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TITLE OF THE INVENTION -

METHOD OF HEAT TREATING OBJECT AND
5 APPARATUS FOR THE SAME

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION
The present invention relates to a method and an
10 apparatus for heat treating an object, and particularly for
heat treating a starting material or an intermediate product
for the production of a final product or for the treatment of

various products.

15 RELATED ART
Various heat treatments are used for the production of
various products. For example, a number of effects are
known which are obtained by the heat treatments such as
drying, dehydration, calcination, reaction acceleration,
20 surface modification and so on. In order to improve the
efficiency of the heat treatment, an object to be heat
treated is passed through an heating chamber in the form of
a dome or a tunnel while the object is moved using a
conveyer,

25 An apparatus which carries out such a heat treatment



20 surface nodification and so on. |In order to inprove the

efficiency of the heat treatnent, an object to be heat treated is
passed t hrough an heating chanber in the form of , a dome or a tunnel
while the object is noved using a c%pveyer. 25 An appar at us
which carries out such a heat treatnent

2 I ncl udes a heating zone where tenperature of an object is
increased to a tenperature at which a thernmal treatnent is started,
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5 to predetermined conditions for the thermal treatment (for
example, a constant temperature.for a predetermined period,
or a predetermined temperature change from the increased
temperature). There may be no clear border between these
two zones. In the present specification, the term "heat
10 treatment (or heat treating)" is intended to include both or
either of the temperature increasing treatment in the
heating zone and the thermal treatment in the thermally
treating zone which are explained just above. In a&dition,
the apparatus which carries out such a heat treatment
15 usually further includes, at the back of the thermaily
treating zone, a cooling zone where the object is cooled to
a predetermined temperature after the heat treatment. The
object passes through these three zones in turn.
With respect to the above heat treatment, there is an
20 energy utilization efficiency problem in that a ratio of an
amount of heat energy which is truly used to heat treat the
object itself to an amount of heat energy which is supplied
to a heat treatment apparatus is small, which means that
most of the supplied heat energy is wasted. This problem

25 leads to a high cost of the heat treatment.



heating zone and the thermal treatnent in the thermally treating
zone which are explained just above. In addition, t he appar at us

whi ch carries out such a heat treatnent 15 usual |y further includes, at
the back of the thermally treating,zone, a cooling zone where the
object is cooled to a predeternineﬁ tenperature after the heat
treatnent. The obj ect passes through these three zones in turn.
Wth respect to the above heat treatnment, there is an 20 ener gy
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5 out of which an object carrying conveyer goes, since an
inlet and an outlet thereof are always open to the outside, a
portion of heat energy supplied to the heating chamber is
lost through the intet and the outlet. An amount of the heat
energy loss through the inlet and the outlet is said to be
10 about 30 % of the supplied heat energy to the heating
apparatus.

Since, in the heating chamber, the conveyer in
addition to the object is heated, a large amount éf heat
energy is required to heat up a moving mechanism such as

15 a conveyer. The moving mechanism such as conveyer is so
complicated and its heat capacity is large. Thus, a large
amount of heat energy is required to heat up the
mechanism. The conveyer moves the object from before
the heat treatment to after the heat treatment. When the

20 conveyer leaves the heating chamber, heat energy supplied
to the conveyer in the heating chamber is taken out to the
cutside of the heating chamber. Every time when the
conveyer goes into and out from the heating chamber, a
large amount of heat energy is supplied to the conveyer and

25 lost into the outside without being used. An amount of the



As to a tunnel shaped heating chanber into which and 5 out of which an
obj ect carrying conveyer goes, since an i nl et and an outl et thereof
are always open to the outside, a portion of heat energy supplied to
t he heating chanber is | ost through the inlet and the outlet. An
anount of the heat energy loss throtigh the inlet and the outlet is
said to be 10 about 30 % of the supplied heat energy to the heating
appar at us. Since, in the heating chanber, the conveyer in
addition to the object is heated, a | arge anount of heat enerqy is
required to Hbaatupn@rmvnmgsrébmgmgﬂn hcapvener ig s@ideyer beridaubi ng
mechani sm such as conveyer IS so onplicated and its heat capacity is
| arge. Thus, 20| % @f the heatoenergy &é@ipleqi‘l@rtﬁl thies heeamnigeepn@rahem up
t he machanl sm The conveyer noves the object from before
heat treatment to laf tadditionhean ameaumgnof haaet whdchpos |Q:$)h\lbf§ugfba§/es
the heating chanber, heat energy supplied to the conveyer in the
heati ng chanmbegll ©f dben heatingttbamber tuttheleoutside teareod thaatse.
Every time when the conveyer goes into and out fromthe heating
chanber ,5a large.ar Jhermmount dfethe dneayyenergypposadthiough theveadl
and 25 | ost into the outside w thout being used. An anpunt of the

of the, heating chamber is said to be about 45 % of the heat

energy supplied to the heating apparatus.
Thus, it is said that an amount of heat energy which is
substantially used for the heat treatment of the object is
10 only about 5 % of the heat energy supplied to the heating

apparatus.

SUMMARY OF THE INVENTION
It is therefore an object of the present invention to
15 overcome the above problem in the method of the heat
treatment in the prior art so that utilization efficiency of the
heat energy is improved..
The present invention provides a method of heat
treating an object which method is characterized in that the
20 object is heat treated as aimed while the object is being
floated in a heating chamber by expelling gas toward the

object from a position below the objec't.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Fig. 1 schematically shows a perspective view of he



4 heat energy |oss through the conveyer is said to be about 20
% of the heat energy supplied to the heating apparat us. I n

addi tion, an anount of heat which is |lost through a wal | of the
heati ng chanber to the outside thereof is also 5 | arge. The anount of

t he heat energy | oss through the wall S of the heating chanber is said
to be about 45 % of the heat energy supplied to the heating

appar at us. Thus, it is said that an anount of heat energy which
i S substantiaIIY used for the heat treatment of the object is 10
only about 5h®alf tteatment apnafatupprhieht ¢ ke dds thg methodpphr at us.

SUWWARY OF THE | NVENTI ON It is therefore an object of the
present inveh€i@dntieatire acnerdong ithéhgbpresgbiamMentiohhe met hod of the
heat treatnment in the prior art so that utilization efficiency of the
heat energy is inprigved.schematically shows one example of a
temperature condition of the heat treatment of the present
5 invention;

Fig. 3 schematically shows a perspective view of a
heating chamber which is used in the heat treatment
method of the present invention;

Fig. 4 schematically shows a cross-sectional view of a

10 floating member,;

Fig. 5 schematically shows a moving path of an object
when a moving object is watched from a lateral side ‘of the
path; |

Fig. 6 (a) and Fig 6 (b) schematically shows a

16 mechanism which moves a floating object using a
mechanical force in a perspective and a plane view,
respectively;

Fig. 7 schematically shows a mechanism with which a
floating object is moved with a push mode;

20 Fig. 8 (A), (B) and (C) schematically shows an
operation of a suction means in series of steps;

Fig. 9 schematically shows a cross-sectional view
views of a gas blowing member which controls movement of
an object;

25 Fig. 10 schematically shows a cross-sectional view of



The present invention provides a nethod of heat treating an object
whi ch nethod is characterized in that the 20 object is heat treated as

ai med while the object is being floated in a heating chanber by

expel ling gas toward the object froma position bel ow the object.

BRI EF DESCRI PTI ON OF THE DRAW NGS 25 6 Fig. 1 schematically shows a
perspective view of he 5

heat treatnment apparatus which is used in the nethod of heat
treating according to the present invention; .2

schemat i cal | yasiowdingemaaripge including a Qﬁ@nbé@mlﬂlgenteﬂ'&@hon of the
heat treatnment of the present 5 I nvention;

schematical |y showEi@. pet spebemetigahy shaws a Cfomwlﬁﬁﬁb%kemﬁh i s
used in the heat treatnent met hod of the present invention;

Fig. 4 schema®ika@ltinghohanaberoet thechamhtreatment @apparatus of the
present invention;
5 Fig. 12 schematically shows a perspective view of a
insulation block;

Fig. 13 schematically shows a cross-sectional view of
the insulation block shown in Fig. 12 which is overlaid on
an equalizing sheet on an outer wall of a heating chamber

10 Fig. 14 schematically shows an insulating structure in
which other insulation blocks are used;

Fig. 156 schematically shows a cross-sectional view of
other embodiment of a heating chamber of the heat
treatment apparatus of the present invention;

16 Fig. 16 schematically shows a cross-sectional view of
a further embodiment of a heating chamber of the heat
treatment apparatus of the present invention;

Fig. 17 schematically shows other heating mechanism
in which an equalizing sheet is used;

20 Fig. 18 schematically shows a cross-sectional view of
an insulating wall which defines a heating chamber of the
heat treatment apparatus of the present invention;

Fig. 19 schematically shows other embodiment of a
heating chamber which is used in the present method of the

25 heat treatment;



10 fl oati ng nenber; Fig. 5 schematically shows a noving path

of an obj ect when a noving object is watched froma | ateral side of
t he pat h; Fig. 6 (a) and Fig 6 (b) schematically shows a
15 mechani sm whi ch noves a floating object using a mechani cal
force in a perspective and a plane view, 7 respectively;

Fig. 7 schematically shows a nmechanismw th which a floating object
is moved with a push node; 20 Fig. 8 (A, (B) and (C) schematically
shows an operation of a suction nmeans in series of steps;

Fig. 9 schematicaFlig. shovscheon aticalédgtsvoats @ ewoss-seciionsalofieawgas

bl owi ng nmenber which controls novenent of an object; 25 Fig.
10 schemati ctheyheladwsgachaosk eseof iFigal 19; ew of

6 a floating nmenber including a gas bl owi ng nenber;

Fig. 21 schematically shows one example of a

relationship between a heating time and an attained
5 temperature T when an object is to be heated to TO;

Fig. 22 schematically shows a cooling zone Z in a
cross-sectional view together with a portion of a thermally
treating zone Y; and

Fig. 23 (a), (b) and (c) schematically shows in series

10 of steps, other embodiment of a manner which moves an

object in the method of heat treating the object.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

15 Iin the present invention, the heat treatment (or heat
treating) may be any treatment in which heat is added (or
supplied) to the object, so that at ieast one character (for
example, a water content, an electric resistance, a
permeability, a formed film thickness or its uniformity, and

20 a stress thereof) of the object is changed as predetermined.
For example, the heat treatment includes a treatment in
which temperature of an object is increased to a
predetermined temperature in a predetermined period, a
treatment in which temperature of an object is kept at a

25 predetermined temperature for a predetermined period



Fig. 11 schematically shows a cross-sectional view of a heating

chanber of the heat treatnent apparatus of the present invention;

5 Fig, 12 schematically shows a perspective view of a

i nsul ati on bl ock; Fig. 13 schegat ically shows a cross-sectional
vi ew of the insulation block shown Pn Fig. 12 which is overlaid on
an equalizing sheet on an outer wall of a heating chanber 10 Fig.
14 schematically shows an insulating structure in whi ch ot her

i nsul ation bl ocks are used; . . Fig. 15 o] t sho a :
cross-sectiongpdépém?ogf}eaqmento'tqwé\‘h%oﬁ?r’% e%flgr?‘égfghhggh%r of the
heat treatnent al us of t.he sent i
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embodi ment OfTﬁus,. when no heat is supplied, the temperature of the

object (or the heat treating temperature) may be decreased
due to heat |oss.
The term "object" means an item to which the heat
10 treatment is applied. The object may be in any form, and
thus it may be of a complicated form. Generally, the object
is a plate, sheet or film form as a whole. The objecg may
be of a continuous form (such as an elongated (Iong.) band
form) or a divided form having a fixed size (or length). It is
16 generally preferable that the object has a considerably
large horizontal dimension (i.e. a width or a length) relative
to a dimension which is perpendicular to the horizontal
dimension (i.e. thickness of the object). In the present
specification, the term "horizontal" corresponds a direction
20 over which main surfaces defining the object in the sheet
form extend. The either or both of the main surfaces
defining the object may include irregularities thereon, and
the object is preferably in the form of a sheet overall.
A material which constitutes the object is not

25 particularly limited but it may be any material. For example,



heati ng chanmber which is used in the present nmethod of the 25 heat

treat nent; 7 Fig.
20 schematically shows a cross-sectional view of t he heating chanber
of Fig. 19; Fig. 21 schematically shows one exanple of a

rel ati onship between a heating tine and angatt ai ned 5 tenperature T
when an object is to be heated to TO Fig. 22 schematically
shows a cooling zone Zin a cross-sectional view together with a
portion of a thermally treating zone Y; and Fig. 23 (a),
(b) and (c) dtterctject hyaghbesmadseof eerafiic, flagspmetdhere sirbodi ment
of a manner whi ch noves an object in the nethod of heat treating the

obj ect . and/OET BBt IPEBGRIrBBtONaOm &tle rPREFERGEbher, any EMBODI MENTS
15 In the present invention, the heat treatnent (or heat
combination of these materials is also possible for the
object. In one embodiment, the object may be formed by
5 combining two object as described above, and in this case,
the object may be in the sheet form or in a more
complicated form.

Concretely, the heat treatment includes for example
drying, dehydration, calcination, reaction, reaction

10 acceleration, surface modification, sintering, firing,
thermosetting, thermally melting, bonding and so on. The
object of those heat treatment includes, for example! a
semiconductor substrate, plasma display panel (PDP)
substrate, a solar cell substrate, a liquid crystal substrate,

15 a CRT (cathode-ray tube) and so on.

In the present invéntion. that "the object is being
floated by expelling the gas toward the object from the
position below the object” means that the object is kept in
such a condition that the object is floating in an ambient

20 atmosphere around the object. A force which pushes the
object upward and which is generated by collision of the
gas expelled toward the object from the position below the
object (i.e. a dynamic force or a static force of the gas)
balances with a gravity force acted on the object, so that

25 the object is floated. Usually, the gas is expelied through a



treating) may be any treatnent in which heat is added (or suppl i ed)
to the object, so that at | east one character (for exanpl e, a water
content, an electric resistance, a perneability, a formed film
thickness or its uniformty, and 20 a stress thereof) of the object is
changed as predeterm ned. For exanp!@, the heat treatment includes a
treatnent in whi ch tenperature of an object is increased to a
predeterm ned tenperature in a predeterm ned period, a treatnment in
P’QLCQ ;Egﬁg[ 2&)?#9?@@81@3‘9%8%3&pe?'pkeerPélcula%IyztSt)wa rede ert{warr!l]egutr?ggerature
and/or a treatpent in which an object is subjected t
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whi ch heat is supplied as de crlbed above heat  has
not al ways supPei EHJ?GttWé’d Jaéd an®l jegf 'st%sb?tﬂﬂgtﬁﬁyaﬂ@ kepd, Sding
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be decreased .
5 is possible to control posture of the object by expelling gas

toward also a top surface and/or a side surface of the
object.
Further, when the direction along which the gas is
expelled toward the object is diagonal other than
10 perpendicular, such gas applies a force onto the object
which force is divided into a horizontal component force
and a perpendicular (or vertical) component force. The
horizontal component force tries to move or moves the
object when it is in a stopping condition, or functions such
15 that the movement of the object is accelerated or
suppressed depending on an acting direction of the
horizontal component force onto the object when the object
is in a moving condition. For example, when the gas is so
expelled toward the moving object that an component force
20 of which acting direction is opposite to the moving direction
of the object is applied to the object, the moving object is
slowed down or stopped. The perpendicular component
force is used for floating the object.
Gas expelling (or blowing) is carried out by supplying

25 the gas through a hole as the blowing opening toward the



due to heat | oss. The term "object” nmeans an itemto which the
heat 10 treatnent is applied. The object may be in any form and
thus it nmay be of a conplicated form GCenerally, the object is a
pl ate, sheet or filmformas a whole. The object ‘may be of a
continuous form (such as an elongated (|l org) band form or a divided
formhaving a fixed size (or length). It is 15 general ly preferabl e that
t he obj ect has a considerably Iarge hori zontal dinension (i. a
width or a Ien%t h) rel ative a di nmension which is erpendl cuI ar to
the horizont apbject. Usuahyi.of MUfea“tthfkﬁé"ﬁ pdﬁfemahim @@U)Y hipwing
pr esent specification, the term"horizontal" corresponds a direction
20  over wh.@namm%@ﬁ@@@\d@ecﬂmua@mtm&@bpwq Nehisitedhe objectform
extend. The either or both of the main surfaces defini ng the object
may include its gg@isentiastohbeepnesand (i.e. ontadathaver whiehdhsly in
the formof a sheet overall. A nmaterial which constitutes the
obj ect is notob2gct rpeﬂ\w%llllarﬂyelfhﬂ'aﬂuw ehambeny and dine g@seisal . For
exanpl e, ) .
5 expelled in the same direction or in various directions
through the blowing openings. In the latter case, when a
resultant force of the various forces which are generated by
the gas through the blowing openings and which act to push
the object has a horizontal component force, the cbject is
10 moved along the direction of the horizontal component force.
Concretely, the blowing openings may be provided at a
plurality of positions in the heating chamber so that the gas
is expelled toward and perpendicular to the object at a
plurality of positions on the bottom surface. In another
15 embodiment, the blowing openings may be so provided in
the heating chamber that some of them expel the gas
upward and perpendicularly to the object and the other
expel the gas diagonally and upward. Those skilled in the
art are readily to select how the gas should be expelled (i.e.
20 how the blowing openings are arranged) depending on how
the object is to be floated and to be moved if necessary
based on the disclosure herein.
Therefore, in the method of the heat treatment
according to the present invention, the object may be

25 moved during the heat treatment while being floated as



9 the object may be nmade of ceramic, glass, netal, resin

and/ or any other structural material. Further, any conbi nati on of
these materials is also possible for the object. In one enbodi nent,
t he object may be forned by 5 conblnlng two object as described above,
and in this case, t he object may bd2i n the sheet formor in a nore
conplicated form Concretely, the heat treatnent includes for
exanpl e dryi ng, dehydrati on, calcination, reaction, reaction 10
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generated by CO] I ' S' Orr\lqle xt ns moved after it has been heat treated while
it has been halted, or it may comprise its reversed
sequence. Whether the object which is being floated is
moved or stopped depends on a type of the required heat
10 treatment for the object.
In the present invention, the term "move" and "stop"
respectively relate to the presence and the absence of a
substantial length along which the object is horizont.';\Hy
moved. The term "stop"” means that the object does not
16 move at least horizontally (thus, the object may or may not
move perpendicularly). The term "move"” means that the
object moves at least horizontally (thus, the object may or
may not move perpendicularly).
When the predetermined heat treatment is carried out
20 over an extended period, it may be preferable that the
object is being stopped during the heat treatment while
being floated, after which the object is moved, so that a
small heating chamber can be used. When the

predetermined heat treatment is carried out over a short

25 period, it may be preferable to carry out the heat treatment



gas expelled toward the object fromthe position bel ow the obj ect
(i.e. a dynamc force or a static force of the gas) bal ances with a
gravity force acted on the object, so that 25 the object is floated.
Usual ly, the gas is expelled through a -

10 bl owi ng openi ng per pendi cul ar I"y3 toward a bottom surface
(i.e. a back surface) of the object fromthe position bel ow t he
object, so that the object is to be shifted and kept being fl oat ed.
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5 treatment is carried out when the object is being stopped
and also when the object is being moved.

in other embodiment, the object is moved by gas while
it is being floated and the heat treatment itself may be
carried out in such a condition that the object is not floated

10 (for example, the object is perpendicularly and
mechanically supported). in one preferable embodiment,
the object may moved with mechanical application of a
force thereto while the object is being floated in the:heating
chamber by the gas. In this embodiment, the heat

15 treatment may be carried out during the object is being
moved and/or being stopped.

The gas which floats the object may be any gas
provided that it does not adversely affect the heat
treatment or it accelerates the heat treatment. Generally,

20 air, gas which constitutes atmosphere for the heat
treatment, for example, an inert gas such as nitrogen, a
reactive gas, a mixture of these gases and so on may be
used. The gas is preferably having been heated
appropriately depending on the temperature of the heat

25 treatment. When the gas is heated beforehand, the heat



object when it is in a stopping condition, or functions such 15 that the
novenment of the object is accelerated or suppr essed dependi ng on an
acting direction of the hori zontal conponent force onto the object
when t he object s in a noving condition. For exanple, when the gas
IS so expel |l ed toward the noving obf4ct that an conponent force 20
of which acting direction is opposite to the noving direction of the
object is applied to the object, the noving object is sl owed down or

stopped. The tperéoendi cul ar, conponent . force is used for floating the
obj ect . reatmegdsagdhehe apiest ilpatimg)brthcaan be sarrigd mpqo%m ng
25 the gas through a hole as the bl ow ng opening toward the

obj ect. UsualiR® SAMeraa st yAorodnl usitéear gpisy whigh isoof rghigh openi ngs
are provided at positions above which the o_lg’ ect _ Is present or to be
present (i.e.tSRPL RN RAYWAECH Stk providedihadt itmdoey riat t he heati ng
chanber, and the gas is 5 expelled in the sane direction or in various
directions @adversely affect on the object.

5 As explained above, the gas is expelled through the
blowing opening toward the object, and the blowing opening
is not particularly limited provided that the gas is supplied
through the blow opening toward a predetermined direction
so as to apply a predetermined force to the object. The

10 blow opening may be a nozzle form, a slit form, a mesh
form and so on, and its cross-section is also not limited.
For example, the cross-section of the blow opening may be
a circle, an oval, a rectangle and so on. Usually, a |
plurality of and preferably many of the blow openings are

15 provided on a path over which the object is to be moved in
the heating chamber, so that the object can pass through
the heating chamber while it is floated.

Generally, the blowing openings are arranged in rows
and/or columns on the moving path of the object (namely, in

20 series along and/or perpendicular to the moving path of the
object. For example, the blowing openings are provided in
a waffle-like pattern. The number of the blowing openings
to be arranged and their arrangement are properly selected
depending on the heating chamber (particularly, the moving

25 path of the object including its length and width and so on),



t hrough the bl owi ng openings. In the latter case, when a resul t ant
force of the various forces which are generated by t he gas through

t he bl owi ng openi ngs and which act to push t he object has a

hori zontal conponent force, the object is 10 noved al ong the direction
of the horizontal conponent force. 15 Concretely, the bl ow ng
openi ngs may be provided at a plurality of positions in the heating
chanber so that the gas is expell ed toward and perpendicular to the
object at a plurality of positions on the bottom surface. |In another

15 enbodi netthe obgebt dei be drext tosatey (easdcoiariyedts weight the
heati ng chanber that sone of them expel the gas upward and

per pendi cul ar{wetightthpeobiiatt azed )t A6 dWiddth) and haxght tdcb@aFoditadonal |y
and upward. Those skilled in the art are readily to select how the

gas shoul d beltekpaidtsld(th#t theOheifhw thd Ifppabgdopeianys ahe arranged)
dependi ng on how the object Is to be floated and to be noved if

necessary distamsedbenwiden diree lalsjg ¢t Bevckithe blowing openiegrfmas, in
t he met hod of the heat treatnent according to the present Invention,

the obj eSt malyebany?heigmvad falr igi thkeoltgalkcttiscat oveld emoetheyng floated
> Usually, the height is in the range between about 0.1 mm

and about 20 mm. Considering the lower cost with respsect
of a small amount of gas consumption for floating and
improved reliability of the object movement with respect to

10 thermal deformation of the object, the height may be is
preferably in the range between about 0.5 mm and about 3
mm.

