1 0 ~~R 2005 DESCRI PTI ON SI NTERI NG FURNACE, METHOD OF MANUFACTURI NG

SI NTERED OBJECTS, AND S| NTERED OBJECTS 5 Technical Field The dr@<MAR 2005
invention relates to a sintering furnace for sintering an object to be
sintered forned of ceramics, fine ceramc materials, etc. to produce a
sintered object, 10 a method of manufacturing a sintered object, and a
sintered object. Background Art Conventionally, an electric furnace or a
gas furnace 15 has been used as a sintering furnace for sintering an object
to be sintered_ However, since thePEerPéPaLd¥e in a furnace nust be raised
gradually in order not to generate any tenperature differences between the
surfaces and the interiors of the object to be sintered in the case of such
20 f ur naceSINFRING HURNFGIt METHED st BRRUFASTIRAN@ds fReARRBt BhgecTkher e
has been a problemthat sintering tine is liable to be | onger. Accordingly,
in order to solve such a probfBR) SINFEREDe OBYERITRed Patent Publication No.
Sho 58523349, 25 Japanese Lai d- Open Patent Publication No. Hei 3-257072 and
Japanese Lai d- Qpen Patent Publication No. Hei 6-87663 propose vari ous

si nt eri ng Fafhmdead dsiedg mi crowaves. M crowaves are absorbed unifornly both

onto the surfages a@d into.the %nteriors of the objects to be sintered. 30
Therefore, therée i S onfya Elte FedSatas 40y & Sipdrartivre ditiagences

occur durifing heatergngebneenithe W fiaces And JNtQIIQUS @ffb dde,ppigct to be
n

sintered. Qonsequently, the rate of tenperature rise can be increased to
shorten t Kénel cgrapicgmapesiatisne atacedsamrodocet ke ssimteardchpbieac | ar ge
exte as | i I ring _can _he accomplished. Sintering the
obj e?t% tgvﬁlgltgiegt g?egg&mﬂkah%hgrlé Fed N E%Se ?’3&‘%3 &i¢h & R Dgy
‘that decrebsestenergy necessary for the 5 sintering as well as increases
productivity of producing sintered objects, especially ceramcs for

i ndustrial use. The inventors of the present invention found that when

si nteri ngBagkgosdugt #dt usi ng m crowaves, a pseudo-adi abatic space
conpletely insulating an object to be sintered is 10 created by surrounding
the object to beneemieeml it ham ehechulici isuhatengrnat gasalfushiaek has an

equi en | GLONAY. bsor pt i r to that of .the object to be
s?ntg%Ld.B?§1§%is cgig,égc%u%$£%§%9§§ %ﬁé?ﬁﬁ? PadPeRtEF A" Bhé obj ect to be

sintered dogecd radbatsomteoadi ngioaavbe, 15inest taknednpBdafore Yai for m

sintering n_be acconplished. 'However, since energy of the mcrowaves is
absor bed gﬁgn%%%éﬂﬁgﬂqﬁ%tr?ﬁﬁ?di%r?ﬂﬁa%%Yeb? ?6 DE 3Pht EPedebgraikso in the

i nsul at i ngnyret @ipataturd hei ceseREeSI PLERLEDY the ol egteL0o Rg §hAtered
surt Ounde{ini?gritgr% aobfovtehel r]c)sbujl eaéé nt?o be sintered in th
_ in e case of such

20  furnaces where the object to be sintered is heated from
outside, there has been a problem that‘sintering time is
liable to be longer,

Accordingly, in order to solve such a problem,
Japanese Examined Patent Publication No. Sho 58-23349,

25 Japanese Laid-Open Patent Publication No. Hei 3-257072 and
Japanese Laid-Open Patent Publication No. Hei 6-87663
propose various sintering furnaces using microwaves.
Microwaves are absorbed uniformly both onto the surfaces
and into the interiors of the objects to be sintered.

30 Therefore, there is only a little fear that any temperature
differences occur during heating between the surfaces and

interiors of the object to be sintered. Consequently, the

rate of temperature rise can be increased to shorten the



20 material, the anount of energy necessary for the sintering increases
significantly. In order to restrain the anount of energy conigE?%Agnzégge
insulating material, it is necessary to make the insulating tlerial
thinner to decrease its weight and heat 25 capacity. However, if the
insulating material is made thinner, the anount of thermal energy |ost by
heat conduction out of the insulating material becones larger to such a

degree that;can glected, conpared to the_anount of thermal energy
gi ven by t%éﬁﬁi lg(rg%(\e/\ggaefsl}?t%&f htgh%OSf‘ﬁgﬁFéf‘fJnéorrﬁt &PFEP. SAEEBEdRAGHEL Lt her e

occurs a |asgentsoperainterhdfesence hetwrenitheql ”Sbgﬁtéﬂiﬁgcﬁhgf the
insulating material and the object to be sintered. Consequentfy, the above
assunpti ono%?e‘b%%u%-%i%a‘ﬁ]@ﬁd WDth mieroRawbsspacexpiettedohsbeuch

establish ESW LT i C nce of thermal gradient _in the object to be
si nt er ed %e{to r%idl i%hnaogcod;%%ﬁ%?sﬁe?%?ﬁgﬁ,n g???%’fyog?ﬁc?h%f the present

i nvent Pon $intetingraovive Ja £ rh“_trﬁfiré@séyrpg@@u(\mﬁ;ftpcggrﬁgggg&%gt her mal
gradient in %n obj echb to be sintered due to radiation cooling can be
rest r ai ned® MHiT €AY BFA g PRy errryyl aectssalydiorrsa hteséng t he

object to be sitMeLrieFendRd A d facturin obj ect_to be
sintered, and a 10 ‘sintered ggffatglt% xﬁ'{)er in elnfa‘fer{b“ﬁa%?%% Lfgﬁ‘bri“’l?ﬁn
sintered cHjNéErs NG isummelductpel contriuoitsr Sidtas i ng ddenased sapgef er abl e
where a pl ﬁra%lei LY, Ofgle rﬂcesses can be carried out continuously. In the

3 "B F o ad@SUla bihg | Qkuiact £q d& rimtarethpropri at e

cont i nuous “Si Mt er i b

t enpel @t uicereditsldr byusueroundihg fWenags &t changl ng s Jenpgrature in the
furnace in the direction of carrying the objects to be sintered.? The reason
i s” becaus&8ZFR piosEdatiner makanplad, wividndiasprael iejuiaral esitnt er i ng, mai n
sinteringhi Si ' 0,.pr e t . be ne in .the particul ar
tenperature%%gg?gﬁ aﬁ%ﬁ?hggﬁé g?ﬁggzibgf?e%ﬁ&n&ﬁﬁghfhé*556*:FBMéVbr, in

t he case &fintheedint &éni hhiwi thswi cbevavresnceobratihermafl FrRQRet in

t enperat urg dgéiéggu iog in.the fa;nace, which is a continuous cavity, is
difficult, 25 because®ePBcttIECpERefUgelsi tpddrtine RPeldRayeeni bedi sper sed
and Ui f orebzedihbaosgh mepetihi @8rff sHHkELRLE Eg%' E‘ét 58908& JlgLowaves

wi thin the furnace. Therefore, a second object of the prese % invention is
to provide a cHAYEVebusSEReE erRREIY upfiathewhéreowadest apebabubed

n one 1 uf nace. aneon oby c2t ¥ o' BetBnbhY el BR RE " SERFRROuEHS ShAberod
Wi th mcrbwabes imswheting meweer satl anmehbodasé sBNYLAEEUEIhHILAR Obj ect to
10 Py~ “5bféé¥x%%t§%5é{g€g§§h Sﬁgrguﬁégéeﬁﬁdtggjggéﬁe insulating
20 material, the amount of energy necessary for the sintering
increases significantly.
In order to restrain the amount of energy consumed in
the insulating material, it is necessary to make the
insulating material thinner to decrease its weight and heat
25 capacity. However, if the insulating material is made
thinner, the amount of thermal energy lost by heat
conduction out of the insulating material becomes larger to
such a degree that cannot be neglected, compared to the
amount of thermal energy given by the microwaves to the
30 insulating material. Accordingly, there occurs a large
temperature difference between the inside surface of the

insulating material and the object to be sintered.

Consequently, the above assumption of pseudo-adiabatic



Di scl osure of the Invention According to an enbodi ment of the present
invention, a 5 sintering furnace for sintering objects to be ﬂiwtﬁ%e? agith
m crowaves is provided. The sintering furnace conprises an inrer §he $

whi ch can heat itself with mcrowaves, and a m crowave generator. The inner
shel | defines a sintering chanber and the objects to be sintered are

di sposed in the 10 sintering chanber. The m crowave generator radi ates

m cr owaves he.objects to be sintered via the inner shell. The anount of
heat genera gccigwg%‘rg?tﬂ% nli)%r%@\B@éilﬁgr‘sduﬁietsu\}éﬂﬁﬁelﬁf ockarirenee stfel | is

| ar ger t hanhhtheaanguadi &ht generptedpheat per LUNLt of the objects to
15 be sintered. The tenperature of t?e ins?dggsE?nggggfd%lﬁettf)nner shell is
subst ant i aFPYiehEor apeobinghe surface tenperature of the objects to be
sintered. Accorli o anat her enbadi ment of the present invention,
provided is a n@%%%déoo]?e'rmanu et _Okﬁb‘_e%F n?_gr@éle X dbFREt SNWAREéonhés
sinteréd obpemtevate 4 arrrec bing adiali 89 ThEEOVBUESHT0n00I 681 PpLo,bE
sintered. The pethod conprises the steps of: 1) providing an rnner Shell
whi ch can Fed1§seld af tPIRTY dvmvies sttt ewhéd hddef tmesadi st hbar i ng
chanber; iddodipPesim j to be sintered within the 25 sintering
chamber , the anﬁnt o%eﬁgdzﬁ%q%%nler}eac?e@ T 1Pt HEUER Dt eSS P e UBRETYBI urre
of the. inmrestmly flvei g rtangerg tthan dhpe @UNtL Of s ganeray ed, hgat per unit
vol une of r&ehcef]o(%:{jv\%&as tg be sintered; iii) formng sintered objects by

