1 DESCRI PTI ON THERVAL TREATMENT APPARATUS Technical Field 5 The present
i nvention relates to a thernmal treatnent apparatus used

treatment of a starting material, an internedi ate produc{”ﬂm m&’mmﬂmm
product. Background Art 10 Various thermal treatnment processes

heating process and a cooling process ark enpl oyed in the prit8sses of
manuf acturing various products such as a plasma display panel, a sol ar

battery panel, a resistor chip and other devices and eI ﬁwmlm“m“mm
Nuner ous effects 15 achieved by a ther mal treatnent are
Specifically, drying, dehydrati | on DESCRHRTION reaction aceshesati on,
surface nodification, sealin aSS|n anneal ing and so on are known.
In case a heating furnaHﬂEBqYI VeENET AB® ARST bkSit appar at us, the
thermal treatnent apparatus generally has a plurality of thermal treatnent
chanbers arranged in the direction of transporting an object to be
treated. Each thermal treatnment chanber has a space provided therein in
whi ch the obljeehnisasuUbiedct ed to a 25 thermal treatnent, namely a thernal
treatment zone. A 2

5 The present invention relates to a thermal treatment

apparatus used for a thermal treatment of a starting

material, an intermediate product or a final product.

Background Art
10 Various thermal treatment processes such as a heating
process and a cooling process are employed in the
processes of manufacturing various products such as a
plasma display panel, a solar battery panel, a resistor chip
and other devices and electronic parts. Numerous effects
15 achieved by a thermal treatment are known. Specifically,
drying, dehydration, calcination, reaction acceleration,
surface modification, sealing, degassing, annealing and so

on are known.
In case a heating furnace is used as a thermal
20 treatment apparatus, the thermal trea.tment apparatus
generally has a plurality of thermal treatment chambers
arranged in the direction of transporting an object to be
treated. Each thermal treatment chamber has a space
provided therein in which the object is subjected to a

25 thermal treatment, namely a thermal treatment zone. A



heating furnace generally has a tenperature raising zone (tenperature

rai sing chanber) in which the object is heated to rise in tenperature, a
thernostatic zone (thernostatic chanber) in which the object is naintained
at the raised 5 tenperature, and a tenperature |owering zone (tenperature

| owering chanber) in which the object i sZ%ool ed down to decrease in
tenperature, as the thermal treatnent zones. The object to be treated is
subjected to predetermined thernal treatnent processes while passing

t hrough each 10 zone in the order described above. Typically, heat is
applied in he@ti BEpdUANRACE r aPSie @I 1nBaswa | ke MY AT earkAiSiNGF 2@AE i s
suppl i ed whi ch conpensates for heat dissipation in the thernopstatic zone,
and heat is(tempeEiyre reésirapehamuber) onem mifrdhe olyerdeieffog atedhe
tenperature raising zone and the thernostatic zone in which heat is
applied to teerbdpetn temmerateee edandlyeansostrticalzanea (hear mestatlie. And
the tenperature |owering zone in which heat is renoved from the object
may al so becdeméerg doolwhichzotiee Digezd denpeaintaindgdweti Hyezoaésedy

al so be called a slow cooling zone or a quenching zone depending on the
decrease i nteemperature, gfndhe hingmr athireh | da B age Zion e eftieeo ped adurieng
the period fromthe entry of the object into the zone to the exit of the
obj ect fromowerioge ehamizeper et uwdidécridaesi ogjeat els dbelstowd awal iteg

zone is 3
decrease in temperature, as the thermal treatment zones.
The object to be treated is subjected to predetermined
thermal treatment processes while passing through each

10 zone in the order described above. Typically, heat is
applied in the temperature raising zone, while such an
amount of heat is supplied which compensates for heat
dissipation in the thermostatic zone, and heat is removed in
the temperature lowering zone.

15 Therefore, the temperature raising zone and the
thermostatic zone in which heat is applied to the object to
be treated may also be called a heating zone. And the
temperature lowering zone in which heat is removed from
the object may also be called a cooling zone. The

20 temperature lowering zone may also be called a slow
cooling zone or a quenching zone depending on the
decrease in temperature of the object which decrease is
effected during the period from the entry of the object into

the zone to the exit of the object from the zone

25 (temperature decreasing rate). The slow cooling zone is



generally a zone in which the tenperature of the object entering the zone
is lowered at a rate, for exanple, from several degrees to several tens of
degrees Cel sius per mnute. The quenching zone is generally a zone in
which 5 the tenperature of the object entering the zone is lowered at a
rate of several hundreds of degrees Cel sidis per mnute or higher.
D mensi ons of the heating zone and the cooling zone are determ ned
according to thermal treatnment conditions 10 on the basis of a throughput
of the object to be treated, such as the tine required for heating, cooling
rate and a StdhPEAHYurd 3P Nehel NHbVEE hatt hienet &RiRe Enidi teneof | Hoe et
required to install the thermal treatnent apparatus. In the case of a
t hermal tre&M@fiNdpphLatasN Aals ntpweres @iuraliate off or hereemn ptl ecafrmemt
chanbers, it is necessary to maintain the tenperature in the thermnal
treatment cls@Meral (AagsERS htot sepgralurtens oOfie degreeas tCehsieht paine)
at a predetermned | evel so as to ensure that the predeterm ned thernal
treatnent efbtytes achpPedé®nahbaghzemnea his wgemenallyo a raaneem wideber s.
For this purpose, tenperature in the thermal treatnent chanber is
controld ed tpendamsperapuopeef tHeatdohjeot enterimp Mbenszeand bs tleweratdur e
nonitor. The thermal treatnent apparatus having a plurality of thernal
treat nent cladnBeratersyf isevwetakehnridiedat obrde gpSespfaiastius peer giinwe
object to be treated is transported 4

or higher.

Dimensions of the heating zone and the cooling zone
are determined according to thermal treatment conditions
10 on the basis of a throughput of the object to be treated,
such as the time required for heating, cooling rate and a
temperature of the object at the exit and the floor space
required to install the thermal treatment apparatus.
In the case of a thermal treatment apparatus having a
15 plurality of thermal treatment chambers, it is necessary to
maintain the temperature in the thermal treatment chamber
(namely the temperature in the thermal treatment zone) at a
predetermined level so as to ensure that the predetermined
thermal treatment effect is achieved in each of the thermal
20 treatment chambers. For this purpose, temperature in the
thermal treatment chamber is controlled by means of proper
heating or cooling means and a temperature monitor.
The thermal treatment apparatus having a plurality of
thermal treatment chambers may be a thermal treatment

25 apparatus wherein an object to be treated is transported



jntermttently through the thermal treatnent zones of the thernal
treatnent chanmbers, or a thernmal treatnent apparatus wherein an object to
be treated is transported continuously through the thermal treatnment zones
of the 5 thermal treatnment chanbers. An exanple of the thermal treatnent
apparatus wherein the object is transport®ed intermttently is disclosed,
for exanple, in Japanese Kokai Patent Publication No. 11-142061. In the
thermal treatnent apparatus described in this 10 publication, thermnal
separation befween the thermal treatnment zones is ensured by shielding
each therrral'nt?F'@éﬁtr?é"rHyzéhéoMgﬂn Heethergrabl treadan aaht zosies 96 that

the thermal treatnent zone will not be thermally influenced by the

adj acent t héhgamal edt ®@HMeBheschgiBbiaiscal Oy, ~ ©hi $hBF M REr nHie atmantent
apparatus has a shutter apparatus conpri si n%a pl ate-1i ke shutter disposed

bet ween heatEiRREATabhesWARIr@iadh Skt t@ Rastreated wal tarspested to
sandw ch the shutter. The shutter is positioned at a shielding position
where the héantiguhely athrahgbl dée 2thermaledcradment ozome s oét thet ed
position where interference with the object being transported is
prevent®ed. thieamak, treatmpmtt ehamberced An texa mgtlcacobdthpestiheomalhen
the object is noved between heating zones, and is placed at the shielding
posi ti on whéneahm enf e@pperabved winereaime heheabijagtzose. tMhespsjiréed
i ntroduced into the heating zone 5
intermittently is disclosed, for example, in Japanese Kokai
Patent Publication No. 11-142061.
In the thermal treatment apparatus described in this
10 publication, thermal separation between the thermal
treatment zones is ensured by shielding each thermal
treatment zone from other thermal treatment zones so that
the thermal treatment zone will not be thermally influenced
by the adjacent thermal treatment zones. Specifically, this
156 thermal treatment apparatus has a shutter apparatus
comprising a plate-like shutter disposed between heating
zones and a pair of thermal insulating walls disposed to
sandwich the shutter. The shutter is positioned at a
shielding position where the heating zones are shielded
20 from each other or at a retracted position where
interference with the object being transported is prevented.
That is, the shutter is placed at the retracted position when
the object is moved between heating zones, and is placed

at the shielding position when the object is moved into the

25 heating zone. The object introduced into the heating zone



Js caused to stand still in the heating zone or to nove back and forth
therein so as to be subjected to a thermal treatnent into a predeterm ned
tenperature. In this thermal treatnent apparatus, the shutter 5 shields

t he heating zones fromeach other, while thermal insulation effect is
provi ded by the thermal insulating walls95disposed at the border between
the heating zones and an air l|ayer fornmed between the thermal insulating
wal I s. Thereby, each heating zone is thermally influenced as little 10 as
possi bl e by the other adjacent heating zones. The air |ayer fornmed between
the thermal isreauaeichgonatapdass! ipr gbenhsaﬁdeag ZOoYR I5gi hg aiaeetbgack
transmtted fromthe high tenperature heating zone to the | ow tenperature
heating zomndAdesthli dflereinn aecorsatoe et hsuhjectadrnted 85 theamesnt
apparatus, a tenperature in each heating zone can be quickly controlled to
the predetetnéattherténtafa gpredebesmineichenhpeobtece. internittently and
closing the shutter. In other words, this thermal treatnent apparatus
ensur es i ndependdncetbfs eddtentrenr natraattaemdnt apgnerdtu 20 rrhans sdiuttes
novabl e shutter and the thermal insulating walls. This provides such
advant dges ahitetdsquale tlye atingezoolg :chroman eeeclasetihed, awditdethoermal

| ength of the thernmal treatnent apparatus can be nmade snmaller. Now t he
thermal trednseratappaetiecst Whepednidéd b25thej Hreérmalbns ueatied) ivealls

transported continuously is 6

disposed at the border between the heating zones and an
air layer formed between the thermal insulating walls.
Thereby, each heating zone is thermally influenced as little

10 as possible by the other adjacent heating zones. The air
layer formed between the thermal insulating walls also
prevents heat from being directly transmitted from the high
temperature heating zone to the low temperature heating
zone. Accordingly, in accordance with this thermal

15 treatment apparatus, a temperature in each heating zone
can be quickly controlled to the predetermined level after
transporting the object intermittently and closing the
shutter. In other words, this thermal treatment apparatus
ensures independence of each thermal treatment zone by

20 means of the movable shutter and the thermal insulating
walls. This provides such advantages as the quality of the
object can be assured and the total length of the thermal
treatment apparatus can be made smaller.

Now the thermal treatment apparatus wherein the

25 object to be treated is transported continuously is



described below. As an exanple of thermal treatnent apparatus having a
plurality of thermal treatnent chanbers wherein the object is transported
continuously, there is one that applies 5 a thermal treatnent indirectly to
the object while transporting the object in the thermal treatnent chanber
called a muffl e which has a tunnel structture and is heated or cool ed by
proper heating or cooling neans. The object s transported by conveyance
nmeans such as a nesh belt 10 conveyor or a roller hearth. This type of

t hermal treatnment anaratus is often called a nuffle furnace or a muffle

structure hé&seg WRl®WIn the muffl e furnace, the thermal treatment
zone is defined by the nuffle wall, and the thernal treatnent zone is a
t hermal treatnentAslzant axginpie ohatheemadi hired troe rdt ap pa caty or iavédg
tenperature by heating means or the like installed outside the muffle. The
"t hermal tr@at pdurabityosphetbernedbr ére atmegptaceh ambwitisc hwdre ijrectheo be
treated is placed. Heat is applied 20 to or renoved fromthe object placed
in this spacdj®ctremnsanfs po e con dinnuexl sy .t heespate,oree hidea i 1@ pldeisce,
cooling device and/or the wall that defines the space. The "thermm
treat mént ataostthermali s taksdmeher r eudireotdyel o asthem " atrjesphenvetiileThe
gas included in the thermal 25 treatnent atnosphere is called an
"at nospher e tgagspadrting the object in the thermal treatment chamber
called a muffle which has a tunnel structure and is heated
or cooled by proper heating or cooling means. The object
is transported by conveyance means such as a mesh belt
10 conveyor or a roller hearth. This type of thermal treatment
apparatus is often called a muffle furnace or a muffle
structure heating furnace. In the muffle furnace, the
thermal treatment zone is defined by the muffle wall, and
the thermal treatment zone is a thermal treatment
15 atmosphere that is maintained at a predetermined
temperature by heating means or the like installed outside
the muffie.
The “thermal treatment atmosphere” refers to a space
in which an object to be treated is placed. Heat is applied
20 to or removed from the object placed in this space by
means of a gas contained in the space, a heating device,
cooling device and/or the wall that defines the space. The
“thermal treatment atmosphere” is also referred to merely
as an "atmosphere”. The gas included in the thermal

25 treatment atmosphere is called an “atmosphere gas”.



Jn the nuffle furnace, the object is carried into the thermal treatnent

at nosphere and is desirably heat-treated by being heated or cool ed
indirectly via the inside surface of the nuffle wall. Since the muffle
furnace does not have 5 heating neans or the like in the thermal treatnent
zone, uneven heating in the thernal treatment zone and variations in the
heating control due to the heater configuration can be mtigated. That is,
since the thermal treatnment zone is nore uniformthermal treatment 10
atmosphere in the nuffle furnace, it possible to apply a stable thernal
treatnent to thelBbjtber mufhle thurnaeew theaobjesitr d8” campeedt intoptbeil e.
The nmuffle is typically a cylindrical structure made of a netal. The

nuf fle i s céhermet daeatarerkaipmespherss and intdgsmakly heri-teeated
structure. Alternatively, the muffle nay also be nmade in a square tube by
formi ng t he byalhein@nmeatedmair conlleat iingibe otlks.viantbeaipbsédef sumfabasi c
constitution of the nuffle furnace is showmn in Fig. 13. The nuffle furnace
(100) has aof2bhaemuffye zo@d | ( h&iniogy tbleambefflei iunhacke deesbpetthavebe
treated is heated to rise in tenperature and a cooling zone (cooling
chanber§ inheédting hmespecort dbhiee likeairdthe thesheal doeatnvedéceeass i n
tenperature arranged in the direction of transporting the object. The

obj ect undenguesed5 predtireg m ited tiner mhh er mealk netme gimver$segowe | eapalssi ng

° variations in the heating control due to the heater
configuration can be mitigated. That is, since the thermal
treatment zone is more uniform thermal treatment

10 atmosphere in the muffle furnace, it possible to apply a
stable thermal treatment to the object to be treated with a
desired temperature prpfile.

The muffle is typically a cylindrical structure made of
a metal. The muffle is constructed, for example, in an

15 integral cylindrical structure. Alternatively, the muffle may
also be made in a square tube by forming the wall from
thermal insulating blocks.

An example of the basic constitution of the mufflie
furnace is shown in Fig. 13. The muffle furnace (100) has a

20 heating zone (heating chamber) in which the object to be
treated is heated to rise in temperature and a cooling zone
(cooling chamber) in which the object to be treated is
cooled down to decrease in temperature arranged in the

direction of transporting the object. The object undergoes

25 predetermined thermal treatment processes while passing



through the zones successively. The nuffle furnace showmn in Fig. 13 is
described belowin nore detail. A heating nuffle (2) that forns the
heating zone is made of a netal with the external wall 5 thereof being
surrounded by electric heater nodules (1). The heating nuffle (2) is
heated by the electric heater nodul es (ﬁ and is maintained at a
predeterm ned tenperature according to the desired thermal treatnent. A
cooling muffle (8) that forns the cooling zone is also made 10 of a
metallic material. A cooling water pipe i?) is provided on the external
wal | surfacéhépdie tBEoZoRE ns¥eeessivesy. that the inside of the cooling
muffle (8) is maintained at a predeterm ned tenperature by the cooling
water flow ng inThée radéfliengfuknacepi geown . iEntFire nliBf lis i delsgdibmgdt he
15 heater nodules (1) is surrounded by a wall (or an external panel)
(110). I n t e lpast imgmarte ke, Anbstathept mafflend)i that farmsetheoves
continuously in one direction. An object (4) to be heat-treated is placed
on the meshhmatin®g)zane nevem@def dman rozid ingv itdet iloe @Xtetroadn wall
unl oadi ng section (6). In the enbodi nent shown in the drawi ng, the nesh
belt i di dpegedfi el sairroondedf byore kg trace heetrarormotdu l esppéit ht us
iIs installed (the X-Y plane in Fig. 13) and noves in the X direction. 25
As an alterndbtevdeating: mestfleel(2) tiserteeated dayritee ®lectric heater
modules (1) and is maintained at a predetermined
temperature according to the desired thermal treatment. A
cooling muffle (8) that forms the cooling zone is also made
10 of a metallic material. A cooling water pipe (7) is provided
on the external wall surface of the cooling muffle (8), so
that the inside of the cooling muffie (8) is maintained at a
predetermined temperature by the cooling water flowing in
the cooling water pipe (7). Entire muffle including the
15 heater modules (1) is surrounded by a wall (or an external

panel) (110).
In the heating muffile (2), a mesh belt (3) that is a
carrier moves continuously in one direction. An object (4)
to be heat-treated is placed on the mesh belt (3) and moves
20 from é loading section (5) to én unloading section (6). In
the embodiment shown in the drawing, the mesh belt is
disposed in parallel to the floor surface whereon the
apparatus is installed (the X-Y plane in Fig. 13) and moves

in the X direction.