When the above described mode is employed in which

the object is floated by the gas (i.e. an object floating

15 mode), substantially only the blowing openings and conduit
systems therefor are provided in the heating chamber and
gas supplying system (for example, pumps, valves, control
systems and so on) may be provided outside the heating
chamber, so that facilities in the heating chamber become

20 very simple. As a result, the number of breakdowns of the
heat treatment apparatus decreases and maintenance of the
apparatus is easy. In other words, the object floating mode
is advantageous in that complicated working mechanism
does not have to be placed in the heating chamber.

25 It is noted that moving the object by the gas as



12 descri bed above, or the object may be stopped (or halted)
during the heat treatnent while being floated. In addition,

conbi nati on of being halted and bei ng noved while the object is
floated is al so possible. For exanple, the heat 5  treatnment may
conprise a sequence of heat treating the 16 object. while it is noved
after it has been heat treated while It has been halted, or it may
conprise its reversed sequence. \Wether the object which is being

1o° ot ooy Al TRER ENRSRT R Sl 7 ShabVE I R
ormnenrer o PdieR Rl punifCHETRH NG, &7 LibBe LAl Eacss EgeB)Y "
15 “move af 18282 AN RASPR) TPRal. (Rbefantenty athdstnot
nove perpendicul arly).. The term "nopve" aps that th obj ect noves
2t | cast  hor IEURTEA Yo REoBBpEat SRaase I bY thespifi Heee
gg; Pieggi 3{ arly). In one preferaV\ht?Pe tehgb%gidngte%rtmé%]et%ehegaa}'testégtaﬁgegtnt%gn,
a mechanical means (or force) other than the gas blowing is
used for the movement of the object. When the
temperature of the heat treatment is high, density of the
gas becomes small. Thus, in case the object movement in

10 addition to the object floating is tried to carry out by the
gas, highly large amount of the gas may be necessary. In
such a case, only the object floating is carried out by the
gas, and the horizontal object movement is carried o.‘ut by
the mechanical force.

15 For example, when a mechanical impulse force is
applied to the object in a direction along which the floating
object is to be moved (for example, the object is simply
pushed), the object is going to move along the direction of
the force application. When the object is moving, the gas

20 is expelled toward the object in turn from the blowing
openings which are provided on the moving path of the
object and blowing openings on the path to which the object
is approaching so that the expelled gas from the blowing

openings in turn supports the moving object. The object is

25 in contact with only the gas and friction between the object



20 over an extended period, it my be preferable that the obj ect

I s being stopped during the heat treatnent while bei ng fl oated,
after which the object is noved, so that a smal | heating chanber can
be used. Wen the predeterm ned heat treatnment is carried out over a
short 25 period, it may be preferable tId carry out the heat treatnent
13 whil e the object is noved continuously (preferably at a
constant speed) in the heating chanber so t hat treatnent ef ficiency
s i nproved. Alternatlvel , these two treat nent, nodes nmay be

conbi ned, nan%!’&i "c’ﬁegﬁ§a!s small r%b!trh@ﬁf- tbecgas exrel! e\%é!lﬁ’\'{ﬁédobj ect
I s being stop and al so when the object is being noved

I n ot her enb(f&'?r%ﬂlonﬂ?bs(ﬁ)ﬂ%é‘td p{ bBasiNey yasiamine object. j Thies being

fl oated and the heat treatnent itself nmay be carried out in such a
condition t ha@bi@et ARRcMAwe Rier 1adateast spome tistarsepby, thaeingbjalct is
per pendi cul arly and mechani cal | y supported). In one preferable

enmbodi ment, PUshing force depending on available conditions. Usually,

5 moving speed of the object gradually decreases and the
object finally stops. In order to stop the object which is
moving, a barrier member may be provided at a position on
the path which the object is going to pass, so that the
object which is coming to that position is to collide with the

10 barrier member and stops, whereby kinetic energy of the
object is absorbed by the barrier member.

It is noted that changing a magnitude of the pushing
force can change the moving speed and/or the moviﬁg
distance of the object. Mechanism and construction for

15 pushing and stopping the object as described above are
relatively simple (for example, the mechanism may be a
simple structure), and the force to be applied is small.

In another embodiment, at least one abutting member
(or a stop member) is provided in the heating chamber

20 which member moves along the same direction as that of
the path over which the object is to be moved. The
abutting member which so moves abuts against and
constrains a portion of the object so that the abutting
member continues to push the object along the

25 predetermined direction as long as the abutting member



t he object may noved with nmechani cal application of a force thereto
while the object is being floated in the heating chanber by the gas.
In this enbodi ment, the heat 15 treatment nmay be carried out during the
object is being . noved and/ or being stopped. - The gas
which floats the object may be any gas 18 provided that it does not
adversely affect the heat treatnent or it accelerates the heat
treatment. Cenerally, 20 air gas whi ch constitutes atnosphere for the
heat atent, for, exanp an inert gas such as nitrogen, a
reactive gasaeb&”rﬁ AR O tFﬁe@EJ@ﬁéesSaﬁées enabasttizy membgged. The gas
I s preferably havi ng been heat ed appropriately depending on the

t enper ature §PNHEABS thesobjeebathenebjerérst ataogwd $ hestioqup breg dihehand,
t he heat t r eat ment

and the obj e8P Ultbagi membrer.caby behaagingdaomowving speedlmef thee gas. A
conbustion gas which is of a high tenperature may be used provided
that it doesamdttting member, the moving speed of the object in the
5 heating chamber can be controlled. Such an abutting
member is provided on a driving means which travels along
one side of the moving path of the object in the heating
chamber. In a preferable embodiment, the abutting member
is provided on the driving means which moves along each
10 side of the moving path of the object. The driving means is
preferably continuous such as a chain-belt driven by gears
or a belt driven by pulleys. The driving means is prqferably
as small as possible, and thus it may be of a small vﬁdth
when it is in the form of the chain-belt or the other belt.
15 When the driving means is actuated/halted, the abutting
member is moved/halted so that the object is moved/halted.
In other embodiment, when the object is continuously
heat treated, a plurality of carrying members (for example,
carrier tray) are prepared which can be floated b)‘( the gas
20 and which are arranged adjacent to one another, and the
object is provided in each of those carrying members. The
first carrying member is placed at an inlet of the heating
chamber, and then the second carrying member is abutted
against the first member and a force is applied to the

25 second member so that the applied force is transferred to



adversely affect on the object. 5 As expl ai ned above, the gas is
expel l ed through the bl owi ng opening toward the object, and the

bl owi ng openi ng is not particularly limted provided that the gas is
supplied t hrough t he bl ow opening toward a predeterm ned direction
so as to apply a predetermined force to th1egobj ect. The 10 bl ow openi ng
may be a nozzle form a slit form a nesh formand so on, and its
cross-section is also not limted. For exanple, the cross-section of

Lhe 2l ow Pentg fIpY Bierber, TisbEshY. b J1eke PR GhETH BAVSEAREL o«
191 Phov e ) YR Halela b/ EShBS', AimirdR B, Withea ng' ™
chanber vhi1 ik eljhd 8% Sopngmembsn S Euinles BE RS RE BB 195
(parel . T 2RamBgs RS LT B ) Toe Gl 48R B3 hé”
S BB AR B b A PEATEL B A8t ot e ASalfng
the heating chATbel ((Part ol Al dhe mor0g, 20 ¢ PEha s e dying
members preceding the third member are moved ahead into
the heating chamber. That is, the first carrying member is
further moved along the direction to be moved, and the
10 second carrying member is pushed into the heating chamber.
By repeating these steps, the preceding carrying members
are pushed ahead (and thus moved toward an outlet) by the
following carrying member in the heating chamber. in this
embodiment, the carrying members are in the floating
16 conditions by the gas expelled from below the members in
the heating chamber. This manner to move the object using
the carrying members can be designated as a plug flow
mode (or a one-after-another mode or push mode) in which
the following member mechanically pushed the prece_ding
20 member(s) ahead. In this mode, the object is moved
intermittently. Namely, the carrying member which is in the
floating condition is moved when the following carrying
member is pushed, and after completion of pushing, the

movement of the object is stopped.

25 In order to halt the object (or the carrying member



15 the object to be heat treated (particularly, its weight

(wei ght per unit area) and wi dth) and height to be fl oated. It is
noted that the height to be floated (that is, the di st ance bet ween
t he obj ect and the bl owi ng openi ng) may 5 be any height as far as the
object is noved snoothly. Usual |y, 2Be hej ght is in the range

bet ween about 0.1 mm and about 20 mm Considering the | ower cost
Wi th respect of a small anount of gas consunption for floating and

P ovet el LR Suftabbes e AT RiGH L h8VAREL AR dus 1o T
ool SeLneeTuPilngd BT A i es, o s Bon.mapns mal SR baey
055 o IBRERYTED, 08+ 01480, oD padB Bt g erne
P edd chamPhe*iction mdARS IR /aVIUSd FET bo¥itidR Where thE™
5 object is to be halted, and the object is drawn toward the
suction means (thus, the object is halted while it is floated).
Optionally the object may sit on the suction means. For
example, an opening as a suction opening is provided which
sucks an atmosphere in which the object is floating,
10 especially which sucks gas under the object.

Concretely, the sucking openings are provided at
predetermined positions on the object moving path, and the
gas around the object is sucked out so that the objeét
which is going to pass over the sucking opening is drawn

15 toward the sucking opening and thereby the object is halted.
The sucking opening is connected to an evacuation
mechanism such as a pump. Upon sucking, when the
suction capacity is larger than the force which is to float
the object by the expelled gas, the floating state of the

20 object cannot be kept. Therefore, when sucking is to be
carried out while keeping the object floating, an amount of
the gas expelied through the blowing openings is large
enough to keep the floating state, in which suction of the
suction means is stopped and the amount of the expelled

25 gas is required to be decreased when the object is halted.



systens and so on) may be provided outside the heating chanber, so
that facilities in the heating chanber becone 20 very sinple. As a
result, the nunber of breakdowns of the heat treatnment apparatus
decreases and nmi nt enance of the apparatus is easy. In other words,
the object floating node i s advant &fous in that conplicated working
mechani sm does not have to be placed in the heating chanber. 25

It is noted that noving the object by the gas as

16 descri bed apove |tself is known from for exanple, Japanese
Patent Kokai Publi f¢t tB€ RS !@m(mmszarmcazld@dgejectortypez@z-kmhgﬁd
5(1993)-29238. The contents of these publications are incorporated
herein by theMefBseftay be gmployed WHigheCRMP B & &Y METH LS t he
pr esent |nvent|on a mechani cal neans (or force) other than the gas
bl owi ng is stjs@wgdﬂembermvamm@dytmu,emttaeet:ﬂnCWdﬁSt Be

t enperat ure of the heat treatment is high, density of the gas
becones smal | PTeREIrize d &S s vdpecaNthEcsbatipn passage.

5 Pressurized gas is supplied at one end of the pressurized
gas passage and discharged at the other end. The suction
passage is branched off at an intermediate portion of the
gas pressurized passage and it is open to the object
movement path to form an opening below the suction

10 opening. The sliding member covers (or fitted onto) an end
portion of the body member above which portion the suction
opening is located, and freely slides on the end portion
along a direction from the body member toward the object
and vise verse.

15 With the suction means, when the pressurized gas
passes through the pressurized gas passage, a suction
force is generated in the.suction passage due to a dynamic
force of the pressurized gas, so that gas is evacuated
through the suction opening of the sliding member. Upon

20 approach of the object to the suction means, pressure of a
gap between the object and the suction means is decreased,
so that the sliding member is drawn toward the object.
Then, the gap between the object and the sliding member is
further narrowed, and the pressure of the gap is further

25 lowered, so that the sliding member is captured by the



10 addition to the object floating is tried to carry out by the

gas, highly large anount of the gas may be necessary. In such a
case, only the object floating is carried out by the gas, and the
hori zontal object novement is carried out t he mechani cal force.
15 For exanpl e, when a nechanlcalzgﬁpulse force is appl i ed
to the object in a direction along which the floating object is to
be noved (for exanple, the object is sinply pushed) the object is

06109, 0 NG00, (PG ASEIAL e, obibAE SCEFFR YR B 1FE R JUST, L1
o et o BT TR AP E R L SRY A HCafpigdan” o]
s osci 10 <oy L OF SHTEE R TobEJ Rt TR bWy oL 1O,
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5 member, so that the object can move freely. With such a
suction means, when the supply of the pressurized gas is
stopped just before the object is arrested by the suction
means, the object is halted while it is being floated
substantially without contact with the suction means.
10 In the present invention, the object is heat treated
while floating and movement when necessary are carried
out as described above in the heating chamber. It is noted
that a cooling operation is generally carried out aftez; the
heat treatment in which operation the temperature of the
16 heat treated object is lowered to a predetermined lower
temperature. In such a cooling operation, it is of course
possible to optionally employ the floating and the movement
of the object as described above.
Thus, the apparatus of the heat treatment according to
20 the present invention comprises the heating chamber
containing a heating zone and a thermally treating zone,
and optionally a cooling zone. The heating zone is a zone
where the object is heated, preferably in a predetermined
period, from its original temperature to a predetermined

25 temperature at which a thermal treatment of the object



functions as a kind of bearings under the object. The obj ect can
nove over at |east sone distance by the initial pushi ng force
dependi ng on avail abl e conditions. Usually, 5 novi ng speed of the

obj ect gradually decreases and the object finally stops. In order to
stop the object which is novi ng, addrrier menber may be provided at
a position on the path which the object is going to pass, so that

t he obj ect which is comng to that position is to collide with the

= sl o TR A1 015 s oo aung
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as required (including a temperature decreasing condition
due to suppression or reduction of heating or any heat loss).
Further, the cooling zone is a zone where the temperature
10 of the object which has been thermally treated is cooled
from the final temperature of the thermal treatment to a
predetermined temperature, preferably in a predetermined
period. |
The heating chamber in which the object is heated and
185 thermally treated while it passes the heating chamber may
be of' the same structure as that of the conventional heating
apparatus. Generally, the heating chamber is in the form of
a dome or a tunnel (i.e. a cylindrical form) surrounded by
an insulating material, wherein the object is placed at an
20 inlet of the chamber and then passed through the chamber.
The object is floated by expelling the gas at the inlet of the
heating chamber, and thereafter any of the above described
manners may be used as to the floatage and the movement

of the object. For example, in order to move the floating

25 object, the gas may be expelled diagonally from a position



menber continues to push the object along the 25 predeterm ned direction

as long as the abutting nenber abuts agai nst the object.
Since the abutting nenber constrains the object, the object is

st opped by stopping the abutting nepber. By changing a novi ng speed
of the abutting menber, the novi ng? peed of the object in the 5
heati ng chanber can be controlled. Such an abutting menber is

provi ded on a driving neans which travels al ong one side of the

o 19 oat et By AR Hiod g BEIRY The mesnalAr Fact e oo
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5 In the heating chamber, the heating means is provided
along.the object moving path in the heating zone and the
thermally treating zone. The heating means may be any
means which is conventionally used, provided that it does
not adversely affect on the method and the apparatus of the
10 present invention. The number of the heating means and
their arrangement may be properly selected depending on-a
volume of the heating chamber, a type of the thermal
treatment and so on. The heating means may be all'the
same, or may be different depending on the purpose of the
15 heat treatment. As to an insulation structure of the heating
chamber, that of the heating zone may be the same as or
different from that of the.thermally treating zone.
At the inlet and the outlet of the heating chamber,
there may be provided a shield member which suppresses
20 transfer of the gas and the heat from the inside to the
outside of the heating chamber. For example, an air
curtain as well as a door member which mechanically opens
and closes may be provided as the shield member.

It is noted that there may be optionally provided the

25 cooling zone downstream of the heating chamber as



menber is noved/ halted so that the object is noved/ halted. In
ot her enbodi nent, when the object is continuously heat treated, a
plurality of carrying nmenbers (for exanple, carrier tray) are
prepared which can be floated by the gas 23 and which are arranged

adj acent to one another, and the object is provided in each of those
carrying nenbers. The first carrying nmenber is placed at an inlet of
t he heating chanber, and then the second carrying nenber is abutted

agai nst the fdestripetieabove a Threobijeatpplhieh trad hreeASsubjectad tenber
so that the applied force is transferred to

19 tthee ftivestm et niveratribat sy e rfatwialipnderforgededband
pushed into the heating chanber sinultaneously wt | ocating the

second menmbercabléleafrd et ¢fas hefbantd heating chawmbeer.. These two third
menber is | ocated adjacent to the 5 second nmenber, and then | ocated at

the inlet of ¢velftrgirhahners magha®eomdineld tTheseow1dhgegperation t hat

the carrying menbers preceding the third nmenber are noved ahead into

the heatfng ghanpeyooiThRe bbjethad id florGral WetdpErEteire 8r to a
prede.termined temperature which is higher than the normal
temperature.

As the forced cooling, gas blowing toward the object
may be employed. Basically, temperature of the used gas

10 is lower than the temperature of the object. In a preferable
embodiment, the gas is blown in series of steps in which
the temperature of the gas to be blown is decreased step by
step. Namely, the object is cooled first by the gas Having
the highest temperature, then cooled by the gas having a

15 lower temperature, then cooled by the gas having a further
lower temperature, and so and forth. The object is cooled
finally by the gas having‘the lowest temperature. Thus, the
object is cooled stepwise, which makes rapid cooling
possible substantially without occurrence of thermal

20 deformation (or strain) in the object.

In order to save an area which is required for
installation of the cooling zone on the area, the objects are
cooled while they are moving in such a stacking condition
in the cooling zone that adjacent objects are arranged

25 parallel and that adjacent main surfaces of the adjacent



further noved along the direction to be noved, and the 10 second

carrying nenber is pushed into the heating chanber. By repeating

t hese steps, the preceding carrying nenbers are pushed ahead (and

t hus noved toward an outlet) by the foll owi ng carrying nenber in the
heating chanber. In this embodi men28 t he carrying nenbers are in the
floating 16 conditions by the gas expelled from bel ow the nenbers in

t he heating chanber. This manner to nove the obj ect usi ng t he
carrying menbers can be designated as a plug (or a
one-after- ancﬁ'hb@cﬁﬁ)&r%rsﬁﬁlghaﬁﬁﬁ Ylﬂ %?Eﬁ Thatt'ﬁe 'ﬂo“ﬂ@mﬁ’ﬂ@“r@rber
mechani cal I'y pushed the recedi ng menber (s) ahead. In this node, the
obj ect is nov&Rine, gh‘??ﬁ% el I"?/C’Vﬁéim?I'?ng: RedéER F Lot WiRtATRr Swhi ch i s
in the floatin condltlonls noved whenthefollovmng carryin

member is pu%%ﬂpeé\ﬂg% legrtedhe daoh HHrAReS Rf thaeobject (kpsnethisor
the object is stopped. 25 In order to halt the object (or the

carrying nenﬁgpvement is vertical movement). When companed with a
5 case in which the objects are arranged spreading
horizontally (namely, on a plane corresponding to the main
surface of the object), the installation area for the cooling
zone is highly saved.
Therefore, in one embodiment, it is possible to
10 combine the horizontal movement of the object in the
heating chamber with the vertical movement of the object in
the cooling zone in which the gas having stepwise lowering
temperature is blown from one edge side of the object so
that the gas passes the space between the adjacent objects
15 (i.e. over the main surfaces of the object). When the gas is
blown toward the objects which are stacked perpendicularly
to the main surface of the.object, both main surfaces of the
objects are cooled rapidly.
In a preferable embodiment of the heating chamber of
20 the heat treatment apparatus according to the present
invention, an equalizing sheet (or a thermally equalizing
sheet) is used.
The equalizing sheet is a sheet having a good thermal
conductivity. A particularly preferable equalizing sheet is

25 one having an anisotropic property in thermal conductivity



whi ch supports the object) which is noving in various manners as
descri bed above, a suction neans may be used In addition to or in

pl ace of the prescribed halting manners. The suction nmeans is

provi ded at a position where the 5 object is to be halted, and the
object is drawn toward the sucti onifeans (thus, the object I's halted
while it is floated). Optionally the object may sit on the suction
nmeans. For exanpl e, an opening as a suction opening is provided

whi ch ks anangsphereln ich . the %bdect |sfloe1t|n
especial ly mﬁ'a a.8Re &) Bejivdty . ch an equa ‘zm&@ety,

the sucking ope I ngs arehgrow ded at predeterm ned positions on the

obj ect movi nd Spat®!YakR haye its °W'b6{§rﬁP@lEﬁd”trﬁedb§ dbutignsQ¥REdits@if so

t hat the object ich is ng to p ss, over, the sucking _opening is
drawn 15 t HRHEhe Itmkﬁnn&’b% rh% %Hat%rrtﬂnﬁh%tdﬁj Hétquioﬁaﬂheed

The sucki ng qgenlng IS co nected to an evacuati on nechanlsnlsuch as
a punp. Upon fs@@king chagPehet the healing mpegiatus, moreyriformn the
force which is to fl oat the object by the exp eIIedig the floating
state of2the heat “éb’r’ﬁ@'&@nédﬁnéﬁhbé\’%ﬂoﬁhamé\f'éﬁﬂréhev\ﬁgrhl iglasheeto be
carried out while keeping the object floating, an anount of _the gas
expel | ed thrdﬁgﬁoﬂh‘ésﬁl%vmIﬁgtbpelhrﬁ§§ﬁtssl)§rcg§'Catlon e URT e o' weide rime
floating state, in which suction of the
heat treatment" is intended to estimate an extent of
uniformity of the heat treatment based on the case in which
no equalizing sheet is used. Thus, "more uniform heat
10 treatment” means that the extent of uniformity of the heat
treatment is improved relative to the case in which no
equalizing sheet is used, not mean that perfectly uniform
heating is possible.
As the equalizing sheet, it has preferably a large
15 thermal conductivity along a direction of the main surface
of the sheet. For example, a metal having good thermal
~conductivity (such as copper), an inorganic material (such
as glass and ceramic), and a carbon material may be used
in the sheet form as the equalizing sheet.
20 As a particularly preferable embodiment, a graphite
sheet is used as the equalizing sheet. The graphite sheet
is heat resistant and has large thermal conductivity.
Among the various graphite sheets, a highly oriented
graphite sheet is more preferably. The highly oriented

25 graphite sheet is produced by calcination of a resin sheet



suction neans is stopped and the anount of the expelled 25 gas is
required to be decreased when the object is halted.