radi at i ng "M e onaire QARULR S URici vy R diorbe @ irtee 381 obimdts to be
sinteted Hiatdied prgecghel | in order to nake the tenperature of .the inside
surface of the inner shell substantially the sane as the surface

tenper at ure of FPKel8bpREi gt Babe pirvidered.on b0 sRhiteTe D5 AaGor di ng to
still another .8 ' he present. i nvention, a sintered object

obt ai ned thr g&g??ﬁ%n‘gggegkﬁéyﬁogﬁn Frio\ d&Fnasee dedipdg g akist her

enbodi nenwhefret heppreagnt ySoifnpebtie@Be spPicavi ged da$ 8 e jNuous sintering
furnace for sinteri 9 obirﬁects to be sintered with mcrowaves. The

cont i nuous “Si ﬁP@PFﬁS fur h3ckPBofpPtdBgoRs SAasteatnag fwankceperinea e to

m cr aviavefeced8shr¢r O¥AYErACRAR! 8bRLoARY f I stem. The.insul ating
wal | defines a sintering 10 chaﬁgeﬁﬁangﬁﬁhgggggggfs’ér?oQ%E’Iéfilﬁflgrlé’&’ are

di sposed R the SrARe¢engy chbabeingThbentempaaseugenenathe radnales

m crowavesnt phthgi pBI intered via.the insulating wall. The

f eedi ng sygtem fe%ads&?%geﬁo‘%?e%%]é;{/(l)n%egg?n?gi’%atF nt® PReSdPhEEEPRg chanber .
The tenpefaeureaspn his héeaise séatler bpgceBaMpesri xshgngedqi-pigpder to
correspo#gr%f.lwe Si nterén ,&ocess of the objects to be sinter din the
direction of teeding THe %‘g’[ 1 PP pelRE AT BR@Y. oAckle dshgteoipgt anot her
enbo@diOnentroefeddes phasede | AMRNT 0Ny LPT OV ] 9f cmanut act uri ng
sintered 20 objects where the sintered Eg jfgggusi%f gt%%é%%%t yoradfabng

mi cr owavest tREBpihe tiignRdRe aqrnesrendiing tethsico conpri ses the steps of: i)
providing an ipsuhald ng el r bl g .to mcrowaves,, the jnsulating wall
defining a sintering chélvn\%gre; %ﬁ%gegblésgto% R T4 51 &8 B PeCER i er ed

wi t hi n 25 aimatsion exfi Ry pofvardrertdmper 06t NG SUSRE i dd | 9n fOELI Ng the
sintered 15quineﬁcﬁtes b .rzldi.ati ng, m crowaves With a mcrowave generator via the
i nsul ating wall 'to o) Ect-ON I BUS Mdstidy rcdry iBE fimwlthe sintering

chamber $edhate tdhedremperaiiere dddhity, e éienﬂrﬁrd'fﬁb%a% 8l 1s changed in
30 order to correspond to the sintering process of the objects to be
si nt er ed SFAHSCesdchyndifeartizend ¢hnodvghobjepetts tiorbe fSimtlargsie Accor di ng

to Sti||I@QQEQ%&o%”B?dhq%Q5w8EeEh%iQ%ﬁ%P%%e furnace.

Therefore, a second object of the present invention is
to provide a continuous sintering furnace where a
30 temperature distribution corresponding to a plurality of
processes can be easily formed in one furnace and an object
to be sintered can be continuously sintered with microwaves

in the furnace, and a method of manufacturing an object to
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i i i i i h the above nethod
1 0 ~~ 2005 invention, sintered objects obtained through t
are provided. Brief Description of the Drawings 5 Fig. 1 1is aﬁ&i}@

.tﬁ}
X
sectional plan view showi ng an enbodi ment of the sintering furnaceqﬁf ﬁe

i i i i i i | plan view
ent invention. Fig. 2 is an enl arged fscherratl c sectional _ _
g?\g\?vi ng the sinteri nggchanber. 10 Fig. 3is a sphema_tl c sectional si de vi ew
showi ng a first. enbodi nent of the continuous si nteLl ng f;Jrngace. f Elr ﬁacg : f]
sehenatie s ional plan view show ng the sintering
Eing.enl?,ér I%?%le §é IS %é(g'r a%ﬁés o%rhtge¥%% ?gﬁrﬁEFatu_re dependence 15 of conpl ex
dielectric loss of the insulating wall. Fig. 6 is a schematic plan view

. . . . " Mbde

i d enbodi nent of the continuous sintering furnace. Best

?gswcggrsi[zjgsc%sqlﬁe Phvidift iBvergdant he fol I ow n%, 'élhe enbodi nent Ze(r)ft'z)he
t inventi i_be he baS|_ f the drawings in_ or

Gescribe the pressmCioast Fan b tEred | Harpeaseh norteabi aent Roned.
li ke réf ersdmde munthehgnaefee!f dro diirke: FETMEsIS) &by Hughout éﬂﬁtgfé‘éﬁ“ \pgéh
(Sintering.f urnac%) Fig. 1is a schematic sectional view show ng e
sinteri ngg‘}‘ltfrrr?ﬁ’@é’ of & ﬁrloé’tldé’ﬁbodiTr?@tSlmlmmt@fmm:é mogm$fselrj§§dlt)o
manuf act ui@nsirntseead , 0RheehS chy %%a%!QR%khggvﬁﬂ%ggtﬁféqﬁé%ﬁﬁi %%9% 3 '
The object to be sintered 10 is conposed of an j . . The
pr edet er A€ O¥RAFe IERBIBEOCer affhe rminerd athedrn aldfitR ey Mk PRl eg 1 al .

obj ect tocﬁgmﬁggtghgdt%g 889eggsa@% %e %i%f;}égw;ie disposed in the

10 sintering chamber. The microwave generator radiates
microwaves to the objects to be sintered via the inner
shell. The amount of heat generated with the microwaves
per unit volume of the inner shell is larger than the
amount of generated heat per unit volume of the objects to

15 be sintered. The temperature of the inside surface of the
inner shell is substantially the same as the surface
temperature of the objects to be sintered.

According to another embodiment of the present

invention, provided is a method of manufacturing sintered

20- objects where the sintered objects are formed by radiating
microwaves to objects to be sintered. The method comprises
the steps of: i) providing an inner shell which can heat
itself with microwaves and which defines a sintering
chamber; ii) disposing objects to be sintered within the

25 sintering chamber, the amount of heat generated with the
microwaves per unit volume of the. inner shell being larger
than the amount of generated heat per unit volume of the
objects to be sintered; iii) forming sintered objects by
radiating microwaves with a microwave generator to the

30 objects to be sintered via the inner shell in order to make
the temperature of the inside surface of the inner shell
substantially the same as the surface temperature of the

objects to be sintered.



one selected froma nol ded object, an unglazed nol ded object, a gl azed

nol ded obj ect, and an article obtained by glazing an ungl azed ﬂ?j&g '
object. The sintering furnace conprises a chanber 11 conposed v Z%ésed
container. The chanber 11 is able to reflect mcrowaves at | east on the

i nside surface thereof. In the present enbodi nent, the chanber 11 is forned
in the shape of a square box made of stainless steel with 2 min |ength,
1.1 minwdth, and 1.1 min height. 10 Mcrowave oscillators 12 as the

m crowave gener¥iSH* dénhiredtldd anr ther chainbeindit vo A wayeguibgdestl13.

M cr owaves riares tiafi ated.sintg the chanber, 11 . via the wavegui des 13. The
frequency of tr%%'crao%\é\ﬂgse%les porbejfeécr b‘?]@%‘f‘)?@e$otri%u@z'§h%?]éoﬁfieferably
0.9 to 10mM&ghodl 5 smpstovirdeider ably 2.45 GHz. The frequency |ower than 0.9
GHz is not preferabl e because wavel ength beconmes very | ong and brings about
reduction in abS6°hFaR8e tof apPEhSWaRIb@hindre: cohtiter yoradwnt r equency

hi gherst hanvie® iehz | ref.era because an .expensive m crowave '
oscillator 12 is 20 Ezggggjg?ysSvﬁe%%%telrf“}oeﬁueﬁfﬂ‘f Ihe Wi Sales is 2. 45
GHz, the filBitewane obdekblat oo b2 edmtha-ddtiiah sRldodndd owdd, price. In

t he preseggnﬁﬁpgghgent used are six mcrowave oscillators 12 (only .four
of them are shown i n>E§EIAPIWARERAGE SRNPL 168 sGHEn dincrdvehing oud Lt 1. 5