25 As an alternative to the mesh belt, there is a carrier



formed by arranging a nultitude of cylindrical rollers with the

| ongi tudi nal direction thereof disposed at right angles to the
transporting direction and in parallel to the floor surface whereon the
apparatus is installed (the X-Y plane 5 in Fig. 13), nanely in the Y
direction in Fig. 13. Such a carrier isggeneral ly called a "roller
hearth". Wen the roller hearth is enployed, the object to be treated is
transported by the rotation of the rollers. The object to be treated (4)
Is heated while passing 10 through the inside of the heating‘ muffle (2)
that is naf@Emieafed kt areNGlBgdet@ermiuhbidudenpel ayliadrigakrrolpassi with
through the heating muffle (2), the nesh belt (3) and the object (4) pass
t hrough t hetheasiaegbudinalcdoieelgomtinereofsyiswmerdpassiightt anglgls toe
cooling muffle (8), 15 the object (4) is cooled down indirectly by the
cool i ng wat the tt@&nsresdsaa hdiughtiae covdi rig waedalpgbeto7)theNovilaor
section where two nuffles are connected, nanely the section around a j oint
of muffles Bsirflaser ivbrerepal diwe RApparatus &ssietstiadhed (ilke Xehenpkarmeal |y
showi ng 20 the joint between the heating nuffle (10) and the cooling

muf f| e5( 13) in TRégheh8¥r rf@mely dinsphsed adioeratiohe ihektgngl 3nuf SluxH 18) ,
and the cooling water pipe (11) is bonded onto the surface of the cooling
muf fl e (13) clayrieans génarizdby caldsidstahtoldeneneafil?). oWhbke th&eroMee
heating nmuffle (10) 25 and the cooling nmuffle (13) are nmechanically
connected tbeldrth is employed, the object to be treated is transported

by the rotation of the rollers.
The object to be treated (4) is heated while passing
10 through the inside of the heating muffle (2) that is
maintained at the predetermined temperature. After
passing through the heating muffle (2), the mesh belt (3)
and the object (4) pass through the inside of the coolihg
muffle (8). When passing through the cooling muffle (8),
16 the object (4) is cooled down indirectly by the cooling water
that passes through the cooling water pipe (7).

Now a section where two muffles are connected,
namely the section around a joint of muffles is described
below. Fig. 14 is a sectional view schematically showing

20 the joint between thé heating muffle (10) and the cooling
muffle (13). The heater (9) is disposed around the heating
muffle (10), and the cooling water pipe (11) is bonded onto
the surface of the cooling muffle (13) by means of a heat
resistant cement (12) or the like. The heating muffle (10)

25 and the cooling muffle (13) are mechanically connected to



each other by neans of bolts/nuts (18) at joint menbers (a pair of flanges
I n the enbodi nent shown in the drawing) (16). A sealing nenber (17) nade
of a nonflamuable material (for exanple, asbestos or nonflammbl e carbon 5
material) is interposed between the joint penbers (16). The sealing nenber
I's used for preventing the atnosphere ga150 contained in the thernal
treatnment zones (1l4a, 14b) of +the nuffles (10, 13) from | eaki ng through
the joint to the outside atnosphere (15) of the muffles (10, 13). In such
10 nuffl e furnace, the heating zones are hardly independent each other
since the oljaeh et ok hy oneans 26 b@lt@énuégezﬁ 8¢oat ijpibtsngmberishéa
muffl e furnace described above, there is such a problemthat only a very
smal | part ®fairheft ikamaeserier ghe 1®sMhppimedthyshowrmdat ehg Qrawiog)l i zed
for heating the object to be treated, nanely an effective heat efficiency
is very |oWl6lhe tArmeafingt member €17)cineadg’ atams mheflamapabtleon of
the thermal energy which is utilized for heating of the object to be
treated to tmatep@indifosn@xgmmesuppsbedtos tde nbhafhammeddenemarbon
apparatus by the heater (9). In a thermal treatnent apparatus having a | ow
ef fective henateftalgi eacyintevpo sefdt be tvhee nalthenejaint sapphbed sby( 1&k
heater (9) is waste energy that is not wutilized in the thermal treatnent,
and may be cdheéedeallegqtmedfbleosis aged for preventing the atmosphere

gas contained in the thermal treatment zones (14a, 14b) of

the muffles (10, 13) from leaking through the joint to the

outside atmosphere (15) of the muffles (10, 13). In such

10 muffle furnace, the heating zones are hardly independent

each other since the object to be treated (25) is conveyed
continuously.

In the muffle furnace described above, there is such a

problem that only a very small part of the thermal energy

15 supplied by the heater (9) is utilized for heating the object

to be treated, namely an'effective heat efficiency is very

low. The term “effective heat efficiency” means the

proportion of the thermal energy which is utilized for

heating of the object to be treated to the thermal energy

20 supplied to the t'hermal treatment apparatus by the heater

(9). In a thermal treatment apparatus having a low

effective heat efficiency, most of the thermal energy

supplied by the heater (9) is waste energy that is not

utilized in the thermal treatment, and may be called a heat

25 loss.



For exanple, in case the object to be treated is a product such as an

el ectroni c conponent or electronic device, the effective heat efficiency
when heating this object is 5% or |ower despite the heat capacity of the 5
object that is generally very small. This is because the thermal treatnent
is applied in a uniform stable and largel 1thermal treatnent atnosphere for
the purpose of maintaining satisfactory quality and yield of the product.
The lower the effective heat efficiency, the larger the 10 anount of
thermal energy that must be supplied to the thermal treatnent apparatus.
This results in Iﬁc(j'he?xﬁlﬁhﬂ'?lg icogasef thiee ehéerhl tor ba neat@baisit s and
| eads to an increase in the product cost. Thus it is desired to reduce

the cost by Pré@flitehg St eRer g?nsuﬁbﬁif-‘fé@mtﬁtﬁ@mh@ﬂmt 18Tt rekactgemnic
apparatus (namely saving the energy). Particularly it is strongly required
to devel op &iﬁ\elrﬂ?e&,gyth%a\ﬁfrfgode‘ﬁegm$at efotietnieoy Maaehi theatsmgh thsst he
thermal treatnent apparatus that consunmes a |arge anount of thermal
energy, fromhjectyviiewpdint oof lomerf tespive tthe 20emtociap acityacofvithiees of
corporations upon the global environnent. The effective heat efficiency
tends t9 be djest ithad ishgemeratlyatvenyt sm@llat ushhavisgbewa aspadbet
thermal treatnent chanbers wherein a |arger difference in the 25 inside
t enper at ur eghiggtmeertrefed meéatbier applietsénvaduni2orm, stable and large
thermal treatment atmosphere for the purpose of
maintaining satisfactory quality and yield of the product.
The lower the effective heat efficiency, the larger the
10 amount of thermal energy that must be supplied to the
thermal treatment apparatus. This results in higher running
cost of the thermal treatment apparatus and leads to an
increase in the product cost. Thus it is desired to reduce
the cost by reducing the energy supplied to the thermal
16 treatment apparatus (namely saving the energy).
Particularly it is strongly required to develop an energy
saving design for production facilities such as the thermal
treatment apparatus that consumes a large amount of
thermal energy, from the viewpoint of the effect of the
20 production activities of corporations upon the global
environment.
The effective heat efficiency tends to be lower in a
thermal treatment apparatus having two adjacent thermal

treatment chambers wherein a larger difference in the

25 inside temperatures between the chambers is observed.



That is, in the case of the thermal treatnent apparatus shown in Fig. 13,
the nost heat | oss occurs in the joint that connects the heating nmuffle
(10) and the cooling muffle (13). The cause of heat |oss occurring when
heating an object to 5 be treated in the thermal treatnent apparatus that
is a muffle furnace having a heating nuff2e and a cooling nuffle as shown
in Fig. 13 is described below, along with paths of heat transfer which the
heat supplied to the heating nuffle follows. 10 Part of the heat supplied
fromthe heating neans disposed around the nmuffle is transmtted through a
heat transfldrapats iimcltbve ngasiee O6ir hhee thalrimahatrsatmeuntdsap paratufst | e.
The heat transmtted through the path is released fromthe external
surface of tsteowur hacki galll3,t th ehm wmstt hiekkt |45 sThe cualsears etdh engati ntddwsa thot
reach the object to be treated, and therefore entirely amounts to heat

| oss. Anot heromeeactsridrsfree apiatd ms ffliee (1at)ea ndhah ef towding madfie (HS).

cool ing water pipe disposed outside the cooling nuffle. Heat rel eased to

t he out si de Thencahesenatfeh efdtold sg @6 culrr oug hwhien doeht irgg veh es b pe e to
i ncludes the heat radiated fromthe object heated in the heating nuffle

and theb heatber bkated finorthtehetivarmiadr theateatent tlpep detungthatflie. a
Specifically, the heat radiated fromthe carrier is eventually transmtted

to the at rogpbéfie gasniamd lnea wiond ianth eafige modf|2b drod tdhec oalingpfmulitie
cooling muffle, or transmtted through 13 h
as shown in Fig. 13 is described below, along with paths of
heat transfer which the heat supplied to the heating muffle
follows.

10 Part of the heat supplied from the heating means
disposed around the muffle is transmitted through a heat
transfer path including the furnace wall that surrounds the
muffle. The heat transmitted through the path is released
from the external surface of the furnace wall to the outside.

15 The released heat does not reach the object to be treated,
and therefore entirely amounts to heat loss.

Another heat transfer path is the water that flows
through the cooling water pipe disposed outside the cooling
muffle. Heat released to the outside from the water flowing

20 through the cooling water pipe includes the heat radiated
from the object heated in the heating muffle and the heat
radiated from the carrier heated in the heating muffle.
Specifically, the heat radiated from the carrier is eventually

transmitted to the atmosphere gas in the cooling muffle and

25 to the wall of the cooling muffle, or transmitted through



contact of the carrier and the cooling nuffle or thermal radiation
occurring between the carrier and the cooling nuffle wall to the wall of
the cooling nmuffle. Fromthe wall of cooling muffle, the heat is
transmitted to the water that 5 flows through the cooling water pipe

di sposed outside the cooling nuffle so 43to heat the water, and then, is
rel eased to the outside of the furnace. Another path of heat transfer is

t he atnosphere gas. Release of heat through this path neans that the heat
is 10 carried to the outside of the furnace by the supply and exhaust of
the at nospheo@tgad. ofl Ithehecheriten e ndsdiha ncoohing mamntfil eararurithss tro atheat
| oss. The anount of heat carried outside by the atnbsphere gas varies
dependi ng onadiatiaret bed wiriagpllyehyetsre ther nwdrtiecatamedt .t hdheootdiends
thermal treatnment is applied, for exanple, as a drying process for

evapor at i ngnmanfféegwalt tsolthenwakl ohdhe lonokdng amgéfl eandting moft hat mosidher e
gas is supplied and exhausted and the anount of heat renoved al so

i ncreases aodocdiolpghy. mudiéa, tthee duaat iitsy todnsoh Méetd ¢vaplesaertgduthrg t he
thermal 20 treatnment is small (for exanple, when a ceramic nmaterial is

cal ci n&@ ed) flowst haroulgdr thendcoalisngl Wwatequpipiet Wishdded eutesphetigegas
Is required to be supplied and exhausted. Therefore, the anmount of heat

carried to tcheoldnysi meiféfet lso fag ndce heatudhesnwasr,t handt hetienel éssed
t hrough the 25 furnace wall and the cooling water. 14

released to the outside of the furnace.

Another path of heat transfer is the atmosphere gas.

Release of heat through this path means that the heat is

10 carried to the outside of the furnace by the supply and

exhaust of the atmosphere gas. All the heat released in

this manner amounts to heat loss. The amount of heat

carried outside by the étmosphere gas varies depending on

the method of applying the thermal treatment. When the

16 thermal treatment is applied, for example, as a drying

process for evaporating an organic solvent or the like, a

larger amount of atmosphere gas is supplied and exhausted

and the amount of heat removed also increases accordingly.

When the quantity of solvent evaporated during the thermal

20 treatment is small (for example, when a ceramic material is

calcinated), on the other hand, a smaller quantity of the

atmosphere gas is required to be supplied and exhausted.

Therefore, the amount of heat carried to the outside of the

furnace is much smaller than that released through the

25 furnace wall and the cooling water.



O the input thermal energy (100% supplied to the thermal treatnent
apparatus such as the nmuffle furnace, proportion of the thermal energy

rel eased through each of heat transfer paths described above varies
depending on 5 the type and operating conditions of the thermal treatnent
apparatus (such as a tenperature, quantifldes of an atnosphere gas charged
i n and discharge fromthe thernal treatnent zones, a transporting speed of
the object to be treated and type of the object). In the case of a muffle
10 structure heating furnace comonly used in electronic conponents

manuf act uri ng pl @t $hef din paxiantdl e migheemergyenét 6P % ¢l sapglielr doghthde
wal | surface of the furnace is around 20 to 30% of the input thernal

ener gy, whilketmalindreaémeny aplpsarstdis osubd cassitde ahuffie fiumezeeby t he
cooling 15 water is around 70 to 80% of the input thermal energy. Heat
carried to phepoutiginieobythéet e msphenergas redeiasad tameghr @ackevef al
percents to several tens of percents of the input thermal energy,

dependi ng ohetate tdassfier gprag h scothestirimedofa b dnee atvar$pberde gaadiRgopont | on
of the 20 thermal energy rel eased through each heat transfer path can be

cal cul 8ted fmentyphe anmlto@aeating tdentériperataf ¢se ithetrheal teemment
treatnent chanbers, tenperature of the object to be treated, tenperature

and flow raappdrdtus watsaichf | aei n@ i rtetrhp e¢adlireg wauerntities ansf otdigr
data. 25 The reason for the greater proportion of the heat 15

atmosphere gas charged in and discharge from the thermal

treatment zones, a transporting speed of the object to be

treated and type of the object). In the case of a muffle

10 structure heating furnace commonly used in electronic

components manufacturing plants, for example, thermal

energy released through the wall surface of the furnace is

around 20 to 30% of the input thermal eriergy, while thermal

energy released to the outside of the furnace by the cooling

15 water is around 70 to 80% of the input thermal energy.

Heat carried to the outside by the atmosphere gas is in a

range from several percents to several tens of percents of

the input thermal energy, depending on the discharging

conditions of the atmosphere gas. Proportion of the

20 thermal energy 'released through each heat transfer path

can be calculated from the input energy, the temperatures

i'n the thermal treatment chambers, temperature of the

object to be treated, temperature and flow rate of the water

flowing in the cooling water pipe and other data.

25 The reason for the greater proportion of the heat



carried by the cooling water to the outside of the furnace may be the

| ar ge anmobunt of heat released fromthe carrier. The carrier is usually
heated to the sanme tenperature as the atnosphere gas in order to maintain
the tenperature 5 around the object to be treated in the heating zone
constant. The carrier is generally desigh®d into such a construction that
has high strength at a high tenperature so as to be capable of carrying
the object in the thermal treatnment space. As a result, the carrier tends
to be large in size, 10 and the heat capacity of the carrier inevitably
beconmes | aragrraedomyi e .canbngrwater hto htae oapacdeypft tieel fupgeacet he
energy required to raise the tenperature. Consequently, when the carrier
is cooled domay bd dhge langennd umdavf Beatedeieasbd €omi ¢hei eareiensed.
The carrier is 15 indispensable for transporting the object to be treated

into the athivepbereief ishaisleailyeheatpdr adbutikei sdrhe theiperatureatasent
appar atus. However, since the thernmal energy released fromthe carrier has

been suppli dthe hatrmibspeeeby gdorin herder posenpd imeint ahrl nemiperature
tenperature around the 20 object in the heating zone constant, it

consti tHit es direuhdathel obpecihosbleeate 4 s@ ity pheahkutiegorohe ton stramind 20
to 30%of the input thermal energy. Cause and anount of heat | oss have

been el uci dariee claorbene sexjenerasl yderesidreddabeve, sabhheugo netrdedion 25
i nvestigated. For exanple, on the assunption that the heat 16
that has high strength at a high temperature so as to be
capable of carrying the object in the thermal treatment
space. As a result, the carrier tends to be large in size,
10 and the heat capacity of the carrier inevitably becomes
large accordingly. The larger the heat capacity, the larger
the energy required to raise the temperature. Consequently,
when the carrier is cooled down, a large amdunt of heat
stored in the «carrier is released. The carrier is
15 indispensable for transporting the object to be treated into
the atmosphere of the desired temperature in the thermal
treatment apparatus. However, since the thermal energy
released from the carrier has been supplied thereto merely
for the purpose of maintaihi_ng the temperature around the
20 object in the heating zone constant, it constitutes the héat.
loss. This heat loss typically accounts for around 20 to
30% of the input thermal energy.
Cause and amount of heat loss have been elucidated

to some extent as described above, although not fully

25 investigated. For example, on the assumption that the heat



fransmtted to the object is released in the cooling zone, when the heat
rel eased fromthe object to be treated and the heat released fromthe
carrier are deducted fromthe heat carried by the cooling water to the
eutside of the 5 furnace, the rest of the heat is about 30 to 50% of the

i nput energy. However, the rest of the He&t has not, been closely studied
wth regards to the transfer path thereof. Disclosure of Invention 10 The
present invention has been nade in consideration of the circunstances
descri bed above, and an object thereof is to provide a thernmal treatnent
appar at us havangmitedmppotbe afliject ve nedeasferd cirerténe byoelind davineg t he
structural problemof the thermal treatnent apparatus by 15 finding out the
causes of tneh@satheodweahdaleasetinfrgmt tbe conpedtbuni dre ofressted cande to
the heat | oss. The present inventors have intensively studied about the
heat | oss. Theoluymat heelzaislgd ifrohasttbeenafroiard armtdediuctedt freah thkeased
fromthe water that flows through the 20 cooling water pipe in the nmuffle
furnace desdrédbdcaboied blyeatheocoedpogdiwgten bbothe2% titsi4kedo of the

i nput thermal energy is caused by the thermal conduction fromthe nmuffle
wal | tHat déuirnesxe héhkepeshpfzohe heathies mbdle I@ltlo SR oflefh ends pilte
cooling zone. The present inventors have 25 conpleted the thermal treatnent

appar at us ofertéegpr edtotvelvief ntiest re@st tdfathenkelateh aa sl bere meslio delys
than that of the

studied with regards to the transfer path thereof.