21 As the suction neans, a so-called ejector type suction
means may be enpl oyed which conprises a body nenber and sliding
menber. The body menber includes a 2B essurized gas passage and a

suction passage.

pressurized

5 Pressurized gas is supplied at one end of the
gas passage and di scharged at the other end. The suction

passage is branched off at an internediate portion of the gas
pressurized pasatamiadnguch as eppnlytmitde oébrtso that itnis/enade pat; ao
form an opening below the suction 10 openi ng. The sliding nenber covers
(or fitted ongoapdritentbrm, andpitris dvigdfl yt beientyd mentiehasbavm udt ch

portion the suction opening is |located, and freely slides on the end
portion largd eng hee ran aé ot o nd ufatowityhin liosyp hembed i remtadod thandilsy éts
and vise verse. 15 Wth the suction neans, when the pressurized gas

thickness direction. In addition, it is resistant even at a
temperature of not lower than 3000 °C. Concretely, the
graphite sheet which is disclosed in Japanese Patent Kokai
Publication No. 3(19981)-75211 may be used as the above
described graphite sheet in the present invention. The

disclosure of this Publication is incorporated herein with

10 this reference.

In the heating chamber of the heat treatment

apparatus according to the present invention, when the

equalizing sheet is provided between the heating means

and the object, heat generated by the heating means is

16 distributed uniformly over the whole sheet so that the

object is uniformly and rapidly heated. Also, when the

equalizing sheet is provided outside the heating means,

heat emitted toward the outside of the heating means is

distributed uniformly over the sheet, so that a whole

20 surface of the equalizing sheet may uniformly heat the

object placed inside of the equalizing sheet. As a result,

the heat which would otherwise escape from the heating

means into outside may be effectively used.

The equalizing sheets may be provided; one is

25 between the heating means and the object, and the other is



passes through the pressurized gas passage, a suction force is
generated in the suction passage due to a dynamc force of the
pressuri zed gas, so that gas is evacuated t hrough the suction
openi ng of the sliding nenber. Upon 20 proach of the object to the
suction neans, pressure of a gap b en the object and the suction
nmeans i s decreased, so that the sliding nenber is drawn toward the
obj ect. Then, the gap between the object and the sliding nmenber is
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5 thermal deformation is avoided when a heating means which
produces high temperature heat is used so as to heat the
object in a short period. Further, it is useful when the
object as a whole is surely kept within a predetermined
temperature range.

10 In addition, in one preferable embodiment, a heating
means which can overall heat is provided outside another
heating means which can locally heat, and the equalizing
sheet is provided between these two heating means.:
Concretely, in one useful embodiment, an electric heater is

16 provided between the equalizing sheet and the object, and
a conduit through which a heating medium passes is
provided outside the equalizing sheet. In this embodiment,
intense heat generated by heating medium is uniformalized
by the equalizing sheet so that object is heated uniformly,

20 and the electric heater is used for precise temperature
control, so that the object is easily heated to a
predetermined temperature in the heating chamber. This
embodiment is particularly effective for the thermally
treating zone of the present invention.

25 The arrangement of the equalizing sheet is preferably



means, the object is halted while it is being floated substantial ly
W t hout contact with the suction neans. 10 In the present invention,
the object is heat treated while floating and novenent when
necessary are carried out as descr%&ed above in the heating chanber.
It is noted that a cooling operati I's generally carried out after
t he heat treatnment in which operation the tenperature of the 15
heat treated obj ect is lowered to a predeterm ned | ower t enper at ur e.

enpi oy the 1 S ASRE ﬁﬁﬂmﬁnig af6VIE pagh ot BRESPBI8 o ?HsZSa' Y
above. tus f the heat treg}eapt accogq]d

20 t he prege?nthrg/ghq'@h)he a ﬁ ??ﬂ&"&ﬁgﬁb I8 und |ng
2ot OBl BB IAN %étei I
fgef;;?zgzt'emsagoaeeg%ﬂ"gzﬁﬁmr@eafmﬁf*%fh R e 2
obj ect 5 in a more preferable embodlmeng, the equalizing sheet
is wrapped around the object doubly, and the heating
means is provided between inside turn and outside turn of
the equalizing sheet. In this embodiment, heat generated
by the heating means is transferred to and distributed over
10 the whole of the outside and the inside turns of the
equalizing sheet, so that the whole object is heated
uniformly by the whole equalizing sheet. ,
Heat may be supplied to a portion of the equalizling
sheet, and such heat is distributed over the whole
15 equalizing sheet by means of its peculiar property. In this
embodiment, the heat is transferred to the object effectively
even when the heating means as a heat source is not
provided along, near or over the object or its moving path
in the heating chamber. That is, the heating means may be
20 relatively apart from the object.
A wall structure of the heating chamber of the heating
apparatus according to the present invention is formed
using an insulation. The insulation may be made of any
material which is conventionally used, and a structure of

25 the insulation may be the same as conventional ocne. As a



starts. The thermally treating zone is a zone where the obj ect whi ch

has been heated to the predeterm ned tenperature is kept at a
predet erm ned tenperature condition, preferably for a predeterm ned
period. The 5 predet erm ned tenperature condition nay be a constant
tenperature condition or a tenperature chdging condition as
required (including a tenperature decreasing condition due to
suppressi on or reduction of heating or any heat |o0ss). Further, t he

cooling zone is ,a zope wh t he t erat ure of he obj e i ch has
been thernal | § qtreé'é?ggqr ﬁl%o'l latibh aftforroﬁlxﬁ@pflﬁnﬁ? ¥a r'g‘gof t he
t her mal treatmep |p determnedte‘gera ureawgrefer ly in. a

pr edet er ni ned ® fa°*°f;¥e9|'ﬁas efractory cepam dMah bshitsehe

object is heated mall treated v\hl e it passes the heating
chanber may g b‘f’ Ph% 'ﬁfteJ@ttUﬂ’e“&ﬁ ydgs gf ?‘19@ ¥8RY&HTI onal
heati ng par at Generalé t he heating chanber is in the form of
a done or a t%ﬂﬁéle ‘d”%‘ﬂq ndPiRge htghy vaginge® g inhibits fpat

i nsul ati gmaterlﬁa]é wher nth obje splaced at an 20 inlet of the
chanber and tH&h ﬁseﬁl”? U?J\E;H rb%h’-’h%é good insybtafgre@ropenties: ed by

expelling the gas at the inlet of the heati ng chanmber, and thereafter
any of the above des@n@dreferable embodiment, the insulation has an

infrared reflection film on its surface. In this embodiment,
heat energy which would otherwise permeate through the
insulation is effectively reflected by the film toward the
10 object. As such an infrared reflection film, for example a
metal oxide film, an Si0,/TaOx multi-layer, a ceramic film
and so on which have a desired wavelength reflection
properties may be used.
In other prefera.ble embodiment, the insulation is in
15 the form of a block, and the biocks are joined with each
other. When the insulation is in such a block form, design
and construction of the heating chamber become easy.
Joint of the blocks may be achieved by fit and/or engaging.
In other embodiment, joint may be achieved using a
20 connection fitment. For example, the blocks are fixed onto
the wall of the heat chamber using metal fittings.
It is preferable to provide the equalizing sheet on an
inside surface (i.e. a surface to face the object) and/or an
outside surface (i.e. a surface opposite to the inside

25 surface) of the insulation or the wall constructed by the



manners may be used as to the floatage and the novenent of the

obj ect.

For exanple, in order to nove the floating 25 obj ect, the gas

may be expelled diagonally froma position

24

bel ow the floating object, theygechanical force may be

applied to the floating object or the object may be placed on the

carrying nenber which is noved in the push node,

thereof nmay be enpl oyed. 5 _ _ _ _
neans is propigigtation. TALIIWHEN AN dhsTHENGnPRS formddebanid ng zone

and the

nmeans whi ch jrfs GRMON IBIKY, USEY mdP\Haed thatinduledn sheet pPéce
adversely affect on the nmethod and the apparatus of the 10 pr esent

i nvention. Tga fwEbeo e BAARA | NAelCOPf #E€s.

In the heating chanber, the heating

thermally treating zone. The heating nmeans may be any

be properly sel ected depending on a vol une of the heating chanber,

type of the thernph the heatiRpldHai Pas

al |

t he
5

10

15

20

25

sanme, or may be different %E@%d?%&qéﬁgﬁﬁg%&r%gg (Tfiyt ﬁg
according to the present invention, the insulation preferably
comp(ises a muffle structure which encloses the moving

path of the object. The muffie structure may be the same

as conventionally used in the heat treatment apparatus.

As to heating of the object in the heating apparatus
according to the present invention, generally any heating
means which is conventionally used may be employed. In
one embodiment, flames are generated in the heating
chamber by burning a combustible gas and the flame; heat
the object. When the flames are so generated that they
directly face to the object, heat of the combustion-gas is
effectively used by means of heat convection of and heat
transfer through gas around the flames as well as heat
radiation from the flames. In order to heat using the flames,
burning openings are provided on the object moving path so
that combustible gas (such as hydrogen, LPG, town gas and
so on) is supplied through the burning openings and ignited
there, whereby the object passes over the flames.

For example, the burning opening is provided such
that it is adjacent to the blowing opening for the floatage of

the object and that the flame is formed along the gas

or any conbi nation

t heir arrangenent may

a



15 heat treatment. As to an insulation structure of the heating

chanber, that of the heating zone nmay be the sane as or di fferent
fromthat of the thernally treating zone. At the inlet and the
outl et of the heating chanber, theég may be provided a shield nenber
whi ch suppresses 20 transfer of the gas¥&and the heat fromthe inside to

t he outside of the heating chanber. For exanple, an air :
curtain as well as a door nmenber which nechanically opens and cl oses

may be opt 1 ofdRe P AHRERA R e, Sloptaos,esefy G R A e heat i ng
;Bg\rﬁé?rTﬁZ 0 ee%?r%?ghbﬁa%h%eféﬁ"%?ubijsegtfg%lcfialely sup;%lﬁgdt f‘l%rtrpeﬁ %et?s%;(!ttﬁgﬁt,
okt i ng changdt MEROEAEhe 088 expalin MERAN: oy be condi ned. The
cooL 19, operatl onp, el YRR iR CPLTS B BTTR, g e BLAE i 1
tenperagire. oiner place rather than the heating chamber so as to form a
combystion gas having a high temperature, which is
supplied to the heating chamber, whereby the temperature
of the heating chamber is increased. Instead of supplying
the combustion gas into the heating chamber, gas in the
10 atmosphere of the heating chamber may be heated by heat
exchanging with the combustion gas, so that the
temperature of the heating chamber may be increasep.
in a further embodiment, as the heating means, an
electrically heating means is used such as an electric
15 heater, an infrared lamp and so on. The electric heater has
an advantage in that it can rapidly and easily control an
amount of generated heat by changing electric power
supplied to the heater.
As another heating means, a conduit through which a
20 heating medium passes may be used. This conduit is used
with, as the heating medium, a high temperature gas, a high
temperature oil and so on being passed so that heat of the
heating medium is expelled outside through a wall of the
conduit, and such heat is used for heating the object. Such

25 a conduit produces intensive heat, and since the heating



As the forced cooling, gas blow ng toward the object may be

enpl oyed. Basically, tenperature of the used gas 10 is lower than the
tenperature of the object. In a preferable enbodi ment, the gas is
blown in series of steps in which e tenperature of the gas to be

bl own i s decreased step by st ep. ly, the object is cooled first
by the gas having t he hi ghest tenperature, then cooled by the gas
having a 15 |ower tenperature, then cooled by the gas having a further

| ower tenpergaiallfumifbe8 moe dohtdet TH?hE?}Qt%tthéiﬁ &8853 oécﬁdveréh Iy by

the gas having the | owest tenperature. | IS cool ed

stepw se, Whi¢fe FEKES b;bgie%tCOO' I ng possi bl e substantially w thout

occurrence of thermnal deformation (or strain) in the object.

In order to save an area which is required for installation of the
cooling zone on the area, the objects are cooled while they are

Ty ert oS BREFERRED ERELAMENTS 0 TiEIVENTION, |hat 0 ocen
adj aceng The present invention will be explain®d below further
in detail with reference to the accompanied drawings.

Fig. 1 schematically shows a perspective view of the
heating apparatus 1 which is used for the method of the
present invention. The heating apparatus 1 comprises the

10 heating zone X, the thermally treating zone Y and the
cooling zone Z. The object P in the form of a rectangular
plate is supplied to the heating zone X as shown with' the
arrow, passed through the thermally treating zone Y énd the
cooling zone Z and discharged from the apparatus 1. The

15 heating zone X and the thermally treating zone Y form the
heating chamber 10 as shown. The air curtain is provided
at the inlet of the heating chamber 10 so that the inside of
the heating chamber is shielded from its outside. For
example, the shown apparatus may be used for calcination,

20 firing or sintering of the object P comprising a glass
substrate, a ceramic substrate, a metal substrate and the
like on which a film forming material (such as silver paste,
a material for a transparent conductive film such as SnoO,

and ITO (indium-tin oxide), a fluorescent material, a

25 dielectric material, an insulating material, and a



obj ects are separated by a space. That is, in the cooling zone, the

obj ects are noved along a direction which is perpendi cul ar to the
mai n surfaces of the object (thus, this novenent is vertica
novenent). When conpared with a 5 casgzin which the objects are
arranged spreadi ng horizontally (namely, on a plane corresponding to
the main surface of the object), the installation area for the

cool i ng zone is highly saved. Therefore, in one

enbodi nent, gtem;;c@ﬁg%éqloq- hPatdfal) HEPiBEehhs :;g;éaontal movenment of the
object in the heati ng chanber wth the vg I cal nmovenent of the

obj ect in Fr 290l mpde? WSrirl Wi P riokf o N A0 RASRY Se | overing
tenperature is blown from one edge s the | ect so that the

g2 passes t e pRagepaTidrand 'A?eﬁgkéfﬁé‘tm%@%féﬁséé fof atiofyer the main

surfaces of the obJect). t owar e objects

whi ch are Sté%‘f&%@?nr&?"&jr' GHsH &  treatmeift SHEpELR SHFfce phsige ob ect,

bot h nai n surfaces of ects are co

2 ref bl st s BTGP it Bt ph

(or a thernatéyggaq‘;ga(l refd )& (green)/B (blue) color emission materla!
pastes), dielectric material paste (e.g. glass paste, MgO
paste)) which are applied (for example by squeeze printing)
onto a substrate in various production steps.

10 Conditions of the method of the heat treatment
according to the present invention may include any
appropriate temperature change. For example, as shown in
Fig. 2, within the heating chamber (namely, the heatihg
zone X and thermally treating zone Y), the temperature of

15 the object P is increased rapidly from a normal temperature
to a predetermined temperature TO (for example in a
predetermined period t1) in the heating zone X, and
thereafter the temperature TO is kept (for example over a
predetermined period t2) in the heating zone Y. After the

20 heat treatment has been completed, the temperature of the
object P is decreased stepwise as shown in the cooling
zone Z (for example in a predetermined period t3), after
which the object is withdrawn from the heat treatment
apparatus.

25 Fig. 3 schematically shows a perspective view of a



sheet) is used. The equal i zing sheet is a sheet having a good
t her mal conductivity. A particularly preferable equalizing sheet is
25 one having an ani sotropic property in thermal conductivity

27 and a good thermal conductivityggSuch an equalizing sheet

is likely to have its own tenperature distribution over itself

uni form Thus, when the equalizing sheet is used for the heati ng
chanber of the heating apparatus, nore uniform 5 heat treatnent is

achi eved t hanpofnéion hef ¢heahiezithggsbhatmber 10 wahindt issesedl fot hhepr esent
specification, the term"uniform heat treatnment” is intended to

estinmate an ele@tttrafatment ofintiNepridsent ihkehdan suash nheat reeddsddet he
case in which no equal i zing sheet is used. Thus, "nore uniform heat

10 treatmentof @ ditabnt banekieeseeri. UThioembo dimemd $kown is
treatnment is inproved relative to the case in which no equal i zi ng
sheet is usedpredérapd® pasticRaarpetfoy tnefivemting zonkeXli Mhéesheasm @l e.
5 chamber 10 inciudes an inlet opening 14 having a width
which is sufficient but not excessively wide to accept the
objec‘t P {the similar is applicable to the height of the inlet
opening). A plurality of and preferably many of floating
members 20 are provided with being separated from each
10 other along a direction of the object movement (shown by
the void arrow) in the heating chamber 10. Each of the
floating members 20 is elongated along a direction
perpendicular to the moving direction of the object, End the
width of the floating member 20 (i.e. its longitudinal length)
15 is longer than the width of the object P (W, a length of the
object perpendicular to the moving direction).

The evacuation merqber 27 having a plurality of and
preferable may of evacuation openings is provided between
adjacent floating members 20, so that the floating member

20 20 alternates with the evacuation member 27. One of the
adjacent evacuation members 27 on the both sides of the
floating member 20 has the suction means 30. The suction
means 30 is provided around a position above which an
edge portion of the object P is to be passed. The number

25 of the suction means and their arrangement may be



As the equalizing sheet, it has preferably a large 15 thermnal

conductivity along a direction of the main surface of the sheet. For
exanpl e, a nmetal having good thernal conductivity (such as copper),
an inorganic material (such as gla$2 and ceram c), and a carbon
material may be used in the sheet rmas the equalizing sheet. 20
As a particularly preferable enbodinent, a graphite sheet is used as
the equalizing sheet. The graphite sheet is heat resistant and has

| th | W h ' ' h j
0, e gERITIANAD)soiccteg, PRSI T S 8RR o

hi ghly orient _ : re preferal !
opented 2 27 Sa"aLg) e sni iorHEdae b it rvpd rlggimg oo
oo e o Te M 287 A8 e USRI RED Y the vy,
e P SDBYEBFB27Chrb epSHFL L ER BufhysP qubPRE IR AL ™
disclosegl inlaRaaeP e S ThdiKaiThe fioating member 20 has a slit(s)

or a s.eries of the blowing openings along a width direction

of the object (see, the arrow W), as shown in Fig. 3. The

gas is expelled from the slit or the blowing openings toward

the object P so that it is floated.

10 It is noted that as explained below, the fioating
member 20 has a row of the burning openings on its center
portion along its longitudinal direction and flames "f"rare
generated from the openings. The evacuation membér 27
has a plurality of evacuation openings along its longitudinal

15 direction as shown, the openings suck the gas from the
heating chamber so that predetermined conditions (for
example, a pressure, a amount of the gas and so on in the
heating chamber) of the heating chamber are kept as
required. The suction means 30 can halt the object which

20 is moving as explained below.

Fig. 4 schematically shows a cross-sectional view of
the floating member 20 (i.e. the cross-section which is
perpendicular to the main surface of the object and which is

parallel to the moving direction of the object). The floating

25 member 20 includes, on its top, the burning opening 24 and



Publ i cation No. 3(1991)-75211 may be used as the above descri bed
graphite sheet in the present invention. The di scl osure of this
Publication is incorporated herein with 10 this reference. In
the heating chanber of the heat treatnentgg apparatus according to the
present invention, when the equal i zing sheet is provided between the
heati ng neans and the object, heat generated by the heating neans is
15 distributed uniformy over the whol e sheet so that the obj ect

is uniformythrdbiawity dgehefgs AR2oontiee bbeh sides GEYRle Biurhiplgeet is
provi ded outside the heating neans, heat emtted toward the outside

of the heati i @RANG 28. As shdual' thEl§dsUWH RN FlowsethidagheRE: SO
that a whole 20 Surface of the equalizing sheet may uniformy heat the

object pl aceq 495kge of3 i8ceqpeal ddititoUgR! théDRWARY! pening 22 he heat

whi ch woul d Ot herwi'se escape Tromthe heallng I nt 0 outside may

P2 Lo erhsend e oblect P RRIZINBHELEDCHBE ThE SHETRYG B one
5 The passage 23 is connected to a gas supply conduit 26
which‘is located outside the heating chamber 10 (see Fig.
3). The gas supply passage 23 preferably supplies the gas
such as air which has been preheated. Preheating of the
supplied gas may be carried out by heat-exchanging with

10 the gas which is evacuated from the heating chamber,
which leads to useful heat energy consumption.
Alternatively, the gas evacuated from the heating chamber
10 is directly supplied to the heating chamber througzh the
gas supply conduit 26, so that the gas is re-used.

15 In the embodiment shown in Fig. 4, a pair of the
blowing openings 22 expels the gas diagonally and center
above the floating member 20, and the gas collides against
the object P and then flows along the bottom surface of the
object P outward as shown with the arrows. At that time, a

20 floating force generated by the gas floats the object P.

Combustible gas is supplied to the burning opening 24
through the passage 25 from the outside of the heating
chamber 10. The combustible gas is burnt to generate the

flame "f" at the opening 24. The flame "f" is sandwiched by

25 the gas streams expelled from the blowing openings 22 on



29

particularly effective when a heating nmeans whi ch produces

(0]

utside the heating nmeans. The equali zing sheet is

| ocal |y

hi gh tenperature heat (such as a flanme). Also, the equal i zi ng sheet
is effective in that non-uniform heating 5 thermal deformation is
avoi ded when a heating neans which produces high tenperature heat
used so as to heat the object in a short period. Further, it is
useful when the object as a whole is surely kept within a

predeterm neghe both bpdBSI 8f Uhe MNGANng Hpening 24, @@itwd%”trlié“flgrr‘ﬁe

preferabl e enbodi nent, a heating means which can overal

provi ded out giydes 1etiely dir_ectl)b%%%t';ﬂgdggl%\ﬁa%i ecéﬁ&%eﬁa' TheeRimeand

t he equali zi ng sheet is provi tween these t

heat Is
heat | ng nmeans.

the o

hr ough

i's

Concretely, ifr oeentipgfaib ﬁ@@ﬁgnﬁ%,ﬂg{ﬂgg UNE hEBbRict Is repidif oV ded

bet ween the equalizing sheet an

whi ch a heat hag idlinemaPgreetetmined 1eindd ooy ﬂgpggsheaqual | zi ng

sheet. In this enbodi nen

i's unifgrmal

uni formy,

2

I nt ense heat generate

B?S@aentcfrtrﬂinglﬂ R o i d My ?ﬂ@%tc?f%ft Eaﬁe%tfiﬁgtfdﬁcﬂ%‘ﬁ ed

e electri'c heater I's use or preclise Tenperature

control, so phathd NfeQPeaChalsSasaWely 463 4fehPirfy function of radiation

10
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25

heat ray from the flame “f." It is noted that the flame "f"
also functions to heat the gas expelled through the blowing
openings 22.

