ@@igéggblrculates

a gas suppl i pe for supplying the atnospheric
g PPLY PIP a ea%pf¥ea ing chambe@ in wh%ch subjects are placed;

a gas passage which is provided around and connected
to the heat treating chamber, the gas passage and the heat
treating chamber forming a circuit in which atmospheric gas
circulates;

a gas supply pipe for supplying the atmospheric gas
to the gas passage, the gas supply pipe being led in the gas
passage to extend in a gas circulating direction; and -

.an injection nozzle which is provided at an end of
the gas pipe to inject the atmosphefic gas Iinto the gas

passage in the gas circulating direction.

2. A hot air circulating furnace as claimed in claim 1,
wherein the gas passage 1s connected to the heat treating
chamber in_such a way that the atmospheric gas flows through

the heat treating chamber in a horizontal direction.

3. A hot air circulating furnace as claimed in claim 1,
wherein the gas passage is connected to the heat treating
chamber in such a way that the atmospheric gas flows through

the heat treating chamber in a vertical direction.

4. A hot air circulating furnace as claimed in claim' 1,



to' the'gas passage, the gas supply pipe being led in the gas—passage—to

extend in a gas circulating direction; and an inj "

which is provided at an end of the gas pipe to inject thEEHIMIIBﬂﬂ'@IHm '
into the gas passage in the gas circulating direction. oL Ols akr
circulating furnace as clainmed in claim 1, wherein the gas passage is
connected to the heat treating chanber {# such a way that the atnospheric
gas flows through the heat treating chanber in a horizontal direction.

3. A hot air circulating furnace as clained in claim 1, wherein the
gas passage2iesr cdnntutthlet ocomprhehhgt & eshmping hpober fon sorheating that
the atnmospheric gas flows through the heat treating chanber in a vertical
di rection. atmospherchgasaforcsamplhbgngther samel ingcpartebleinmgchrovid4d,

- 12 - 2 or 3, further conprising a sanpling port for collecting the

at nospher i cegabnftihe sgapl bPagsagecataappbositbont toevihichrthe d-atmespher he
gas passage at a position_to which the atnospheric as flows immedi ately
after flow &°thioughinpedkately raftengflowbngethrough the heat treating

chamber.