Disclosure of Invention

10 The present invention has been made in consideration
of the .circumstances described above, and an object
thereof is to provide a thermal treatment apparatus having
an improved effective heat efficiehcy by elucidating the
structural problem of the thermal treatment apparatus by

15 finding out the causes of the heat loss and determining the
contribution of each cause to the heat loss.

The present inventors have intensively studied about
the heat loss. Through the study, it has been found that, of
the heat released from the water that flows through the

20 cooling water pipe in the muffle furnace desbribed above,
heat corresponding to about 25 to 45% of the input thermal
energy is caused by the thermal conduction from the muffle
wall that defines the heating zone to the muffle wall that
defines the cooling zone. The present inventors have

25 completed the thermal treatment apparatus of the present



prior art by providing the thermal treatnent apparatus with neans for
effectively suppressing the thermal conduction. The present inventors have
al so found that heat 5 corresponding to about 5 to 20% of the input
thermal energy is caused by the convection between the atnosphere in the
heating muffle and the atnosphere in the 1€ooling nuffle, and radiation
heat transfer fromthe inside surface of the heating nuffle wall to the
cooling zone. 10 Accordingly, the present inventors have conpleted the
thermal treatnment apparatus of the present invention in which the heat

| oss is stilinverdiper they broelve siganeeval | orheatf bxs § vidl an sthppt esfsithg t he
heat transm ssion through convection and radiation along with the neans
for 15 supprdeirngrt Hey tpeoe wid i g ridves ttihet rhat eera tinhe nitué plpes.atuls gvith2
shows an exanpl e of heat balance diagramin an electrically heated nmuffle
furnace of trheams doraeffecathivelly siipgremstihg phestnérimiecd adudtdes .built
according to the newly obtained finding. Fig. 12 is a heat bal ance di agram
20 with respect tbha tpeesenttraaterhorshdrave aalobj dfotund thedtci hated and
no evaporation is acconpanied and accordingly only a snmall quantity of

at nosphere gesrrespohdiggd tnd aboahalsgeth DlE%heaf bhkaniew i aghamrsdiown
Is nmerely an exanple, and the proportion of released heat 25 varies

dependi ng oresechyf adsor scagstkltk tpge dhd hecomvdStibreat penivedsd op@reat i ng
conditions of the furnace.
atmosphere in the heating muffle and the atmosphere in the
cooling muffle, and radiation heat transfer from the inside
surface of the heating muffle wall to the cooling zone.
10 Accordingly, the present inventors have completed the
thermal treatment apparatus of the present invention in
which the heat loss is still smaller, by providing means for
effectively suppressing the heat transmission through
convection and radiation along with the means for
15 suppressing the thermal conduction between the muffies.
Fig. 12 shows an example of heat balance diagram in
an electrically heated muffle furnace of the prior art, which
diagram the present inventors have built according to the
newly obtained finding. Fig. 12 is a heat balance diagram
20 with respect to a therm.al treatment wherein an object is
calcinated and no evaporation is accompanied and
accordingly only a small quantity of atmosphere gas is.
charged and discharged. The heat balance diagram shown

is merely an example, and the proportion of released heat

25 varies depending on such factors as the type of thermal



As used herein, the term"thermal treatnent” refers to a treatnent of
heating the object to be treated, maintaining or decreasing a tenperature
of the object, or any 5 conbination thereof. Thus, it should be noted that
the thermal treatnment may be raising or |owering the tenperature of the
obj ect, maintaining the object at a const&nt tenperature or a conbination
of any of these, and therefore the thernal treatnent may be supply of heat
to 10 the object to be treated, renoval of heat therefromor any

conbi nati on of these (including optional thernmal insulation of the

obj ect). Thib@ghmejat @nd Rpefatintgannditipageodriiaduramarie i s caused in
at | east one of properties of the object to be treated (such as a noisture
15 content, a weifghtUsad bBleg&in; ctherlegintitheymad pPeatrabint tnefers to
thickness of a resulted filmor its uniformty, an internal stress or
strain, a sta dhgahment®ifpbsatiog dhet pbjeickeha biddrermdatdentaintainiioly heat
I's supplied to the object to be treated (i.e. heating treatnent) includes,
for exanple,or 20ecteaaimgnt aof teahpengtune t efpetheur ebjecthe obj eahyto a
predeterm ned |level in a predeterm ned period of tine, a treatnent of

mai nt ai ;i ng adm bdbjadco natthtette qfr. edel bursi, ndtl shexplet aber nded athat the
predeterm ned period and a treatnent of subjecting the object to

t enper at ur e thleermgal i ntree 2bm@retdet may nedenamadsinghe dm eatoweering Wiheh

heat is 19 renoved fromthe object to be treated (i.e. cooling

temperature of the object, maintaining the object at a
constant temperature or a combination of any of these, and
therefore the thermal treatment may be supply of heat to
10 the object to be treated, removal of heat therefrom or any
combination of these (including optional thermal insulation
of the object). Through the thermal treatment,
predetermined .change is caused in at least one of
properties of the object to be treated (such as a moisture
15 content, a weight, an electrical resistivity, a permeability, a
thickness of a resulted film or its uniformity, an internal

stress or strain, a strength, a composition or the like).
The treatment in which heat is supplied to the object
_to be treated (i.e. heating treatment) includes, for example,
20 a treatment of raisin"g’ the 'temperature of the object to a
| predetermined level in a predetermined period of time, a
treatment of maintaining the object at the predetermined
temperature for a predetermined period and a treatment of
subjecting the object to temperature change in a

25  predetermined manner. The treatment in which heat is



treatnment) includes a treatnent in which heat is not supplied, nanely a
spont aneous cooling treatnent, and a forced cooling treatnment for |owering
the tenperature of the 5 object by blow ng cool air using power or by neans
of a heat absorbing or heat radiating surface that can be controlled to-a
predet erm ned tenperature. Also the coolli%g treatnent includes the slow
cooling described previously. In case the object to be treated is cool ed
10 gradual ly, the object may be subjected to a cooling treatnment in a
thermal treatnent zone that is heated by a heater or other neans to a

t enper at ur ereowev ehafromt thfe tdiejexty e¢o i beor deeatedavéi.ce.qucololing
tenperature decrease. It should be noted that a thernmal treatnent carried
out in the i6eahmaml) t iratndes zanetrndwtmentheat edvhichal dveaegasded ods

the cooling treatnent as long as the tenperature of the object is

decreased. Naupplied heramlelyr eatspontapgaras usoaflihhetpsasnt,. iarveénai on,
nanely the thernmal treatnent apparatus provided 20 with neans for

ef fectivel y feuppdessialgnghtredtmewt feonduwadiioy btheweem p deatoufd [ef wakl s is
descri bed bel ow. The thernal treatnent apparatus according to a first
aspect of tlobjeratsdnt blorgimgoromn@irsesiagplpowlert yroby nmidfdes a$ a
thermal treatnent chanbers so as to apply a 25 thermal treatnent to an

obj ect to bhdaraadrsdiings dei he20 raadnapiord ed uifaewh thiae nvahl ebe

wherein at | east one pair
controlled to a predetermined temperature. Also the
cooling treatment includes the slow cooling described
previously. In case the object to be treated is cooled
10 gradually, the object may be subjected to a cooling
treatment in a thermal treatment zone that is heated by a
heater or other means to a temperature lower than that of
the ob.ject in order to avoid quick temperature decrease. It
should be noted that a thermal treatment carried out in the
15 thermal treatment zone that is heated is also regarded as
the cooling treatment as long as the temperature of the
object is decreased.
Now the thermal treatment apparatus of the present
‘invention, namely the thermal treatment apparatus provided
20 with means for effectlvely suppressing the thermal
conduction between the muffle walls is described below.
The thermal treatment apparatus according to a first
aspect of the present invention comprises a plurality of
muffles as thermal treatment chambers so as to apply a

25 thermal treatment to an object to be treated that is being



of two adjacent nmuffles of which inside tenperatures are different each
ot her are connected through a thermal insulating structural nenber and the
thermal insulating 5 structural nenber has a tunnel structure so as to
allow the object to pass therethrough. The inside tenperature of the
muffle is in general the tenperature of 2Be at nosphere gas contained in
the nuffle. Thermal conduction occurs between two nuffles of which 10

i nside tenperatures are different. The thermal treatnment apparatus of the
present invention reduces heat |oss caused by the thermal conduction

bet ween nuf trassiportes dhposighy tihe chefifhes, iwbdratiinng@tsieastuoale rpemiver
between the two nuffles where such thermal conduction 15 occurs. The

t hermal inswfattwy stjacemtaimutitesr ofefwhschoinsidenbempératuse$omred so
as to reduce the thermal conduction between the nmuffles. The thernal

i nsul ati ng differsnt aleaehbeothas arteinmdnisectedur thsoughat a20thermal
transportation of the object to be treated between the nuffles is not

i npeded, andnshdadbjgctstcactpaas trheeigbrt lndt Reremathenswd latinmgu dtidgt ur al
menber. The fact that the thermal insulating structural nmenber has a

tunnel Structuuetaeahsmemberrhhaermbeunimasl sthottwre £6 abih di$oApeReat an
inlet and an outlet thereof so that the 21 object to be treated introduced
t hrough the omjexdt ts passi tderethrough.

The inside temperature of the muffle is in general the
temperature of the atmosphere gas contained in the muffle.
Thermal conduction occurs between two muffles of which

10 inside temperatures are different. The thermal treatment
apparatus of the present invention reduces heat loss
caused by the thermal conduction between muffles by
interposing the thermal insulating structural member
between the two muffles where such thermal conduction

15 occurs.

The thermal insulating structural member refers to a
member that is formed so as to reduce the thermal
conduction between the muffles. The thermal insulating
structural member has a tunnel structure so that

20 transportation of the object to be .tr'eated between the
muffiles is not impeded, and the object can pass through the
thermal insulating structural member.

The fact that the thermal insulating structural member
has a tunnel structure means that the member has a hollow

25 which is open at an inlet and an outlet thereof so that the



.outside fromthe outlet. That is, the thermal insulating structural nenber
of tunnel structure has a space that is present through the thermal

i nsul ating structural nenber 5 along the direction of transporting the
ebject. Any cross section obtained by cutting the hollow at right angles
to the object transporting direction doedlnot forma conpletely closed

pl ane and al ways has an open portion. Therefore, in case the thernal

i nsul ating structural nenber is disposed 10 between the adjacent nuffles
that serve as thermal treatnent chanbers, the tunnel structure of the
thermal i nfR@&Gthgosbeudreptedminbrodpceod dbsoa ghastheyydnlpatis coamiadcat es
between the thermal treatnent chanbers. Such a tunnel structure can be
formed by defutdigg tff@midhieol dodieti.t h Bhedl lis, THeet hbemadal niss wkatig g
structural nenber used in the present invention also has a substanti al

| engt h (di mstsuedyurai nmeve b r eaft itommoé| tstansdore hps he shjzas thabes
treated. In other words, the thermal insulating structural nmenber is not
20 a plate @resent thrnougir dhienth&@hmaihdnsallaitisgl atrogtstalctemb erenber
that is provided to reduce the thermal conduction between the nuffles is
const r Ust ed alpetg f thval Hyr estifoal | ofistra(igp drtimlgl tdfe tdipjé ber meAniynswbats ng

structural nmenber 25 is nmade of a material that has a | ower thernal
conducti vi t yy@@tiomobtEaned bheuttirgi thevihotiowoasrigbt esnghes ni fthe. By
object transporting direction does not form a completely
closed plane and always has an open portion. Therefore, in
case the thermal insulating structural member is disposed
10 between the adjacent muffles that serve as thermal
treatment chambers, the tunnel structure of the thermal
insulating structural member provides a passage that
communicates between the thermal treatment.chambers.
Such a tunnel structure can be formed by defining the
16 hollow with a wall.

The thermal insulating structural member used in the
present invention also has a substantial length (dimension)
in the direction of transporting the object to be treated. In
other words, the thermal insulating structural member is not

20 a plate or sheet configuration. |

The thermal insulating structural member that is
provided to reduce the thermal conduction between the
muffles is constructed specifically as follows.

(1) A wall of the thermal insulating structural member

25 is made of a material that has a lower thermal conductivity



using the material that has a | ower thermal conductivity, thermal
conduction froma heating nuffle to a cooling nuffle can be effectively
suppressed. 5 (2) The thermal insulating structural nenber is constructed
+n such a configuration in which a wall thereof has a non-uniformwall

t hi ckness, nanely the wall has a snalle#2thickness in part. Wien the wall
has a smaller thickness in part so as to decrease the area of cross 10
section that is perpendicular to the direction of thermal conduction, for
exanple, the direction fromthe heating mnuffle to the cooling nuffle

(her ei naf t dhamdhatosf thet matesiaJamhigha adestidutesntinet imgfideossBy
section), heat transfer fromthe heating nuffle to the cooling nuffle

t hrough thdlSim@Erose Beetedalchhabehers ezt i owier tiygnmeasedonthectialiiy t hat
has a smaller thickness in part is a wall having a recess (for exanple, a
groove). (3heamabasordpstionf fraem t laer elatingul miliffite stoucd urcad olingber
is fornmed of a thin plate. In other words, at least a 20 part of wall of
t he t her mimufigle aeimdp stafliechiaeiyrsdxeprésseade of a thin plate. The "thin
pl ate” herein refers to a plate-like nenber that is thinner than the

mufflewall. Thi(2) t Adreral thesmat i ngsstatiotgr aétmestarali s mfo@mtesr ofist he
pl ate- |ike nmenber that has a smaller thermal conducting cross 25 section

at least ircpastrusiedliar Isutlo aheocdsgupitic) ,imandhdch ef fwelli telareof
suppresses thermal conduction between the
has a non-uniform wall thickness, namely the wall has a
smaller thickness in part. When the wall has a smaller
thickness in part so as to decrease the area of cross
10 section that is perpendicular to the direction of thermal
conduction, for example, the direction from the heating
muffle to the cooling muffle (heréinafter the cross section is
called a thermal conducting cross section), heat transfer
from the heating muffle to the cooling muffle through the
156 cross section can be effectively suppressed. The wall that
has a smaller thickness in part is a wall having a recess
(for example, a groove).
(3) At least a part of the thermal insulating structural
member is formed of a thin plate. In other words, at least a
20 part of wall of the thermal insulating structural member is
made of a thin plate. The “thin plate” herein refers to a
plate-like member that is thinner than the muffle wall. This
thermal insulating structural member is formed of the plate-

like member that has a smaller thermal conducting cross

25 section at least in part, similarly to the case of (2), and



.uffles. The thermal insulating structural menber may be constructed with
a conbination of at least two of the 5 constitutions (1) through (3). The
thermal insulating structural nenber is preferably constituted so that it
reduces the thermal energy supplied to the thermal treatnment apparatus by
10% or nore conpared to the thernmal enerd§ supplied to a thermal treatment
apparatus 10 without the thermal insulating structural nenber. In the
thermal treatnent apparatus of the present invention, a thermal bl ocking
pl ate nenber is preferably disposed at at |east one end of the thernal

i nsul ating esfﬂ’eggt\mw ghifRre 3% eSouth e npedi ngortdu ptissagbatweba  the
object to be treated. The thermal bl ocking plate nenber is a plate-Ilike
menber that MEéEME®.s convective heat transfer which could occur between
spaces separated by the plate-like nmenber if the plate-like nenber is not
provi ded, and al dd1€hatheomgd ovirdagl atisgr f ateu ¢hatalpr evemttse heat ayr abef er
through thermal radiation fromone space to the other. The thernal

bl ocki ng pl &@n sbite ¢r afidhabdy dmmbdnatiohacef okthilglasthetwal of the
reflectivity such as a mirror surface, in order to mnimze the heat |oss
due to §adi aianstidtitioms (25 f tbnoulgh syBface. THe Thithermanal ins wiekting

pl ate nmenber is disposed at at -
structural member is preferably constituted so that it
reduces the thermal energy supplied to the thermal
treatment apparatus by 10% or more compared to the
thermal energy supplied to a thermal treatment apparatus
10 without the thermal insulating structural member.

In the thermal treatment apparatus of the present
invention, a thermal blocking plate member is preferably
disposed at at least one end of the thermal insulating
structural member without impeding the passage of the

15 object to be treated.

The thermal blocking plate member is a plate-like
member that prevents convective heat transfer which could
occur between spaces separated by the plate-like member if
the plate-like member is not provided, and also that

20 provides a surface that prevents heat transfer through
thermal radiation from one space to the other.