In the embodiments shown in Figs. 3 and 4, the object
P which is supplied into the heating chamber 10 through the
inlet opening is floated by the gas expelled by the floating
members 20 and heated by the flames from the burnihg
openings 24. As shown in Fig. 3, the combustion gas from
the burning openings 24 and the gas expelled through the
blowing openings are evacuated to the outside though the
evacuating openings of the evacuation member 27 and an
exhaust duct 28. Heat energy contained in the evacuated
gas may be recovered and used for heating the gas which is
expelled against the object P or for heating gas which is
used to cool the objects in the cooling zone as described
below.

It is noted that in the shown embodiment, the floating
member 20 merely floats the object P and it does not

horizontally move or halt the object.

eating nmedi um



predeterm ned tenperature in the heating chanber. This enbodi nent is
particularly effective for the thermally treating zone of the
present invention. 25 The arrangenent of the equalizing sheet is
preferably 40 30 such t hat
It encloses the noving path of the object In the heat i ng chanber.
Wth such arrangenent, heat is uniformy supplied to the object in
i nside of the heating chanber so that rapid and uni form heati ng of

the object is possfFphe.5 sdhematically shoWseaPipdghaly! &itihoHioRhet he
equal i zi ng sheet I's wapped around the object doubly, and the

heati ng floER#Ag b jRiceVisdato bedaaie hnei dleob e Bt a8ds@einsi de turn of
the equalizing sheet. In this enbodi nent, heat generated by the

heating neanshbgjzeaeafig Fesimt a Pé‘tﬁbrfblf’ryfsnfd’é%# eNer obj8cttiipe WAolee of the

outside and the inside turns of the equal i zi ng sheet, so that the
whol e obj ect & bhediRfbnt showﬁnnﬁqnq ysttHé‘Q)B\IE?é? FEGYald & 61Gn BRRRY -

Heat may be supplied to a portion of the equaliZing

5 from the right hand side to the left-hand side. There is
provided a pivotable push arm 48 at a right end of the
movi;zg path of the object P. The push arm 48 is provided
on the axis 46 which is pivotally supported over a width of
the heating chamber 10. By rotating the push arm 48

10 clockwise from its horizontal position (as shown with the
two-dot-chain line) when the object P is present at the right
end of the moving path (i.e. a condition of the right object P
in Fig. 5), the arm 48 is going to be positioned to ab!uts
with the edge of the object P. By further rotating the pu'sh

16 arm 48, the arm pushes the object P toward the left
direction, whereby the object is moved toward the left side.
The object which is floating is easily moved with lightly
pushing. Depending on a length and a speed of the
movement of the object, a force applied to the object by the

20 arm may be changed by means of the rotation speed of the
axis 46. For example, the axis 46 may be rotated such that
the arm 48 collides against the object or softly pushes the
object.

In the embodiment shown in Fig. 5, a stop arm 49 is so

25 provided on a pivotable axis 47 at the left end of the



sheet, and such heat is distributed over the whole 15 equal i zi ng sheet

by nmeans of its peculiar property. In this enbodi nent, the heat is
transferred to the object effectively even when the heating neans as
a heat source is not provi ded alon%, near or over the object or its
novi ng path in the heating charmber # Hhat I's, the heating neans may
be 20 relatively apart fromthe object. A wall structure of
t he heating chanber of the heating apparatus according to the

e made of afyoving PEfi Iy it pren ot E RidT R yasit a7 anlivBen™ ™
31O O ok e Y R the s b aRNE B A BRBR °
noulati on ooy ARAHR e MRER, Fhourat 8 RIS SBptBEthing do theue.
Si)ggei EL%PaY?%ﬁ“E’# Bgﬁqéwé Yo 2olfide againdf Y &rin HELAANE bRl Nas 2
5  whereby the object cannot move any more. In the case in
whicr} the movement of the object is considerably fast,
when the arm is set to rotate clockwise upon the collision
with the object so that it absorbs kinetic energy of the
moving object, the object does not repelied by the stop arm
10 48 due to a reaction force.

By combining the above arms 48 and 49 properly, the
object P can be easily moved toward a predetermineg
direction, the moving speed of the object can be easily
changed, or the moving object can be easily halted.

15 In a further embodiment of the method of the heat
treatment according to the present invention, the object
which is floating is moved by means of a mechanical force
as schematically shown in Fig. 6. It is noted that Fig. 6 (a)
shows a perspective view and Fig. 6 (b) is a plane view.

20 In Fig. 6, a driving means 200 such as a chain-belt or
other belt is provided on each side of the moving path 202
of the object P and the driving means moves (or travels)
along a direction shown with the arrow. An abutting
member 204 which abuts againsf the floating object P is

25 fixed to the driving means 200. When the driving means



In one preferable enbodi nent, the insulation has an infrared

reflection filmon its surface. In this enbodi nent, heat energy

whi ch woul d ot herwi se perneate through the insulation is effectively
reflected by the filmtoward the 10 obgﬁft. As such an infrared
reflection film for exanple a met oxide film an Si(err]/ TaOx
multi-layer, a ceramc film and so on which have a desired

wavel ength refl ection properties nmay be used. I n ot her

Prel oDl e SRRV Tor IRVAISHLONY' 3t doti whlin' s P Tpdofd ko
puch 2 Dok b odSaailingeipn BIUFERIEEL’ MachpbiRulE Pplpgr 708
crOnaLnS . ¢ RS PABCROTHRICE I C1f BBIoRE AU FEUeLS Wit 0,
of L1e et SHATRRYy 0 TR 8 20h LGRS tne aputtjpe, Hetb & BRENEL
e, L% ob1 G514 4 0Bl an mBYhoL S5 4L B Malind M RRRRL"L,
the is being floated is stopped. Thus, the object is halted while

it is f.loated. Such a driving means is provided in the

heating chamber 10. Although the abutting member is

provided at the rear edge of the object so that it can push

10 the object toward a direction aleng which the object is to be
moved, an additional abutting element 206 may be provided
at the front edge of the object P, so that stopping of._the
object is ensured.

At least one abu-tting element can perform its function,

15 and depending on the object to be heat treated, the number
of the abutting member(s) may be increased or decreased,
and also the structure of the abutting element may be
changed. Usually, the member 204 preferably abuts
against the both ends of the rear edge 208 of the object P,

20 and thus, two abutting members 204 are preferably used as
shown in Fig. 6 (a). When the object has a large width, an
additional abutting element may be provided on a center
portion of the rear edge 208. Alternatively, the two
members 204 may be made integral together (i.e. made intfo

25 a single member which pushes the whole rear edge 208).



32 I nsul ati on. Thus, when the insulation is forned by the

I nsul ation bl ocks, they nay have the insulation sheet piece on their
outer and/or inner surfaces. In the heating chanber of the
heat i ng appar at us 5 according to the % esent invention, the insulation
preferably conprises a nuffle structure which encl oses the noving
path of the object. The nmuffle structure may be the sane as
conventionally used in the heat treatnent apparatus. As to

heating of (he obiytenrsiBh BEA/NY FEBASAIErdideddrPibraektifge
present invention, generally any heating nmeans which is
ti | ; mbodi
generated 1 n METEefTXnET e BPMMoifig adyanPEEeRT BRI HImP L Sae and
the flames h%v”g peéh‘i ShictChs W‘?ﬂatiHg?fellf'ﬁsoi‘ﬁ%rsﬂe?leﬁ%réttsdbbhat
ect, heat of th |

they 15 direc ace to the obj _ e conbustion gas 1s
Y ecLl VoL SR e TSRS 1R 0BY 36 Mo 0inB Wbt the onibEA S
o oY DfRIF st e satep, acyiEY Yh OEUSHBIRIE.
hydr ogen, LP%n&Q‘f{’QngsafseraB%wer to the driving means may be provided
outside the heating chamber; and the movement and the
stop of the object is carried out more reliably than in the
case when the object is moved by the expelled gas and
10 stopped by the suction means.
in other embodiment, a carrying member which is
floated by the expelled gas and which supports the o'bject
therein is moved in the heating chamber so that the 6bject
carried by the carrying member is heat treated. This
15 manner is schematically shown in Fig. 7.
A plurality of the carrying members 210 which may be
for example in the form of a supporting tray as shown in Fig.
7 are so arranged in series that they are adjacent and
contact with each other, and the objects P to be heat
20 freated are placed in the carrying members. The carrying
member has a dimension {or a depth) which is relatively
farger than the thickness 6f the object, so that when a farce
is applied to the last carrying member of the series of the
members toward a direction to which the object is to be

25 moved, the force is transferred to its preceding carrying



so on) is supplied through the burning openings and ignited t here,
wher eby the object passes over the flames. For exanple, the
burning opening is provided such that it is adjacent to the bl ow ng
opening for the floatage of 25 the objegt and that the flane is forned

al ong the gas 33
expelling direction for the floatage, whereby the heat gener ated by
the flame is effectively supplied to the object by neans of the gas

g)l,(lll?ﬁlt ! : Rg °L rrﬁérﬁ‘ﬁgrr aPadC(li‘n rta r:‘rl{(;ItBE Eg;‘ffﬁi{% gq:éf’lcgeéﬂiﬂg tﬁtngl teOg]?zl’ imsa
O B R LR he. e Ysbe apRUsH Y RIS

heati ng chanber’, wher 2 he "t enperat ure

por sased. | aRoRaPhy 9K sy ohead IR SRS tﬁg heat 09
DY heat e rERSHTAE. Phy el AP STRAEN B8, B4R Wi, <o that
5 all the carrying members preceding the last member are
moved. This kind of way of the movement may be referred
to as‘a push mode (or a plug flow mode}. When this mode
is used in the heating chamber 10, the object supported by
the carrying member is moved in turn in the heating
10 chamber, during which the object is heat treated. Since the
carrying members are floated by the gas expelled from the
blowing openings beiow the carrying member, the forzce
required to move the carrying members is small. With the
embodiment explained with reference to Fig. 6, when the
16 object is displaced vertically or when the object does not
have a sufficient thickness, there is a possibility that the
abutting member does not abut against the object. To the
contrary, in the embodiment shown in Fig. 7, since the
carrying member has the sufficiently large vertical
20 dimension, the force is surely transferred between the
adjacent carrying members. Thus, the embodiment shown
in Fig. 7 is advantage in that the possible problem with
respect to the embodiment of Fig. & may be surely avoided.
in other embodiment, the top of the object which is

25 moving may be carried out by using the suction means 30



In a further enbodi nent, as the heating neans, an electrically
heating neans is used such as an electric 15 heater, an infrared | anp

and so on. The electric heater has an advantage in that it can
rapidly and easily control an amupiig of generated heat by changi ng
el ectric power supplied to the heater. As anot her heating
nmeans, a conduit through which a 20 heati ng nmedi um passes may be used.
This conduit is used w th, as the heating medium a high tenperature
gas, a high as shé@meharuge i liRvtder 8 eﬂﬁmsmaéﬁs?a%ﬁfwmsat of

t he heati ng medi umis expelled outside through a wall of the

condui - and sy oo 3190 EPbSheAEdMohE PHIRS! (cF¥ER.sdBtIor condui

produces intensive heat, and since the heatli _
et ne IESLRTENSF OIAChRe Bl 0% 0 QireslY
The present imyeRiheht\ite 8805 Pb 1He HeEOYA WhEBHs 30 are
5 schematically shown in Fig. 8 (A) to {C). The suction
means 30 includes a body portion 31 in the form of a
colun;n and a sliding member 40 in the form of a cap which
is provided on a top end of the body. The sliding member
40 is attached to the end of the body such that the member
10 40 freely slide vertically upward and downward on the side
surface of the body as shown with the void arrow. The
body member 31 contains a pressurized gas passage 33
which passes through the body member in its lower p.ortion.
The pressurized gas passage 33 is connected to a conduit
15 53 at its one end, and the conduit 53 is connected to a
pump 52 through a control valve 54, The pump 52 and the
valve 54 are provided outside the heating chamber 10. By
operating the pump 52, the pressurized gas (such as air) is
supplied through the pressurized gas passage 33. At the
20 other end of the pressurized gas passage 33, an outlet
opening 34 is present, through which the pressurized gas is
discharged outside.
The body member 31 further contains a suction
passage 32 in its center portion. The lower end of the

25 suction passage is connected to the pressurized gas



in detail wth reference to the acconpani ed draw ngs. Fig. 1
schematically shows a perspective view of the heating apparatus 1
which is used for the nethod of the present invention. The heating
apparatus 1 conprises the 10 heati ng zone X, the thermally treating zone
Y and t he cooling zone Z. The objed6 P in the formof a rectangul ar
plate is supplied to the heating zone X as shown with the arrow,
passed through the thermally treating zone Y and the cooling zone Z
and di scharged fromthe apparat us 1. The 15 heating zone X and the
thermal |y tr@mﬁggzeo@@ y fldrerepper end oﬁemer@:@h'maaa@asg thARMeNThe
air curtainis provid at the inlet of the heating chanber 10 so
that the insiedetho® t°P endtﬂétﬁ@aﬁ)ﬂfby dnembeeri 31shiAba¥@ thenvPPerout si de.
For exanpl e, the shown apparatus may be used for calcination, 20
firing or si @Hitlgthe sHEtbppeResSPagpt2sitnghaoyigtshole 42 isubstrate, a
ceram c substrate, a netal substrate and the like on which a film
forning matePr@vidagrnatheicentepmt éhe end sufameecifathe gvlidinganspar ent

conductive filmsuch as SnQ2 and I TO (indiumtin oxide), a
fluores®ent AHEBIPEr 48. 25 dielectric material, an insulating material,

and a
The operation of the suction means 30 having the

above described structure will be explained below.
As shown in Fig. 8 {A), when the pressurized gas
passes through the pressurized gas passage 33, the gas in
10 the suction passage 32 is sucked. Then, the gas above the
sliding member 40 is sucked through the through hole 42 of
the sliding member 40.
As shown in Fig. 8 (B), in case wherein the object P is
present above the suction means 30, the gas which is
15 present between the bottom surface of the object P and the
top surface of the sliding member 40 is sucked into the
through hole 42 so that a gas stream is formed as shown
with the arrows and the pressure of the gap between the
object P and the sliding member 40 is reduced. Then, the
20 sliding member 40 which is freely movable upward and
downward is shifted toward the object P. When the sliding
member 40 is moved upward, the gap between the object P
and the sliding member 40 is further narrowed so that the
gas stream gets faster and the pressure of the gap gets

25 lower, whereby the sliding member 40 is further drawn



35 sem conductor material) has been applied. For
exanpl e, during the production of a plasm di spl ay panel, the
apparatus may be used for various calcination or thermal treatnent
steps of various paste 5 materials (such as silver paste, fluorescent
materi al paste (e.g. R(red)/G (gﬂ@én)/B (bl ue) color em ssion

mat eri al pastes), dielectric material paste (e.g. glass paste, MO
paste)) which are applied (for exanple by squeeze printing) onto a
substrate iq variagﬁﬁgrogucti steps. 10 Condi ti ons of the nethod
of the heat Y%af object fecording to the present invention may include

Fla. 2, within {HSHSAAWE Ehirderd (daheMinenntiAcaldige MeMBELAD x and
ey e+ aBla PoathEs i el SRR etco 51 1nblSHPRAER, okl
tenperature TO (for exanple in a redetermned period tl) in the
heating zond@ &S sHgam i totﬂt‘?éﬁ’ﬁ’f’é’fg'ﬂﬁgo{% ri& [],oelga)giesr Réﬁ%e r]or
Srampl €5 OVeTAS long asPite prassurizd gas I suppliva through thas - ATter
pressurized gas passage 33, the effect to try to suck the
gas through the suction passage 32 continues, so the
sliding member 40 is strongly attached to the object P.
Since the sliding member 40 which is provided on the body
10 member 31 cannot move horizontally, the movement of the
object P is stopped by means of friction between the sliding
member 40 and the object P. .
It is noted that when the pressurized gas supply is
stopped, the suction effect is no longer present, so that the
15 sliding member 40 is moved downward due to its weight. At
this time, when the gas is expeiled toward the object P
through the blowing openings, the object P returns to its
floating condition apart from the sliding member‘40. In this
condition, when some force is applied horizontally, the
20 object is moved horizontally.
Such a suction means 30 can stop and disengage the
object P only by controlling the supply and stop of the
pressurized gas without a complicated mechanism in the

heating chamber 10. Deletion of the complicated

25 mechanism in the heating chamber leads to a stable



20 heat treatnment has been conpleted, the tenperature of the

object P is decreased stepwi se as shown in the cooling zone Z (for
exanple in a predeterm ned period (3), after whi ch the object is

wi t hdrawn fromthe heat treatnent gparatusy 25 Fig. 3
schematically shows a perspective view of

36 portion of the heating chanber 10 which is used for the

heat treatnment of the present invention such that the inside of the
portion can - odiLnent s ' ref |l e particularly
for the heat :&fpgé %ﬁg@(%&ﬁﬁghgéghﬁg QQ%%ﬁén%g?nlaqiﬁﬁ s an inlet
opening 14 h 1 dt.h which is sufficient but not excessively
wide to acceS%n?ﬁganhg% object P (the simlar is applicable to the hei ght

loating © BB bl Atdthe %%ﬁ%ﬁé ot litan 10

arrow i tno e Iy Bedaty 8- EreRBriehgaly é’hoe«%a ShgSfembers 20 i s
el ongat%d al %negct%%'arlestré\%n(cross section perpendicular to the object
and p‘arallel to the object movement direction) of the gas
blowing member.
The gas blowing member 50 expels gas diagonally
toward the moving path (from right to left in the
10 embodiment as shown with the arrow) of the object P (thus,
from the lower right to the upper left). Concretely, the gas
blowing member 50 is connected to a pump 54 through a
conduit 52 and a control valve 56, and has a blowing
opening 51 at the end thereof which diagonally faces to the
15 object P.
When the valve 56 is opened and the gas is expelted
from the blowing opening 51 toward the object P, a
pressure is applied to the object along a direction from the
lower right to the upper left, so that the object P is driven
20 along a direction of a companent force of the pressure
which force is parallel to the object P (i.e. toward the left
side in the shown embodiment). A component force which
is perpendicular to the object P promotes the floatage of

the object. When the valve 56 is closed, no gas is expelled

25 so that the movement of the object is stopped. However,



per pendi cular to the noving direction of the object, and the wi dt h
of the floating nenber 20 (i.e. its longitudinal length) 15 is |onger
than the width of the object P (W a length of the obj ect

per pendi cul ar to the noving direction). - The evacuati on nenber
27 having a plurality of and pref &bl e may of evacuation openings
I s provi ded between adj acent floating nenbers 20, so that the
floati ng nmenber 20 20 alternates with the evacuati on nmenber 27. One of
t he adj acent, evacuat,j on nenbers 27 on fhe both sides of the .

fl oating me BTCQ@%SQ?ﬁéSSGétH%Eeﬁ‘eHNs“?@.ft'ﬂ?é'@ﬂcm%ﬁ‘bers 20phico i s
provi ded around a position above which an edge portion of the ota' ect
Pis to be pRERLPC Rtidre beth S(i\detsn@fsm:?iBﬁsnﬁg‘h!“aﬁd”'t%ibrer 50,

arrangenment may be \ . 37
appr opr i ateI%“ééltﬁé‘ﬂé@"dsoﬂéhiLﬁh%cﬂO?hE“@v%fcﬁ}ﬁ iadnthenpbject P is kephas a
width which is the sane as that of the floating nmenber 20, and the
evacuati on odetf mpted that whendthevalve 56 gamesandrohes emavdateafto an

exhaust _duct, 28 which is . o
5 the gas to be expelled in addition to on/off functions of the

gas syupply, so that it can change the pressure of the
expelled gas and thereby change the force to move the
object (i.e. the driving force of the object).

In other embodiment, the gas blowing member 50 may

10 be incorporated into the floating member 20. Such an
embodiment is schematically shown in Fig. 10 in the cross-
sectional view as in Fig. S.

The floating member 20 contains in addition to two gas
blowing passage 22, a gas blowing opening 26 which

15 diagonally (from the lower right to the upper left) expels the
gas between the two openings 22 so that it can control the
movement of the object P. The blowing opening 26 opens
on a side surface of a concave portion 27 at the top of the
floating member 20.

20 it is noted that the blowing opening 26 may be in the
form of a hole (for example circular hole) which is provided
on a top of an overall column form, or in the form of a slit
or a series of holes provided on a top of an elongated
member and existing below the object over its width along a

25 direction which is paraliel to the object moving direction



5 | ocat ed bel ow them The floating nenber 20 has a slit(s) or a

series of the blow ng openings along a width direction of the object
(see, the arrow W, as shown in Fig. 3. The gas is expelled fromthe
slit or the bl ow ng openings toward he object P so that it is
floated. 10 It is noted that as exXpfained below, the floating
menber 20 has a row of the burning openings on its center portion
along its longitudinal direction and flanes "f" are ~generated from
the openi “93-aﬁﬁeh%‘f%u?{tb%é'eérr?%rﬁa.Fi% 3 R?ﬁeasﬁ't“éﬁwc%&irﬂfen% acuation
openings along i1ts | ongitudinal irettion as shown, the openihgs suck
the gas fromthe : ) t edet erm |:td,ons
(for exanpfgheghpgggihgg}ggﬁgﬁgﬁﬁ?%gp??hgﬁgag%hg gg?gﬁg?ﬂﬂphgp

heati ng chanheah B, Uik d'TPL LY FERTIEG, CRENSERY 68 tpg, nest ERATAEYITE
DL oM ot g SRS AbCSNETE iBRlAY ROUBAR FrogRIES! onal view ol
i rection of the o) SEe AR SEOWs . pepss58eRt Shal VBN (3" "
top, the bwn{&%é{@%é@?’igﬁ £9%endicular to the object moving direction)
of the heating chamber of the heat treatment apparatus of
the present invention. In one embodiment, the heating
chamber 10 of the heat treatment apparatus has an
10 equalizing sheet 62 of a highly ocriented graphite sheet
which is affixed to the whole of an inner surface of
cylindrical outer wall 60. As the highly oriented graphite
sheet, Panasonic graphite sheet (produced bylWatsthna
Electric Industrial Co., Ltd.) may be used, which has a
16 thickness of for example 0.1 mm, a heat resistance above
3000 °C under the absence of oxygen, a thermal
conductivity of 8.0 W/cm+°K (paraliel to the sheet main
surface, a thermal conductivity perpendicular to the sheet
main surface is one hundredth (1/100) of that parallel to the
20 sheet main surface), and a tensile strength of about 200
kg/cm?. This sheet is flexible so that it can be curved and
deformed. As a material for the outer wall 60, any material
generally used for the conventional heating chamber of the
heat treatment apparatus may be used. For example,

25 stainless steel, Inconel, ceramic and quartz glass may be



38 t he bl ow ng openings 22 on the both sides of the burning

opening 24. As shown, the gas which flows through the passage 23 is
expel l ed through the bl owi ng openi ng 22 toward the object P which is
present above the opening 22. 5 The ssage 23 is connected to a gas
supply conduit 26 which is | ocated outside the heating chanber 10
(see Fig. 3). The gas supply passage 23 preferably supplies the gas
such as air which has been preheated. Preheating of the suppl i ed gas
may be carriygbk@ut by heat-exchanging with 10 the gas which is evacuated
fromthe heating chanber, whi ch [ eads to useful heat energy

consunpti on. Mafl ¢ hViRdry OBt head i
chanber 10 ig (ﬁrgg???y@u‘%gli&e&?fﬁ %ﬁgfﬂglgh%gﬁetﬁ%ﬁ t he

gas supply gQiddicle &F ti5€ é&@hlfﬁ%%ﬁ%@et r@?.usﬁgl-thel§gpace de'l‘ihéége%&pel .

enbodi nent shown in Fig. 4, 'a pair oW ng openi ngs

2 55 St SRS VA IR Bt

gas col |l ides agai nst the o an ottom

fﬂrfeacgs of Wiile it is Fbatbd’ Ah¥egdsas YPEIWd RoWSEr & thHED o o i Nt
surface of the object P from the blowing openings provided
in the floating members 20, whereby the object is floated.
Further, burning openings provided in the floating members
form the flames "f", which heat the object P.