KW . 25 Apeamzbbiaryoimsdlalhagswall defines _space w thin the chanber
11. The agxi liary insulating walf '27mi?%rgJ iaé{%a c éfé'?‘%\%l P0%s Sper meabl e to
i cr onavesSCBLRE 8YHEEM- i nBle al hagladling?26aanddamineeer sheltle 4%, fi sposed
W t hiplp t hen, SR oy | | at i n 1 26 define a sintering chanber 16 30 in the
space, which i s de d|fln€?§jé b%bﬁ%éﬁug?l Eﬁr?lf’i’i@ﬁiﬁgt PR Rapposed Tme tiener

shel | 25,simeenbig ¢hesubeat i ngrvel hi 26oaRget Q@né&'é%k%éd&gﬁgl ating wal [ 27
conpose amb%%lcket 'S rrotg{ldi ng, the object to be sintere ~“The vol une of -
7 10 <2005 THE sit'etT mPiafanbetO 1Bei siptetedabiy 0h8 tnsQ16taBg The
mai n i nsuteltl Ng ™med | £ jahatl i £ s. perneabl e to, m crowaves. A
material havi ntg] adi abat i.cr%pgér%{‘ or nancee@éﬁ\gﬁﬂl%sg% %ﬁ}f%at‘?i BersinrgsrAa f oam
i s gi ven ¥ % emtisriegindchamimmg tTiee nedmpd Rstihas | MO MBh | tRE. On the
ot hershandnddig 'l%ra;%ﬁtt@ l. 25 heats itself with mcrowaves. The anmount of
heat generanted vvig?h t he %Ji(%rsov‘\:/e}l]\?ensgepder“bn‘?’fd%lW%‘frf%s’riéom%n’é@ thel | 25

must be édsdstriiald yricaeger ofhamet hﬂ:jaar@dmtt(pfbegesrﬁ{@éle%? hﬁ@tt}pgr 10 unit
vol une of .E@%ig%jnect to be sintered 10 and may preferably be equal to or
an

smal | er th fPmed £REALHO. the ShFaahs dio fasr sfiartrimagit he i nner shel | 25
given are nul hcterbasgdrgateti ghgepsid i (tride ed materials and
al um na, ,and they are pr_ov?ded for sel gg‘?’i%gﬁlmﬁé%er? i%}eoﬁ’rﬁ%sﬁ% object to
be sint erBICEE1OPur PREVidadnésak mritdeds wth masufagresiidg z irkQiiay OF i ron
oXi d& 0bbaBctLBOfHARLC IRt £k | such as silicon carbide all of which have
| arge ni crgvvgve absorp%fe{%cgi%g%r é ggagﬁ%isnaﬁesﬁﬁlrf“eéln@dntraﬁ}éﬁ?@%teri al
for fornhgreNaveante shpett25toThe bhinekRess Ofn20mbhedRemshall, 25 is
preferab{p{eigtg?gag e o{ 1 to,g,nm Further, the sintering furnace
conprises a nicrowave stiPFPhYIsYEt em fapudatippnyahilc pewaeed lier tadi at ed
i nto thenthaobavedl. tHHE: M €I OMWBNE Shihr 50; em includes a rotary shaft
17 extengc}il%gbi nward fromthe insi(ge su?fgggl§¥§§5 tﬁéngﬁﬁﬁﬂgr 11, a
pluralit 2t rkthgligpesing suppobiedtbytbheer siatyrehait thinand a
drigbng twmt o8 & f oy r i he stirring vanes 18 around the rotary shaft
17 on its axils. Neth ﬁégﬁgn%ué}éc? u]%‘ia?@l t FOUC R siht br EArBBREctEe30 usi ng
the abovEnsiened ioty datrnage nidiatbengescs i deghye WA he ﬁ%ELS&,ﬁGeObJ' ect is
manuf actg;g"ieedl,(_ﬂ:anr ovq eqchtgto. be sintered 10 is first nmade through nol di ng
terial” oft ¥ i Ceit ind erall taitthe ebiredet eonbaed

sintered carried into the sintering chamber so that the

ceram c

temperature within the sintering chamber is changed in
30 order to correspond to the sintering process of the objects
to be sintered in the feeding direction of the objects to
be sintered.

According to still another embodiment of the present

- 5 -




8 1 0 ~ X005 shape. The object to be sintered 10 is placed in the
sintering chanber 16. Subsequently, the m crowave oscill ator 1bﬂ|géﬁcﬂw§ted
to radiate mcrowaves into the chanber 11. The microwaves radiated into the
chanber 11 5 are transmtted through the main insulating wall 26 and the
auxiliary insulating wall 27 and absorbed into the inner shell 25 and the
object to be sintered 10 to be converted into thermal energy. This

i ncreases %Hg %ggggragur eof thﬁ.innero%hell 25 and the object to be
sintered 10. 1 néte %H fRfcRA4ES tt & it haigaigh Hhepfabidwe present
enbodi nentmeshbdi aner ptbangthat of conventional one, there is a possibility
that the anmount of thernal energy |ost due to heat conductivity fromthe

i nner shell 25 to the outside becones |arger to such a degree that cannot

be 15 neglgzﬁgp W|th t he ano unt of thermal energy gai ned by the
i nner shell W!S%%Pﬁé HRr 3hates F—Bb(é{)‘gﬁ t he anount of heat generated

per unist vol uran_;f theid rmeécﬁé}ﬁé& @5sb8t 4§ 8h 98N n nt of heat
gener at ed %)ﬂfké? nit volunme of the Olbj e?:t to bgfs %?gr e%gﬁogﬂgﬁ r'ef 6, by

this 20 di bethuelehe thientemwimy Hhrheat génehat pdesanthe inner shel |
25 and t hathydhitihg, object to be sintered 10, conpensated is the difference
between the inside surface tenperature of the inner shell 25 and the

surface tenper dtig.e ofid ke ehjletigdd dxen&mdit £& eskdP0i o CONSEANENLE ¥, 25 the
t her mal e%l]l 'W&&%Lﬁ between the inner shell 25 and the object to %e

sintered c¢an A E TP hegemRRE § nsi de surface tenperature of the

innerishel | 25prsyhstzantd al lo:regiia! ce te erature. of the object
to be sintered 1g,b Thi s shows thatlCt %etélﬁiozr%[ i S 30 i s

conpl et el flﬁ§§u&6‘b&dilm9@ttl ol |tyne| Nmnitah’ad:usﬂtarftaé:ﬁlﬁ@aﬁuﬁmfté nsi de surface
t enper ature of Eﬁe lynner gh% %5 IS Szjﬁ tantially the sanme as the surface
tenperature of thé objecf to 9Pk ECEETEY e fSaE kP athatl ather kemper at ur e
1 0 ~~4~ shOwidigf ftbeendetbeﬁv\@eﬂfu&-h@cbv\qd g«lsgucrg a difference as not to
create any hargt éher mal strain, The tenperature difference is preferably
equal to or |e&89thdnis0e. IFAPEhEROWEPACEhEhs epranatsivel depBricerhent ed

whi |l e nefntainpieg tiheitherral 169U Ufb m. t he ob t to be sintered
10, the. thermal energy lost through ra :hgt |l\£{lﬁurira§r%1ntghe gﬁ] ‘ect to be

sintered 10 i sFt@ncel &8 dyschemahécmplasneigy sadiwahed af ewohlie i nsi de

surface o r 0 _the object to be sintered 10. At this
time, theénll%ggggl&gtgl 0?1 Féésgg £%Wé085j 81LLP%F6188 {PEN8F8d 10 becomes zero in

principle. That is, the sintering chamber 16 acts as a closed space for the

obj ect t n whi ch i s pseudo-adi abatically conpletely
i nsul at egB Sbg a¢ g ‘e %‘?ﬂé?‘f&% Oft t Hae mhnvegradPant due to radiation

coolieg in 15 ]trhecrs;@jﬂg_l&plrpf St He %%&ﬂnﬁﬁtge‘?% ned According to a

t heoretical analysis, as shown in en i Thi §"asREfRd that the
obj ect t o BTG e raee 19e o T Hrrd onreliefm rbasis sfirthandedwahganiappropriate

di st ance @RS r of . the ofher dielectric, 20 thernal
conduct i on eqlfja%oc%]és?%% et}?/ér]eéﬁesena% PREET LI Powi RgiRERIaie BRS¢ 1) and (2).

781/ 7t UK’Jle(s%1?’11-1@@?"**15@7 nee talyshed ,~ 6l ke 229 £ ey En ¢ 8 2umb &14) r&edfLi o/ (

c1P1) EZlﬁ% ﬁﬂg¥§ th Qoughout the drawings.

25
(Sintering furnace)

Fig. 1 is a schematic sectional view showing the
sintering furnace of a first embodiment. The sintering
furnace is used to manufacture sintered objects by

30 sintering an object to be sintered 10. The object to be
sintered 10 is composed of an object molded into a
predetermined shape from a ceramic material or a fine

ceramic material. The object to be sintered 10 can be any
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882/ at = Kl (a262/ aX2 + x262/ay2 + x262/C7Z2) + 6 (614 - 624) + 27Lf 25/
(c2p2) E2 0 s r2 tanS2 (2) Wiere 8 is the tenperature; X is thﬁgl}@g; 2%5
conductivity; c is the specific heat; p is the density; t is the tine; X,
y, z are the positions; 6 is the StefanBoltzmann constant; f is the
frequency; Eis the field 30 intensity; sr is the relative permttivity of
a material; $0 is the permttivity of vacuum and b is the loss angle. - 10
1 0 ~~ 205 Jg fft|é< % refers (io the object to be sintered 10, and the
suffix "2" ref ers(f 4 HEE PR rmetded 9Bier raﬁnléeﬁﬂﬁ?eddmabéedc state, the

di ff er enceolbpéaeers tduefr@l hdCpm r@g%ggg 05'58%1@9%5 hri)uf fokd adi ation, heat
€

5 conduction and heat transfer is set at zero on sur ofSfh yObj ect
to be sint®raALID. arsumlaaZﬁChU@lcsede@byeed when the tenperature of the
surface of the tQ .be Entered 10 is equal to that of the inside

surface of the |nner s G D UGG (CURPF H6 St @%ﬂlﬁb¢-’brlhn¢0mmoeeder 10

wor ds, Ssi e & helrssdds dumtenefdy. | o fapmide surfac e, opject to be
Si ntered 10, that is, no heat flux fromthe&lsenter{l%raeb % Pie%?EtO be

sintered I YOYaETESs@itf é@@stt l@@ ttémperraimt@ griait entt H8dd I, 7f>r1/ #Ne 761/ 7z
becones zegnQ n Ly, ve equation IS expressed as 15

fol | ows: 61/3%5‘%—%%#%?}“ fPl) c%@"]%’er a]t f(%mej d e Hwvehargat i on
(2) is alod @XISQBS!$EdbaSc fnaldk0ws: st8d/nite ss I%rtfee/l wi%4P2% )m l%r{ x‘]ﬁ:tgf?