The thermal blocking plate member preferably has a
surface of high thermal reflectivity such as a mirror surface,
in order to minimize the heat loss due to radiation of heat

25 from the surface.



|l east one end of the thermal insulating structural nenber. This causes a
part of the hollow of the thermal insulating structural nenber and the
thermal treatnment zone in the 5 nuffle to be separated by the thermal

bl ocking plate nenber at the end of the thermal insulating structural
menber. Each end of the thermal insulati@dg structural nenber may al so be
regarded as the end of each muffle, which end nmakes contact with the
thermal insulating 10 structural nmenber. Therefore, the enbodi nent having
the thermal bl ocking plate nenber disposed at at | east one end of the

t her mal insul ati h§estthentrorkdl bheokiengi péételem em b entisdidispto sdwer ait nat he
thermal bl ocking plate nenber is interposed between the thermal insulating
structural lsastnbee amd tdie timef fthesrraal eimsudiatényg \stevetor & hememeberl

bl ocki ng plate nmenber is attached to the inside surface of the nuffle wall

by, for exaifplie, caelsk sgaoparbndf nthet hohiowend tiiet bieermidll énsThatirmgr nal
bl ocking plate nmenber is disposed so that the surface that prevents heat

transfer 20stouckural anginebeirt larn(datieéy thetmial paealtineéntok ot (H reséi on
of heat transfer (usually the direction of transporting the object to be

treated). Prefiffiebltn e sepgacated tie theerthlerbhatkibiookinge peaber
whi ch prevents heat transfer crosses the direction of heat transter at

ri ght angl emefh ¥t atndhievebyd t bé tther nihe biedkiimg wilaai e gnestrerctumal 25 be
provi ded inside the tunnel, nanely the holl ow of the
member. Each end of the thermal insulating structural
member may also be regarded as the end of each muffle,
which end makes contact with the thermal insulating
10 structural member. Therefore, the embodiment having the
thermal blocking plate member disposed at at least one end
of the thermal insulating structural member includes an
embodiment wherein the thermal blocking plate member is
interposed between the thermal insulating structural
15 member and the muffle, an embodiment wherein the thermal
blocking plate member is attached to the inside surface of
the muffle wall by, for example, welding or bonding at the
end of the muffle. The thermal blocking plate member is
disposed so that the surface that prevents heat transfer
20 forms an angle with (namely not in parallel to) the direction
of heat transfer (usually the direction of transporting the
object to be treated). Preferably, the surface of the
thermal blocking plate member which prevents heat transfer

crosses the direction of heat transfer at right angles.

25 Alternatively, the thermal blocking plate member may



thermal insulating structural nenber. In this case, the thermal bl ocking
pl ate nmenber is attached to the inside surface of the wall of the thermal

i nsulating structural 5 nenber by welding or bonding. O, alternatively,
the thermal blocking plate nenber may al so be interposed between two
parts which constitute the thermal insul &9%ng structural nenber. The
thermal bl ocking plate nenber is provided without 10 inpeding the passage
of the object to be treated. Specifically, the passage of the object wll
not be inpeded when the thermal bl ocking plate nenber is provided with an
openi ng or denoprdvidedhdnside dijectumandia nametky, the thwllosmasef ntlyebe,
pass through the opening or the notch. 15 Use of the thermal bl ocking plate
menber makeshier m bosisi $llla ttin gef§ ratdtuelay medutikeeheat Ihr aihdercd $ie pughet he
convection between the atnosphere in the heating nuffle and the atnosphere
in the cool itherm#f | elockihg hpdage mhemb eer iml atsalcheidontd r et hasidei de
surface of the heating 20 nuffle wall. Thus it is possible to further
reduce the Iseatfacleosefi hhehewiier mdl threeatirenmalpparst sting usimgctural
conbi nati on of the thermal bl ocking plate nmenber and the thernal

i nsul at§ ng sheudh er albyremberdintheorhasoakdihgsul alOmg atteweldtiak| yempge to
be 25 conmbined with the thermal bl ocking plate nenber is any 26 one of the
constitutionbefbial hbdogkiNg) prate cendimieér omay also be interposed
between two parts which constitute the thermal insulating
structural member.
The thermal blocking plate member is provided without

10 impeding the passage of the object to be treated.
Specifically, the passage of the object will not be impeded
when the thermal blocking plate member is provided with an
opéning or a notch so that the object and a carrier, as the
case may be, pass through the opening or the notch.

15 Use of the thermal blocking plate member makes it
possible to effectively reduce heat transfer through the
convection between the atmosphere in the heating muffie
and the atmosphere in the cooling muffle, and through the
thermal radiation from the inside surface of the heating

20 muffle wall. Thus it is possible to furthér reduce the heat
loss in the thermal treatment apparatus by using a
combination of the thermal blocking plate member and the
thermal insulating structural member.

The thermal insulating structural member to be

25 combined with the thermal blocking plate member is any



.at least two of the constitutions (1) through (3). While the thermnal
treatnment apparatus including nuffles as the thernmal treatnent chanbers
has been 5 described as the first aspect of the present invention, the
present invention can also be applied to a therrmal treatnent apparatus
that has a plurality of thermal treatnme®6 chanbers that are not nuffles.
For exanple, such thermal treatnent apparatus has heating neans or 10
cooling neans provided in the thernmal treatnent chanber so that the object
to be treated is directly heated or cooled. Thus, according to a second
aspect of thRe@edséthe constilwripnshdld thropughi (3 ar taeyomlb inagtao neof
apparatus which conprises a plurality of thermal treatnent chanbers 15 so
as to appl yad leesirhva odathhernconetidntobpect1} dhbeutgtedBed that is being
transported through the thermal treatnment chanbers, wherein at |east one
pair of two adj d¢bile t Héreraltheemadentrebtmizarts cpphrabusnsideliuding
tenperatures are different each other are connected 20 through a thermal

i nsul ati ng stuffdesr absnetiver tmerintad  tieatmleritnsohatmbeg rst r heisur e gmnber
has a tunnel structure so as to allow the object to be treated to pass

t her et I ougl.e s citib etchea srath é r Hiasreat paataiodt tiseppoeisdatt apverdiona,t thehe
second aspect of the present invention includes the thermal 25 treatnent

appar at us ppoeistatt adoereditignt octare farsd aseechpdlioldl the paesginérmal
invention. In other words, the thernal

treatment apparatus that has a plurality of thermal

treatment chambers that are not muffles. For example,

such thermal treatment apparatus has heating means or

10 cooling means provided in the thermal treatment chamber

so that the object to be treated is directly heated or cooled.

Thus, according to a second aspect of the present

invention, there is pfovided a thermal treatmenf apparatus

which comprises a plurality of thermal treatment chambers

15 so as to apply a thermal treatment to an object to be

treated that is being transported through the thermal

treatment chambers, wherein at least one pair of two

adjacent thermal treatment chambers of which inside

temperatures are different each other are connected

20 through a thermal iﬁsulating'structural member and the

thermal insulating structural member has a tunnel structure

so as to allo'w the object to be treated to pass therethrough.

The thermal treatment apparatus provided according to the

second aspect of the present invention includes the thermal

25 treatment apparatus provided according to the first aspect



.treatnment apparatus provided according to the first aspect 1is a variation
of the thermal treatnent apparatus provided according to the second aspect
wherein at | east one pair of 5 the two adjacent thermal treatnent chanbers
of which inside tenperatures are different each other are nuffles and the
two nuffles are connected through the the2dal insulating structural

menber. In thi's thermal treatnent apparatus, the thermal 10 insul ating
structural nenber is inserted between the walls that define the two
thermal treatnent chanbers respectively, so that it effectively suppresses
thermal con@fctifh Peseeh imeenttonal tlreadtkeer ohantsrsthspethérmal
constitution of the thermal insulating structural nenber is 15 simlar to

t hat descri begapmambuappairatusnjprostided vaebortengt her tieé finsul aspreet
structural nenber di sposed between the mnuffles, and is sel ected dependi ng
on such condbt Rova@ragtiameo frethes i th e ema It hiektreentofagparatis ptovheed
thermal treatment chamber. 20 In the thermal treatnent apparatus provided
according tacc¢hedvegdnd thepeeicondoaspleett ivtreme irblaické agt M mbepaierdfer is
preferably used in conbination with the thermal insulating structural
menber .5 Heatthleoséwion alg¢atikertmathe tmedt nigeta tappart atatsa aeve be YTl Werical so

in this case. 25 In the thermal treatnent apparatus of the present 28
i nvention ddéssideedeahpesatunest hareraldiffeadritt iigcht raxtier adre muffles
and the two muffles are connected through the thermal

insulating structural member.
In this thermal treatment apparatus, the thermal

10 insulating structural member is inserted between the walls
that define the two thermal treatment chambers respectively,
so that it effectively suppresses thermal conduction
between the thermal treatment chémbers. Specific
constitution of the thermal insulating structural member is

15 similar to that described previously in conjunction with the
thermal insulating structural member disposed between the
muffles, and is selected depending on such conditions as
the material and thickness of the wall of the thermal
treatment chamber.

20 In the thermal treatment apparatus provi'de'd ac'c'ording
to the second aspect, too, the thermal blocking plate
member is preferably used in combination with the thermal
insulating structural member. Heat loss in the thermal

treatment apparatus can be smaller also in this case.

25 In the thermal treatment apparatus of the present



.menber is disposed between the two adjacent thermal treatnent chanbers
(nmuffles in the case of the nuffle furnace) wherein thermal conduction

t akes place across the 5 joint. Thus the thermal insulating structural
Aenber is disposed between a high tenperature thermal treatnent chanber
and a | ow tenperature thermal treatment &fnber (between a high
tenperature nmuffle and a | ow tenperature nmuffle in the case of the nuffle
furnace) wherein the inside 10 tenperature (generally the tenperature of

t he atnmosphere %as in the thernmal treatnment chanber) of one of the thernal
treat nent chawp&téonsdpisgiébedhabaver toie thermakrinsTtHatimg getrudteiral
tenperature difference between the thermal treatnent chanbers, the | arger
the heat | omemizetausedippohednabetwearmt itbe, twiochaid§adesitr eth ¢ omiad
reduced. Therefore, when the tenperature difference between the two

adj acent t héreatmerht ob@mbleaishe(muffles aigerthe t ciaserood déss r abliffieo
provide the thermal insulating structural nenber between the thernal

treat ment cliamharce 2Whéamsiradhienmad oorduatienf tzkesf pli@ceeasrogst bhieeheat
| oss. A preferable conbination of the thermal treatnment chanbers between
whi ch the theimbl i|Mswsttiing shermatainsatbdtng sstrdistoxdd member is
exanpl e, a conbi nation wherein one thermal treatnent chanber is a heating
chanber or aislpave @8 dotiwegnchantierghof tehipératnsieetherheak et dataemaat er

or 29 the like to 400 C or higher, and the other thernal

chamber and a low temperature thermal treatment chamber
(between a high temperature muffle and a low temperature
muffle in the case of the muffle furnace) wherein the inside
10 temperature (generally the temperature of the atmosphere
gas in the thermal treatment chamber) of one of the thermal

treatment chambers is higher than that of the other.
The larger the temperature difference between the
thermal treatment chambers, the larger the heat loss
15 caused by thermal conduction, which is desired to be
reduced. Therefore, when the temperature difference
between the two adjacent thermal treatment chambers is
larger, it is more desirable to provide the thermal insulating
structural member between the thermal treatment chambers
20 thus achieving greater effect of decreasing the heat loss.
A preferable combination of the thermal treatment chambers
between which the thermal insulating structural member is
disposed is, for example, a combination wherein one

thermal treatment chamber is a heating chamber or a slow

25 cooling chamber of which inside is heated by a heater or



.treatnment chanber is a cooling chanber (quenching chanber) that is cooled
by nmeans of a cooling nediumsuch as water so that the inside tenperature
thereof is around 5 roomtenperature. Even when both of the two adjacent
thermal treatnment chanbers are heated by a heater or the like, a
tenperature in one of the thermal treatn28t chanbers nay be set to be

hi gher than that of the other by several tens of degrees 10 Celsius (for
exanple 20 C). As such a conbination of the two adjacent thernmal treatnent
chanbers, there is a conbination of a heating chanber that is heated to a
| ower tenpdha ulikeandoa AO4) i A§ cloanbbighbai iandedthe tother hilgkemal
tenperature. The thermal insulating structural 15 nenber may be di sposed
bet ween suchreadméet mathambatrmens chanterclihigat cliambe eactywe hehinghen
the thermal bl ocking plate nmenber is used, the thermal bl ocking plate

menber is preianmdbey) dhaposed cdlddidoy andaafs tdfe at beroibhgi mediaimnguch
structural nenmber which end 20 nmakes contact with the thermal treatnent

chanber of vdgclatiersisde thertpehat unside heghpereheaki tigeebafbes ) arbigald | oss
can be made snaller by providing the thermal blocking plate nenber near

the thesmal pgemt teripehaties. of higher tenperature. 25 The effects that
can be achieved by the thermal 30 treatnent apparatus of the present
invention are as EQklmowshen both of the two adjacent thermal treatment
chambers are heated by a heater or the like, a temperature
in one of the thermal treatment chambers may be set to be
higher than that of the other by several tens of degrees
10 Celsius (for example 20 °C). As such a combination of the
two adjacent thermal treatment chambers, there is a
combination of a heating chamber that is heated to a lower
temperature and a. heating chamber that is heated to a
higher temperature. The thermal insulating structural
15 member may be disposed between such two thermal
treatment chambers that adjoin each other.

When the thermal blocking plate member is used, the
thermal blocking plate member is preferably disposed at the
end of the thermal insulating structural member which end

20 makes contact with the thermal treatment chamber of which.
inside temperature is higher (heating chamber). Heat loss
can be made smaller by providing the thermal blocking
plate member near the thermal treatment chamber of higher

temperature.

25 The effects that can be achieved by the thermal



.The thermal treatnent apparatus of the present invention is characterized
by the thermal insulating structural nenber disposed between the two

adj acent thermal treatnment 5 chanbers (for exanple, nmuffles) and, as the
.case may be, the thermal bl ocking plate nenber disposed therein. As this
constitution reduces the heat loss in the3@hernmal treatnent apparatus (for
exanple, nuffle structure heating furnace), total thermal energy consuned
in the thermal 10 treatnent apparatus can be reduced. According to the
present invention, therefore, energy saving in the operation can be

achi eved andreladnpentieg sacabubeofrag poewseit whvientlioneareuasi fulloess.

w t hout adversely affecting the quality and yield of the products

subj ect ed t ol heethéemmel treatrneertt a pitarkt g fefr the pnesleatti igv shit e virsal
menber and the thermal bl ocking plate nmenber do not include any nenber

that i s noverh&factexizgd ebyuphendhaowna| nechard téalgl ysthy ct ceansmas map gyt or
or the like. As a result, the thernmal treatnent apparatus of the present

i nventi on adhispuesetheb2dwadénct theestwobeddjbeentsathetacdior itt&aemanwhen
the tenperature in one of the two adjacent thermal treatnment chanbers is

as highsas i¢hamilef§iiadrt eh@miphe, miwkfles)taad,| akethe el meanieal
novenment. Mbreover, the thermal insulating structural nenber 25 and the

thernmal bl octkiencttpd aina lmMbTbking) plutRy ederhberddihpys®d ¢pedechi ONAs
bet ween the two adj acent thernal
this constitution reduces the heat loss in the thermal
treatment apparatus (for example, muffle structLlre heating
furnace), total thermal energy consumed in the thermal
10 treatment apparatus can be reduced. According to the
present invention, therefore, energy saving in the operation
can be achieved and the products can be manufactured with
lower running cost without adversely affecting the quality
and yield of the products subjected to the thermal treatment.
15 The thermal insulating structural member and the
thermal blocking plate member do not inciude any member
that is moved (for example, up and down) mechanically by
means of a motor or the like. As a result, the thermal
treatment apparatus of the present invention achieves the
20 effects de'scr.i'bed above satisfactorily éven when the
temperature in one of the two adjacent thermal treatment
chambers is as high as it is difficult for the motor or the
like to make mechanical movement.

Moreover, the thermal insulating structural member

25 and the thermal blocking plate member can suppress the



.treatment chanbers w thout allow ng the atnosphere gas in the thermnal
treatnment chanbers to leak to the outside of the thermal treatnent
chanbers. Therefore, the thernmal 5 treatnent apparatus of the present
d-nvention can stably apply a thermal treatnent to the object to be treated
with a higher effective heat efficiency ®Mthout disturbing the atnosphere
gas in the thermal treatnent chanbers. 10 Brief Description of Draw ngs
Fig. 1 is a schematic sectional view showing a part of an exanple of a
thermal treatnment apparatus of the present invention wherein a thernmal

i nsul ating dheuceat alcomdbetios biedpesen btheeetwa hedijacgntuf theraral a
cooling nuffle; 15 Fig. 2 is a schematic sectional view showing a part of
anot her exartpeatofent tdteamed et s eitreow t sgppamaings tbfe teienoppbeae gawemt i on
wherein a thermal insulating structural menber is disposed between a

heati ng nuf fthes atine amadoliegt meuriftf Ichafb é&rg. t@ Isak sohénst ioutsddiel apfal
view show ng a part of further another exanple of a thermal treatnent

appar at us ofthd hthermsdnttreatamd nbnchizenbiersa t Ehereéfonsul Biénghermal
structural nenber is disposed between a heating nmuffle and a cooling

nuf fl e;525 Rirgatméntaappspetds vefvittw sphesetritcalnwe stiow ngaan swxanpl e

of a wall of a thermal insulating structural nenber that has recesses;
apply a thermal treatment to the object to be treated with a
higher effective heat efficiency without disturbing the

atmosphere gas in the thermal treatment chambers.