10 Fig. 12 schematically shows a perspective view of a
piece of the insulation block 64 as one example. The
insulation block 64 is overall rectangular in its planate form
when seeing the block from its above in the shown |
embodiment. The block may be for examplie a glass form.

18 Fig. 13 schematically shows a cross-sectional view of
the insulation block shown in Fig. 12 when affixed onto the
outer wall 60. The insulation block 64 has an inside space
65 which is shielded to keep a high vacuum condition
therein. An infrared reflection film 68 is attached to a

20 surface of the insulation block 64 which is_ to face to the
object.

The insulation block 64 comprises a first block portion
70 and a second block portion 66 which partially overlap

with each other over their edge portions to form an integral

25 insulation block 64. When such insulation blocks are



20 floating force generated by the gas floats the object P.

Conbustible gas is supplied to the burning opening 24 t hrough the
passage 25 fromthe outside of the heating chanber 10. The
conmbustible gas is burnt to generate the flane "f" at the opening 24.
The flanme "f" is sandwi ched by 25 the ggg streans expelled fromthe

bl owi ng openi ngs 22 on 39
the both sides of the burning opening 24, so that the flane

substanti al | YOGEH%% 't}Sl Bétfﬁ?gstcs{?‘g’gé%gj tcﬂ’?éﬁ?&erﬂée pordi&n ?]fe:gpgd'f'i{r%ta

heats gas around the ane, an 'S rapidly

predeter m neg ILAIRPYAIER 90 B?Q%eagp%tu a?k%g%ﬁfjgggrsgyﬁgﬁneg‘?@%at“re by

means of a heating function k;e as a heating
et anecl WHEbHBE tne ol Bk BN 48 dajaddnt s, noted L1
DS, e ol sEHORBRE, KB that g bE A BB HE Y i, °
throughghe 55 5 spacer. The second block portion 66 has a protruding
portiqn 67 at its edge. As shown in Fig. 13, the insulation
block 64 is placed on the equalizing sheet 62 on the outer
wall 60, and the block is fixed by screwing a bolt "b" into
the outer wall 60 through the protruding portion 67 and the
10 equalizing sheet 62.
When the insulation blocks 64 are overlaid on the
whole inside surface of the outer wall 60, the seconq block
portions 66, the protruding portions 67 and the bolts"‘b" are
all concealed under the first block portions 70 of the
15 insulation blocks 64, so that the exposed surfaces of the
heating chamber are defined by the infrared reflection films
68 on the insulation blocks 64,
When the insulating structure as explained above is
employed, a portion of the heat emitted from the flames is
20 directly absorbed by the object P. The rest of the heat
(and heat emitted from the object if any) is reflected by the
infrared reflection films 68 of the overlaid insulation blocks,
so that the object P existing inside is heated by the
reflected heat, resulting in that the heat energy is

25 effectively used and heat loss to the outside is reduced.



inlet opening is floated by the gas expelled by the floating menber s
20 and heated by the flames fromthe burning openi ngs 24. As shown
in Fig. 3, the conbustion gas from 15 the burning openings 24 and the gas
expel I ed through the bl owi ng openig S are evacuated to the outside

t hough t he evacuati ng openi ngs of e evacuation nenber 27 and an
exhaust duct 28. Heat energy contained in the evacuated gas nmay be
recovered and used for heating the gas which is 20 expel | ed agai nst the

obj ect P or for heﬁﬁé”ﬂwﬂ@ﬁa%hcblbék 64 hawhethe 99%'udrﬂesanc%CB in the

cool ing zone as descri bed I's noted that in the

shown enbodi 'ﬂﬁ%tre1hh8ffé€ﬁ‘v'er)?aweveﬁf%”ﬁ% tzf)rtd‘iﬁr 'e\f fg' PGS 6 Jutsigil ect P

and it does not 25 hori zon y nove or t he o ject.

40 How@\ger5t ehenpd ﬁ?do s THIPMS ﬁ\ﬁﬁf’é’ét"?’stfqﬁmb?ﬁs

floating object is rmve when t ject I's seen ori zont aFI y froma

![ﬁte e(r)gjl Iezt s;)@ﬁgapgﬁggﬁg gﬁhr?udﬁ‘ Bifcks themSB19Es &M d YUNE BELWESN ©
5 the insulation blocks. Further, there is a possibility that a
farge amount of heat may be supplied to only a portion on
the in‘side of the wall formed by the insulation blocks 64
depending on the use of the flames "f" or location of
arrangement of the object P. in this case, a large heat flux
10 is formed which passes through that portion of the wall, so
that there may locally exist a high t'emperature portion on
the outside of the wall.
However, when the equalizing sheet 62 is provi;'led as
shown, the heat flux which passes through the insulation
15  blocks 64 is absorbed by the equalizing sheet 62 and
uniformly distributed over the sheet, whereby temperature
of a portion of the outer wall 60 which portion would
otherwise be at a high temperature is not increased. An
amount of the heat loss through the outer wall 60 is
20 proportional to a temperature difference between the
outside and the inside of the outer wall 60. Thus, when the
equalizing sheet 62 prevents that portion of the outer wall
60 from being at a high temperatur.e, the heat loss through
the outer wall is reduced. Further, when the temperature

25 distribution of the inner surface of the outer wall 60 gets



5 fromthe right hand side to the left-hand side. There is

provi ded a pivotable push arm48 at a right end of the novi ng path
of the object P. The push arm 48 is provided on the axis 46 which is
pivotally supported over a wi dth of t he heating chanber 10. By
rotating the push arm48 10 cl ockwi se #fomits hori zontal position (as
showmn with the two-dot-chain |ine) when the object P is present at
the right end of the noving path (i.e. a condition of the right

OD1 2 o OR R i Db ST ol AP e B 55 AREFa s
(he T PUsPey 198, SRS, SAAQHTAIABE b5/ Ine ney ST HiBbke'BY B e
(525511 U LRAERRY whet wo BT LR 2R MY M RufebETEL 2002

by the 20 L80m e dbe changed by neans of the rotation speed of the
axis 46. For e%rﬁ)‘f . the axis 46 may be rotated such that the arm

£ ool Vigdes 202 gt o400k Bl 98181 Bl b s SRR g on o
pi votabl e aXisiraZ:t‘Stretgg ilnefFIig(.an‘FSOifn tWhr%aich another type of the

insulation blocks are used. The insulation block 164 shown
has a rectangular plate form overall, and such blocks are
overlaid on the equalizing sheet 62 on the inside of the

10 outer wall 60. The insulation block 164 has a high vacuum
space 165 in its inside. An infrared reflection film 168 is
formed on the inside surface of the insulation block ‘!64.
The block 164 has a through hole 166 through which .a
fastening screw 167 is screwed into the outer wall 60 so

15 that the insulation block 164 is fixed on the wall 60. The
fastening screw 167 abuts against the insulation block 164
through a spacer 169 in the form of a disc. The spacer 188
is made of a material which has an insulation property such
as a ceramic material. In the shown embodiment, the

20 spacer 169 covers an opening of the through hole 166 so
that heat loss toward the outside of the wall 60 is
prevented.

Fig. 15 schematically shows a cross-sectional view

(cross-section perpendicular to the object moving direction)

25 of other embodiment of the heating chamber of the heat



41 noving path that it can rotate around the axis 47. Wen

the object Pis noving, the arm49 is in a perpendicul ar condition
as shown, so that the object approaching to the arm49 is going to
collide against the arm49 and to stops, 5 whereby the object cannot
nove any nore. In the case in whiéﬁ t he novenent of the object is
consi derably fast, when the armis set to rotate clockw se upon the
collision with the object so that it absorbs kinetic energy of the

Lston. . _ _ g
movi ng obj eqtre dtiee Al Qﬁbmﬁggagogﬁﬂ%ﬂe%ﬁg rfife Atidth 21 (P s fotedp due to

a reaction force. ng t e arns 48 an

properly, theat in_thé)tﬂr%tvrPeCrﬁEoQﬁn?éﬁit! Xh@\égﬁiertégméﬁ 6&%‘?%%?[”1 ned

direction, the noving speed of the object can b changed, or

the moving GPh¢eh Sé?Lﬁgfeﬁé'ﬁfeﬁ?H@% oflPhe heglt'ri]ggf‘cﬁt B gRROg! ment

of the method of the reatment accor 0 e present

iene oo MALEPoRied by tnaliheibtdhoBiddel araNA GRS of B
Fig. 64a) In the embodiment of Fig. 15, an inner equalizing
sheet .110 and an outer equalizing sheet 12 both of which
are in the cylindrical form as shown are provided such that
they surround the object P floated by the floating members
20. That is, the equalizing sheets are provided around the

10 object P in the doubly enclosing layer structure. There
exists the outer wall 60 (not shown) around the equalizing
sheet 112. There is provided an electric heater 114 in each
of the upper and the lower spaces between the equali:zing
sheets 110 and 112.

15 In the embodiment of Fig. 15, heat generated by the
electric heaters 114 is effectively transferred by the
equalizing sheets 110 and 112 with less waste. That is, the
equalizing sheets 110 and 112 transfer the generated heat
rapidly over the whole of the sheets while the heat is

20 distributed uniformly, and the equalizing sheet 110
uniformly emits heat toward the object P so that the object
P is.heated. As a result, the object is uniformly heated.

Fig. 16 schematically shows a cross-sectional view
(cross-section perpendicular to the object moving direction)

25 of other embodiment of the heating chamber of the heat



shows a perspective view and Fig. 6 (b) is a plane view. 20 In Fig.

6, a driving neans 200 such as a chain-belt or other belt is provided
on each side of the noving path 202 of the object P and the driving
means noves (or travels) al ong a di; ction showmn with the arrow. An
abutting menber 204 which abuts agaFnst the floating object Pis 25
fixed to the driving nmeans 200. Wen the driving neans

42 noves (or travels) along a direction which is the sanme as

the moving ditf gglthPbngla bp&ratliachs (Y AUELHIINTRIREBO4t js noteltishes

the object Psot “the"object Pis no the "dri ving neans
O oo ALt L0 SRR oS g ne DUl BBaRWafPl® 52
glr)JO\e/?:éle:jSi Ealt*@pcwhaéﬁmeesatﬁhn%l c%gébiér%éerdm ?Fﬁ%ﬁ"ﬁ%@%ﬁﬁ?ﬁ&éﬂéﬁ%a IS
Lo 050 & OB FBE A0l BB Wi Ldrd Wbty 10 Lhe ot e
addi tional abutting e} &M, 688 BNt BF PI§V' 1% %the equalizing sheet is
combined with a muffle structure. The muffle structure 120
made of a metal such as SUS (stainless steel) in the form
of a cylinder is provided such that it encioses the object P
to be floated by the floating members 20 as shown. The
10 equalizing sheet 122 is provided outside the muffle
structure 120 through spacers 124 made of an insulating
material. The outer wall 60 is provided outside the
equalizing sheet 122, which is not shown. An electrizc
heater 126 is provided outside below adjacent to the
16 equalizing sheet 122,
Heat from the electric heater 126 is transferred to the
equalizing sheet 122 and distributed over the whole
periphery of the sheet uniformly. Thereafter, the heat is
transferred to the muffie structure 120 by means of heat
20 radiation from the equalizing sheet 122, and in turn the
muffle structure 120 heats the object P placed in the inside
space by means of heat radiation. The term "muffle
structure” means a partition structure which separates the
heating means such as an electric heater from the space in

25 which the object is heat treated.



at the front edge of the object P, so that stopping of the object is

ensur ed. At | east one abutting el enent can performits
function, 15 and dependi ng on the object to be heat treated, the nunber
of the abuttlng menber (s) may be |ncreaseq§pr decr eased, and al so
the structure of the abutting el enent may changed Usual Iy, the
menber 204 preferably abuts agai nst the both ends of the rear edge
208 of the object P, and thus, two abutting nenbers 204 are

preferabl y used asga ttt}eor]srfé‘ﬂ/‘f‘f‘ embBdimént 2kh e“@‘%ﬁhéh%ﬂ@l Ehlodiafpd | arge

wi dth, an abutting on a center

porti on of { Mokt lge ALt Bilf d;’haé ',gfﬁw%fs*a?uewre 120 oFRBRSYRa @04 MY

be nmade int egral toget menber

pushes the V"“ﬁk%@ﬁrtﬁgg %Q:@rs 124 Thus, when the ?ﬂ”ar']'ezdt”i%éheet

43 such r ving means I's provided i

chanber, therngr frpégg % ﬁ?t as %Bé)ﬂjeé/dglmrﬁy the qu‘rd'ly;_ﬂ_pg nmeans

such as a chal n-be or o her
5 sheet 122 having a small heat capacity so that it is rapidly

heate~d. Radiation heat is transferred to the muffle
structure 120 from the heated squalizing sheet 122 and the
muffle structure 120 heats the object P. Thus, the object P
is heated uniformly and rapidly from its whole periphery.

10 In the embodiments shown in Figs. 15 and 16, the
heating means such as an electric heater is located so as
to partially overlap with at least a portion of the object to
be heat treated while keep some space between the :heating
means and the object. Such overlapping is not necessarily

16 required and, in other embodiment the location of the
heating means may be apart from the object.

Such an embodiment is schematically shown in Fig. 17
in which the equalizing sheet 130 enclosing the object P
comprises a flap portion 132 which is apart form the object

20 and which is to be heated.

For example, the equalizing sheet 130 is wrapped
around a space around the object so as to form a
cylindrical form (for example, to form a doubly wrapped
form as shown in Fig. 17) and an end portion of the sheet is

25 extended outward from the cylinder form to form the fiap



provi ded on the side(s) of the noving path of the object in 5 t he
heating chanber; conplicated facilities which generate and transfer
power to the driving nmeans nay be provided outside the heating
chanber; and the novenent and the stop of the object is carried out
nore reliably than in the case whei8t he object is noved by the
expel l ed gas and 10 st opped by the suction neans. I n ot her
enbodi ment, a carrying nenber which is fl oated by the expelled gas
and whi ch supports t he obj ect therein is noved in the heating
chanber so tR&rtio@ bBRect carried by the carrying rrenber i s heat
treated. This 15 manner is schematically shown in Fig. A
plurality of the tarthye nghewrbersbaidimandh anbuteer 134 lsfmcat@dpl ein
the formof a supporting tray as shown in Fig 7 are so arranged in
series that bedpvatbeadijapemortion 132. Thmba.umew tii3éganerates and the
objects P to be heat 20 treated are placed in the carrying nenbers. The
carrying flamesnitt and hedt setiee dhapopoatidapti32uhHeat supphieidvtdy
| arger than the thickness of the object, so that when a force S
appl i edSt o tthelHeap cpaJMyDng1&an&rramdlyeds&tmlbs:teﬂ over the whodaber s
toward a direction to which the object is to be 25 noved, the force is
transferred egual¢zpmgcetieed ¢30 ywhjch heats the space inside the

sheet with heat radiation. As a result, the object P moving

in the inside space is uniformly heated from its whole

periphery.

10 The burner 134 is supported by a rotating axis 136
through an arm member 135. The axis 136 can pivot and
vertically move as shown with the arrows.

A heating position to be heated by the burner 134 can
be changed by rotating the axis 136, so that a heat transfer

15 condition from the burner to the object can changed. For
example. The heating position with the burner 134 may be
changed with the movement of the object so that a specific
portion of the object may be strongly heated.

Further, when the burner 134 is vertically moved

20 through the axis 136, a distance between the burner and
the flap potion 132 is changed, so that an amount of heat to
be transferred is adjusted, whereby the heat treatment
temperature may be easily controlled. It is also possible to
provide a mechanism which moves the burner paralle!l along

25 the object movement path, and also to use other heating
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menber and in turn to its further preceding carrying

menber and so and so. Thus, the force applied to push the | ast

carrying nmenber ahead is transferred in turn to
and finally to the front nenber, so that 5 all the carrying nenbers

precedi ng the | ast nenber are noveBl8 This kind of way of the
novenment nay be referred to as a push node (or a plug flow node).
When this node is used in the heating chanber 10, the object
supported by the carrying nmenber is noved in turn in the heating

precedi ng nenbers

10

chanber, dur mgans cathied tUnpocthe duener: r Esrregaxagnpde, tae electriccarrying

menbers are floated by the gas expelled fromthe

bel ow t he catv8atey mayebe used.orce
menbers is small. Wth the enbodi ment explained with reference to

Fig. 6, when the Tife strhjcdetrei of dibeplinsedateoniwalll whichhdefirres dbjesct
have a sufficient thickness, there is a possibility that

does not
t he

contrary,
5

10

15

20

25

abwgaiing wdrebmib elodo nete xplairegdi with tried eslgrexe .toTEigise 11

in the enbodi nent shown in Fig. 7, since the

to 14, and it may be of other structure as schematically
shown in Fig. 18 in a cross-sectional view of the wall.

In the embodiment shown in Fig. 18, inside the outer
wall 60, an insulation layer 142, an equalizing sheet 140,

an insulaticn layer 142, an equalizing sheet 140 and a

muffle structure 144 are provided in this order. The object

P is moved inside the muffle structure 144. The heating
means for the object P is separately provided. In the
shown embodiment, two sets of the equalizing sheet 140
and the insulation layer 142 are provided, but the number
of the set may be one or more than two.

In this embodiment, when heat generated in a space
inside the muffle structure 144 is transferred to the
equalizing sheet 140 through the muffle structure 144, the
heat is rapidly distributed over whole periphery of the
equalizing sheet and sheet temperature is averaged. The
insulation layer 142 outside the equalizing sheet 140
prevents the heat from being lost outside.

Generally, when temperature of a portion of an
insulation wall of the heating chamber gets locally high,

heat is likely to be lost outside through that portion of the

bl ow ng openi ngs
required to nove the carrying



carrying nmenber has the sufficiently large vertical 20 di nensi on, the

force is surely transferred between the adj acent carryi ng nenbers.
Thus, the enbodi ment shown in Fig. 7 is advantage in that the
possi bl e problemw th respect to th nbodi ment of Fig. 6 may be
surely avoi ded. ' I n ot her enbod nt, the top of the object
which is 25 nmovi ng may be carried out by using the suction neans 30
45 as shown in Fig. 3. In order to explain operation of the

Lt 0" e by SRR A OB 1868 ERRORERL Rl cforaBRLET) oLl
suct on ea1S 0008 n ghe,AEIETANEUAY PPV TaF e RabPlolt ™
;?lo\ljirrgegngnaaﬁggjée]gﬁ?g%teﬁgégﬁhg."}n?ﬁae% r‘?ngaf'ﬁsmfﬁk%ggf Wrr?l"f)hiil§sattached
T o e BRI BB g B e o 71
5 distributed by the equalizing sheet over the whole sheet, so
that §uch a locally high temperature portion is not readily
formed. When such a locally high temperature partion is
not formed, the heat loss through the insulation wall is
reduced. As a result, overall heat energy loss from the
10 heating chamber is reduced, which leads to effective
utilization of the heat energy.
Fig. 19 schematically shows other embodiment of the
“heating chamber 10 which may be used in the present
method of the heat treatment. Similarly to Fig. 3, Fig. 19
15 shows a perspective view so as to understand the inside of
the heating chamber 10. The shown embodiment|is
particularly preferable for the thermally treating Zone. Itis
noted that Fig. 20 schematically shows a cross-sectional
view (cross-section which is paraliel to the object
20 movement and which is perpendicular to the object) of the
embodiment of Fig. 189.
The insulating structure of the shown embodiment may
be the same as that of the embodiment of Fig. 3. The

embodiment of Fig. 19 also includes the object floating

25 mechanism and the object moving mechanism whith



surface of the body as shown with the void arrow. The body menmber 31
contains a pressurized gas passage 33 whi ch passes through the body
menber in its |ower portion. The pressurized gas passage 33 is
connected to a conduit 15 53 at its one end, and the conduit 53 is
connected to a punp 52 through a c&trol valve 54. The punp 52 and

t he val ve 54 are provided outside the heating chanber 10. By
operating the punp 52, the pressurized gas (such as air) is supplied
t hrough t he pressurlzed gas passage 33. At the ot her end of the
pressuri zed g‘é@"b@%lsﬁe&:]éh%fl%ﬁ“m members %Qeanﬂgtb& sgcbt%émembmréugh
whi ch the pressurized gas is di schar ged out si de. he body
menber 31 fur@feRNEbcaions ansiothish are ompalieahdrom g t%9cmr@riy for

portion. The | ower end of the 25 suction passage is connected to the
pressurized gagnplicity. When a large amount of heat is to be added as

passage 33. The upper end of the suction passage is open at the top
end of the bodythenb&rating aisove, the bpseing openings 24 as shown in

5 Fig. 4 may be provided. When a large amount of heat does
not have to be added as in the thermally treating zone, the
burning openings 24 may be omitted, and the floating
members 20 as shown in Fig. 8 and 10 may be employed.