Pi oss / ( ere X=0, 761/at = 762/at, 61 = Flur er, the

har 55 wEashel g
i nner 20 shdi I 38 ?"’%dﬁ ¢l 888d 1z palle itr hed@htal ent to a cl osed space. In

orderm hat t hemt Bepalcegukk i P tabl.i shed at the inside surface
of the inner shell 25, the mc%{r#%rsqgng%ou SolAGE CFFVENGEAT TR Yhe i nsi de

surface ofTEhEORRActedhtp| ths ghstbbe Aar @ianaaRkyuibleéx 13.0 nust be held

true 25 ay;Lhg,l de surface of the in per shell 25. Therefore, the
condi ti on, 1\A£8w %%t |§]§ |Jéas§%‘ﬁgegqf]3g9 €2C?amp§re9<5r ddgedhien the fol | owi ng

equati on ‘(ra‘}'egﬁldesta‘mSI Th&€lPEeguehdyt 8RSEHE Q@B@owa?z%\%yi/ Prf ( 3 ) and,
neans el ectric power densit of m crowave, and

wherein Prf é Z%i/ (i %
Pl oys nmeans®eRe?gyY | 9s? battl? dHzonere Prnéersheéy ozs tThe OpGeizent
e”bOQBWEnmxg@S§féf§$bbﬂydfl@@lGﬁPPVQTQQSfre&&ency lower than 0.9 GHz

is not preferable because wavelength becomes very long and
brings about reduction in absorptance of microwave. On the
contrary, the frequency higher than 100 GHz is not
preferable because an expensive microwave oscillator 12 is

20 necessary. When the frequency of the microwaves is 2.45
GHz, the microwave oscillator 12 can be rather small and
low in price. 1In the present embodiment, used are six
microwave oscillators 12 (only four of them are shown in
Fig. 1) which output 2.45 GHz microwave (output 1.5 kW).

25 An auxiliary insulating wall 27 defines space within
the chamber 11. The auxiliary insulating wall 27 is
adiabatic as well as permeable to microwaves. Both a main
insulating wall 26 and an inner shell 25 disposed within
the main insulating wall 26 define a sintering chamber 16

30  in the space, which is defined by the auxiliary insulating
wall 27. The inner shell 25, the main insulating wall 26
and the auxiliary insulating wall 27 compose a bracket

surrounding the object to be sintered 10. The volume of



1 0~~~ 2005 the following effects. The thermal energy |ost through

radi ation fromthe object to be sintered 10 is cancel ed by the 1ne%gQJ%%5
energy radiated fromthe inside surface of the inner shell 25, and 5"t

radi ation | oss of the object to be sintered 10 is zero in principle.
Therefore, the occurrence of thermal gradient due to radiation cooling in
the object to be sintered 10 is restrained, so that nore uniformsintering

can be car£ﬁedsout in conparjison with the conventional 10 singering
furnaces with microtale. ChwBrebylot he BEeGPraRéy 8 3stralné mAd cracks in

the object to besimd e ethdd) cambe,s potsai nedaqThe arpunt of, heat
generated with mcrowaves per unit volune of the rnner shél I % P8 | ar ger
than the RUMakle 15 hektrgemesat edd whahethasehpeingnhtii¥phufe of the
object to intered 10.. Therefore, the weight and the heat capacity of
the inner %%eﬂ‘n%‘%%ns%%‘t&tﬁ fed S | LHyehakfhBmiRe fARBKAESYivRBr eof

t hi nne6 whi Ineathead int1ai M8 M0 & et d el meayi §i b t e object to be
sintered 10 20 and the inner sﬁgll 25? Thus, %%ggégguﬁgﬁgnﬁgf ener gy anount
necessary for $ttda mfhete hebiidbcttheo benet niles el 19 et beiteal Fzed by
restraini Rg 4he ;m. engrgy _consuned within the inner shell 25. The
heat |oss of t é’lnﬁgﬁm%%ell %ﬂﬂ?ikaQéuQﬁﬁ?v%@?eﬁ%t%%d%¥%%s%ﬂeby t he
fact that milrowaives el aiding waldne2® hawd g t e agh appts € perf o[?gance and
t he perneabilitﬁﬁhg.nicromave is provided on the outer surface of the inner
shel | 25. SPRENSTHAldY dgmasindden fdieudaeuntplaf aengrafeBthertrpnaye

oscili@tonsit2vandmal $¢ @Rl Widlk by «@f Jdcident hol t hr ough whi ch the
m crowaves out put fromthe nic?gﬁgvggbg%iﬁéﬁ%ﬁnﬁgzgfé“F{ itted into the
chanber 1Prefrepbflor be eguedn tbeorestadilrad that 2 heinspotiird-dgevens 12

10~ ~A_~ .Sihnter| conmes_ out .due to_concentration of electric field
on only aapgéggg%g?hkor ?gfplpg BgesﬁﬁpﬁFéﬁhﬁi}(%ﬁnﬂﬂWﬁﬂnﬁ¥%ﬂmﬂk%i¢@

€ 0ob

f ur nace) Baébdtmaueusasbnteﬁﬂmgohuﬁm@%ﬁd%fb%@%dfhkﬁ%rggﬁgﬂi t Fig. 31is a
schemati c sectional side vieM/shomjng a first enbodi F the conti nuous
§

Iment o
si nt eri ng®tUPh3Re. 2Bflgthgy; argnPEar Afgdd fosherdkict isec deprald iplamnvi ew

showiirgy tHhge Sbpt€EENGof HENACE ] i 3. sintering_furnace sho 10 in
these figures ii usegotgénggﬁFgg?grgoé sFﬁ gpga’oﬁjgggaﬁyoééﬁﬁiﬁ ly

si nt eri ng2anmd®pestat ozbecenhaepedirfheorddti nveuansiinbegangcf ur nace

conpri se e in the.shape of . tunnel extending linearly. The
chamber ?%é?gpgﬁﬁeg?%&r%?l%%flﬁ?%r%ﬁﬁvésea? Fegdt WBAchnBaYs lagoge surface
t her eof . mherohardesibddrpsanddecot 15&ahabegsiat §ebnafs shOWALI RoFige 4
openi ngs are djsposed at both end portions of the chanber 11, and one is an
i nl et E??ﬁﬂj; o TRHENY cthe hipre s sleelh BPg. Theabbitheess of

20 the inner shell 25 is preferably in a range of 1 to 2 mm.
Further, the sintering furnace comprises a microwave
stirring system for stirring microwaves irradiated into the
chamber 11. The microwave stirring system includes a
rotary shaft 17 extending inward from the inside surface of
25 the chamber 11, a plurality of stirring vanes 18 supported
by the rotary shaft 17 and a driving motor 19 for rotating
the stirring vanes 18 around the rotary shaft 17 on its
axis.
Next, the manufacturing method of sintered objects
30 using the above sintering furnace will be described.
When the sintered object is manufactured, an object to
be sintered 10 is first made through molding ceramic

material or fine ceramic material into the predetermined

_8_



other is an outlet 9 (the opening on the right-hand side in 20 Fig. 4) . As
shown in Fig. 3, like the furnace in Fig. 1, mcrowave oscillat gr@ggﬁ.’q%ﬁ
the microwave generator are connected via wavegui des 13 to the chanmber 11.
The m crowaves output fromthe mcrowave oscillator 12 are 25 radiated into
t he chanber 11 via the wavegui de 13. The frequency of the m crowaves is
preferably 0.9 to 100 GHz, nore preferably 0.9 to 10 GHz, nost preferably
2.45 GHz, as_int case, of the sintering furnace in Fig. 1. In Fig. 4, an
i nsul ati ng®Warf- 2 e*b%f(?%%C% sPnbershpteneehdfbés pbaertendi hhelinearly in
the | ongitydhfad; dir | t he [ , nings_are di sposed at both
end portions of ltrg% C?&r\]atsrtkl%a% ?in% Wa?‘ﬁggg,asgﬂé%%h?ﬁ% %Hgmci‘fﬂ?’éi’ezo (the opening
on the | efeshbhrtmided niFigrtdtended heast hes midBowaded TaE6~+RQ05 I's an

outlet 21 (the o ing . on the right-hand side in Fig. 4) . The insulating
wal | 28 isé%ﬂ'l%agdgt%i a %ﬁel"fl%%o”b%‘f%%ab@@lﬁﬁ% trionavies. cltebéensillat i ng

wal | 28 i sake canfiairedd 11/ f the. 1t hi ckpess. t here i ngrease
gradually fromthe inlet 20 tcgﬁ{rhetqf)%tﬁjfﬁ Zjlr?éﬂgﬁan%%ne? iVéTPLa%/?n@n‘ng]aﬁati C
per f or mancavsiddia rys igisudiatad rig berll sl Urdma f19ssnbesd Gived ase aimmrserial for
formng this qnswl ating. wall .28. I n the present enbodi nent, the insulating
wal | 28 1%u}?enlc u%eéanzcaj D PRI 49 RE it 2 hnd @ dompivertedi ng wal |
27. Pref eriatioy theirklailn ehBe ghynsulmatiing Wwald , 28 RVi dSan-d n(;lgrt}gehel ! h

i ' ed” wit

25, which heats itself with mcrowaves. The anount o eat generat

the nicr oW@ES sbeldnke apdyshemebofectthad mresishedded?5d s preferably

| argerpt han thg;apou of ..k ner, d per uni I of the object to
be sintered 10 and ighgqégpggg’egg gnfglttf’gr REN fg“fe;iﬁ'eér}’?r?éfr&?f? As a