10 Brief Description of Drawings
Fig. 1 is a schematic sectional view showing a part of
an example of a thermal treatment apparatus of the present
invention wherein a therma.l insulating structural member is.
disposed between a heating muffle and a cooling muffle;

15 Fig. 2 is a schematic sectional view showing a part' of
another example of a thermal treatment apparatus of the
present invention wherein a thermal insulating structural
member is disposed between a heating muffle and a cooling
muffle;

20 ' Fig. 3 is a schematic sectional vier showing a part of
further another example of a thermal treatment apparatus of
the present invention wherein a thermal insulating
structural member is disposed between a heating muffle

and a cooling muffle;

25 Fig. 4 is a perspective view schematically showing an



.Fig. 5is a schematic sectional view showing a part of further another
exanple of a thermal treatnent apparatus of 5 the present invention
wherein a thermal insulating structural nmenber conprising a thin plate is
-di sposed between a heating nuffle and a cooling nuffle; Fig. 6 is a
schematic sectional view showing a part 82 further another exanple of a
thermal treatnent apparatus of * 10 the present invention wherein a thernal
i nsul ating structural nenber conprising another tin plate is di sposed
between a heating nuffle and a cooling nuffle; Fig. 7 is a schematic
sectional vemamnspboeiob) aa wallt odfa tthaetrhed iars kati ngxatml et wfalan aarbat
treatnent apparatus of 15 the present invention wherein a deformable

t hermal i nstihat ihays steraes sieal, nenber is di sposed between a heating nmuffle
and a cooling nmuffle; Fig. 8 is a schematic sectional view showi ng a part
of further anotReg. exasphe sathaemiatéc neé ctircred herievapgeowing ef pad@ dhe
present invention wherein another deformable thermal insulating structural

menber is dfspideed dred theen ex drgiliengf autffd mmand ra atooé hhoa pphfrledusFog. 9
is a schematic sectional view showing a part of further another exanple of

a ther Bal ttleat mpte septr aingeoftioRS Miepepsenta | npsithan. WAeLd&Nirig
thermal insulating 33 structural nenber is disposed between a heating
nuf fle andséreothialy meémbemndomphesited k&l oekimg mladke reMBsposed

between a heating muffle and a cooling muffle;
Fig. 6 is a schematic sectional view showing a part of
further another example of a thermal treatment apparatus of
10 the present invention wherein a thermal insulating
structural member comprising another tin plate is disposed

between a heating muffle and a cooling muffle;
Fig. 7 is a schematic sectional view showing a part of
further another example of a thermal treatment apparatus of
15 the preseht invention wherein a deformable thermal
insulating structural member is disposed between a heating

muffle and a cooling muffle;
Fig. 8 is a schematic sectional view showing a part of
further another example of a thermal treatment apparatus of
20 the present invention whereih another deformable thermal
insulating structural member is disposed between a heating
muffle and a cooling muffle;

Fig. 9 is a schematic sectional view showing a part of

further another example of a thermal treatment apparatus of

25 the present invention wherein a thermal insulating



.Ls disposed between the heating muffle and the thermal insulating
structural nenber; 5 Figs. 10A to 10C are front views schematically

showi ng exanpl es of a thermal bl ocking plate nenber viewed in the
-direction of the object novenent; Fig. 11 is a graph that conpares an

el ectric power consunption between a theé33ml treatnment apparatus of the
10 present invention and a thermal treatnent apparatus of the prior art;
Fig. 12 shows an exanple of heat balance of a nuffle structure heating
furnace of the prior art; Fig. 13 is a perspective view of the nuffle
structure Hrbeduray fnemdoer ofs t Hesposerd abetwaen Fiag. hé4tighgwmaffie
sectional view schematically showing the joint between the nuffles in the

nuf fl e strucndeaheaniligg Mmuffheeaofd tehehmrimal abiocRh gmposlieremte b grhe
I nvention The thermal treatnent apparatus according to the first aspect of

the present isnwHsposedometwesna i er Alddtyngf mudfild eanas tHer mermal
treatnent chanbers so as to apply a thernmal treatnent to an object to be
treated thatinissil2%ing asiTpatued | tieondlerthe nuffles. In the thernal
treatment 34 apparatus of such a constitution, all the thermal treatnent

chanber may be riifgd.es 104 ordy BO@artaref fhentheyigls t sedldmetiaaRbers
may be nmuffles. The thernmal treatnent
showing examples of a thermal blocking plate member
viewed in the direction of the object movement:
Fig. 11 is a graph that compares an electric power
consumption between a thermal treatment apparatus of the
10 present invention and a thermal treatment apparatus of the
prior art;
Fig. 12 shows an example of heat balance of a muffle
structure heating furnace of the prior art;
Fig. 13 is a perspective view of the muffle structure
15 heating furnace of the prior art; and
Fig. 14 shows a sectional view schematically showing
the joint between the muffles in the muffle structure heating

furnace of the prior art.

20  Embodiment of the Invention
The thermal treatment apparatus according to the first
aspect of the present invention comprises a plurality of
muffles as thermal treatment chambers so as to apply a
thermal treatment to an object to be treated that is

25 transported through the muffles. In the thermal treatment



.apparatus includes one or

zone depending on the type of thermal treatment. The thermal treatment
apparatus includes a tenperature raising zone and optionally a

+hernostatic zone as the heating zone. The heating zone and the cooling

zone may be

10 di sposed in any conbinatidh so that the object to be

treated can be subjected to a desired thermal treatment. For exanple,
or nore heating zone and one or nore cooling zone nay be arranged in this
the direction of transporting the object to be treated so that

order al ong

the object iapparatasedf sheh @oe agusdowhicamd edarth edthertmefl tieathental
treatnent apparatus. Alternatively, one or nore heating zone and one or

nore heating zone and/or one or 5 nore cooling

one

more cool i n¢hramb ersy tayli bposadfflas eromtehyy Al goastuadf attoonfth gpmatli on
may be enployed as three thermal treatment zones are arranged in the

foll owi ng 2dreedsrent chamdiémng mayebeomuffileisng The tleaperaAt trea bh elrte

object to be treated, a heating zone for maintaining the tenperature

t her eof and
t enperature

@ppaohing rwieides o hat orhm oy dré ativapsesnehaeebrt Bae or
rai sing zone, the thernostatic zone and the tenperature

| ower iy zoneoire tboeldbgorziene | depdthdiing, @ny tHé anggrentofof tkBenidier nal

35 treatnent zones enployed in the nuffle furnace of the prior

enpl oyed. | nrebe¢méetnal ThHeathenm abpaiedtifedrCcdpipadatast Ndcludes a

10

16

20

25

temperature raising zone and optionally a thermostatic zone
as the heating zone.

The heating zone and the cooling zone may be
disposed in any combination so that the object to be treated
can be subjected to a desired thermal treatment. For
example, one or more heating zone and one or more cooling
zone may be arranged in this order along the direction of
transporting the object to be treated so that the object is
heated, then cooled down and carried out of the thermal
treatment apparatus. Alternatively, one or more heating
zone and one or more cooling zone may be disposed
alternately. Also such a configuration may be employed as
three thermal treatment zones are arranged in the following
order as a heéting zone for raising the temperature of the
object to be treated, a heating zone for maintaining the
temperature thereof and a cooling zone, so that the object
passes through the temperature raising =zone, the
thermostatic zone and the temperature lowering zone in this

order. In _addition, any arrangement of the thermal

art may be



first aspect of the present invention, the thermal insulating 5 structural
menber is provided between two adj acent nuffles wherein a | arge anount of
heat is transnmtted across the joint (for exanple between nuffles of which
d-nside tenperatures are different by 800 C or nore). A preferable

enbodi mrent of the thermal insulating str@&ural 10 nenber is described
below with reference to the acconpanying drawi ngs. Fig. 1 shows an exanpl e
of a thermal insulating structural nenber that is disposed between the
heating nuffle and the cooling nuffle and is forned of a wall nade 15 of a

material thtte&dbtrmemtl aoere ¢ eempdlo yahdncth @ity ffhanf i tred c e 06 f & hieatpati bal
whi ch constitutes the nuffle. Fig. 1 schematically shows the joint between

t he heati ngamtifriby beleémpholyede cooling nuffle (13) simlarly to Fig. 14,
and reference nunerals used in Fig. 1 which are identical to 20 those used

in Fig. 14 denot éni dest ithalrneanpoeatmeat WsaratisFiabcding tdethe
enbodi nent shown in the drawi ng, the object to be treated noves in the

muffles in firetxadpleasntt odntivg pre peancimasaticoh, A d A efrnyaPlinRlatifg9. 1.
The y direction is 25 perpendicular to the plane of the drawi ng sheet. The

36 heats ng gwfiliteufdOmanth éhascpebivigedlbldtdddB) tWavadjhBeremdfreasnent
zones (l4a, 14b) that are holl ow spaces which exist therethrough in the x
direction syhépéinhg large amount of heat is transmitted across the
joint (for example between muffles of which inside
temperatures are different by 800 °C or more). A
preferable embodiment of the thermal insulating structural
10 member is described below with reference to the
accompanying drawings.

Fig. 1 shows an example of a thermal insulating
structural member that is disposéd'between the heating
muffle and the cooling muffle and is formed of a wall made

16 of a material that has a lower thermal conductivity than that
of a material which constitutes the muffle. Fig. 1
schematically shows the joint between the heating muffle
(10) and the cooling muffle (13) similarly to Fig. 14, and
reference numerals used in Fig. 1 which are identical to

20 | those used in Fig. 14 denote identical components as those
in Fig. 14.

In the embodiment shown in the drawing, the object to
be treated moves in the muffles in the x direction on a
plane parallel to the x-y plane in Fig. 1. The y direction is

25 perpendicular to the plane of the drawing sheet. The



.object can nove therein. In the enbodi rent shown in the 5 drawi ng, the
heating nmuffle (10) has a tunnel structure of which cross section

perpendi cular to the direction in which the thermal treatnent zone (14a)
.extends (the x direction in the drawing) (hereinafter the term"cross
section"” used with respect to the holl o®6shall nean this cross section

unl ess 10 otherw se specified) has an arch or rectangul ar shape, while the
cooling muffle (13) has a tunnel structure in which a cross section of a
thermal treatnment zone (14.b) has an arch or rectangul ar shape. The cross

sectional aheatofigt heuffher (g0} r eatcrenhezoseolidg) wfuffhe HeB) nthawdfle
(10) is 15 larger than that of the thermal treatnent zone (14b) of the

cool i ng nuf fher i) trdtmieast izonesf (1 4a( 104 bynthalteacoohionb wusblacdd 3)
have a heater (9) and a cooling water pipe (1 1), respectively, disposed

on two extewhdchsuekisestioéretieroagh 2h Wheh ar @i pscabirel sbo tHt Xthe
pl ane. The object to be treated is heated to a high tenperature (for

exanpl e, 808bj€ktbyahhenbdest thersunfl an( 1Be andbddihentceplodgndpntie a
tenperature near the roomtenperature in the cooling nuffle (13). Thus the

i nsi desof tHeadelg, nghéufl’fé@tlh%)mu&’ﬂéﬂﬁ@ﬁmagsatQuﬁrﬁ&le%(ihuﬂguﬁénéf 37
The material that constitutes of the thermal insulating

structural gavesr drbds Iﬁéﬁwf%#&éﬁandunﬂr an thige dTREetich (i WRféh
constitute the heating nmuffle (10

the thermal treatment zone (14a) extends (the x direction in

the drawing) (hereinafter the term "cross section" used with

respect to the hollow shall mean this cross section unless

10 otherwise specified) has an arch or rectangular shape,

while the cooling muffle (13) has a tunnel structure in which

a cross section of a thermal treatment zone (14b) has an

arch or rectangular shape. The cross sectional area of the

thermal treatment zone (14a) of the heating muffle (10) is

15 larger than that of the thermal treatment zone (14b) of the
cooling muffle (13).

The heating muffle (10) and the cooling muffie (13)

have a heater (9) and a cooling water pipe (11),

respectively, disposed on two external surfaces c_:f the wall

20 which are parallel to the x-y pléne. Thé object to be

treated is heated to a high temperature (for example, 800

°C) by the heating muffle (10) and is then cooled down to a

temperature near the room temperature in the cooling

muffle (13). Thus the inside of the cooling muffle (13)

25 corresponds to a quenching zone.



.the cooling muffle (13), so as to have a lower thermal 5 conductivity than
that of the material (s) of the heating nuffle (10) and the cooling nuffle
(13). In a typical muffle furnace, the nuffle is nade of a netallic
-material such as stainless steel or Inconel. Therefore, the therma

i nsul ating structural menber is 10 desirabfy constructed froma wall nade
of a material having a thermal conductivity |ower than the thernal
conductivity of these materials, specifically an inorganic nateri al
selected froma ceramc material, silica, brick and the like, or a porous

material (for exdnpéematemiadr thbtobbaistérltieys 1thsi wizdt i 60 t9&| oMebarkiles or
gl ass beads) nade fromthese inorganic materials. The thermal insulating

structural rreshdat(dg)salsctirad nee mbwel (19) uetse%bwbna_e@mam%/ 6H90)
that is present through in the x direction so that the object to be

treated 20 rthieesmeltereals) thahecemzadiu@ntthsnaeating he hfea 0g0) ARY
hol | ow (190) of the thernmal insulating structural nmenber (19) is forned so

as to be idamid ceboMrig TniﬂafﬂéosS Ipctd®n aPftd he dver agal| o ept FRBY nYdNe
(14b) of the cooling nuffle (13), and is disposed so that the inside

surfacesof tdendaldtivAyoftHde ¢Relti nef MHE! enbi8kiaAnd)t sy i f15e de satihace of
the wall 38 of the thermal insulating structural nenber (19) are flush.

Accor di ngl y,mafpry {( 10)98h Pt heheo@Nth § ase fofe t(e t.hermal  insul ating
structural nenber (19) is exposed in the heating
In a typical muffle furnace, the muffle is made of a
metallic material such as stainless steel or Inconel.
Therefore, the thermal insulating structural member is
10 desirably constructed from a wall made of a material having
a thermal conductivity lower than the thermal conductivity
of these materials, specifically an inorganic material
selected from a ceramic material, silica, brick and the like,
or a porous material (for example, a material obtained by
15 sintering hollow bodies or glass beads) made from these
inorganic materials.
The thermal insulating structural member (19) also has
a tunnel structure having a hollow (190) that is present
through in the x direction so that the object to be treated
20 moves therein. In the embodimen.t 's.hown in the drawing,
the hollow (190) of the thermal insulating structural member
(19) is formed so as to be identical with the cross section
of the thermal treatment zone (14b) of the cooling muffle

(13), and is disposed so that the inside surface of the wall

25 of the cooling muffle (13) and the inside surface of the wall



.zone. The part (19d) exposed in the heating zone prevents 5 the atnosphere
gas contained in the heating nuffle (10) fromnoving into the cooling
muffle (13). In the thermal insulating structural nenber (19), one of the
-walls parallel to the x-y plane (upper wall in Fig. 1) is thicker than the
other. 10 The thermal insulating structurd8 nmenber (19) has a flange (19a)
as a joint nenber at an end thereof for the connection with each nmuffle.
The joint nenber (16) of the nuffle and the joint nmenber (19a) of the
thermal insulating structural menber are nmechanically connected by neans
of 15 bol t sbdutise( 118ermiait énpadati bt strerctiiralj m em bentdr9 ) e fahisthhe
muffl es and the joint nmenber (19a) of the thermal insulating structural

menber i s afsEedidingbnbe pPar) h8d) of aheordhdmfaklee ofattdre athéfwral
exanpl e, asbestos, nonflammable carbon material). This is provided for the

20 purpose ofspiavierg istgudte rat musgrhérer §49)wis e xpbled rmf thesheking3)
from | eaking through each joint between each nuffle and the thernal

i nsul ati ng stonet uTde reaber( 1 9the eXposal | msiath egtisig W mie ap r sveids
shown in Fig. | is a nere exanple of the thermal insulating structural 25

nmenber  t hathar eatenosipHetedglys usbongan ddt ¢hi ahehaye agireg 3thwer (Yigr mal
conductivity. Another exanple is showmn in Fig. 2. In Fig. 2, reference

numer al s whifebnardvieny i igtlo tthe tOOSE UFEmM UfTI&i p13). denptené dembiraad|
conponents as those
insulating structural member (19), one of the walls parallel
to the x-y plane (upper wall in Fig. 1) is thicker than the
other.

10 The thermal insulating structural member (19) has a
flange (19a) as a joint member at an end thereof for the
connection with each muffle. The joint member (16) of the
‘muffle and the joint member (19a) of the thermal inéulating
structural member are mechanically connected by means of

15 bolts/nuts (18). Interposed between the joint member (16)
of the muffles and the joint member (19a) of the thermal
insulating structural member is a sealing member (17) made
of a nonflammable material (for example, asbestos,
nonflammable carbon material). This is provided for the

20 purpose of preventing the atmosphere gas within the
muffles (10, 13) from leaking through each joint between
each muffle and the thermal insulating structural member.

The thermal insulating structural member shown in Fig.