As shown in also Fig. 20, electric heaters 80 of which

10 plan view is U-shaped are provided below the object moving
path, and conduits 80 through which heating medium
passes are provided below the slectric heaters 80. Thus,
the conduits 90 function as other heaters.

The conduit 90 is of a double tube structure consisting

16 of an outer tube 96 and an inner tube 98 having a number
of through holes. As shown in Fig. 198, the inner tube 98
runs through the wall of the heating chamber 10 and is
connected to an igniter 92 outside. The igniter 92 is
connected to fuel gas conduit 83 and an exhaust conduit 94

20 as shown. Fuel gas (or combustible gas) is supplied
through the conduit 93 to the igniter 92 where it is burnt,
and formed combustion gas is supplied into the inner tube
98, and then goes into the outer tube 96 through the holes
of the inner tube 98. The outer tube 96 is connected to an

25 exhaust conduit 84, and the combustion gas which has



end of the suction passage 32, a through hole 42 is provided in the

center of the end surface of the sliding 5 menber 40.

The

operation of the suction neans 30 having the above descri bed

structure will be explai ned bel ow

As shown in Fig. 8 (A, when

the pressurized gas passes through &%e pressuri zed gas passage 33,
the gas in 10 the suction passage 32 is sucked. Then, the gas above the

sliding nmenber 40 is sucked through the through hole 42 of

t he

obj ect P i Pasted thrayoh A RdFLTub Bdis e chverhs BEEmARen s 15

object Pis

Curtace o neoBdEitg ombating the’ comBuRiEs ons HowS thrpuagntRB o 42

surface of th

pressure of cHIVBEIURE BH Tie Bufer ting cthediial oREHE cambuRtiog: 40

is reduced. Then, .t he

upward and
menber 4
sliding

S
nb

sli di nmenhe

.20 40 which is freel bl
&% R Bmarpd P o thB PanARs fha kpEs: of (e adiek tubesi ng

ved.upward, the gap between the object P and the
eg84§uitgpqr ther narrowed so that the gas stream gets

faster and the preissurs%oof t he

10

15

20

25

wn in Fqu QSt Sthe heat emitted from the conduit
90 is absorbed by the equalizing sheet 100, distributed over
the whole sheet uniformly, and then transferred upward with
heat radiation to the object P which is located above the
conduit 90, whereby the object P is heated.

In the embodiment shown, even though a large amount
of heat energy is locally emitted from the conduit 90, the
heat energy is uniformly distributed by the equalizing sheet
100 over itself and then the object is heated, whereby the
object P is uniformly heated. In addition, the electric
heater 80 which is located substantially not to overlap with
the conduit 80 supplies heat energy, the electric heater 80
also promotes the uniform heating of the object P.

in one preferable embodiment of the present invention,
heat treatment temperature of the object is precisely
controlled by using a combination of two kinds of the
heating means, i.e. the electric heater 80 and the conduit
90 as described above. Fig. 21 schematically shows a
relationship as one example between a heating time (t) and

a temperature (T) attained in the heating chamber when an



25 | ower, whereby the sliding nmenber 40 is further drawn

47 toward the object P. As shown in'Fig. 8 (O, when
the sliding nenber 40 gets contact with the bottom surface of the
object P, the gas streaminto the gy ough hole 42 is no |onger
present. 5 As long as the pressurized gas is supplied through the
pressuri zed gas passage 33, the effect to try to suck the gas

t hrough the suction passage 32 continues, so the sliding nmenber 40

is strongly ajk ® tig hBatek ?étappredeternﬁ'ﬁ?é?d? teif perativie [roger 40
which is provided on the body 10 nber 31 cannot ane hori zontally, the

movenent of thie attain®8iRghp Féﬁaﬁusrteowgdcawérsa%@é {d iechbgnibgrugen the

sliding menber 40 and the object IS note

when the pressiy is1af 8hsafU@fduht of heat SUEAPREd b*wtﬁé%gﬂgnﬁftf@et |'s no

| onger present, so that the ng merrber 40 i"s nove wnwar d due

E)BJ Ietcts \Ig/e' ght(refre sentedtByStHé r@ne%ﬂ”ah@a@ﬁ%d‘n%tﬁ%@%‘f' FdatW@ppIide
5 by the electric heater 80 (represented by the area ll). The
borde{ing line between the area | and the area |l means an
attained temperature when only the conduit 90 is used.
When the conduit 90 is used for heating, temperature
control is carried out by adjusting an amount of the
10 supplied fuel gas. Since an amount of generated heat is so
farge, an amount of heat energy emitted from the
combustion gas (and thus the heating temperature) is not
rapidly changed and a time lag {i.e. a delayed response) is
not avoidable when the amount of the supplied fuel gas is
16 changed. Therefore, the heating temperature by the
conduit 90 largely fluctuate. The electric heater 80
generates a relatively small amount of heat energy
compared with the conduit 90, but an amount of generated
heat energy is rapidly changed when an amount of supplied
20 electric power is changed.
Thus, temperature increase by means of the conduit
90 is set a little lower than the predetermined temperature
TO, and the difference from the increased temperature and
TO is compensated by heating of the electric heater 90.

25 Then, the attained temperature easily and rapidly reaches



t hrough the bl owi ng openings, the object P returns to its floating
condition apart fromthe sliding nenber 40. In this condi ti on, when
sone force is applied horizontally, the 20 obj ect is noved horizontally.
Such a suction neans 30 can stop and di seggage the object P only by
controlling the supply and stop of the pressurized gas w thout a
conplicated nechanismin the heati ng chanber 10. Deletion of the
conplicated 25 mechani smin the heating chanber |eads to a stable

48 omn@ablrem@ﬁeﬁmenaaateﬁmémm TOEeRAd theé¥edfter the

t enper at ur e. I'n order to explain another embodi ment in which

the objtesined EMSler&tOre 9sSERRITH KDt Bétsh‘i)ésp?eéé@éﬁmme'ii
sectional view (cross-section perpendi cuI ar to the object

AT o Vbmbratremortl ot vaivee o o reputind
toward the ”ﬂ\éé‘ﬂn%attanﬁaé?@t&'rghéfttﬂé Bidjelct id'precisely controlled,
5 whereby heat treatment of high quality is ensured.

l{‘s explained before, the heat treatment apparatus
according to the present invention may comprise the
cooling zone after the heating chamber. The cooling zone
Z is schematically shown in Fig. 22 in its cross-sectional

10 view together with a portion of the thermally treating zone
Y. In the cooling zone, a gas of which temperature is lower
than that of the object is blown toward the object P so that
the temperature of the object is lowered.

In the embodiment shown in Fig. 22, there is provided

16 between the thermally treating zone Y and the cooling zone
Z, a pushing out member 170 which supplies the object P
(which has traveled the thermally treating zone Y) to the
cooling zone Z by horizontal movement of arms 172 of the
pushing cut member 170.

20 in the cooling zone Z, there is a conveyer 180 which
moves the supplied objects P downward while they are
stacked one on the other with a space between adjacent
objects as shown in Fig. 22. The objects are gradually
lowered while keeping the predetermined space between

25 them.



10 enbodi mrent as shown with the arrow) of the object P (thus, from

the lower right to the upper left). Concretely, the gas bl owi ng
menber 50 is connected to a punp 54 through a conduit 52 and a
control valve 56, and has a bl ow ng 5opening 51 at the end thereof

whi ch di agonally faces to the 15 objeé% P. When t he val ve 56
I's opened and the gas is expelled fromthe bl owi ng opening 51
toward the object P, a pressure is applied to the object along a

direction fromt h?{gere are,® vihie%‘tbfltogwf‘ M%@ﬁpelriféségv@@ﬁ%ggggeem

Pis driven 20 ong a di'rection o onent force o

the’ shown orBitl 2uat) 8 ARk drb2le s (4 S1iST BISnbLBRe bl of oy o "
o ol osed, niPWRITHE RRlE: PLANS D ots Pps REARDER R I 22he Tifect 1o
Since the gaB!s &iBEEPEPBIS  HEOrPER FRONSSISS 4028 Ripwer 188

5 through heaters 152.

Ip the shown embodiment, the gas which has been
used for heating in the heating zone X and/or the thermally
treating zone Y and exhausted therefrom through the
exhaust conduit 158 is supplied to the blower 156. Such

10 gas may be supplied to the blower directly or after being
heat-exchanged, then heated to a predetermined
temperature by the heaters 152 if necessary, and then
blown toward the objects P. When the gas is preferably at
a lower temperature, the heating with the heaters 152 may

15 be partially or totally omitted, and optionally, the gas may
be mixed with other lower temperature gas.

In the shown embodiment, the heaters 152 arranged
one on the other are operated such that the higher heater
produces gas having a higher temperature. Thus,

20 temperatures of the gas prepared by the heaters is
downward lowered stepwise. For example, gas having a
temperature of 350 °C is blown from the top blowing
member 150, gas having a temperature of 300 °C is blown
from the middle blowing member 150, and gas having a

25 temperature of 200 °C is blown from the bottom blowing



are |located on the both sides of the gas bl owi ng nenber 50,

substantially only the floating state of the object P is kept. It is
noted that when the valve 56 can control an anount of 5 the gas to be
expelled in addition to on/off functions gfgthe gas supply, so that
It can change the pressure of the expel | ed gas and thereby change
the force to nove the object (i.e. the driving force of the object).
I n ot her enbodi nent, the gas bl owi ng nenber 50 may 10 be i ncorporated
into the floaniergberer(.20. Such an enbodi ment is schematically

shown in Fig.

10 in the cross- sectional viewas in Fig. 9.

The floating menberhelecenbaphs videdddividiatior WReddBers 153 Rla®h E;g
passage 22, a gas bl ow ng opening 26 which 15 diagonally (fromthe | ower

right to the awaeudtebh) o@mlrﬁ;éfwmch are%ﬁfﬁéﬁ%@;ﬂb the bl’@w‘i’ﬁg”' ngs 22

so that it can control the novement of

ject P. The bl ow ng

openi ng 26 opARMmbers 150! aniifdﬁeservfa&,c@aﬁfor@ rﬁemﬁsé@spvslsl gpe2/ at the

top of the

floati ng member 20. I's noted that the

bl owi ng ®penid@nAe Jted 6 bR bb%cuat.orf %ﬁ@bnm@ée (for exanple circul ar
hol e) which is provided on a top of an overall colum form or in the

formof a slit

Sin®é théWbRscf PURCR'PY 8% PN nAthEPc8bIiRy Sdigat ed

Z have been often heated to a temperature of several

hundred degrees Celsius, the gas blowing at a temperature

of 350 °C cools the objects. As the objects are lowered,

10 stepwise cooler gas is blown to the objects, the

temperature of the objects are gradually lowered. The

object P which has reached the bottom of the cooling zone

has been cooled to a temperature of for example 150 °C,

which is then horizontally moved the outside of the heat

15 treatment apparatus 1 and taken out by a conveyer 184 as

shown in Fig. 22. The object taken out of the heat

treatment apparatus is optionally further cooled down

naturally to an ambient temperature. The embodiment

shown in Fig. 22 requires for the cooling zone Z, a smail

20 installation area which is a little broader than the area of

the object P. Further, since the gas is blown over the both

sides (i.e. main surfaces) of the object P, the whole of the

object is effectively cooled.

When the object is quenched after the heat treatment,

25 cracking or deformation of the object may occur during



menber and exi sting bel ow the object over its width along a 25 di rection
which is parallel to the object noving direction

50 and horizontal as shown in Fig. 3 (the slit enbodi nent).

Then, an insulation structure will be expl y ned whi ch can be used in
t he heating chanber of the heat treat ment & apparatus according to the
present invention. 5 Fig. 11 schematically shows a
cross-sectional view (cross-section perpendicular to the object

appar at us of SS8ling, TniBeie M RhN At AR dliar i chob I heat i ng
of 3 hi gnl'y GeRead bl HAIYE BnicpBrlions o TaR"pblder SEdRas bRdwnol e of
o et U ¥ tom gl A Bl Eh. BR) e8P G AP gna
b o s FRALA O Ut oL b e TR o 1o
5 behaviors of the object which result in stresses causing the
cracking and the deformation.

In the embodiment described above, when the
temperature difference is large between the gas blown from
each blowing member and the object (i.e. each blown gas is

10 at a lower temperature, and the object is greatly cooled by
such blown gas), the whole object is cooled uniformly and
rapidly to a temperature which is determined by the blown
gas temperature since the gas is effectively blown along
the both sides of the object P, and thus temperature

15 distribution of the object is likely to be uniform. Concretely,
temperature difference between the highest temperature
portion and the lowest temperature portion of the object can
be suppressed within several degrees Celsius. Thus, the
problem of the cracking and the deformation is improved.

20 For example, when a glass substrate having a size of
one meter square is cooled using the above embodiment, a
required time for cooling is not more than half of that for
the conventional cooling method and further substantially -
neither cracking nor the deformation occurs. In addition,

25 the sensible heat of the exhaust gas from the heating



3000 [err] C under the absence of oxygen, a thernal conductivity of
8.0 Wcnferr]K (parallel to the sheet main surface, a thernal
conductivity perpendicular to the sheet mai n surface is one
hundredth (1/100) of that parallel to the,g20 sheet main surface), and a
tensile strength of about 200 kg/ ciferr]. This sheet is flexible so
that it can be curved and defornmed. As a material for the outer wall
60, any materi al generally used for the conventional heating chanber

of the cEinbE o Ty P UAUTITN Y 5P th e B §HFTU € which is

stainl ess steéel am ¢ and quartz g SS na

51 I h
Tnside | veoddior cgoling.calé Rt Mace ‘z’éh?f@t AR Cl by
t he overlalddggal ation bl ocks 64, the object P is noved 5 while it is

floated. The gas is expelled toward the bottom surface of the object

P from the bl ow e PREP! 88 BRI of the mdhAF Whieh RbVESHE 20

5 object in the method of heat treating the object is
schematically shown in Fig. 23 (a) to (c) in which cross-
sectional views along the object moving direction and
perpendicular to the object are schematically shown. In the
shown embodiment, the floating members 20 are used which

10 are the same as those in Fig. 3. The floating member 20
expels the gas upward substantially perpendicular to the
object P.

In the state shown in Fig. 23 (a), the object is being
floated by the gas expelled upward from the floating

15 members 20, and is halted horizontally. Then, a pressure
of the gas is increased which is expelled from the floating
member 20x which is located below and around the rear
edge portion of the object as shown in Fig. 23 (b). For
example, the pressure is increased to 120 % relative to

20 those of the other floating members 20. Then, the rear
edge portion of the object is shifted upward and inclined
through an angie of 8 as shown in Fig. 23 (b).

When the object is inclined, an effect which moves the
object P horizontally as shown in the arrow by means of the

25 pressure applied to the bottom surface of the object P, so



Further, burning openings provided in the floating nenbers formthe

flames "f", which heat the object P. 10 Fig. 12 schematically
shows a perspective view of a pi ece of the insulation block 64 as
one exanple. The i nsul ati on bl ock Q$ is overall rectangular inits
pl anate form when seeing the bl ock $0n1its above in the shown
enbodi nent. The bl ock nmay be for exanple a glass form 15 Fig. 13
schematical ly shows a cross-sectional view of the insul ation bl ock

shown in Fig. tﬂgt%@oaésjfédﬁeﬁe%h% t8mave toWdrAItH@! lerfhades|del! gt on

bl ock 64 has an insid 1SS |e eep a hig

vacuum condi ti%"ﬁote élh%r el ’\étﬁﬁgéloqfégrkv%ghéﬁ#gqblrg% f:l *m ,@,%[ |S§Paét ached

toa 20 surface o I NSu bl oc h'is to tace

obj ect. é\%rel Tt}ﬁ Ilsnguﬁ%gv\%pltﬁ%k %eﬁqgg%gggl 3 fal rcsélel? Qf(ﬁnpgft i on

70 and a secon | ock portio

other over thgip, .wq;lngggswoﬁqomw BLRE 1 dyarfiBst! Hhg, bl ook

64. \When such¥insu I on
52 5 merely by partially differentiating the pressure of the gas

expe!led upward from the blowing opénings 20, the object
can be moved horizontally.
As shown in Fig. 23 (c), once the object moves, there
is substantially little resistance against the movement of
10 the object due to the floating state of the object, the object
continues to move horizontally due to the inertial force over
a considerable length. The pressure of the gas from the
floating member 20x is then returned to its original
condition. Therefore, the pressure from the fleating
15 member 20 which is below one edge of the object has to be
kept larger so as to incline the object P for only a period up
to start of the object movement.
Further, when the pressure from the floating member
20 which is below the rear edge portion of the horizontally
20 moving object is increased while the edge portion passes
over the floating member, the driving force may be re-
applied to the moving object so as to keep its moving speed
in spite of air resistance. When the pressure is further
increased, the moving speed of the object may be

25 accelerated. By sensing passing positions and times of the



| ocated to define the heating chanber, a portion of the first bl ock

portion 70 of the insulation block is placed on a portion of the
second bl ock portion 66 of adjacent i nsul ation bl ock, so that the
second bl ock portion functions 5 as a-gpacer. The second bl ock portion
66 has a protruding portion 67 at its edge. As shown in Fig. 13, the
I nsul ation bl ock 64 is placed on the equalizing sheet 62 on the

out er wal | 60, and the block is fixed by screwing a bolt "b" into

the outer Wa'bbfé’%izhjqwmé"seeﬁéemgﬂh'&gd%éhari‘nBﬁﬁgld%ébgigéoresu!ts

equal i zi ng shee n the 1'nsulation are overlaid

on the L QS i ; | b6 t bl ock
portions 66, E%%ﬁ%?ﬁggﬁgéggﬁggég ar@um%e\tﬁ%l tbg Qge grsgﬁ%ﬂ% al |

conceal ed Undgh dA1id ) Al10pl S IS 1A ePF1 4 8B Inerh BBy epbon bl ocks

64, so that e expose at| chanber are defined

by the infrared reglegLing (héMbove mol@mBnkhd Akt qgﬁeg}:g%gt?j‘t

When the insulating structure as explarne bove 1s _
Phe obj ot b rhoys Bl 167cnAAGY the' sP¥R dnpCthe dlndtioh BEHHE oy bet
IT any) Is refhfstEdnbBYdMent or to control the movement of the object
so as: to halt it. For example, when the pressure of the
floating member 20x is changed in Fig. 23 (a), the inclined
angle 8 is changed, so that the horizontally advancing force
10 F, and thus the moving speed of the object is changed.
Further, when the pressure of the floating member 20 which
is located below and around the left edge portion of the
object P is increased in Fig. 23 (b), the object is inclined
reversely to the state shown in Fig. 23 (b) so that it can
18 horizontally move toward the right hand side. In addition,
when the pressure which applies to the front edge portion
of the object moving horizontally is increased so that the
front edge portion of the object is shifted upward, the force

F acts reversely to function as a breaking force and thereby

20 the movement of the object can be stopped.

EFFECTS OF THE INVENTION
According to the heat treating method and the heat
treatment apparatus of the present invention, the object is

25 moved while the object is being fioated by expelling the gas



infrared reflection filns 68 of the overlaid insul ati on bl ocks, Y]

that the object P existing inside is heated by the refl ected heat,
resulting in that the heat energy is 25 effectively used and heat |o0ss
to the outside is reduced. 71 ' 53
The insul ati on bl ock 64 having the vacuum space 65 therein
effectively prevents heat from being | ost outside. However, there is
a possibility that heat is |ost outside t hrough the insulation

bl ocks t he%ﬁtb‘#@ér@%@%{é’ﬁi wmhatﬁhetm%drﬂéme%i %’trbb@gkébsﬁehts r,

there is a possibility tha | arge anount of heat may be supplied

to only a pordic¥h@Bntional d&RveVd A% 'fﬁiﬁﬁéﬁ'?‘?%g’ﬁst‘% i nsul ation

bl ocks 64 depending on the’use o ocat i on of

arrangement Hekhigy@Riwsmerig ﬁBitsrégéﬁve@ti;gﬂagle:ﬁaégfe'r@y 1d89s isl S

formed whi ch passes through that portion of that there

w1, O Y Susbrasadll AT R RuRLE RN, 15 reglieR £ Shprl e
shown, tde h@ftfiéilé%cvhiischm%%d'? hrough the insulation
.According to the present invention, only the floating
mechanism and optionally the moving mechanism have to
be equipped while the various mechanisms are omitted in
the conventional apparatus, the number of the mechanisms
10 in the heating chamber is greatly reduced, and thus dust

generation problems due the presence of the mechanisms

are also improved.



15 bl ocks 64 is absorbed by the equalizing sheet 62 and uniformy

di stributed over the sheet, whereby tenperature of a portion of the
outer wall 60 which portion would ot herwi se be_at _a high tenperature
is not increased. An anmount of the fgat |oss tﬁ?'mg cep Replaced g |

60 is 20 proportional to a tenperature difference bj ,l l

outside and the inside of the outer wall 60. Thus, whe

equal i zi ng sheet 62 prevents that portion of the outer wall 60 from
bei ng at a hi YWWHUETPES aCUSSMETS ifieat | oss through the outer wall is

reduced. Further, when the tenperature 25 di stribution of the inner

surface of the outqr VRlImetB APISF heat treating an obj isi
54 uni form by neans of the equa}i z? ng gsheet 6'§,Ctt (e:%ne’:r’gtsdp

f the insid - ' | ' '
of the insidengpacerdatirry the fe'd”tsakagjkggtel?!egﬁhﬁéé WAife the obj8Rte

uni form so that uniform heating the o

Fig. nlihisgﬂegﬁéoiﬁegﬂrdqyfgga\gf@d?mw%éﬂmﬁ di&Mber by eNPEAIHGESEs 1N FI 0.
5 toward the object from a position below the object.

?. The method according to claim 1 wherein the
floating object is heat treated whils it is moved horizontally.

3. The method according to claim 2 wherein the
horizontal movement of the object is carried out by

10 expelling the gas such that a force is acted on the object in
a direction which is the same as a direction of the
movement.

4. The method according to cléim 3 wherein the object
s moved horizontally by diagonally expelling the gas from a

15 position below the object.

5. The method according to claim 3 wherein the object
is moved horizontally by expelling the gas from a position
below the object so that a rear portion of the object is
shifted up relative to a front portion of the object with

20 respect to the direction of the movement, whereby the
object is inclined.

6. The method according to claim 2 wherein the object
is moved horizontally by applying a mechanical force to the

object.