material boesetotnengotheehnnes thehhe25 tgiaverhake orfuladntv%rﬁqsrﬁ%ﬁ%féi al s,
silicon nitgagirge.based Zo,gaieri al s and alumina, and they are provided for
sel ection dépendtng BRSthBLobf¥cthas béespreapédofothramedeeneargwt al oxi de

such as nmagsesdae £brEO/L AcOhALERRVIXL A, AN L nargani ri,al such as
silicon carbide all of which have Ivar ge rrriocrgagvgﬂgggorg%t%algtez%cétﬁ be added

in a smal FP950uRdidAe Pecemnesnhesgral thosutbr ai dggthe thaer caheld: 2% The
t hi clqngess LN I i referably_1 to 2 Further, a feeding
BTN R TR RET e rh 508" ErBRER: f5 FhPrdel FortPueqrigorhe

syst emil1s provi ded In e contil nuous S
obj ect tobPetkenimned Uil onbthethnthe A0ctOwhhiesOut igleddri nehae 30

sintering er.16._In the present enbodinent, the feeding system
i ncl udes %Iﬁ(glgr?%i%fgélefzt. gﬁn%ﬂgﬁgiﬂeﬁ gnig vehume apfi blge 2rnhasshepdunt

porti on 228 Lortamyas i enbiSint oPensh ! §58- 10e4BEE0Ragpd rollers

volume of the object to be sintered 10. Therefore, by this

20 difference between the amount of heat generated in the
inner shell 25 and that in the object to be sintered 10,
compensated is the difference between the inside surface
temperature of the inner shell 25 and the surface
temperature of the object to be sintered 10. Consequently,

25 the thermal equilibrium between the inner shell 25 and the
object to be sintered can be maintained to make the inside
surface temperature of the inner shell 25 substantially
equal to the surface temperature of the object to be
sintered 10. This shows that the object to be sintered 10

30 is completely pseudo-adiabatically insulated. The fact
that the inside surface temperature of the inner shell 25
is substantially the same as the surface temperature of the

object to be sintered 10 refers to that the temperature



10 ~e ~~ 205 with the nount portion 22a for noving the carriage. The
carriage 22 not only transfers the object to be sintered 10 w f§i WA‘RE%%%
sintering chanber 16 but also feeds themfromthe inlet 8 of the chanber 11
to the inlet 20 of the 5 sintering chanber 16 and feeds themfromthe
outlet 21 of the sintering chanber 16 to the outlet 9 of the chanber 11.
The feeding of the object to be sintered 10 by the carriage 22 is
preferably performed at a constant feed speed. The nanufacturing nethod of
a sint ereddébfe&engsi hgtwgenhehabowe dentsulous i fHard Mg f44 nage wi || be
descri bed g§‘{5§¥\l V\h§nrﬁ% S-ﬁref)ﬁd object is manufactured, the object to be

sintered 1 i 7S GRTADI ithG 1€er afihe rerwSTAItwre fi ne cerani ¢

materi al 18t erthe,pLeget ] hape. ,The ohj ect to be sintered 10 is
di sposed on the n%ﬁ%tgﬁoir?%fg%%gg]a%;o%q%lﬁg &8 Pira3§s§2,tt“§’ﬁti 2ioz)cf'ed into the

sintering chanmbérriifet hroighe thigei Dhekr2Qnwh i hothe scarLi-age 22, Next, the
m crowave oscillator 12 is actuated to radiate mcrowaves into the chamber
11. The i MG HRI2 % howehesnat eearanshiri umdwihhotbk bhe eichs tbatieng wal |

28 and absoibed-dtot i I and the object 10 to he converted
i nto thermal ene?dpgyp(?'r&%’ﬁ}ﬁ%rrﬁgnft%%g?g%g?ﬁgu}:grhlg SRIBBEROPhd HioRher

shel | 25 drite tdte) b dut heo dimistre@red 19. c26céheihByPERSERheRRedI MENt,
ing wal | 28 increases gradually fromthe inlet

the thickness of the insuylat ¢
20 t owar d TRE Duti RIS AF Phe ii WbSide SHFBacs ob Tt hboi Runbat shgldal | 28

al so incregses furamddiRdini@d R0 4ayed dog hey out ) gt Therefore, the
terrpeégt ure within the 30 sintering chan%ero'16 %‘ﬁc?%%ssegl??bmg{lﬁe inlet 20

t owar 89t h&aslidtdor .o seo e dlentdby e et Hoe of interadj BCtbécohes skater ed 10
fromthe ijpl et ;2Qit9  he | et 21 .neans gradual feeding of the object to
be sintered %lfrcﬁ% the T%%gt E';LSI (])th§~~s~l~mgz%r0"3“q cHAhRer 58 LRetF e oA to the
hi gh t enpedatsede spegicoforFithe bhijec grape iowided e t epperat g e
dependencesgqld%g I.eﬁﬁgi.el el\gtri c laoss of the insulating wall 28. As shown
in the fi§ire  tRe: LER e cORPliet qlos s rsfuliateds i Mdulat itie wal | 28 s
al nost propeutirefngk b@ antemner e R seyeralqshyndred degr ees, Cel si us
and increases exponentially at t%he teerrpeﬁdzii)lteuft\é) rrzaéjl%lr#lholnghce?o that. The

pres ehB8dPRERELdEScPEDBANERT €6t 00l isbaesthasnidee fol | owing effects. 10

The tenperatur LB n Lt [ ring.chanber 16.is set to increase fromthe
inlet 20 tmmar%ctwﬁiég%ﬂ?l £ %f%%oﬁﬁ ilﬁﬁ‘alt RBALKPIRNedS ShoMRe imdui%t i ng

wal | 28 iAcrebse jradmabbyuhednthhe khkebbd@ckotbhecoutigle 2l 1Hheyef ore,
each procgss ste o% the.ob'gect to be sintered 10 such as 15 drying,
prelimnary sintertngr©nmbf nS Y hPBRTARY, 2tedB. aPRrERE igtet eiistgneeocess of

t he obj ecipast bﬁystlméeile;@leﬂoslq@mbg5e5gcgflgd0§gggegggﬁlezlc¥ at, a proper
tenpgrature. Thus, the sintered object can be manurac ared 15:37 conti nuously
si nt éPi ngtRERhj eerdyet hen seaigatbangocan beswngteelOasi nhering f ur nace.

following equations (1) and (2). '
00:/0t = x; (8%0,/0x% + 8°0,/0y> + 50:/0z%) + o (0,* - 0:*) + 2nr
/ (cip1) E? & € .1 tand, (1)
00,/0t = x; (8%0,/0x° + 0°0,/0y° + 8°0,/02%) + o (0:* — 0,%) + 2nf
25 / (cap2) E? g & . tand, (2)
Where 0 is the Lemperature; « ié the heat
conductivity; C is the specific heat; p is the density; t

is the time; x, y, z are the positions; o is the Stefan-

Boltzmann constant; f is the frequency; E is the field
30 intensity; g is the relative permittivity of a material; g

is the permittivity of vacuum; and § is the loss angle.

- 10 -




The thickness of the insulating wall 28 varies in the feeding direction of
the object to be sintered 10. This nakes it easy to forma parlMcMg$r¥m5
tenperature distribution in the sintering .chanber 16. 25 The 0bjec 0'b
sintered 10 is surrounded in the sintering chanber 16 by the inner shell 25
whi ch can heat itself with mcrowaves. Since the anount of thermal energy
gained in the inner shell 25 by mcrowaves is sufficiently larger than the
anount of thermal energy |ost by conduction 30 fromthe inner shell 25, the
heat equi | T it fclan W& e fivtrad ntedl et welehletbet b Nsé deisuefage1of thg i nner
shel |l 25 th hj ect, to be sintered 10. Consequently, the object to be
A Sueftglci!-a i afatidd 1§P covpl BRRey shelhted: - 16 1 0 ~~ 2Ga5

sintered are pseu

Ther eby, occurrmence Q—Betahqmldi%{%ﬁtsﬁ%'té,hetrPé)erj?ffgpelpg? -Qjégred 10 due

to radi ation cooling can bée restrained and nore uniformsin ePTng°tan be
acconpl i sHRIMBICimcomiags sint enitp fngnader@igh headeconsh enbedt ment A
conti ngoug, kﬁ} Ebgga%%rgac% f ,tgf second enbodi nent of the present

i nvention w1 be deSlFi BET F FESH9T orF 3R BsiZet ¥hethir ash§aceocusi ng
on the di fofferreedjbromebheef ishist 4P grENt, A0 Fid o6 i 5 _arég?f?@é' ¢ plan
vi ew showi ng the second enbodi nent of the continuous sintering Turnace. A

chamber 17YhEQ ftHentgmprrateirecoifather cwifeaye of ahe shapet and e si nt eri ng

chanber 16 ;i o+ fot |.nya.circular arc shape or a C shape
correspon%ﬁﬁge?%at%g ?gfggkgllggFE%€ﬁefﬁgﬁﬁf%1@&&H%ﬂﬁﬂ£§%ﬁ%ﬂ%§i?@ﬁfurnace
i ncl udes anhernabelbed523namelleashape rafala diush.i oo Ur nace,dgd- 23 can
rotagﬂ)abgut t he center goint C. An object to be sintered 10 is di sposed on
the fUrnal8 B8d 330CIhENThelf PO BBCLTNt dose f@oms thed srdimcen ofil et 20 to

an outl et tB& 3BjkBrthe B&NEEREAGqhaGbE t tign ofc the furnace
bed 23. A feeding systemin the Second g#%%d?%én %i%%%ﬁdggufh§h¥ﬂ?nace bed