1 is a mere example of the thermal insulating structural

25 members that are constituted by using a material having a



.in Fig. 1. Fig. 2 also shows a carrier (mesh belt) (24) and 5 the object to
be treated (25) that are not shown in Fig. 1. The thermal insulating
structural nmenber nmade of a material having a | ower thermal conductivity
-may have any shape and di nmensions as long as the thermal treatnent

process and the nechanical strength of tfBthernmal 10 treatnent apparatus
as a whole are not adversely affected and thermal conduction between the
muf fl es can be effectively suppressed. The thermal insulating structural
menber may be designed by paying consideration to the nuffle size,

di f f erence lowersitte treapecandectivétpper Anoéhes efxamelet issghawngan)

bet ween the adjacent thermal treatnent chanbers and a required extent of

suppr essi ng Fighe2t hénnkligcdhduef e panicet weem efrlad s nwitfices arBoidexaigdie to t he
cross section of the hollow may be rectangle, circular, sem-circular or

arch. In getboslg usednah Ebmductdenoc?d bé¢meralt oo mpidiestsaasbthose
suppressed nore effectively and heat |oss can be decreased nore as the

thermal ingnl Rigngl st Figt U2 adlsendleows d awariefi miewh e kGt (24) odnd
transporting the object to be treated) and the wall of the thernal

i nsul at§ ng theuotjealt remetreatehi (26).tH5 Boe Axanphewn e Fhigrml
I nsul ating structural nmenber 40 is preferably made in such a configuration

as the cross secmhentheridel hieoldwsthag atsaetarafuhas mPBpemade abgade
shape), a length of 100 to 300m and a wall thickness of 10

material having a lower thermal conductivity may have any

shape and dimensions as long as the thermal treatment

process and the mechanical strength of the thermal

10 treatment apparatus as a whole are not adversely affected

and thermal conduction between the muffles can be

effectively suppressed. The thermal insulating structural

member may be designed by paying consideration to the

muffle size, difference in inside temperature (temperature

15 of the atmosphere gas) between the adjacent thermal

treatment chambers and a required extent of suppressing

the thermal conduction between the muffles. For example,

the cross section of the hollow may be rectangle, circular,

semi-circular or arch. In general, thermal conduction

20 between the muffles can be suppressed more éffectivlel'y

and heat loss can be decreased more as the thermal

insulating structural member is longer (in the direction of

transporting the object to be treated) and the wall of the

thermal insulating structural member is thinner.

25 For example, the thermal insulating structural member



.to 30 nm However, this is a nere exanple, and shape and 5 size of the
thermal insulating structural nenber can be selected depending on the kind
of the object to be treated and other conditions. Fig. 3 shows an exanple
-of a thermal insulating structural nenber that is disposed between the
muffles and 10 has a wall of non-unifor4é@thickness. Reference nunerals
used in Fig. 3 which are identical to those used in Fig. I denote

i dentical conponents as those in Fig. 1. The thermal insulating structural
menber shown in Fig. 3 has such a configuration wherein a groove-shaped
recess 15i¢2@aefexadiyi myaide tire yudhr emt comfiigupadio hed sontHéeceyiser nal
surface of each wall parallel to the x-y plane of the thermal insulating

structural sesotien stfowhei mdlilgw lhasAacseredhigirguleal shtdp ekfessaisagerl | er
in the portion of the recess (20a) to make the area of the thernal

conducti ng sttapedssa dectg tdn ofmil0Certo BldBmdasrdasivmgllt biei ckBeRlis of heat
transmtted. Shape, depth, nunber and direction of the recesses are not

limted tota Parhimul adoshaper, dbpshis aummere andanf} leeChhen stfapengnas | ong
as the thermal treatnent process 25 and the nechanical strength of the

therme tredzeendf 4thapphsaims| amsuldtohg a8t urturalf estarb advessp! Beand
t hermal conduction between the nuffles can be effectively suppressed. For
exanpl e, tlselgctedk-ddppedinecess Y kind of the object to be treated
and other conditions.
Fig. 3 shows an example of a thermal insulating
structural member that is disposed between the muffles and
10 has a wall of non-uniform thickness. Reference numerals
used in Fig. 3 which are identical to those used in Fig. 1
denote identical components as those in Fig. 1.
Thé thermal insulating structura.l member shown in Fig.
3 has such a configuration wherein a groove-shaped recess
15 (20a) extending in the y direction is provided on the
external surface of each wall parallel to the x-y plane of the
thermal insulating structural member shown in Fig. 1.
Accordingly, wall thickness is smaller in the portion of the
recess (20a) to make the area of the thermal conducting
20 cross section smaller, thus decreasing the amount of heat
transmitted.
Shape, depth, number and direction of the recesses
are not limited to a particular shape, depth, number and

direction as long as long as the thermal treatment process

25 and the mechanical strength of the thermal treatment



.be rectangul ar instead of the wedge shape as shown in Fig. 5 3. The
groove-shaped recess may extend in the x direction instead of the y
direction. In general, as the recesses are deeper and the nunber of
-recesses is larger, thermal conduction between the nmuffles can be
suppressed nore effectively and therefodd heat | oss can be decreased. 10
The recess nmay be |ocated at any position of the wall of the thermal

i nsul ating structural nenber. For exanple, in case the thermal insulating
structural nmenber is a square tube having a hollow of which cross section

i's rectangapparatusjuarse, ai t whdlfd ceset onpitovafie cted easdvorgelyp rHE§ss on
at least one of the four walls that formthe thermal insulating structural

menber. Thethecess iconduetirmbbytwewn date nearffiés bed ivw spfddrveygh
tenperature nuffle). The recess nmay al so be provided on the inside surface

i n additi onstuppres sxter nAlorswxanplef the Powld-haplrt thddBs may

I nsulating structural nmenber. Alternatively, the recess nmay be provided

only on thepiensedeanguiribacin ofedBeonahle Aelhe ShIPB! a5NSHbAH NS Fig.
structural menber, or on both the external surface and the inside

surface. 253TheTgcgps ovan stfap OHNEPECRY sCi 4| NExt8R IBh | tHdaL difection
constitutes the thermal insulating structural nmenber. Alternatively, a
val | fornmedjhotdadecthehé egedme®yodl SAPYyenNEPHI, as the recesses are
deeper and the number of recesses is larger, thermal
conduction between the muffles can be suppressed more
effectively and therefore heat loss can be decreased.
10 The recess may be located at any position of the wall
of the thermal insulating structural member. For example,
in case the thermal insulating structural member is a
square tube having a hollow of which cross section is
rectangular or square, it suffices to provide at least one
16 recess on at least one of the four walls that form the
thermal insulating structural member. The recess is
preferably provided near the heating muffle (high
temperature muffie). The recess may also be provided on
the inside surface in addition to the external surface of the
20 ‘wall of the thermal insulating structural member.
Alternatively, the recess may be.provided only on the inside
surface of the wall of the thermal insulating structural
member, or on both the external surface and the inside

surface.

25 _ The recess can be formed by cutting the wall that



.The recess is preferably a groove having a wedge- 5 shaped cross section of
about 30 to 50 mMmin width and about 5 to 15 mmin depth, and extends al ong
the circunference of the cross section of the hollow (i.e. surrounds the
-hol low). Preferably 2 to 5 recesses of such a configuration are provided
for each thermal insulating 10 structurdl2 nenber. The wall of the thernal

I nsul ating structural nenber that has the groove-shaped recess is one
enbodi mrent of the thermal insulating structural nenber that has a non-

uni form thi ckness. Anot her exanple of the wall that has a 15 non-uniform

t hi ckness icoastiliutesavitie a thermldlty inkudating r etasstsr 120y eonbllie
external surface and/or inside surface of the wall as shown in Fig. 4. The
wal | of theAlteermativiedyul atwagl Sorumadried Hewbethe . tded sBam @y @Isdit é or m
thi ckness is preferably made of a 20 material that has a | ower therma
conductivi tyselan that of the material which constitutes the nuffle. The
thermal insulating structural nenber forned of such wall makes it

possible to effeThievelgcsuppriespidferaiycandyeboss REWWEEN 4 g dagbles.
25 Fig. 5 as well as Fig. 6 shows an exanple of the 43 thermal insulating

struct6ral sheipedt bedses sfestion off abbobtn3pl ake 55 mmhehewardni and
di sposed between the heating nuffle (10) and the cooling muffle (13). In
Fig. 5 and &bgutt,5 to 15 mm in depth, and extends along the
circumference of the cross section of the hollow (i.e.
surrounds the hollow). Preferably 2 to 5 recesses of such a
configuration are provided for each thermal insulating
10 structural member.

The wall of the thermal insulating structural member
that has the groove-shaped recess is one embodiment of
the thermal insulating structural member that has a non-
uniform thickness. Another example of the wall that has a

15 non-uniform thickness is a wall having a plurality of small
recesses (20b) on the external surface and/or inside
surface of the wall as shown in Fig. 4.
The wall of the thermal insulating structural member
that has a non-uniform thickness is preferably made of a
20 material that has a lower thermal conductivity than that of
the material which constitutes the muffle. The thermal
insulating structural member formed of such wall makes it
possible to effectively suppress thermal conduction

between the muffles.

25 Fig. 5 as well as Fig. 6 shows an example of the



.reference nunerals which are identical to those used in Fig. 51 and Fig. 2
denote identical conponents as those in Fig. 1 and Fig. 2. The enbodi nent
of the thermal insulating structural nenber has a small thermal conducting
-cross sectional area throughout the entire wall and thereby effectively
suppresses thermal conduction between th&310 nuffles. In Fig. 5, the
thermal insulating structural nmenber (21) is formed of a thin plate as a
whol e and has a hollow (210) that is present therethrough in the x
direction. The hollow (210) has a rectangul ar cross section. The therma

15 i nsul ati tiyestrraictivrsad | aténperstf@t)tunas emdindge (12dR8)ig hidrmed fof nad by
bending the thin plate. By adjusting the bending angle of the flange

(21a), crosshiecpiate as dovihodedarnd ist Hshdded b2iR)e @ etivaunedtimpgnat ch
the cross sections of the thermal treatnent zones (14a, 14b) of the

heating 20muffikee({0P)arddthdecsobdingian obfiie €16833) InlPid] & athd tFig.tGer mal
I nsul ating structural nmenber (21) formed of a thin plate is connected to a

joint menbereféitéhcef nuheemalitl @hog hmaassi dén b ceanteahiowe esdarid F)g. The
thermal insulating structural nenber (21) is fixed on 25 the connecti ng

menber 5 22) 1wt [Figpep aeartste(farerﬁxaaplcﬁam%ﬂwattsr@§lﬁ{@é\é adlEy Ve
caul king, welding or the like). The connecting nenber (22) is made of, for

(e?g:rple thar@nFigmateri aras ehieberfiaiéat att HePNei &t miAs Ms%mﬁbe
structural member has a small thermal conducting cross
sectional area throughout the entire wall and thereby
effectively suppresses thermal conduction between the

10 muffles.
In Fig. 5, the thermal insulating structural member
(21) is formed of a thin plate as a whole and has a hollow
(210) that is present therethrough in the x direction. The
hollow (210) has a rectangular cross section. The thermal
15 insulating structural member (21) has a flange (21a) that is
formed by bending the thin plate. By adjusting the bending
angle of the flange (21a), cross sections on both ends of
the hollow (210) are caused to match the cross sections of
the thermal treatment zones (14a, 14b) of the heating
20 muffle (10) and the cooling muffle (13). | |
In Fig. 6, the thermal insulating structural member
(21) formed of a thin plate is connected to a joint member
(16) of the muffle by means of a connecting member (22).

The thermal insulating structural member (21) is fixed on

25 the connecting member (22) with proper means (for example,



_exanple, stainless steel). 5 There is no limtation to the shape, size and
material of the thermal insulating structural nenber conprising at |east
partially a thin plate, as long as the thermal treatnment process and the
-mechani cal strength of the thermal treatnent apparatus as a whole are not
adversely affected 10 and thermal conductdé4n between the nuffles can be
effectively suppressed. However, since the thin plate portion of the
thermal insulating structural nenber tends to have a smaller mechani cal
strength, care nust be exercised wth this regard when the thin plate is

used. 15 Thheateseso$tamt adihespvat ecasllsimg,| evetdiay tdrethehiiklenessTioé t he
wal | that constitutes the muffle. When the thickness of the wall that

constit ut escomneutime member ¢2a3tEtmatde admetor x4 mplehi thel saenes
preferably smaller than the thickness of the thinnest portion of the

nuffl e wal | m&fefizd tds ntiee trhatehial plredte, cohetsttlderth e nibefeal (ferer gy
that is transmtted between the nuffles. Thickness of the thin plate is

preferably iexsemipdegestfinlez st ¢tée$pP, and nore preferably from1/10 to
1/20 of the thickness of the nmuffle wall. 25 Since the thermal conducting

TaKe the thor mal | energy tranem i red bernmen (e ortTes tanToratora o

conduct i vi t pfoltheha heatneal ain s hpdtiagnsdtruitesal Nthé MbeP Gémprising at
least partially a thin plate, as long as the thermal treatment
process and the mechanical strength of the thermal
treatment apparatus as a whole are not adversely affected

10 and thermal conduction between the muffles can be
effectively suppressed. However, since the thin plate
portion of the thermal insulating structural member tends to
have a smaller mechanical strength, care must be exercised
with this regard when the thin plate is used.

15 Thickness of the thin plate is smaller than the
thickness of the wall that constitutes the muffle. When the
thickness of the wall that constitutes the muffle is not
constant, thickness of the thin plate is preferably smaller
than the thickness of the thinnest portion of the muffle wall.

20 The thinner the thin plate, the smaller the thermal energy
that is transmitted between the muffles. Thickness of the
thin plate is preferably in a range of 1/2 to 1/50, and more
preferably from 1/10 to 1/20 of the thickness of the muffle

wall.

25 Since the thermal conducting cross sectional area of



.does not have significant influence on the thermal 5 conduction between the
muf fl es. Therefore, there is no |imtation to the material that
constitutes the thin plate. For exanple, the thin plate may be made of the
-same material as that constituting the nuffle, and specifically stainless
steel or Inconel. The thin plate may al s45be nade 10 of a material having a
| ow thermal conductivity, such as ceramcs, carbon or quartz glass. The
thin plate may be a neshed nenber for filtering made of the material

descri bed above which does not substantially allow gas to pass

t her et hr oudhentbinthiate iis swfficesstiye sdi éflesenas. tdmalkeethat tlrekynal he
thin plate nay be a neshed nenber covered with a netal foil or a |am nate
of a pluraléngrgf trasisedittedbelbetw®&entbhea phatfélemyshealiede oheanmtelat -
resistant resin, when the thermal treatnent tenperature is |ow or the

mechani cal cdndogttivityerodothies matetialethdtbgonititetds e thim mpiastee may
constitute only a part of the thermal insulating structural nenber. For

exanmpl e, a gaes ofott hehaner nglighnsicaatt ndnstuencer alomenbee madelpen s pr ned
of the thin plate with other part being fornmed of a thick wall 25 made of a

materifl havonduxtiow therwsk rcortteiciiwifigs. SO Piherbtdreuf fAgienis no

mechani cal strength of the thermal treatnent apparatus can be ensured. For

exanpl e, inigasetidre téhenenimiansnl At ithhstEoakYItAteENIs oM apshede of
For example, the thin plate may be made of the same
material as that constituting the muffle, and specifically
stainless steel or Inconel. The thin plate may also be made

10 of a material having a low thermal conductivity, such as
ceramics, carbon or quartz glass. The thin plate may be a
meshed member for filtering made of the material described
above which does not substantially allow gas to pass
therethrough when there is no pressure difference.

15 Alternatively, the thin plate may be a meshed member
covered with a metal foil or a laminate of a plurality of
meshed members. The thin plate may be made of a heat-
resistant resin, when the thermal treatment temperature is
low or the mechanical strength thereof is not lowered by

20  heat.

The thin plate may constitute only a part of the
thermal insulating structural member. For example, a part
of the thermal insulating structural member may be formed

of the thin plate with other part being formed of a thick wall

25 made of a material having a low thermal conductivity, so



_rectangul ar tube having a hollow of rectangular or square 5 cross section,
the thin plate may constitute a pair of opposing walls, while the other
pair of walls being thick walls (for exanple, of a thickness equal to or
-l.arger than the thickness of the muffle wall) nmade of a material of a |ow
thermal conductivity. 10 Wien heated durid@y thernmal treatnent process, the
muf fl e may undergo el ongation and thermal deformation that cause stress
concentration in the joint between the nuffles, thus resulting in a gap
generated between the nuffles which allows the atnosphere gas to |eak from
the 15 insi tleabfsutfécramt iImetch ahic @usirengtBuch freaktdgermal ltireatyn ehe
occur in the joint between the nmuffle and the thermal insulating

structural appeEraius case t be t bersmled nsulRodr n@xshrplet urial casleerthé
provi ded between the nuffles. Leakage of the atnosphere gas fromthe

i nside of thee2alffiheutatisey ssiriudtueabl em eanbrarst ihegs ofa t keh gpear atfus
when the gas is corrosive, and health hazard to human body when the gas is

toxi c. Suchrécoablgadacatube avavied abyoreswndft ke dtberg®arn sulsdd age
structural nenber in such a structure that can easily change in its shape.

That i % therdssstsesti®oncener athion phatde maiynt coasthrtd t bgap agr evgn 47
when the nuffles elongate or deform by using a thermal insulating

Ztgg%g:?l oppesingi aaies Wrexebithiet Yotied tgaishgpPewadbs absihgSthick
walls (for example, of a thickness equal to or larger than
the thickness of the muffle wall) made of a material of a low
thermal conductivity.

10 When heated during thermal treatment process, the
muffle may undergo elongation and thermal deformation
that cause stress concentration in the joint between the
muffles, thus resulting in a gap generated between the
muffles which allows the atmosphere gas to leak from the

15 inside of the muffle to the outside. Such leakage is likely
to occur in the joint between the muffle and the thermal
insulating structural member in case the thermal insulating
structural member is provided between the muffles.
‘Leakage of the atmosphere gas from the inside of the

20 muffle causes such froubles as rusting of the apparatus
when the gas is corrosive, and health hazard to human
body when the gas is toxic. Such troubles can be avoided
by making the thermal insulating structural member in such

a structure that can easily change in its shape. That is, the

25 stress concentration in the joint can be mitigated even



_Specifically, the thermal insulating structural nmenber 5 is preferably
made in such a structure as shown in Fig. 7. Fig. 7 shows an exanpl e of
the thermal insulating structural nenber fornmed of a thin plate as a whole
-and can change in its shape. In Fig. 7, reference nunerals which are
identical to those used in Fig. 5 denoted4¥dentical 10 components as those
in Fig. 5. The thermal insulating structural member (21) shown in Fig. 7
is formed by using a thin plate having a plurality of bent portions (23)
and is constructed so that a rib (23a) of the bent portion (23) is

per pendi culah efo e aiuféte s orlongede ramspefaimg blye wdirestat thbemakat ed.
The bent portion (23) deforns inmrediately when the nuffle has undergone

el ongat i on iasd/l@tingerstuu cdefral nan eombeo ashioh prevenfle sibrieidy fironits
concentrating in the joint between the nuffle and the thermal insulating
structural sheaper.avhdstress mbds@tbef. the bent portion preferably extends
in the direction perpendicular to the direction of transporting the object

as shown in theSgeaifiog!ly hetre bthreymenxt emslulatiay stirueduiran mos Mgye ¢ han
the direction parallel to the direction of transporting the object. The

bent portids pagfeeabdynetade 25 such a rsanoetuss bleshidwni $nfpigedzin the
I nside surface of 48 the wall of the thermal insulating structural nenber.