25 7. The method according to claim 6 wherein the object

RN O



i nsul ation blocks are used. The insulation block 164 shown has a
rectangul ar plate formoverall, and such bl ocks are rhjsspeet jRV Bch@kfacoh the

equal i zi ng sheet 62 on the inside of the 10 out er
i nsul ati on bl ock 164 has a hi gh vacuum space 1agulﬂml‘HurﬂHU‘1e An
infrared reflection film168 is fornmed on the i of the
I nsul ation bl ock 164. The bl ock 164 has a through hole 166 through
whi ch a fastening screw 167 is screwed into the outer wall 60 so 15
that the Tnsul@tneydd trérikimhiaifiBgd EaniNg YRe! fletinBCobject by ast ening

screw 167 abuts against the insulatio ock™1 ough a ‘spacer

169 in the fopag sapqiégp(l)%g??stwqﬁe%@ganical fol &M P a%tgfﬂéﬁr“?lre] he

whi ch has an 1 nsul ati on rty suc as a ceramc materia

shown embodi mgyje ctg1oRE thEGYCHER 6PN MByaRREity of Lhe through
t hat e ou

hol e 166 so eat loss toward t tside of the wall 60 is

pr event ed. 8. . Tk othSPNESB ARG YRR eiFar g ypnal Vi ew

(cross-section perpendicular to | ect” novi ng rection of ot her

embodi megt  of KighfyiAGAE WY BAITRE M PFidd'e d'%fliving means provided along

at least one side of a path for the movement of the object

and an abutting member which is fixed to the driving means
so that the abutting member moves along the path, the
object being moved by pushing the floating object by the

10 abutting member which contacts the object and applies the
mechanical force to the object, and the movement of the
object is stopped by stopping the movement of the abutting
member through stopping the driving means.

8. The method according to claim 6 wherein a

15 plurality of carrying members each of which supports the
object thereon and which is floated by the gas expelled .
toward the object are so provided in the heating chamber
that they are in a directly contact and adjacent condition
with one another,' and when a last carrying member is

20 pushed into the heating chamber while it is in contact with
a carrying member directly preceding the last carrying
member, a mechanical force required to push the last
carrying member into the heating chamber is transferred to,
in turn, preceding carrying members and finally to a first

25 member, whereby all the carrying members are moved in

* ¢ L M S *



55 treatment apparatus of the present invention. I S not ed
that in the shown enbodi nent, the cylindrical outer vvéthlls SheelHaSBe
defines the periphery of the heating chanber and a

t he insul ation bl ocks are om tted. 5 Inthee

15, an inner equalizing sheet 110 4A4d an outer equal | zi ng sheet 12
bot h of which are in the cylindrical formas shown are provi ded such
t hat they surround the object P floated by the floating nmenbers

20. That is, I et loHh r r Qyd : ct P
in the doubl y enc osﬁnngl ayer?‘me%ruc Gﬁéﬁ %ée?‘ggjé&wrg{eépgtrgégh% éer wal |

60 (not show@ Wﬁﬂ@drﬁéﬁwﬁwé"é?é'}gfo sheet 112. There is provided an

electric heatdd n éac e upper and the | ower spaces

bet ween the equal igzhng 1 5

enbodi nent of Fig. 1Zq5 Tr!‘eathéﬁgr a%zzacl%edlt % %1a|r41 ‘é’threré'[be Fers 114 is
effectively tr e the. ual i i t 2vmth

| ess wast e. %t%sét Wi?ﬁ:lm{s BE‘”@qU‘a‘?Y%?ngk stﬁ' eﬁ{ﬁ%‘i ﬁ'{@% insfer t he
generateéi e%t rapidly over the whole of the sheets while the heat
S di stn%’u‘f%g uniformy, and the equalizing sheet 110

uni form y emts he!a,{_ LR erfﬁo%%%céordisnog 4261508 1Y $Herein the

object is stopped by expelling gas such that a force is
acted on the object in a direction which is opposite to a
direction of the movement of the object.

10 12. The method according to claim 11 wherein the
object is stopped by diagonally expelling the gas from a
position below the object.

13. The method according to claim 11 whereain the
object is stopped by expelling the gas from a position below

15 the object so that a front portion of the object is shifted up
relative to a rear portion of the object with respect to the
direction of the movement, whereby the object is inclined.

14. The method according to claim 10 wherein the
object is stopped by a suction means which sucks gas

20 through a suction opening located below the moving object
so that the object is drawn toward the suction opening.

15. The method according to claim 10 wherein the
object is stopped by a barrier member which is located in
downstream of the movement of the object and against

25 which the object collides.

W) O A



Pis heated. As a result, the object is uniforny heated. Fi g.
16 schematically shows a cross-sectional view (crqﬁ@- eet%li gn. q
per pendi cul ar to the object noving direction) 25 of o “Cof
t he heating chanber of the heat : “ ﬂmﬂﬂl‘ﬁi"

I

STSE

56 treatment apparatus of the pregén I nventi on.
that in the shown enbodi nent, the cylindrical outer wall whi ch
defines the periphery of the heating chanber and a wal | formed by

L3 AT B R aafarsine i 0 PRI LIS,
”‘; ] ht iéi%"%evtv%ﬁrfeiﬁ aﬁtf%g?ar%s g%?%f?}%aié&ﬁéréﬁ g?iéeﬁbmgciéi tTtE )10
quuaI I zi ng sh%iéteéllég?‘i Sf(&?%%?%% ‘&E‘?gﬁd@%t%%gmngpgg-‘g&’ aa}?‘lf'?\?\é\?[ﬁ@efzo

t hrough spacers 4 de,of an ipsul ating material. The outer wall
60 is provi dg'begétzt ie(r:%e?t ﬁﬂg o%;ecp. equal i zi ng sheet 122, which is not shown.

An electgic 17. The method according to any one of claims 1 to

16 wh.erein the object is cooled, after it is heat treated as
aimed, by expelling, toward the object, gas of which
temperature is lower than that of the object.
18. The method according to claim 17 wherein the gas
10 is expelled toward the objects which are so stacked that
their main surfaces are parallel to one another with a space
between adjacent objects, whereby the objects are cooled.
19. The method according to any one of claims 1 to
18 wherein the object is surrounded by an equalizing sheet,
15 and a portion of the equalizing sheet is heated and added
heat is transferred to the other portion of the equalizing
sheet, which heat treats the object.
20. The method according to any one of claims 1 to
19 wherein the object is a plasma display panel and a paste
20 material applied to the panel is caicined by heat treating.
21. A heat treatment apparatus for heat treating an
object comprising a heating chamber, a means which floats
the object in the heating chamber by expelling gas toward
the object from a position below the object, a means which

25 horizontally moves the object and a heating means.
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heater 126 is provi ded outside bel ow adjacent to the 15 equal i zi ng sheet
122. Heat fromthe electric heater 126 is tThiaBkkeHat 8ebniRepiichE

equal i zi ng sheet 122 anddi stributed over the whole t he
sheet uniformy. Thereafter, the heat is <4 transfer ﬂnﬂtﬂgﬂifle
structure 120 by neans of heat 20 radi atiron fromthe ual et
122, and in turn the muffle structure 120 heats the object P placed
in the inside space by nmeans of heat radiation. The term"nmuffle
structure’ means azmrtTheoBpyd iUl @b FdifeRY @i8tnt 2 whereifdid N

means such as an electric heater fromt spac whi ch the obj ect

is heat treatffeans which moves t ject i ' '
In the shown enbodi nent, the equal pzei ggjgﬁee'ts fzglowmg o&:oegélr}] tthggrﬂ%r(‘:t

with the muff{g gy Wi 4rie é%@gﬁwﬁrshﬁﬁggaf a fotr'breoﬁ'ghaﬁpggggﬁcﬁfé 124.

Thus, when the equall zing s s heated, hea ransferred
to only the eguahicij g Vi | L «hgak: It { hat
it is rapidly % lqﬁeaa{jgagcﬁarbﬁfé'{/ﬁgﬁh H%amlgsé??ﬂ%s grgg%”%g&?ﬁé %‘T{J?ﬁlee

5 movement.

23. The apparatus according to claim 22 wherein the
gas is diagonally expelled through the blowing opening from
a position below the object so that the object is moved
horizontally.

10 24. The apparatus according to claim 22 wherein in
order that the object is moved horizontally, the gas is
expelled through the blowing opening from a position below
the object so that a rear portion of the object is shifted up
reiative to a front portion of the object with respect to the

16 direction of the movement, whereby the object is inclined.

25. The apparatus according to claim 21 wherein the
means which moves the object is a means which applies a
mechanical force to the object.

26. The apparatus according to claim 25 wherein the

20 means which moves the object is a mechanical element
which applies a mechanical force which acts on the object
along the direction of the movement, and the floating object
is pushed by the force so that the it is moved horizontally.

27. The apparatus according to claim 25 wherein the

25 means which moves the object comprises a driving means

) ) A0



structure 120 fromthe heated equalizing sheet 122 and the nmuffl e

structure 120 heats the object P. Thus, the object PThisSheet]gaiﬁ eﬁ?{g&éacgd

uniformy and rapidly fromits whol e periphery. 10
enbodi mrents shown in Figs. 15 and 16, the 7 heat IJCIHJ ﬂHwas an
el ectric heater is located so as to partially | east
a portion of the object to be heat treated while keep sone space
bet ween the heating means and the object. Such overl apping is not
necessarily @dpovi@ay it ] Wi t a0 R OF

heat i ng rreansémay be aggg{@%%ﬁ%o Jeec ' Ji-é pE'fﬁ hgﬁg eaﬁ‘gvn%hﬁgll%nt
IS schematic i ol G- ‘ ' | uak|,£i: sheet 130
encl osi ng thgbtﬁjhe%g%é& Fﬁthe(l)jr‘lper?t'slgsg g%@g%ﬁﬁﬁf@s@’%#'c i s apart

form the obj egfe mafhr i@lgpcﬁ"‘]ischf edtt% Pﬁehgf"f\ﬁﬂ@ means so thggrttrﬁééa”pl €,

t he equal i zi ng sheet 'S wrapp round@ a sSpace aroun obj ect

so as to forn’é?uttin e rh B ﬁﬁé\é.égrlgléé%trgé%m’ the ?%%‘i?‘ﬂ?@lbgkéett i s

wr apped ormas shown i n n ‘end portion

25  extgnded; O ¥R by Bd ity PULRES bl PHBLRS BF THE S ELfing member

which_contacts the object and applies the mechanical force

to the object, and the movement of the object is stopped by
stopping the movement of the abutting member through
stopping the driving means.

10 28. The apparatus according to claim 25 wherein a
plurality of carrying members each of which supports the
object thereon and which is floated by the gas expelled
toward the object are so provided in the heating chamber
that they are in a directly contact and adjacent condition

15 with one another, and when a last carrying member is
pushed into the heating chamber while it is in contact with
a carrying member direct|y preceding the last carrying
member, a mechanical force required to push the last
carrying member into the heating chamber is transferred to,

20 in turn, preceding carrying members and finally to a first
carrying member, whereby all the carrying members are
moved in the heating chamber so that the objects supported
by the carrying members are moved.

28. The apparatus according to claim 21 wherein the

25 apparatus further comprises a means which stops the object

) 0 0



58 portion 132. In the shown enbodi ment, a burner 134
Is | ocated below the flap portion 132. The burner 134 generates
flames "f" and heats the flap portion 132. Heat supplied to 5 the flap
portion 132 is rapidly distributed over tﬁﬁsmhole Tmsﬂequaﬂkzn laSfﬁeet

130, which heats the space inside the sheet W|t
a result, the object P noving I n the inside spa
heated fromits whol e peri phery. 10 Teburner 134|s

supported by ﬁuf\?fr?é ,rhg“apél ﬁeja%‘i; P chamb@r ough an arm nenber 135. The axis
136 can pivot and nove as shown with the arrows.

s e, o ongy egBegh s O 4, i o, i >

ourner o, (hegts RO o Ebiouing o ST0RE .0 MR SRR

S0 1" SGHI, oxpelo B AAToHAE S EEh PYSS HERTR OERT

136, a dSStanﬁeanéé!‘ﬁﬁrﬁ Wictw 0% pp¥Lite to a direction of the movement
of the‘ object.

31. The apparatus according to claim 30 wherein the
blowing opening stops the object by diagonally expelling
the gas from the position below the object,.

10 32. The apparatus according to claim 30 wherein the
blowing opening stops the object by expelling the gas from
a position below the object so that a front portion of the
object is shifted up relative to a rear portion of the object
with respect to the direction of the movement, whereby the
15 object is inclined.

33. The apparatus according to claim 29 wherein the
means which stops the moving object is a suction means
which sucks gas through a suction opening located bslow
the moving object so that the object is drawn toward the

20 suction opening.

34. The apparatus according to claim 29 wherein the
means which stops the moving object is a barrier member
which is placed in downstream of the movement of the
object and against which the object collides.

25 35. The apparatus according tc any one of claims 21

R



the flap potion 132 is changed, so that an anmount of heat to be
transferred is adjusted, whereby the heat treatnent t enperat ure my

be easily controlled. It is also possible to PrgkisH&: @as BeGanhem
whi ch noves the burner parallel along 2579 t he obj ect| , and
al so to use other heating |"m1mn|mlﬂ 59

means rather than the burner. For exanple, an electric may be
used. The structure of the insulation wall which defines the

heati ng cha rak0..] k.ne ' I t QA ELAS; 14, and
it may be oﬂgtﬁérws*ferﬁéc( u?g%agp&%%ngﬁ?éﬁ?@%r Borﬁﬁzhso%% ?nﬁll—{%frqu in a

Cross-sect | O%glee{{i]r‘?&’ @fhiEﬂeg‘@?Jérﬁﬁ g flame .é!’blf@ea e&‘f?‘é@;f@ﬂtﬁg?ﬂg in

Fig. 18, insi evouter an insulatton [Fayer

Tdo and o 165% ffeh Upats ffe 810 E A I £H e HedE Rrpts e oo

140 and a 1 order. e obj ect
P is noved ir&sd.%ectt he nuffle structure 144. The heati ng means for
the object P i separately provided. In the

5 36. The apparatus according to any one of cilaims 21

to 35 wherein the apparatus further comprises a cooling
zone in which the object is cooled, after it is heat treated
as aimed, by expelling, toward the object, gas of which
temperature is lower than that of the object.

10 37. The apparatus according to claim 36 wherein in
the cooling zone, the gas is expelled toward the objects
which are so stacked that their main surfaces are parallel
to one another with a space between adjacent objects,
whereby the objects are cooled.

18 38. The apparatus according to claim 37 wherein in
the cooling zone, a plurality of streams of the gas are used,
and temperatures of the streams are stepwise decreased
toward an outiet of the heat treatment apparatus.

39. The apparatus according to any one of claims 21

20 to 38 wherein the heating chamber comprises an equalizing
sheet which surrounds the object.

40. The apparatus according to claim 39 wherein the
heating means is located outside the equalizing shest.
41. The apparatus according to claim 38 wherein the

25 heating means is located between the object to be heat

A



shown enbodi nent, two sets of the equalizing sheet 140 and the

I nsul ation | ayer 142 are provided, but the nunber of the set may be
one or nore than two. In this enbodi rrent HIE e rat ed
in a space i nside the nuffle strucigye 144|stra4@ ﬁ
equal i zi ng sheet 140 through the nuffle structure 144

rapidly distributed over whole periphery of the 20 equ and
sheet tenperature is averaged. The i nsul ation | ayer 142 OUtSI de the
equal i zing sheghté¥ and the @tﬁ‘!Eﬁtﬁnbh@h@’é’{t from being | ost outside.
General ly, when terrpera ure a portion of an i nsul ation wall of the

heat i ng chanber qq,ﬂi | 2 | | SI de
througﬁ t hat por?%n of é’pBbQEtus écco'}?ﬁhg tol efint 49 Whrdh Wé

i nsul ati on wadafiey Lfleld 118 R Y SHWE B thE6B]ER1 to be HEapeen the

i nside and the outs he 1 nsul at1 on In the shown

embodi ment,  he ey a"l"ﬂi Ghd Squalizing’ SHEY? {4 éﬁeeléjeﬂjlbyhgbggr the

tenperature portion is
5 apparatus further comprises another heating means which

is locgted outside the equalizing sheet, and said another
heating means is a conduit through which a heating medium
flows.

43. The apparatus according to claim 39 wherein the

10 equalizing sheet is a highly oriented graphite sheet.

44. The apparatus according to claim 38 wherein the
equalizing sheet comprises a flap portion and other portion
which surrounds the object, the flap portion of the
equalizing sheet extends apart from said other portion, and

16 the heating means heats the flap portion.

45. The apparatus according to any one of claims 21
to 44 wherein the heating chamber comprises a wall formed
with insulation blocks each of which has a highly vacuum
space therein.

20 46. The apparatus according to any one of claims 21
to 45 wherein the object is a plasma display panel, and a

paste material on the panel is calcined by heat treatment.

* [ L M S *



5 distributed by the equalizing sheet over the whole sheet, so

that such a locally high tenperature portion is not readily f or med.
When such a locally high tenperature portion is not forned, the heat
| oss through the insulation wall is reduced. ‘As a result, overal

heat energy loss fromthe 10 heati ng chanber is reduced, which leads to
ef fective utilization of the heat energy. Fig. 19
schematical ly shows ot her enbodi nent of the heati ng chanber 10 which
may be used in the present method og4the heat treatnent. Simlarly
to Fig. 3, Fig. 19 15 shows a perspectlve view so as to understand the
i'nsi de of the heating chanber 10. The shown enbodi nent is
particularly preferable for the thernally treating zone. |t is not ed
that Fig. 20 i I nal Vi ew

(cross- sectloﬁﬂaﬁﬁﬁﬁpﬁghbgﬁgl ﬂ$ﬁ %Fgng novenent and which is
perpendi cul ar to the object) of the enbodlnent of Fig. 19.

The insulating structure of the shown enbodi nent may be the sane as

that of the e g enbodi nent of Fig. 19 also

i ncludes the gﬁj ecltﬁeﬁga{”_ﬁg ”ﬂgEﬁﬁ%ni sm and the object noving

mechant smwhibh - METHOD OF HEAT TREATING OBJECT AND
APPARATUS FOR THE SAME

In the heat treating method and the heat treatment
apparatus of the object, the object is heat treated while it
5 is being floated by gas expelled toward the object from a

position below the object in the heating chamber.



61 conprise the floating nmenbers 20 and the suction nmenbers
30 and so on, and which are omtted fromFig. 19 nerely for .
sinplicity. When a | arge amount of heat is to be added as in the
heati ng zone, the burning openings 24 as shown in 5 “Fig. 4 may be
provi ded. Wien a | arge anount of heat does not have to be added as
inthe thermally treating zone, the bur ni ng openi ngs 24 may be
onitted, andFEEF f)l oating nmenbers 20t/ shown in Fig. 9 and 10 may
be enpl oyed. ° As shown in also Fig. 20, electric heaters 80 of
which 10 plan view is U shaped are provided bel ow t he object noving
path, and conduits 90 through which heating nedi um passeq are
provi ded bel ow the electric heaters 80. Thus, condyits 90
function as other heaters. The condui tZ of %Eéouble t ube
ner t'ube 98 having

structure consisting 15 of an olMer be 96
a nunber of through holes. Showh _i i nner tube 98
runs through the wall of the ating ct

connepted to
an igniter 92 outside. The ignigter is
-

/

N
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T
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connected to fuel gas conduit 93 and an exhaust conduit 94 20 as shown.

Fuel gas (or conbustible gas) is supplied t hrough the conduit 93 to
the igniter 92 where it is burnt, and formed conbustion gas is
supplied into the inner tube 98, and then goes into the outer tube 96
t hrough the hol es of the inner tube 98. The outer tube 96 is
connected to an 25 exhaust conduit 94, and the conbustion gas which has
62 . passed t hrough the outer tube 96 is recovered fromthe

conduit 94. During the conmbustion gas f#6%8 through the i nner tube
and the outer tube, the heat of the conbustion gas is emtted from
the periphery surface of the outer tube 5 96 out ward. As
shown in Fi gFige, 3the heat enitted fromthe conduit 90 is absorbed
by the equalizing sheet 100, distributed over t he whol e sheet
uniformy, and then transferred upward with heat radiation to the

object P which is | ocated above the 10 conduit 90, whereby the object P
i s heated.




In the enbodi nent shown, even though a | arge anount of heat energy
is locally emtted fromthe conduit 90, the heat energy is uniformy
distributed by the equalizing sheet 100 over itself and then the

obj ect is heated, whereby the 15 object Pis uniformy heated. In
addition, the el ectric heater 80 which is |ocated substantially not
to overlap wth the conduit 90 supplies heat energy, the electric
heat er 80 al so pronotes the uniform heating of the object P.

In one preferable enbodi nent of the present invention, 20 heat treatnent
tenperature of the object is precisely controlled by using a

conbi nati on of tEvgkiféds of the heat$hySneans, i.e. the electric
heater 80 and the conduit 90 as described above. Fig. 21
schematically shows a rel ati onship ong exanpl e between a heating
time (t) and 25 a tenperature (T) attaired ih the heating chanber when
an 6 object P is heated
to a predeterm ned tenperature (TQ T enperature (T)
corresponds to a result from L /A he stfn)of f heat supplied

by the conduit 90 22 ﬁﬁ)
20-;::{T§7

25

Fig.