23 and a BPPViRECEIQY epf (Hoe shien) socheasiatemedr 100rodrine naithed ur nace

bed 23. T@ﬁ pé%sent gnbodinent has_t he follow ng effects. 25 -The |inear

si nteri ng CRanBeridt avi AP henE affte 108ng s/ dvs #0148 dee dymefiezpoet i ons
w th differentcd Sures ©ofe aLdpsulatl | 1,18, However, the
sintering chanber 16 in eﬁe ci?cular ar%ﬁéﬁggﬁaéé)a§f}gﬁ 5ggﬁgdaffected by
t he %ﬁall%@l%%ﬁﬁbn of the insulating wall 18 30 than that of the linear

sinterin er,16.,The ipnes area of the insulating wall 28, which can
be seen 9%ﬁ?§gb?e%ﬁ$n@ gﬁP@EtFoﬁ%fFGﬁlFﬁQSDbject to be sintered0 in the

sare regimie afbéhe GHEIdNUCONADE 46, o5 SIBLY 0z A11108.0 === 2005
Therefore, occurrence of spotted uneven sintering on € objéct to be

si nt er ed,®ddet to Rhe/ heap.) ransfean®d—f pom the(@eLfi ons with different
tenperatures of the insulating. wall 28, can be restrained. 5 Since the
f eedi ng syst eMiSF@ &dds OHe/ dturna¥e/Bed OB3=afg. a Kurvheg, syséeimher drivi ng

t he $grnagg jbe raot.at nufacturing is si e. It is apparent to
t hose skill ec?l.flL %r?zfihste%arcgot%ﬁ?t 5 eceproe%e%‘?uf‘fﬁ/]e?ﬁq orP ArCheSetbelRes- i n
vari ous dinf fogdent thatspeel ftihe rmedeseq 1ot depaly ik d$oam1henspi git or

e sco of .the prese invention., Particularly, it is to be
th Pg f .the p %t t Par t I 2¥ t to b
' € 1inside surface of the inner shell 5, the incomings and
outgoings of energy at the inside surface of the inner
shell 25 must be zero, namely 90/8x = 0 must be held true
25 at the inside surface of the inner shell 25. Therefore,

the condition, which satisfies the equation (2'), is

expressed in the following equation (3):
€1 tand;, / Cip1 = € 2 tand, / Copz — Pioss / Pur (3)

and, wherein P,¢ (= 2nf E? €) means electric power density

30 of microwave, and Pi;,ss means energy lost outward from the

inner shell 25.

The present embodiment described in detail above has
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understood that the present invention can be enbodied in the foll ow ng
nodes. The sintering furnace may further conprise a pre 15 treatnent
chanber for drying or subjecting the object to be sintered 10 d &éﬁal 2054
baking in advance. In this case, the pre-treatnment chanber is disposed to
be in parallel wth the sintering chanber 16. The object to be sintered 10
di sposed in the pre-treatnent chanber is dried or 20 subjected to ungl azed
baking with outward radi ati on heat or transmtting m crowaves origi nated
from m cr oWk esol toathaitedféatto. t he sintering chamber by the mcrowave
generator 12. t't%ls]e%%‘(l:medure, thermal efficiency in drying or baking the
obj ect to be sinter iTELRY glodle Ybreunh peadiriaherdl ramethdi abat i ¢
per f or manGs At €6 Qave; ghsypt o) i | at |1 28 can be
changed in tj%re feedi ng direct id(;nl%;?lest héea%%(jgle%@w%a%ﬂégg?n ered $9°H69Yf or ni ng
a portion fdided nsndmattihey welild28wi fdca oftené alnehf feient 39, f pam t he
ot her portion. ternatively, adi apatic perfornmance or m crowave
absorp?anE:Heh%ofrat leaeﬁlr?éhllé}si%éj‘ﬁtf\&l%e S e diangegred n feedeago
di rectioniof gdhieicaljiect tgdie rsida engg 10 Ly form ngdg;frFé)IrM n of the

y di

insulating wall - 18 1 0 ~~~ 2005 28 in a densit erent fromthe
ot her por GiréRlient siuende gasidattioe tcmmiamat uire tile tdiej sitnties iy chamber 16

can be ch i.n the .feedi irection. .The insul at.i wal | 28 may be
1- 1 ayer ed%grg%qrféjreg tl@ar%SS%%-SI@g{?‘gpg i §%ddah swns Wi SIM{RE ¥édi ng

syst em carabebehaaged eto ositic hna cba@dirie osy e tthal dsidides,# dri ving
syste{/B havi.n%Fa.belt conveyer .and a notor and the like for driving the belt

conveyer . SERFEREPI TRIPRECEoNE L RuBdSTOWRVEr-i n§Hemelace thie TC e eyezond

enbodi menbs bheafigedufd syabed eanche Lpglaced wih g feeding system having
a carriage 22 as in the first enbogll ment- I n place of increasingthe
t hi cknessP®f repérapasatating wal |l 28 gradually fromthe inlet 20 to the

outlet 21, the ppn with a constapt thickness or the portion with
decr easi ng t hi %&%egrgg%g %}é\n %%??i %?P?rBESGi Héah BUFETRERVEPhBSFaMndth on in

t hi cknessvohymaobfonhy benepnshauoussbul absgest EA¥HSEhe! AmBLAGE

increlgja ng tpe terrgera%ure in the 20 sintering chanber 16 gradually from
the il et 20"t 3°PHEALEEI B+ tR1these Pert Bhtweohunecofisthat obarpér dlcur e or

the portign iihbefegre@si nohd AIRSEAL UL fieMBY; B PARLT @l LYpRLEVI ded in the
feeding direction. Further, the variation in"tenperature rnthe sintering

chanber 1ERRG Aot oDsthechbyzer i $iyebk 2bntanubastbihedt spul sebyExanpl es
(e e g ereR OREE (reral ol SRl neE DL Sl e g 20 e
cerani ¢ rdteemial el bhieus ibdaiday fus naseeof thepebodigpay shown in
Flg.26. and the inner shell 25. Thus, the reduction of enerqgy
amount necessary for sintering the object to be sintered 10
can be realized by restraining the amount of enerqgy
consumed within the inner shell 25.
The heat loss of the inner shell 25 can be effectively
25 suppressed by the fact that the main insulating wall 26
having the adiabatic performance and the permeability to
microwave is provided on the outer surface of the inner
shell 25.
The sintering furnace includes a plurality of
30 microwave oscillators 12 and also a plurality of incident
holes through which the microwaves output from the
microwave oscillator 12 are transmitted into the chamber 11.

Therefore, it can be restrained that the spotted uneven

- 12 -



[ [ - ~~~:~ 2005
In this Exanple 1, the inner shell 25 was forned of 19 10
mul i te-based porcelain and the main insulating wall (outer sNeﬂH%j?QﬂMps
formed of an alum na-fiber board. Additionally, the inner shell 25 was 8 mm
thick and 45 kg in weight, and the main insulating wall 26 was 40 nmmt hi ck

. : : . : he
5 and 5 kg in weight. The physical properties of the inner shell 25, t
mai n insu?ating wall 26 and the object to be sintered 10 are shown in Table

1. The penetration depth represents an entering depth at which the electric

power dens$integfing mm/@snatdmua:b %oﬂﬂ@éﬁtﬁétidﬂﬁtofne@@@hrig ke al . 1
0 ~R 2005 drd9.m % ¥)~ ~] -.~xw~-.~hO0O
y @ part o the object to be sintered 10.

(Continuous sintering furnace)
5 Continuous sintering furnace of the first embodiment

Fig. 3 is a schematic sectional side view showing a
first embodiment of the continuous sintering furnace. Figqg.
4 is an enlarged schematic sectional plan view showing the’
sintering furnace in Fig. 3. The sintering furnace shown

10 in these figures is used to manufacture a sintered object
by continuously sintering an object to be sintered.

The continuous sintering furnace comprises a chamber
11 in the shape of a tunnel extending linearly. The
chamber 11 is able to reflect microwaves at least on the

15 inside surface thereof. The chamber 11 is made of
stainless steel. As shown in Fig. 4, openings are disposed
at both end portions of the chamber 11, and one is an inlet
8 (the opening on the left-hand side in Fig. 4) and the
other is an outlet 9 (thé opening on the right-hand side in

20 Fig. 4).

As shown in Fig. 3, like the furnace in Fig. 1,
microwave oscillators 12 as the microwave generator are
connected via waveguides 13 to the chamber 11. The
microwaves output from the microwave oscillator 12 are

25 radiated into the chamber 11 via the waveguide 13. The
frequency of the microwaves is preferably 0.9 to 100 GHz,
more preferably 0.9 to 10 GHz, most preferably 2.45 GHz, as
in the case of the sintering furnace in Fig. 1.

In Fig. 4, an insulating wall 28 defines a sintering

30 chamber 16 extending linearly in the longitudinal direction
of the chamber 11. Openings are disposed at both end
portions of the inéulating wall 28, and one is an inlet 20

(the opening on the left-hand side in Fig. 4) and the other

_13_
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is an outlet 21 (the opening on the right-hand side in Fig.
4).

The insulating wall 28 is adiabatic as well as
permeable to microwaves. The insulating wall 28 is
configured in order for the thickness thereof to increase
gradually from the inlet 20 to the outlet 21. A material
having adiabatic performance such as alumina fiber, alumina
foam is given as a material for forming this insulating
wall 28. 1In the present embodiment, the insulating wall 28
includes a first insulating wall 26 and a second insulating
wall 27.