Rib of theFigen? pbrow srameyxhen plevasfoedepthiéf malofn el #finigoR L GctHps|
pornt ed. member formed of a thin plate as a whole and can change
in its shape. In Fig. 7, reference numerals which are
identical to those wused in Fig. 5 denote identical

10 components as those in Fig. 5.

The thermal insulating structural member (21) shown
in Fig. 7 is formed by using a thin plate having a plurality
of bent portions (23) and is constructed so that a rib (23a)
of the bent portion (23) is perpendicular to the direction of

15 transporting the object to be treated. The bent portion (23)
deforms immediately when the muffle has undergone
elongation and/or thermal deformation so as to prevent
stress from concentrating in the joint between the muffle
and the thermal insulating structural member. While the rib

20 of the bent portion preferably extends in the direction
perpendicular to the direction of transporting the object as
shown in the drawing, the rib may extend in any direction
other than the direction parallel to the direction of
transporting the object. The bent portion may be formed in

25 such a manner as the rib is formed in the inside surface of



.An exanpl e of anot her enbodi ment of the thermal 5 insulating structural
menber that can change in its shape is shown in Fig. 8 1In Fig. 8,

ref erence nunerals which are identical to those used in Fig. 1 denote
-i.dentical conponents as those in Fig. 1. The thermal insul ating
structural member (19) shown in Fig. 8 i #8mde of a 10 material having a

| ower thermal conductivity than that of the nmaterial which constitutes the
nuffle, simlar to the apparatus shown in Fig. 1. The length of the
thermal insulating structural nenber 519_) shown in Fig. 8 contracts and
extends as éhﬁomalgcﬁft tbe thepmall ingslatinchstracégsallinembey. sRids offo
absorb the nuffle elongation caused in the x direction in the nuffle. The
t hermal i nsthat benstpectionaimaynthes ahwtargeed pastion cofingdich itbp dbape
is useful also as neans for preventing the atnosphere gas | eakage which
can occur i magopohptedint between the nuffles. That is, the thernal

I nsul ating structural nenber that can easily deform my be disposed

bet ween t he nuff lfes a&xamedeneetf i ag otthrarct emalb odierdet  bhiatt hienptlogem al
sealing of the joint between the nuffles, in addition to as a nenber that
suppr esses theulabinhetmaictooaduneinob dretetrcdamecmahigleesn 48 dlhapdids
thermal treatnent apparatus that has a thernmal bl ocking plate nenber in
addi tion tostHmwnhénnklig.i 8sul bt i kg st§ ucedeak nmebeunsrallesorhbed bekow.

e 9 identical to those used in Fig. 1 denote identical
components as those in Fig. 1. The thermal insulating
structural member (19) shown in Fig. 8 is made of a

10 material having a lower thermal conductivity than that of
the material which constitutes the muffle, similar to the
apparatus shown in Fig. 1. The length of the thermal
insulating structural member (19) shown in Fig. 8 contracts
and extends as a hook portion (19b) slides in the recess

15 (19c) so as to absorb the muffle elongation caused in the x
direction in the muffle.

The thermal insulating structural member that can
easily change in its shape is useful also as means for
preventing the atmosphere gas leakage which can occur in

20 the joint between the muffles. That is, the thermal
insulating structural member that can easily deform may be
disposed between the muffles as a connecting structural
member that improves s.ealing of the joint between the
muffles, in addition to as a member that suppresses the

25 thermal conduction between the muffles.



_shows an exanple of the thermal treatment apparatus that 5 includes the

t hermal bl ocking plate nenber, and corresponds to the thernmal treatnent
apparatus shown in Fig. 6 having the thermal bl ocking pl ate nenber

.di sposed therein. Reference nunerals used in Fig. 9 which are identical
to those used in Fig. 6 denote identical 49 conponents as those in Fig. 6.
Fig. 10Ais a front view of the thermal bl ocking plate nenber viewed in
the direction of transporting the object to be treated. The thernal

bl ocki ng plate nmenber (26) is interposed together with sealing nenbers
(17) between a j diow nEm@erthemgm@lo)trefatnmmenheasp p@raiifsl ethatd shaennacti ng
menber (22) of the thermal insulating structural nenber and is fastened by
means of bothermals glogking phatan memiber I0A adbdéetionhdionetih el dekima |pl at e
menber (26) has a rectangul ar shape and has an aperture (29) having a size
necessary tonsuaiatimg 28tmbgotal( 28 mbért ie aescebd@4bepows. t hEigt hgough.
In the apparatus shown in Fig. 9, four sides of the thermal bl ocking

pl ate nenbesh(d@ey ame escanhp lehexf sheashieonbel tsepperénd dpperenuishehjzai nt
menber (30) of the heating nuffle and the connecting nenber (22) of the

thermal5 25inobwdeisi ngtlsér udthwrah atentisioclhd N bilgte9, rkanblesr maland
bl ocking plate nenber (26) covers the end of the heating nuffle except for

the apertureorregporedst topahe ttinerobaectrdatre ritr egi pdrafills sheywnl in

Fig. 6 having the thermal blocking plate member disposed

therein. Reference numerals used in Fig. 9 which are

identical to those used in Fig. 6 denote identical

10 components as those in Fig. 6. Fig. 10A is a front view of

the thermal blocking plate member viewed in the direction

of transporting the object to be treated.

The thermal blocking plate member (26) is interposed

together with sealing members (17) between a joint member

15 (30) of the heating muffle and a connecting member (22) of

the thermal insulating structural member and is fastened by

means of bolts/nuts (18). As shown in Fig. 10A, the

thermal blocking plate member (26) has a rectangular shape

and has an aperture (29) having a size necessary to let the

20 object (25) and the carrier (24) pass therethrough. In the

apparatus shown in Fig. 9, four sides of the thermal

blocking plate member (26) are sandwiched so as to be

supported between the joint member (30) of the heating

muffle and the connecting member (22) of the thermal

25 insulating structural member.



.blocking plate nenber (26) effectively prevents the 5 atnosphere gas from
flowwng fromthe thermal treatnment zone (14a) of the heating nuffle (10)
into the thermal treatnent zone (14b) of the cooling muffle (13) and
-prevents radiation heat (indicated by the arrows that are white inside in
the drawi ng) frombeing transferred fromdthhe 10 inside surface of the
heating nmuffle (10) into the cooling nuffle (13). Another enbodi nents of
the thermal bl ocking plate nenber are shown in Fig. 10B and Fig. 10C. The
t hermal bl ocking plate menber shown in Fig. 10B 15 is a rectangular plate
menber. The therhml FiBock .ngthp atbermeabeblosksngl Ipatien meembedi r €26) on

| ength than the z direction I ength of the cross section (indicated by a
dashed |i neoivershthédreanidngf dfe ttheatireg muffreeaxeept fomethsocapbatupe

cl earance (29') can be forned to allow the object to be 20 treated (25)
and the carrégui(ed) too pass ther edbhjecighto The ttnemrteld.bl oEkiengh® @hal
menber shown in Fig. 10C is a rectangul ar plate nenber having a notch

(29') of a biaekimgquipliatief omehebebj eC2690 béféctatedy (e veamlts hetizarri er
(24) to pass therethrough. The thermal bl ocking plate 25 nenber is also

snmal l eb in abmaspheeet igas| éngih flemindefroml (e echeomdlenglel tofh ehlte
cross section (indicated by a dashed line in the drawi ng) of the thernal

treatment zaoed of1dlzg bl tloe dieabing hemuilei nsUd pt imgp sthectitredmal
Temben). treatment zone (14b) of the cooling muffle (13) and
prevents radiation heat (indicated by the arrows that are
white inside in the drawing) from being transferred from the
10 inside surface of the heating muffle (10) into the cooling
muffle (13).
Another embodiments of the thermal blocking plate
member are shown in Fig. 10B and Fig. 10C.
The thermal blocking plate member shown in Fig. 10B
15 is a rectangular plate member. The thermal blocking plate
member is smaller in the z direction length than the z
direction length of the cross section (indicated by a dashed
line in the drawing) of the thermal treatment zone, so that a
clearance (29') can be formed to allow the object to be
20 treated (25) and the carrier (24) to pass therethrough.
The thermal blocking plate member shown in Fig. 10C
is a rectangular plate member having a notch (29') of a size
required for the object to be treated (25) and the carrier

(24) to pass therethrough. The thermal blocking plate

25 member is also smaller in the z direction length than the z



.The thermal bl ocking plate nenbers shown in Fig. 10B 5 and Fig. 10C are
attached to the inside surface of the heating nuffle wall so that the end
of the heating zone which nakes contact with the thermal insulating
-structural nenber is covered. The thermal bl ocking plate nenbers shown in
Fig. 10B and Fig. 10C may also be interpdskd to 10 be supported between the
muffle and the thermal insulating structural nenber, as shown in Fig. 9.
In this case, a gap which corresponds to the thickness of the thernal

bl ocking plate menber nmay be formed in the joint between the nuffle and

t he t her mal dir@atigtn ngnatrucfute eeodersentian t(iedisatedr byl abdesd ed

pl ate nmenber is not interposed. In that case, it is necessary to prevent

t he at nosphéime gas threomirawargngpfbthéntlkeposdingreabmenxiargd ee dopl the
menber of the same thickness as that of the thermal bl ocking plate nenber
in the joi nholheweof Hdregdp ersn gériasatiadin @Os tiucturatli melmb &rdr mat i on of the
gap may be prevented by neking the size of a part of the thermal

i nsul ati ng strudthe gherenbérbid dKiererglateom é heb sr g es lod wirnénoFhgr @Bt .
The thermal blocking plate nmenbers shown in Figs. 10A to 10C are nere

exanpl &, amdhdhEighen®l Ereckatiaci?édpltat ethmenbesideay shaface hef shepe.
52 The thermal bl ocking plate nenber may be nade of any material as |ong

as the therimdatingatmerfflerewedsssandhdtheheecbanri caf e ehgidting thene
thermal treatnment apparatus
which makes contact with the thermal insulating structural
member is covered. The thermal blocking plate members
shown in Fig. 10B and Fig. 10C may also be interposed to
10 be supported between the muffie and the thermal insulating
structural member, as shown in Fig. 9. In this case, a gap
which corresponds to the thickness of the thermal blocking
plate member may be formed in the joint' between the muffle
and the thermal insulating structural member where the
15 thermal blocking plate member is not interposed. In that
case, it is necessary to prevent the atmosphere gas from
leaking, by interposing, for example, a plate member of the
same thickness as that of the thermal blocking plate
member in the joint where the gap is generated.
- 20 Alternatively, formation of the gap may be prevented by
making the size of a part of the thermal insulating
structural member different from the size of the other part.
The thermal blocking plate members shown in Figs.
10A to 10C are mere examples, and the thermal blocking

25 plate member may have other shape.



.as a whole are not adversely affected. The thermal 5 bl ocking plate nmenber
Is preferably a netal plate such as a stainless steel plate, or a neshed
menber for filtering which does not substantially allow gas to pass
-therethrough when there is no pressure difference. Mreover, the thernal
bl ocki ng plate menber preferably has a | 8® surface 10 thermal emissivity in
order to decrease the heat radiated thereby. Method for |owering the
surface thernal emssivity is, for exanple, polishing the surface of the
thermal bl ocking plate nmenber. The thernmal treatnent apparatus according
to the first 15IBepdberanat helpckirgt pilatenmeminas ey Hesaniled of
exenplifying the joint between the heating nmuffle and the cooling nmuffle.
The ther malapyemakdtiadppar bong afs the theeseal treeenmend prescébe aimat mal
insulating structural menmber di sposed between one pair of two adjacent
nuf f1 es 20 Wtermiechaeid¢akisdeengtbeodt the tfe omalntfdd emien thagpeir 4 then
that of the other, nanely between a higher tenperature nuffle and a |ower
tenper at ur eadufd | evhThe candi meni omdferddiy hedfésgeduf f |  tend thieg neap! i ng
muf fl e descri bed above is an exanple of the conbination of the higher

t enper &t ur eb BECkirfg | el ted mém b enes peaperably ea . mathi | glatAnei $3 a
conbi nation of the higher tenperature nuffle and the |ower tenperature

muffle is, $taindeaspl steal cpmbteat ben of ntewhelticaii awa by ffes wheseidy t he
i nside tenperature of one
which does not substantially allow gas to pass therethrough
when there is no pressure difference. Moreover, the
thermal blocking plate member preferably has a low surface
10 thermal emissivity in order to decrease the heat radiated
thereby. Method for lowering the surface thermal emissivity
is, for example, polishing the surface of the thermal
blocking plate member.
The thermal treatment apparatus according to the first
15 aspect of the present invention has been described
exemplifying the joint between the heating muffle and the
cooling muffle. The thermal treatment apparatus of the
present invention has the thermal insulating structural
member disposed. between one pair of two adjacent muffles
20 wherein the inside temperature of one muffle is higher than
that of the other, namely between a higher temperature
muffle and a lower temperature muffle. The combination of
the heating muffle and the cooling muffle described above

is an example of the combination of the higher temperature

25 muffile and the Ilower temperature muffle. Another



~muffle is higher than that of the other nuffle by 50 C. A 5 thernal
treatment apparatus including such two heating nuffles bet ween which the
thermal insulating structural nenber is disposed also falls within the
-scope of the present invention. A thernmal treatnment apparatus may al so
include a plurality of thermal insulatin@3tructural nmenbers. 10 The
present invention can be applied not only to the nuffle furnace, but also
to other thermal treatnment apparatus having a plurality of thermal _
treatment chanbers. The present invention can also be applied to a heating
furnace of ©anthinpbcdt icdntbgshégher témpekaetuie mufflkb aandyotieretw ef t he
thermal treatnent apparatus, nmaterial, shape, size and other properties of
the thernaltémperativie miufibe uisl fioenteecahipde,exanpd mbindtiehmaf two
conductivity of the material of the wall of the thermal insulating
structural heatbeg, muffieknesseotim tthien phetedei temaperatpaet 6f tdree 20
wal |l of the thermal insulating structural nmenber is forned of the thin

plate, etc.nufdyebis deigioe ed deperitanmfonhehetheat enitile by doess, and
ot her properties of the wall of the thermal treatnent chanber. The thernmal

bl ocki g pl thermednbize atioenti raFpgsatd8A iTthlllQﬁ:n@a)’SD@hprﬁNbdelﬁieéltﬁP?i n 25
the thermal treatnent apparatus other than the nuffle 54 furnace. In the

thermal treatuffhe safpataten olwlith ptireenthe f M Ntindu | at heg apPRualtus aff or
transporting the object to be
member is disposed also falls within the scope of the
present invention. A thermal treatment apparatus may also
include a plurality of thermal insulating structural members.
10 The present invention can be applied not only to the
muffle furnace, but also to other thermal treatment
apparatus having a plurality of thermal treatment chambers.
The present invention can also be applied to a héating
furnace of batch operation system or the like. In any
15 embodiment of the thermal treatment apparatus, material,
shape, size and other properties of the thermal insulating
structural member (for example, a thermal conductivity of
the material of the wall of the thermal insulating structural
member, a thickness of a thin plate in case a part of the
20 wall of the thermal insulating stru'ctura'l member is formed
of the thin plate, etc.) may be selected depending on the
material, thickness and other properties of the wall of the
thermal treatment chamber. The thermal blocking plate

member shown in Figs. 10A to 10C may be provided also in

25 the thermal treatment apparatus other than the muffle



.freated is not limted to the nesh belt as shown in the 5 draw ngs, and may
be ot her apparatus for transporting the object, such as a roller hearth.
The object is transported by the apparatus for transporting continuously
-or intermttently through the thermal treatnent chanbers. The thernmal
treat ment apparatus of the present inventidn may 10 al so have ot her

menber (s) or conponent(s) that has not been described above and is used in
the conventional thermal treatnment apparatus (for exanple, an air-charging
and di schargi ng apparatus). 15 Industrial Applicability The present

i nvention cturmacepplied preferably to a thernmal treatnment apparatus which
has a plurality of thermal treatnent chanbers regardl ess of the
transporting netmodhet hth@esnd Ingt restmod nénpd ppadaitast hef apipar ap vss 86 t
and/or its application. The thernmal treatnent apparatus of the present

i nvention cemveatised the capparatu s fdrertimainspgoedhgenhef ab jecuftactbei ng
different products such as a plasma display panel, a solar battery panel,
a resistor treptedndsontdr |deiteds tandha emtesini bedar bs. 250 8 Exanph €s

The present invention is described bel ow by way of exanples. In the

fol | owisng ddsawiptgon.andpmeay bedotheweapparitars tio ruppeh spesitin gntiasd
| ower position respectively in

object, such as a roller hearth. The object is transported

by the apparatus for transporting continuously or

intermittently through the thermal treatment chambers. The

thermal treatment apparatus of the present invention may

10 also have other member(s) or component(s) that has not

been described above and is used in the conventional

thermal treatment apparatus (for example, an air-charging

and discharging apparatus).