(represented by the area I) and an anount of heat supplied 5 by the

electric heater 80 (represented by the area Il1). The bordering |ine
between the area | and the area Il neans an attained tenperature
when only the conduit 90 is used. When the conduit 90 is used
for heating, tenperature control is carried out by adjusting an
anount of the 10 supplied fuel gas. Since an anobunt of generated heat is
SO | arge, an anount of heat energy emtted fromthe

conbustion gas (and thus the heating tenperature) is not rapi dly
changed andeiglige lag (i.e. a delayed responsg)sis not avoi dabl e
when the anmount of the supplied fuel gas is 15 changed. Therefore, the
heat i ng tenperatgéf by the conduit 90 largely fluctuate. The

el ectric heater generates a relatively small anount of heat

ener gy conpared with the conduit 90, but an anpbunt of generated 10
heat energy is rapidly changed when an anpu pplied P9 el ectri
power i s changed. Thus, te e means of th
condui t 90 is set a little | ower s ™ enper giAr e

TO and the difference fromg NCT ea
conpensated by heating of the el eci\Ni

temmrﬂureeaglyjﬁgiamdlyreac
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64 the predeterm ned tenperature TO, and thereafter the

attained tenperature is easily kept at the predeterm ned t enperat ure
TO for a required period. As a result, the heati ng t enperature of
the object is precisely controlled, 5 whereby heat treatnment of high
quality is ensured. As expl ai ned before, the heat treatnent
appar at us according to the present invention may conprise the
cooling zone after the heating chanber. The cooling zone Zis
schematically shown in Fig. 22 inits cro§§1§ectionaL 10 view together
with a portion of the thermally treating zone Y. In the cooling
zone, a gas Bbgwhfch tenperature is |ower than that of the object is
bl own toward the object P so that the tenperature of the object is

| ower ed. In the enbodi nent shown in Fig. 22, there is provided
15 between the thermally treating zone Y and the cooling zone Z, a
pushi ng out nmenber 170 which supplies the object P (whi ch has
traveled the thermally treating zone Y) po the 10
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cooling zone Z by horizontal novenent of arns 172 of the pushi ng out
menber 170. 20 In the cooling zone Z, there is a conveyer 180 which
noves the supplied objects P downward while they are st acked one on
the other with a space between adjacent objects as shown in Fig. 22.
The objects are gradually | ower ed ‘whi | e keepi ng the predeterm ned
space between 25 them 65

There are pbﬁétd%g bl owi ng nmenbers 150 wh&y?shave a plurality of

bl owi ng nozzl'és (or slits) along one side of a | owering path of the
objects P as shown in Fig. 22. The . bl owi ng nenbers 150 are connected
to a bl ower 156 5 t hrough heaters 152. In the shown

enbodi ment, the gas which has been used for heating in the heating
zone X and/or the (h@rn&llg treating zone Y and exhausted therefrom
t hrough t he exha sté?gﬁ ulh 158 is supplied to the bl ower 156. Such
10 gas may be suppld g\{ ﬁbl ower directly or after being




heat - exchanged, then heated to a predeterm ned tenperature by the
heaters 152 if necessary, and then bl omn toward the objects P. Wen
the gas is preferably at a |lower tenperature, the heating with the
heaters 152 may 15 be partially or totally omtted, and optionally, the
gas may -be m xed with other |ower tenperature gas. In

t he shown enbodi nent, the heaters 152 arranged one on the other are
operat ed such that the higher heater produces gas havi ng a hi gher
tenperature. Thus, 20 tenperatures of th s prepared by the heaters is
downward | owered stepwi se. For exanpl e, /ﬁEV|ng a t enperature of
350 [err]Cis blown fromthe top blomﬁng menber 150, gas having a
tenperature%?g-SO% [err]C is bl own fromthe mddl e bl owi ng nenber
150, and gas having a 25 tenperature of 200 [err]Cis blown fromthe

bot t om bl owi ng 66 menber
150. There are provided evacuati on nenbers 153 having

P
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evacuati on openi ngs which are opposed to the bl ow ng

and the evacuati on nenbers 153 are

159.

5

Z have been often heated to a tenperature of several

Cel si us,
obj ect s.

the objects, tHigy. 11
The

the gas blowing at a tenperature
As the objects are | owered,

of 350 [err

10 stepw se cooler g

has been cooled to a tenperature of for exanple 150 [err]C,

then horizontally noved the @« si depof theaﬁeat
and taken out by a conveyer 184 as )

15 t
own in Fi

ol

taken out of the heat

cool ed down nat ur gl
shown in Fig. 22 requires
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nmenbers 150,

connected to an evacuation conduit
Since the objects P which go down in the cooling zone

hundr ed degr ees
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nt apparatus 1
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25 cracking or deformation of the object may occur during

67 cooling. This is probably because differently cooling
proceeds in different portions of the object so that non- uni form
tenperature distribution arises over the object, and such
tenperature distribution leas to different shrink 5 behavi ors of the
obj ect which result in stresses causing the cracking and the

def ormat i on. In the enbodi ment descri bed above, when the
tenperature difference is |arge between the gas bl own from each
bl owi ng nenber.and_the object (i.e. eacld/al5om gas is 10 at a | ower

t enperat ure, Big-t #é object is greatly cool ed by such bl own. gas),
t he whol e object is cooled uniformy and : rapidly to a tenperature
which is determ ned by the bl own gas tenpéerature since the gas is
effectively bl own al ong the both sidg§Qof theij@fect P, and thus
tenperature 15 distribution of the objec%’i likely td@®® uniform '

Concretely, t etped at ure B #f erig®@Be bet eehdt hi ghest ©efiper at ure
portion and the | owest (tenperaturfe porfiion gif}he J can

g i
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be suppressed within several degrees Celsius. Thus, the pr obl em of
the cracking and the deformation is inproved. 20 For exanpl e, when
a gl ass substrate having a size of one nmeter square is cool ed using

t he above enbodi nent, a required tinme for cooling is not nore than
hal f of that for t he conventional cooling nmethod and further
substantially nei t her cracking nor the deformation occurs. In
addition, 25 t he sensi ble heat of the exhaust gas fromthe heating

68 chanber 10 may be used for heating the bl own gas which is

used for cooling, and thus the heat energy is effectively used.

Qt her enbodi ment of the manner which novgg the 5 object in the method
of heat treatirgighel®bject is sche%ﬁtlcally shown in Fig. 23 (a) to
(c) in which cross- sectional views along the object noving

di rection and per pendi cular to the object are schematically shown.
In the shown enbodi nent, the floating nenbe%§ 20 aﬁﬁqused whi ch
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10 are the same as those in Fig. 9. The floating nenber 20 expel s
the gas upward substantially perpendicular to the obj ect P.

In the state showmn in Fig. 23 (a), the object is being fl oated by
the gas expelled upward fromthe floating 15 menbers 20, and is halted
hori zontal ly. Then, a pressure of the gas is increased which is
expelled fromthe floating menber 20x which is | ocated bel ow and
around the rear edge portion of the object as shown in Fig. 23 (b).
For exanple, the pressure is increased to 120 %relative to 20
those of the other floating nenbers 20. Then, the rear edge portion
of the object is shifted upward and inclined t hrough an angl e of

[err] as shown in Fig. 23 (b). When the object is inclined, an
ef fect which noves the object P horizontally as shown in the arrow by
means of the 25 pressure applied to the bottom surface of the object P,
SO 69 that the object
begins to nove toward the | eft hand side. |t11/15 is noted that a driving
(or advancing) force ?1? k§[err]sin [err]
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wherein mis a mass of the object, and g is accel eration of gravity)
Is formed froma view point of dynam cs. Thus, 5 nmerely by partially
differentiating the pressure of the gas expelled upward fromthe

bl owi ng openi ngs 20, the object can be noved horizontally.

As shown in Fig. 23 (c), once the object noves, there S
substantially little resistance against the novenent of 10 t he obj ect
due to the floating state of the objectqth% obj ect continues to
nove horizontally due to the inertial forcé over a consi derabl e

| ength. The pressure of the gas fromthe floating menber 20x is then
returned to iéf or{gi nal condition. Therefore, the pressure fromthe
floating 15 Serber 20 which is bel ow one edge of the object has to be
kept larger so as to incline the object P for only a period up to
start of the object novenent. Furt her, when the pressure from
the floating nenber 20 which is belNget he rear edge portion of the
horizontally 20 novi ng object is increaﬁjth\ ile the edge portion passes
over the floating nmenber, the driving. farce ‘khbe re- applied to
the novi ng object so as to k&ep i . in spite of air

resi stance. Wen the press x(;jasgy, t he novi ng speed

of the object nmay pe




25 accel erated. By sensing passing positions and tines of the

70 obj ect P using sensors and depending the sensing results,

the pressures of the floating nenbers 20 are controll ed when t he

obj ect passes over the floating nenbers 20. By using the above
novenent manner  of the object, it 5 i s possible to change the speed and
the direction of the obj ect nnvenent or to control the novenent of

t he obj ect so as to halt it. For g@ ke, when the pressure of the
floating g0x is changed in Fig. 23 ? t he inclined ' angl e
[err] is ¢ angeg so that the horizontally advanC|ng force 10 F, and

t hus the noving speed of the object is changed, Furt her, mhen t he
pressure of the floating nmenber 20 which Pis Iocated bel ow and around
the left edge portion of the obj ect is increased in Fig.. 23 (b),

th bj ect a ¢ tat N 23 (b
SOet (f:])a![ eICt ICz.nI niww T~Zzomt ﬁvﬁe%eyt/zlvaf zﬁﬁeiﬁeyglslt O%Z{II n;‘?r/g( (o)
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of the object noving horizontally is increased so that the front

edge portion of the object is shifted upward, the force F acts
reversely to function as a breaking force and thereby 20 the novenent of
t he obj ect can be stopped. EFFECTS OF THE | NVENTI ON

According to the heat treating nethod and the heat t r eat ment

apparatus of the present invention, the object is 25 noved whil e the
object is being floated by expelling the gas

71 toward the object so that the yﬁghanical structure such as
a conventional conveyer which enters a_é eaves the heati ng chanber
I S not reqq%%fg aad heat energy loss is suppressed. As a result, heat
waste is reduted and energy 5 efficiency is inproved.
According to the present invention, only the floating mechani sm and
optionally the noving mechani sm have to be equi pped while the various
mechani snms are omtted in
<
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t he conventional apparatus, the nunber of the nechanisns 10 in the
heating chanber is greatly reduced, and thus dust generation probl ens
due the presence of the mechani sns are al so i nproved.

7 2 CLAI MS 1. A nethod of heat
treating an object conprising heat treating the object while the
object is being floated and 5 noved horizontally in a heating chanber by
expel I ing gas toward the object froma position bel ow the object,
wherein the horizontal novenent of the object is achieved by

expelling the gas in a diagonal direction such that a force acts on
the object in the direction of novenent, 1and510 wherein a rear portion of
the object is shifigh #Brelative to a front portion of the object
with respect to the direction of novenent so that the object is

i ncli ned. 2. The nethod according to claim1l, wherein the object 15
which is being noved in the heating chaniger is stopped. 3. The

nmet hod according to claim2, wherein the Jobject is st opped by expel ling
gas such that a force acts on the obfect in direction which is
opposite to the direction of 20 nove of theobject. 4. The

nmet hod according to claim2 or claim3, erei niN '
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(a)
(b)
(c)
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the object is stopped by diagonally expelling gas from(a nmu ucn‘f\ Pfefaw—-—
t he object. 25 5. The nethod according to anhy REPLANCEMENFSHEETS 4, SG :
- wherein the object is stopped by expelling gas ff dinDescriptionapagédi.. tlmlpagad ..... ;
the object so that a front portion of the ob g’fcmm(ghl ftpagedJ,ﬁ)rt@Imged/?ﬁ
to a rear portion of the 30 object wth7eespect tg DRI :r)eqiagém"ofto paged .
novenment, wher eby the object is inclined. 1 Abstracth tg&pd* to paged .
according to claim2, wherein the o &ctAiEX M S Kt opped by a suctlon ans
whi ch sucks gas through a 35 suction opening |o véjhg' Wo o
obj ect so that t he object is drawn toward th Hﬁ """""""""

73 7. 1-The hebpbRCdcOEr d1gnf tBrerhi-pe2 al\/\/f@?lb?‘htt RemBBiEcng sheat
stopped by areatimy vREDEbjeRiLCRHIId aand eshfevpst sepaioy floatté@ and

novenent of. the ect an ai nst ich the o

B oo ot Mt e e AGPER 1R, o ChSERANG, Slater BY CXPRIILTqy9RE: n
flames are gewaat e:dxealcmmacam foqeld pegition dalesd |t(m=_~ @fbjder gachahe ih
floats the ec t ob ect 9.
The net hod Q‘Eccobglr tbaanymé’r?’eeIT(“)‘ﬁ‘r"r%Ehe% I“'E‘(?d EJ % h}\%her EI]HY
after the olqmlhsnmetatetqee@taad g dijagonal Qﬂatﬁ%til@y @prltmn‘g 2 oierdet he
obj ect, gas Ut Mbeh £HE objedteME attWee B§rle@ﬁ’§ront h@ﬁetMeﬁEnEhe fhgect.

15 The net hod accordl ng to claim9,, wherein t coolI'n . gas

is expéPI edwthtﬁﬁérld‘ & FIafalRqLt B0 (e the ehieshiich shrigted u%t’éﬁ:‘&‘ﬂl‘é%
that their AR NasWd®(es pure it aldfel the U¥Wject with respect to the

direction of movement so that the object is inclined.

2. The method according to claim 1, wherein the object
15 which is being moved in the heating chamber is stopped.

3. The method according to claim 2, wherein the object is

stopped by expelling gas such that a force acts on the

object in a direction which is opposite to the direction of
20 movement of the object.

4. The method according to claim 2 or claim 3, wherein
the object is stopped by diagonally expelling gas from a
position below the object.
25 '
5. The method according to any one of claims 2 to 4,
wherein the object is stopped by expelling gas from a
position below the object so that a front portion of the
object is shifted up relative to a rear portion of the
30 object with respect to the direction of movement, whereby
the object is inclined.

6. The method according to claim 2, wherein the object is
stopped by a suction means which sucks gas through a

35 suction opening located below the moving object so that the
object is drawn toward the suction opening.

is is the replacement sheet
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anot her with a space between adjacent objects, whereby the 20 objects are
- cool ed. 11. The nethod according to any one of the preceding

claims, wherein the object is surrounded by an equali zing sheet, and a
portion of the equalizing sheet is heated and 25 the added heat is
transferred to the remainder of the 2aequal i zi ng sheet, which heat
treats the object. 12. . The nmethod according to any one of the

preceding 7. ciie r’fﬁetwrzﬁtcfbfﬂlgngbtécélhimazp'ﬁﬁ@&edhsﬁhQYObgﬁeit ard a

30 paste erla appli.ed to the al.cined b treating.
13. Heat tF % ;ﬁu%ﬁ{ﬁl?ﬁrmﬁggFrth&ﬂ ﬁ %§$ gbw“ﬁsﬁﬁPF%P fg: 35
a heating G'thia”rheoyement of tkansbifticth éhdaia@rndqsmvehtibh dhjecdbijrcthe

heat i ng % by expelling gas through a bl owi ng openi ng toward
74 e o Jec froma position diagonally bel ow the object such
t hat a5force acts on the object to cause it to nove hori zontally in a

direction @f MVEENLe R eQ}Sc%?g&‘?Pjse% any_!chd Ngl¢ ”€€r‘(’)“'né:?eée&§gxﬁ of

portion of the object bei ng shi up refative to a porti
t he obj ect GAidimgespberein flanese agia cgenenaded: el adveddnteXpplling

heating negirection d&. thee FPParAikh ageadiothe Wjded 3, aMeerehe the
10 apparatT%Jégtgggtcgggaks%ge JE¥EEEWM'Ch st ops the object
10 /
9. The method according to any one of the preceding
claims, wherein after the object is heat treated it is
cooled by expelling toward the object, gas of which the’
temperature is lower than that of the object. -
15 ' '
10. The method according to claim 9, wherein the cooling
gas is expelled toward a plurality of the objects which are
stacked so that their main surfaces are parallel to one
another with a space between adjacent objects, whereby the

20 objects are cooled.

11. The method according to any one of the preceding
claims, wherein the object is surrounded by an equalizing
sheet, and a portion of the equalizing sheet is heated and
25 the added heat is transferred to the remainder of the
equalizing sheet, which heat treats the object.

12. The method according to any one of the preceding
claims, wherein the object is a plasma display panel and a

30 paste material applied to the panel is calcined by heat
treating.

13. Heat treatment apparatus for heat treating an object
comprising:
35 a heating chamber,
means which float and move the object in the heating
chamber by expelling gas through a blowing opening toward

Teas i .ne reciscement sheet
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noving in the heating chanber. 15. The apparatus according to claim
14, wherein the neans whi ch stops the noving object is a bl ow ng

openi ng which 15 expels gas such that a force acts on the object in a
direction which is opposite to the direction of novenent of t he

obj ect. 16. The apparatus accorggéng to claim 15, wherein the 20
bl owi ng openi ng stops the object by diagonally expelling the gas from
t he positi orahbebb\n'/ebltefnbjneatposition dﬁagBInmlalgpare'iIdw tﬂxmmhjjs@ttsnmi aim

15 or cl ai ei | o SLo ohl &
expel i ng g)gikgt 2 rfoovr%}'e% ao%étl%]l Sh b¥‘\1’ @Eﬁ J ec @% g‘ ft?%n?&/ove
portion of bﬁéfl@mfbtﬁll}s 1S'hlaf dadegs iog @tf mgvte@eamr,emhereby pdvet icdrj estt t he

obj ect wthlgeia%qtmteg Whendiar eebOBofk ion o Y;%WBB ec%%te&% ihe sakigect
is inclined. : 18. @ The apparatus accor L}%’l?dhb aim 14, "wherein the

nmeans ° V\HPCFf I8 P dvERgnbbPestlcn % h%‘aﬁswﬁ\ﬁ?‘cﬁ'esl”e%cks
gas throughta she iddr«peivmoof ogRkeflobeentt,heang noving obj ect so that

the object is dr?lvﬁ\im t.oward t he suction opem ng. 35 19. The

appar at us accor di¥ig PBLIRFINI4, wherein the means whi ch stops the

noving object is a barrier nenber which is

The obi JPaged gwsggsa@a%smxsgs%ﬂ the oghgeh Ay, 29AdBlin endhich
10 apparatus further comprises a means which stops the object

moving in the heating chamber.

15. The apparatus according to claim 14, wherein the means '
which stops the moving object is a blowing opening which

15 expels gas such that a force acts on the object in a
direction which is opposite to the direction of movement of
the object.

16. The apparatus according to claim 15, wherein the
20 blowing opening stops the object by diagonally expelling
the gas from the position below the object.

17. The apparatus according to claim 15 or claim 16,
wherein the blowing opening stops the object by expelling

25 gas from a position below the object so that a front
portion of the object is shifted up relative to a rear
portion of the object with respect to the direction of
movement, whereby the object is inclined.

30 18. .The apparatus accordihg to claim 14, wherein the means
which stops the moving object "is a suction means which
sucks gas through a suction opening located below the
moving object so that the object is drawn toward the
suction opening.

35
19. The apparatus according to claim 14, wherein the means
which stops the moving object is a barrier member which is

This is the feplacement sheet
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20. The apparatus according to any one of clains 17 to 19, 5 wherein

t he apparatus further conprises a burning opening whi ch generates a
flame along a direction of the gas which floats the object, and the
flame heat treats the object. 21. The apparatus according to any
one of claims 17 to 20, 10 wherein the agparatus further conprises a
cooling zone in whi ch the object is cooled after it is heat treated,
by exPedyld ik t WAtk bb 8 C ino Ve it ﬁ@' thed hSp§eBReAHAI &gainst S

| ower than that of the ohject. 15 22. The apparatlus according to claim
21, wher ei n WitGhethe obggat §9lddfies+ he cooling gas i s expelled toward a
plurality of the objects which are stacked so that their mai n surfaces
are parallel_to opne another with a space bet ween _adj acent b%ecﬁ ,
wher eby t he Zfbj ect’d® FRPEHBFEF. 856°rAing £0 #RY QPSP & aéE’c“oflgi § é'
claim 28, whdrexeinnthbheapparatad i furttome, campltisaki &y ofrsingaopenfinghe
cool i ng gas n rat uress. { t :

st epwi se Mﬁ{%erf:r%%%%ggggmsargdq%ﬁgﬂ%g%ﬁ&%%fa tsdnlero%ceta %r%%t%}g%ﬁ%%ggﬁé BS.
25 24. fhvatpphirat abisstor dindy the afjanachebtctaientsl the gyject.
wherein the heating chanber conprises an equali zi ng sheet whi ch
surrounds the object. 30 25. The  apparatus _according to_claim 24,
wherein the 2. TRet3RP2RBENS RSCPEEdNEd toutsivdenehefeqgiarmsi Ad SRedP.

26. Theoappatadrtsimcenedappair@tilfi fhrdhehebabrikke a codleaid ngofigans is

nggt ed bet Vv\ﬁ'xeincr& hghgbjoe}gjtect:g 9% ro]::eoac:tle?’ci5 af%g%ati%d Psndhtegg %.Cl'ueaalt'l,ezé,ngby
expelling toward the object, gas of which the temperature

is lower than that of the object.

15 22. The apparatus according to claim 21, wherein in the
cooling zone, the cooling gas is expelled toward a
plurality of the objects which are stacked so that their
main surfaces are parallel to oné aﬁother wi'th.a space
between adjacent objects, whereby the objects are cooled.

20
23. The apparatus according to claim 22, wherein in the
cooling zone, a plurality of streams of the cooling gas are
used, and temperatures of. the streams are stepwise
decreased toward an outlet of the heat treatment apparatus.
25

24. The apparatus according to any one of claims 17 to 23,
wherein the heating chamber comprises an equalizing sheet
which surrounds the object.

30 25. The apparatus according to claim 24, wherein the
heating means is located outside the equalizing sheet.

26. The apparatus according to claim 24, wherein the
heating means is located between the object to be heat
35 treated and the equalizing sheet.
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76 - 81 27. The apparatus according to claim26, wherein the

. heating neans | ocated between the object to be heat treated and t he
equal i zing sheet is an electric heater, the apparatus further
conprises a further heating nmeans which 5 i's |located outside the
equal i zi ng sheet, and said further, heating means is a conduit through
whi ch a heating nedi um flows.76 - 81 28. The apparatus according to
any one of clainms 24 to 27, 10 wherein the equalizing sheet is a highly
oriented graphi t®he appheetus accor@ngTheoappkd it u Gcceheredrt othey one

of clainms 24 h a [ heet. C LSes
portion 15 heé %ﬂﬁdmeanﬁ T@Sa ng % %wng khé EEH% ST%SUB ﬁ%%g % fé%%?
wher ei n t heahdat theg neqnelheang thbeétaplporahonelectrlc 3beatkyr ,appheat us

accor di ng éﬁs?f‘XF%e frtﬁ-l% Borldrifeda furthwrﬂ&%ﬂ%fﬁﬁﬁﬁéngﬂqgﬁnber

conprises a I NSu atlon bl ocks eac
vacuumpacést hefarad OUtSldeSEheTWQWﬁ%kﬁkn§mﬁhe%%rdﬁh@ sdidnfushbest,

clainms 17 tQe3Ring meaMieri i tdhbi€CthtsughPhasmn 4 %@ﬁflﬁ@nﬁbdﬂﬁd a

paste material on the panel is calcined by heat treatnent
flovws.

28. The apparatus according to any one of claims 24 to 27,
10 wherein the equalizing sheet is a highly oriented graphite
sheet.

29. The apparatus according to any one of claims 24 to 28,
wherein the egualizing sheet comprises a flap; portion

15 extending from a main portion which surrounds the object,
wherein the heating means heats the flap portion.

30. The apparatus according-to any one of claims 17 to 289,
wherein the heating chamber comprises a wall formed with
20 insulation blocks each of which has a vacuum space therein.

31. The apparatus according to any one of claims 17 to 30,

wherein the object is a plasma display panel, and a paste
material on the panel is calcined by heat treatment.
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