Preferably, within the insulating wall 28 provided is
an inner shell 25, which heats itself with microwaves. The
amount of heat generated with the microwaves per unit
volume of the inner shell 25 is preferably larger than the
amount of heat generated per unit volume of the object to
be sintered 10 and is equal to or smaller than 2 times
thereof. As a material for forming the inner shell 25

given are mullite based materials, silicon nitride based

materials and alumina, and they are provided for selection

depending on the object to be sintered 10. Further, a
metal oxide such as magnesia, zirconia or iron oxide, or an
inorganic material such as silicon carbide all of which
have large microwave absorptance can be added in a small
amount to the material for forming the inner shell 25. The
thickness of the inner shell 25 is preferablybl to 2 mm.
Further, a feeding system is provided in the
continuous sintering furnace for feeding the object to be
sintered 10 from the inlet 20 to the outlet 21 in the
sintering chamber 16. 1In the present embodiment, the
feeding system includes a carriage 22. As shown in Fig. 3,
the carriage 22 has a mount.portion 22a for mounting the

object to be sintered 10 thereon and rollers 22b coupled

- 14 -
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with the mount portion 22a for moving the carriage. The

carriage 22 not only transfers the object to be sintered 10

~within the sintering chamber 16 but also feeds them from

the inlet 8 of the chamber 11 to the inlet 20 of the
sintering chamber 16 and feeds them from the outlet 21 of
the sintering chamber 16 to the outlet 9 of the chamber 11.
The feeding of the object to be sintered 10 by the carriage
22 is preferably performed at a constant feed speed.

The manufacturing method of a sintered object using
the above continuous sintering furnace will be described
below.

When a sintered object is manufactured, the object to
be sintered 10 is first made through molding ceramic
material or fine ceramic material into the predetermined
shape. The object to be sintered 10 is disposed on the
mount portion 22a of the carriage 22, and is fed into the
sintering chamber 16 through the inlet 20 with the carriage
22. Next, the microwave oscillator 12 is actuated to
radiate microwaves into the chamber 11. The incident
microwaves are transmitted through the insulating wall 28
and absorbed into the inner shell 25 and the object 10 to
be converted into thermal energy resulting in the _
temperature rise of both the inner shell 25 and the object
to be sintered 10.

In the present embodiment, the thickness of the
insulating wall 28 increases gradually from the inlet 20
toward the outlet 21 and the adiabatic effect of the
insulating wall 28 also increases from the inlet 20 toward
the outlet 21. Therefore, the temperature within the
sintering chamber 16 increases from the inlet 20 toward the
outlet 21. Consequently, feeding of the object to be
sintered 10 from the inlet 20 to the outlet 21 means
gradual feeding of the object to be sintered 10 from the

- 15 -
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low temperature region to the high temperature region.

Fig. 5 is a graph showing the temperature dependence
of complex dielectric loss of the insulating wall 28. As
shown in the figure, the complex dielectric loss of the
insulating wall 28 is almost proportional to a temperature
up to several hundred degrees Celsius and increases
exponentially at the temperature region higher than that.

The present embodiment described in detail above has
the following effects.

The temperature within the sintering chamber 16 is set
to increase from the inlet 20 toward the outlet 21 by
making the thickness of the insulating wall 28 increase
gradually from the inlet 20 to the outlet 21. Therefore,
each process step of the object to be sintered 10 such as
drying, preliminary sintering, main sintering, etc. in the
sintering process of the object to be sintered 10 can be
executed sequentially at a proper temperature. Thus, the
sintered object can be manufactured by continuously
sintering the object to be sintered 10 in a single
sintering furnace.

The thickness of the insulating wall 28 varies in the
feeding direction of the object to be sintered 10. This
makes it easy to form a particular temperature distribution
in the sintering chamber 16.

The object to be sintered 10 is surrounded in the
sintering chamber 16 by the inner shell 25 which can heat
itself with microwaves. Since the amount of thermal energy
gained in the inner shell 25 by microwaves is sufficiently
larger than the amount of thermal energy lost by conduction
from the inner shell 25, the heat equilibrium can be
maintained between the inside surface of the inner shell 25
and the object to be sintered 10. Consequently, the object

to be sintered are pPseudo~adiabatically completely isolated.

- 16 -

Orn > U




N~ -ri~vl.i ~f-1~ ~C~~-ri-.i N-la

_ Sl it NO |
0O X ~3vXxe-l '"-il-~xe 0 UNr 10 MAR 2005

U A~

.10

15

20

25

30

Thereby, occurrence of thermal gradient in the object to be
sintered 10 due to radiation cooling can be restrained and

more uniform sintering can be accomplished.

Continuous sintering furnace of the second embodiment

A continuous sintering furnace of the second
embodiment of the present invention will be described in
detail on the basis of the drawings focusing on the
differences from the first embodiment.

Fig. 6 is a schematic plan view showing the second
embodiment of the continuous sintering furnace. A chamber
11 is formed in a circular arc shape or a C-shape, and a
sintering chamber 16 is also formed in a circular arc shape
or a C-shape cofresponding to the former.

Further, this continuous sintering furnace includes a
furnace bed 23 in the shape of a disk. The furnace bed 23
can rotate about the center point C. An object to be
sintered 10 is disposed on the furnace bed 23. The object
to be sintered 10 is fed from an inlet 20 to an outlet 21
in the sintering chamber 16 by the rotation of the furnaée
bed 23. A feeding system in the second embodiment includes
the furnace bed 23 and a driving system (not shown) such as
a motor for driving the furnace bed 23.

The present embodiment has the following effects.

The linear sintering chamber 16 having the same
lengths is affected by the portions with different
temperatures of an insulating wall 18. However, the
sintering chamber 16 in the circular arc shape or a C-shape
is affected by the smaller region of the insulating wall 18
than that of the linear sintering chamber 16. The inner
area of the insulating wall 28, which can be seen in the
feeding direction from the object to be sintered 10 in the

same region of the sintering chamber 16, is small.

- 17 -
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Therefore, occurrence of spotted uneven sintering on the
object to be sintered, due to the heat transferred from the
portions with different temperatures of the insulating wall
28, can be restrained.

Since the feeding system includes the furnace bed 23
and a driving system for driving the furnace bed 23 to
rotate, manufacturing is simple.

It is apparent to those skilled in the art that the
present invention can be embodied in various different
specific modes without departing from the spirit or the
scope of the present invention. Particularly, it is to be
understood that the present invention can be embodied in
the following modes.

The sintering furnace may further comprise a pre-

- treatment chamber for drying or subjecting the object to be

sintered 10 to unglazed baking in advance. In this case,
the pre-treatment chamber is disposed to be in parallel
with the sintering chamber 16. The object to be sintered
10 disposed in the pre-treatment chamber is dried or
subjected to unglazed baking with outward radiation heat or
transmitting microwaves originated from microwaves
irradiated into the sintering chamber by the microwave
generator 12. By this procedure, thermal efficiency in
drying or baking the object to be sintered 10 with no glaze
can be enhanced.

The adiabatic performance or microwave absorptance of
the insulating wall 28 can be changed in the feeding
direction of the object to be sintered 10 by forming a
portion of the insulating wall 28 with a material different
from the other portion. Alternatively, the adiabatic
performance or microwave absorptance of the insulating wall
28 can be changed in the feeding direction of the object to

be sintered 10 by forming a portion of the insulating wall

- 18 -



A sintered object (ceram cs) was obtained by sintering the object to be
sintered 10 (Qeighg: 10 kg, average thickness: 5 mm nade of1d}¢§@a@mﬁ
material using the 5 sintering furnace of the embodi ment shown in Fig. 1.
In this Exanple 2, the inner shell 25 was formed of mullite-based cenent
added with 0.1 O of iron oxide (Fe0) and the main insulating wall (outer
shell) 26 was formed of an alumna-fiber board. Additionally, the inner
shell 25 10 was 2 mmthick and 5 kg in weight, and the main insulating wall
26 was 40 #%n ihixkdersdl 5 ki f fe meighf romhehphysheal poproparti s of the

i in i ' 26 and the object to be sintered
I nner sheléigé rthe nalqllnsulatlng wal | 6 ]

10 are shown 11 Tabi% Ze WepperatungosnNehersintering ohaibey-16. . ~ x~~
WO -~ h Uca@be changed in the feeding direction.
The insulating wall 28 may be l-layered or more than
5 2-layered in addition to 2 layers.

The feeding system can be changed to such a feeding
system that includes a driving system having a belt
conveyer and a motor and the like for driving the belt
conveyer. Further, in the continuous sintering furnace of

10 the second embodiment, the feeding system can be replaced
with a feeding system having a carriage 22 as in the first
embodiment.

In place of increasing the thickness of the insulating
wall 28 gradually from the inlet 20 to the outlet 21, the

15 portion with a constant thickness or the portion with
decreasing thickness may be partially provided. Further,
the variation in thickness may not only be continuous but
also stepwise.

In place of increasing the temperature in the

20 sintering chamber 16 gradually from the inlet 20 to the
outlet 21, the portion with a constant temperature or the
portion with decreasing temperature may be partially
provided in the feeding direction. Further, the variation
in temperature in the sintering chamber 16 may not

25 necessarily be continuous but stepwise.

Examples
(Example 1)
A sintered object (ceramics) was obtained by sintering
30 the object to be sintered 10 (weight: 10 kg, average
thickness: 5 mm) made of a ceramic material using the
sintering furnace of the embodiment shown in Fig. 1.

In this Example 1, the inner shell 25 was formed of

- 19 -
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mullite-based porcelain and the main insulating wall (outer
shell) 26 was formed of an alumina-fiber board.
Additionally, the inner shell 25 was 8 mm thick and 45 kg
in weight, and the main insulating wall 26 was 40 mm thick
5 and 5 kg in weight. The physical properties of the inner
shell 25, the main insulating wall 26 and the object to be
sintered 10 are shown in Table 1. The penetration depth
represents an entering depth at which the electric power
density of microwaves attenuates half of that in each

10 material.
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(Example 2)

A sintered object (ceramics) was obtained by sintering
the object to be sintered 10 (weight: 10 kg, average
thickness: 5 mm) made of a ceramic material using the

5 sintering furnace of the embodiment shown in Fig. 1.