15 Industrial Applicability
The present invention can be applied preferably to a
thermal treatment apparatus which has a plurality of
thermal treatment chambers regardless of the transporting
method, the heating method employed in the apparatus
20 and/or its application. The thermal treatment apparatus of
the present invention can be used to carry out a thermal
treatment for manufacturing different products such as a
plasma display panel, a solar battery panel, a resistor chip

and other devices and electronic parts.

25



.5 the vertical direction, in case the object to be treated is transported
in the direction and on the plane which are parallel to the horizontal

pl ane. The term"length" shall nmean the length in the direction which is
-parallel to the direction of transporting the object to be treated. The
term 10 "wi dth" shall nean the size in tWe& direction which is parallel to
the plane of transporting the object to be treated and is perpendicular to
the direction of transporting the object. (Exanple 1) A thermal treatnent
apparatus having one heating 15 nmuffle and one cooling nuffle was
construct edEXampHes thermal treatnent apparatus, a thermal insulating
structural nenber fornmed of a wall nade of a material of |ow thermnal
conductivity was Tdiesppeedeindt inse ritienhéat ides critfd @ bedow hisycoodynef
muffle as showmn in Fig. 2. 20 Materials and sizes of the heating nuffle

(10), the eoxampdesuf flinethe3folloveimgsieberiptid4),, “tpperdj apd tpower”
treated (25) and the thermal insulating structural nmenber (19) in this

Exanpl e arerafefotd ouppel) peaitiog rafd! o @% Ve @s | tabnwae slpwenele | §09nof
whi ch thermal conductivity 56 at nornmal tenperature was 14.8 Wm K; \all

t hi cknéss whkel@enticalordirguwtabnonimf caslef |th evasbje tUbld apeshpeatbaviigy a
semcircular cross section in which an upper wall is arched,

transported in the direction and on the plane which are
parallel to the horizontal plane. The term “length” shall
mean the length in the direction which is parallel to the
direction of transporting the object to be treated. The term

10 ‘width” shall mean the size in the direction which is parallel
to the plane of transporting the object to be treated and is
perpendicular to the direction of transporting the object.
(Example 1)

A thermal treatment apparatus having one heating

15 muffle and one cooling muffle was constructed. In the
thermal treatment apparatus, a thermal insulating structural
member formed of a wall made of a material of low thermal
conductivity was disposed between the heating muffle and
the cooling muffle as shown in Fig. 2. _

20 Materials and sizes of the heating muffle '(10), the
cooling muffle (13), the mesh belt (24), the object to be
treated (25) and the thermal insulating structural member
(19) in this Example are as follows.

1) Heating muffle

25 Material was Inconel 600 of which thermal conductivity



.o wth a flange welded to the end face as a joint menber; Wdth, maximum
hei ght and length of muffle were 1000 nm 250 nm and 7000 mmrespectively;
and Cross section of the thermal treatnent zone was a semcircular shape
-with 980 mMmin width and 225 mMmin 10 nmaxi num height. 2) Cooling muffle
Mat eri al was SUS 304 of which thermal cof8uctivity at normal tenperature
was 16.5 Wm K; Wall thickness was 7 mm 15 Configuration of muffle was a
tubul ar shape having a rectangular cross section, with a flange wel ded to
the end face as a joint nenber; Wdth, height and length of muffle were
1000 mm 608t MATEAE! 2e00P@Tatuspewta s el 4.8 WdmRo Ky oss section of the
thermal treatment zone was a rectangular shape with 986 mmin width and 46
mmin height. 3YVakdhipkine sstwaisal OnasmsuS 316; and 25 Wdth and
thi ckness were 940 nmand 10 mm 57 4) Object to be treated It was a gl ass
substrate for POPONRdnguvatiian ofhimkifébs wad |ertgithuler & HdPemma i ngnand
900 nm respectively. o '
semicircular cross section in which an upper wall is arched,
5 with a flange welded to the end face as a joint member;
Width, maximum height and length of muffle were 1000
mm, 250 mm and 7000 mm respectively: and
Cross section of the thermal treatment zone was a
semicircular shape with 980 mm in width and 225 mm in
10 maximum height.
2) Cooling muffle

Material was SUS 304 of which thermal conductivity at
normal temperature was 1'6.5 W/m - K;
Wall thickness was 7 mm:;

15 Configuration of muffle was a tubular shape having a
rectangular cross section, with a flange welded to the end
face as a joint member;

Width, height and length of muffle were 1000 mm, 60
mm and 2000 mm respectively; and
20 Cross section of the thermal treatment zone was a

rectangular shape with 986 mm in width and 46 mm in

height.
3) Mesh belt ‘
Material was SUS 316; and

25 Width and thickness were 940 mm and 10 mm.



.5 5) Thermal insulating structural nenber Material was a silica-based heat
resistant material of which thermal conductivity at normal tenperature was
0.05 Wm- K (manufactured by N ppon Mcrotherm Co., Ltd. wunder the trade
-name of Mcrotherm 10 Configuration was a rectangul ar tubul ar shape having
a hol l ow of rectangular cross section; Wbdth, thickness and |length were
1086 mm 350 mm and 100 mm respectively; Thickness of an upper wall, a

| ower wall and a side 15 wall were 70 mm 50 nm and 20 mm respecti vely;
and Cross section of hollow was a rectangul ar shape with 986 nmin width
and 46 nmin heightObjectionhe hreated2, the seal ing nenbers (17) nade of
carbon were interposed between each wall constituting 20 each nmuffle and
the wal | constitUt was ehglalser salb stmadeafo nd® BPr;uahar al menber, and the
flanges (16) of the nuffles and the thermal insulating structural nenber
(19) were fasten@ddtby heirisnessbalrtd/ e gt IWereete@®@@nmrhe Seatmnarmaffl e
and the thermal insulating structural nenber and between the 25 cooling
muf fl e and 90€ trhar nebpiectivelyng structural nmenber. 58 Exanple 2 A thernal
treat ment apparatus was constructed by providing the thermal insulating
struct &ral menbed) fbOheethalofnautatimglsarachet akanerpeleati ng nuffl e and

the cooling
Material was a silica-based heat resistant material of
which thermal conductivity at normal temperature was 0.05
W/m - K (manufactured by Nippon Microtherm Co., Ltd.
under the trade name of Microtherm:
10 Configuration was a rectangular tubular shape having
a hollow of rectangular cross section;
Width, thickness and length were 1086 mm, 350 mm
and 100 mm respectively; |
Thickness of an upper wall, a lower wall and a side
15 wall were 70 mm, 50 mm and 20 mm respectively; and
Cross section of hollow was a rectangular shape with
986 mm in width and 46 mm in height.
As shown in Fig. 2, the sealing members (17) made of
carbon were interposed between each wall constituting
20 "ea.ch muffile and the wall cons'titutin.g the thermal insulat'ing'
structural member, and the flanges (16) of the muffles and
the thermal insulating structural member (19) were fastened
by means of bolts/nuts (18) between the heating muffle and

the thermal insulating structural member and between the

25 cooling muffle and the thermal insulating structural member.



.5 muffle as shown in Fig. 6. The heating nuffle and the cooling nuffle of
the thermal treatnent apparatus of Exanple 2 are the sane as those of
Exanple 1. In this Exanple, a stainless steel sheet of 1.0 mm thick was
-enployed as the thin plate. Wth this thin plate, 10 the thermnal

i nsul ating structural nmenber (21) was fobfed into a construction having a
hol | ow of rectangul ar cross section and a length of 100 nm A connecting
menber (22) nade of stainless steel plate was used to connect the thermnal
i nsul ating structural nenber and the nuffle. The 15 thin plate constituting
t he thernal EX@d0opaei 2g structural nenber (21) was fixed to the connecting
menber (22) by welding. Exanple 3 Such a thermal treatnent apparatus was
constructed 20 As thermadr rtaeaimert n@mp atatusnvea s( 269 nedsu dt sgosey

bet ween the joint nenber (30) of the heating muffle and the connecting
menber (22)pobviting htheathenma htinsy lstingt stalictueabeneasbehoforimedi g. 9
in the thermal treatnent apparatus of Exanple 2. The heating nmuffle, the
cooling 25 afifél thiampliehe bletwmbni nbel dte angngt mafilealarm@ntiee 06 ot heg 59
thermal treatnment apparatus of Exanple 3 are the sane as those of Exanple
2. A sBainl masffse eds ssiwetw maim n§ igt hBckneblseoth dafl ngn mudfheir bace ther nal

em ssivity of 0.01 was used as the thermal bl ocking plate nenber (26). In
t he cooling muffle of the thermal treatment apparatus of
Example 2 are the same as those of Example 1.
In this Example, a stainless steel sheet of 1.0 mm
thick was employed as the thin plate. With this thin plate,
10 the thermal insulating structural member (21) was formed
into a construction having a hollow of rectangular cross
section and a length of 100 mm. A connecting member (22)
made of stainless steel plate was used to connect the
thermal insulating structural member and the muffle. The
15 thin plate constituting the thermal insulating structural
member (21) was fixed to the connecting member (22) by
welding.
Example 3
Such a thermal treatment apparatus was constructed -
20 as the thermal blockin.g plate member (26) was disposed
between the joint member (30) of the heating muffle and the
connecting member (22) of the thermal insulating structural
member as shown in Fig. 9 in the thermal treatment
apparatus of Example 2. The heating muffle, the cooling

25 muffle and the thermal insulating structural member of the



.5 thermal bl ocking plate nenber, an aperture (29) having a height of 25 mm
and a width of 980 mmwas forned so as to allow the nesh belt (24) and the
object to be treated (25) to pass therethrough as shown in Fig. 10A

. Conpar ati ve Exanple 10 For conparison, such a thernmal treatnent apparatus
was constructed as neither the thermal i®8ul ating structural menber nor
the thernmal bl ocking plate nmenber was used while the heating nuffle (10)
and the cooling nmuffle (13) were connected via the sealing nmenber (17)
simlarly to the 15 thernmal treatnment apparatus of the prior art shown in
Fig. 14. | dhexehal Heerdim e néaa pprar adpysarceft Esx ain pflhea®plage Itheo sainands
Conparative Exanple, the total consunption of electric power in the

heati ng f urtiacee wesf nEacamedeunder 2@\ tlséacnhels i oste el weihaetal hahwdatger

bl ocks that heat the heating zone were set to 8500C, the flow rate of

cool ing wetthéckintessts cafolls Ot inemc @oi d ngu efenee vitse smita It @ ndi s8Iy, 0fal0d 0 1t he
nmovi ng speed of the nmesh belt was set to 100 nmimn. Electric power

suppl i ed t ovaachsed s ther tikenmea hbadthing2pldte maeenbers(@ayn i m khe 11
for conparison. 60 In case the nuffles were connected to each other as in

the prbor ahterrfaiphiatkimeg Epdapd einemver, eansappttore of 29y hragihigr &
furnace was 40 kW Conpared to the power consunption of 40 KWas a basis
(i.e. 100 Weight lef 28semmfand a width of 980 mm was formed so as to
allow the mesh belt (24) and the object to be treated (25) to
pass therethrough as shown in Fig. 10A.
Comparative Example
10 For comparison, such a thermal treatment apparatus
was constructed as neither the thermal insulating structural
member nor the thermal blocking plate member was used
while the heating muffle (10) and the cooling muffle (13)
were connected via the sealing member (17) similarly to the
15 thermal treatment apparatus of the prior art shown in Fig.
14.
In each thermal treatment apparatus of Examples 1 to
3 and Comparative Example, the total consumption of
electric power in the heating furnace was measured under
20 the cohdition in which all heater blocks that heat t.he
heating zone were set to 850°C, the flow rate of cooling
water that cools the cooling zone was set to 5 m®/ min, and
the moving speed of the mesh belt was set to 100 mm/min.
Electric power supplied to each muffle structure heating

25 furnace is shown in Fig. 11 for comparison.



-5 the thermal treatnent apparatus of Conparative Exanple, power consunption
in each thermal treatnent apparatus of Exanples 1 to 3 which correspond to
the present invention was snaller by 15 to 25% Largest reduction (25% in
the power consunption by the heater was achieved by a 10 conbi nati on of
the thermal bl ocking plate menber and théOthermal insulating structural
menber as in Exanple 3. This shows that the conbination of the thernal
bl ocki ng plate nenber and the thermal insulating structural menber is
nost effective iF r educi r}(\g t he power consunption. 61 CLAIMS 1. A thernal
treatnent appar at isC@8RptHT&i My fales uvaret gonsre¢ing @ eachntokher a@miber s
so as to applé a thermal treatnent to_an object to be treated that is
t r anspor t edt B8t RY Ry itheComBpadrti ¥ @ aExaim pdaANRS W e nisors wmaitibeastf  one
pair of two adjacent thermal treatnment chanbers of which inside
t enper at ur e§N&r e Rfiif eefBAiD 8@ nWE et OarkW .conBedn pared olghthet parwelr
insul ating structural menmber and the thermal insulating structural menber
has a tunneFoTBYMRidONr fsH0akW @sila dvasise (bi8.ed0Q Shheant that edsteo afass
t heret hrough. 2. The thermal treatnent apparatus according to claima1l,
wherei ® t hethai thermak treqtadpateappacatns of eBamptarathaebdsa wip lshi ch
inside tenperatures are different each 15 other are nmuffles.

power consumption in each thermal treatment apparatus of

Examples 1 to 3 which correspond to the present invention
was smaller by 15 to 25%. Largest reduction (25%) in the
power consumption by the heater was achieved by a
10 combination of the thermal blocking plate member and the
thermal insulating structural member as in Example 3. This
shows that the combination of the thermal blocking plate
member and the thermal 'insulating structural member is

most effective in reducing the power consumption.



.3. The thermal treatnment apparatus according to claiml or 2, wherein a
wal | which constitutes the thermal insulating structural nenber is nmade of
a material that has | ower thermal conductivity than that of a materi al
-which. 20 constitutes the thermal treatnent chanbers. 4. The thernal

treat ment apparatus according to any one61f clains 1 to 3, wherein a wall
of the thermal insulating structural nenber has a non-uniformthickness.
5. The thermal treatnent apparatus according to claim4, 25 wherein the
wal | has a groove. 62 6. The thermal treatnent apparatus according to any
one of claims 1 to 3, wherein at |edSLAAMSrt of a wall of the thernal

I nsul ating nmenber is nade of a thin plate. 7. The thernmal treatnent

appar at us atcor dAndhtes naal tmeatrbeoit @pp asafus$ocomphiesieign a hpltharitpl

i nsulating structural nenber can change in its shape. 8. The thernal.
treat ment appatheumalccoeditngehtd amambersofsol @sstd apply shetrted mal
thermal bl ocking plate nenber is disposed at at | east one end of the
thermal instteatmenitoO tst rant winje ctentrer bei tihewlt eichpevangis he paspogeedl the
object to be treated. 9. The thermal treatnent apparatus according to claim
8, whéreinthheughertie i exakiangtip atm eTetniatia irtb @r 9Viwh@ reiihh a2n |legeii ng

t hrough which a carrier and the object to be 15 treated are allowed to
pass. one pair of two adjacent thermal treatment chambers of

which inside temperatures are different each other are
connected through a thermal insulating structural member

and the thermal insulating structural member has a tunnel

10 structure so as to allow the object to be treated to pass
therethrough.
2. The thermal treatment apparatus according to claim 1,

Wherein the pair of the two adjacent thermal treatment
chambers of which inside temperatures are different each
16 other are muffles.
3. The thermal treatment apparatus according to claim 1
or 2, wherein a wall which constitutes the thermal
insulating structural member is made of a material that has
~a lower thermal conductivity than that of a material which.
20 constitutes the thermal treatment chambers. |
4. The thermal treatment apparatus according to any one
of claims 1 to 3, wherein a wall of the thermal insulating
structural member has a non-uniform thickness.
5. The thermal treatment apparatus according to claim 4,

25 wherein the wall has a groove.



.10. The thermal treatnent apparatus according to any one of clains 1 to 9,
wherein, the inner tenperature of one chanber of the pair of the two
adj acent thermal treatnment chanbers of which inside tenperatures are
.different each 20 other is higher than that of the other chanber by 50 C or
more. 11. The thermal treatment apparatu®Zaccording to claim 10, wherein,
one chanber of the pair of the two adjacent thernal treatnent chanbers of
whi ch inside tenperatures 25 are different each other is a heating. chanber
and the other 63_chanber is a cooling chanber. 12. The thermal treatnent
appar at us a€cor dih¢ tbedmamtreatnweat e ppeiia thsagioop rimghdio a1\ dreat i ng
muf fl e, and the cooling chanber is a cooling nmuffle.
of claims 1 to 3, wherein at least a part of a wall of the
thermal insulating member is made of a thin plate.
7. The thermal treatment apparatus according to any one
5 of claims 1 to 6, wherein the thermal insulating structural
member can change in its shape.
8. The thermal treatment apparatus according to any one
of claims 1 to 7, wherein a thermal blocking plate member
is disposed at at |least one end of the thermal insulating
10 structural member without impeding the passage of the
object to be treated.
9. The thermal treatment apparatus according to claim 8,
wherein the thermal blocking plate member is provided with
an opening through which a carrier and the object to be
15 treated are allowed to pass.
10. The thermal treatment apparatus according to any one
of claims 1 to 9, wherein, the inner temperature of one
chamber of the pair of the two adjacent thermal treatment
chambers of which inside temperatures are different each

20 other is higher than that of the other chamber by 50 °C or

more.

11. The thermal treatment apparatus according to claim 10,
wherein, one chamber of the pair of the two adjacent
thermal treatment chambers of which inside temperatures

25 are different each other is a heating chamber and the other
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chamber is a cooling chamber.

12. The thermal treatment apparatus according to claim 11,
wherein the heating chamber is a heating muffle, and the

cooling chamber is a cooling muffie.