In this Example 2, the inner shell 25 was formed of
mullite-based cement added with 0.1 $ of iron oxide (FeO)
and the main insulating wall (outer shell) 26 was formed of
an alumina-fiber board. Additionally, the inner shell 25

10 was 2 mm thick and 5 kg in weight, and the main insulating
wall 26 was 40 mm thick and 5 kg in weight. The physical
properties of the inner shell 25, the main insulating wall

26 and the object to be sintered 10 are shown in Table 2.

- 22 -




~N H). O 1 0 MAC 2G® (Exanple 3) A sintered object was obtained by
sintering the object to be sintered 10 (weight: 10 kg, averag?ut@gggmpﬁs: 5
m) made of high purity (99 % alumina with the sintering 5 furnace of the
enbodi nent shown in Fig. 1. In this Exanple 3, the inner shell 25 was
formed out of alum na added with 1 nold of zirconia and the main insulating
wal |l (outer shell) 26 was formed of an alum nafiber board. Additionally,
shell 25 was 1 mm 10 thick and 0.2 kg in weight, and the main

t he inner
insulating wall 26 was 40 mmjthi ckjand 5 kg in weight. The physical
properties of the inner shelll 25, the main insulating wall 26 and the
object to be sintered 10 are|shgwnfih Table 3. 1 0 BAR 2005 OU .-i -~V
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(Example 3)

A sintered object was obtained by sintering the object
to be sintered 10 (weight: 10 kg, average thickness: 5 mm)
made of high purity (99 %) alumina with the sintering

5 furnace of the embodiment shown in Fig. 1.

In this Example 3, the inner shell 25 was formed out
of alumina added with 1 mol% of zirconia and the main
insulating wall (outer shell) 26 was formed of an alumina-
fiber board. Additionally, the inner shell 25 was 1 mm

10 thick and 0.2 kg in weight, and the main insulating wall 26
was 40 mm thick and 5 kg in weight. The physical
properties of the inner shell 25, the main insulating wall

26 and the object to be sintered 10 are shown in Table 3.
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The examples and the embodiments of the present
invention are illustrative and not intended to restrict the
present invention. The present invention should not be
limited to the details described in the present
specification and can be changed without departing from the

scope of the appended claims and the equivalents thereof.

Industrial Applicability

As described above, the sintering furnace and the
manufacturing method of sintered object according to the
present invention are useful for manufacturing the sintered
objects by sintering objects to be sintered made of ceramic
materials or fine ceramic materials, and are particularly
suitable for executing not only a single step but also a
plurality of steps of the manufacturing process of the

objects to be sintered.
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NN AMO 1 d ~~R 200 The exanpl es and the enbodi nents of the present
invention are illustrative and not intended to restrict the pqapggg §MS

i nvention. The present invention should not be Iinmted to the detai
described in the present 5 specification and can be changed w t hout
departing fromthe scope of the appended clains and the equival ents
thereof. Industrial Applicability As described above, the sintering furnace
and the 18 gﬂggfacturing nmet hod 'of sintered object according to the present
i nventi on~¥ seful for manufacturing the sintered objects by sintering
objects to be sintered nade of ceramic materials or fine ceramc materials,
and are particularly suitable for executing not only a single step but also
a 15 pluralityl ofAssipsening heunmaoe afonr s hyt rocesan ofbidet dby dxt s to be
sintered.s.&tgrg~~~1gpqg QAN 1. A sintering furnace for sintering an

obj ect t o> BEr ST AT ef b (10)Thy W LV ShaveR P ELRERY Si ng: 5 an inner shell (25)

whi cls can heatahtsehdr Wehdl I ¢2 OnavescRNEaMh ek defs&es @i h nt eri ng chamber
(16), in which the object to be sintered (10) is disposed; and a mi crowave

gener at or™{ARYVHFFE AR AT @S BeEFoNRVRSS Rt ERENDhFRAIOED bES)si ntler ed (10)
via the ipngsyshellofpode 40 w@eéfwewgsggw%szgc)ﬁi%@e@-ena% ted with the

m crowaves per unit unme of the iInner ar'ger than the
anount of heata geheratade pgenematoyol Lk wihidherod £cds troi deowsd vderted (10),
and al so the tgggerature of , the inside surface of the inner shell (25) is

subst ant | BFF PR Thet St S EReCQuf FAbeViantet attrer othehe Ohjlect to be

si ntier ed (10) . witerd® @H@tﬁﬁé&}%fﬁf NACL: aGERL A NGy 101Gl &l 1, wherein the

i nner shell (25) heats itself with the mcCrowaves in 20 order to conpensate

t he diff drpreewdies sweer tuel § nmed beme ur f aclee t bmper athekl of23)hel s nner shel |
(25) and {18, SHr{RAGe LEIPSIAMN S PThdde SRLEEL LR B8, Silt M8 fid0se
the object to be sintered (10), and also the temperature of
the inside surface of the inner shell (25) is substantially
15 the same as the surface temperature of the object to be

sintered (10).

2. The sintering furnace according to claim 1, wherein
the inner shell (25) heats itself with the microwaves in
20 order to compensate the difference between the inside
surface temperature of the inner shell (25) and the surface

temperature of the object to be sintered (10).

3. The sintering furnace according to claim 1, wherein
25 the amount of heat generated with the microwaves per unit
volume of the inner shell (25) is equal to or less than two
times the amount of heat generated per unit volume of the

object to be sintered (10).

30 4. The sintering furnace according to claim 1, wherein
the inner shell (25) includes a metal oxide or an inorganic

material having high microwave absorptance.
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3. The sintering furnace according to claim1, wherein 25 the amount of
heat generated with the m crowaves per unit volune of the |nndr0§@@aqgmp5)
is equal to or less than two tines the anbunt of heat generated per unit
vol une of the object to be sintered (10). 30 4. The sintering furnace
according to claim1l1, wherein the inner shell (25) includes a netal oxide

or an inorganic naterial havi ng hi gh m crowave absorptance - 27 10~~~
R 2005 5. The erlnﬁ%furnace accordlng to. cl mherfln t he i nner
shel I (25) i nof udbie ° FRtaF 8% BXBrCans ﬁargmct?mffleww naWi e H gh

m crowaverRBSORREANSRe1D 025)Thensl R8s | A0nEHE DasLi @€ CoF dhNgi A Or@dyi ®ne of
claims 1 to 5 wherein the sintering furnace conprises an insulating wall

(26) haV|mgtgﬁi@bahﬁﬁl%@rmeMHmt@r@EaWElabé@rpéaMQ%blI|ty to mcrowaves,
the insulating wall (26) surrounding the outside of the inner shell (25)
10 7. A nmethod of manufacturing a sintered object, wherein the sintered

objedt is formed byeraﬁhh*aéfngg Nt er OBy esctorain@becing cole sf ntered,
conprising. the steps of 15 providing an inner shell (25) which can heat
i tself w%a%ﬁl%r% Qedr afeimientiyef pheEe iRy nfeFnaRe chamdelsta R

di sposi ng; a0, 0RE 64§91 D€ %ﬁtﬁéﬁﬁ?ﬁ%l%;@w é@?féhﬁér%é ng théfPegs(lfi)

t he anmount of heat "generated wt e m crowave unit vol une of
i nner shepérmeéblBﬂtpet@gmiarg@avehanthhelaﬂnhmmlmg weht (e6er at ed per un|t

vol ume of the object to be sintere and for e sintered object
by radi at Phg" ﬂ?%&bﬁ%v@%et%uYﬁ%é%b?g {h?olB%eglﬁ? deg%é 0) via the inner
shelllp (25) using a m crowave generator (12) in order to make the 25

tenperature of _the inside surface of the inner shell (25) substantially the
sane as the su?fa%em“é*éhﬁp@r@fu}i@n@faﬁh@r@bﬁ?e@tsx@t%@e@@hﬁ@dr (10). 8. A

cont | nuougy SLOLE L9 LHL08CE, T 0L SLOC LT BG-An, 30, obl et Lo be sTntered (10)

wi th m crowaves conprising et meabl e to
nlcromavemlcmbeaeeﬂ t@eamn&mjaétngombélsiﬂﬁérdmi|¢mmpfu§im@etm@gscaaﬂber
(16) and é?§ object to be sintered (10) are - 28 1 0 ~~~R 2005
15 providing an inner shell (25) which can heat itself
with microwaves and which defines a sintering chamber (16);
disposing an object to be sintered (10) within the
sintering chamber (16), the amount of heat generated with
the microwaves per unit volume of the inner shell (25)
20 being larger than the amount of heat generated per unit
volume of the object to be sintered (10); and
forming the sintered object by radiating microwaves to
the object to be sintered (10) wvia the inner shell (25)
using a microwave generator (12) in order to make the
25 temperature of the inside surface of the inner shell (25)
substantially the same as the surface temperature of the

object to be sintered (10).

8. A continuous sintering furnace for sintering an
30 object to be sintered (10) with microwaves comprising:
an insulating wall (28) permeable to microwaves,
wherein the insulating wall (28) defines a sintering

chamber (16) and the object to be sintered (10) are
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di sposed in the sintering chanber (16); a mcrowave generator s Q

radi ati ng m crowaves to the object to be sintered (10) via the iln éRaﬂMEg
wal |l (28); and 5 a feeding systemfor feeding the object to be sintered
(10) into the sintering chanber (16), wherein the tenperature within the
sintering chanber (16) is changed in order to correspond to the sintering
process of the object to be sintered (10) in the direction 10 of feeding

t he objec tered (1 ont i us sintering furnace
accordi ng t Ego glﬁlg %k é %gfﬁggtgﬁﬁgﬁgfurg%&nthln the sintering chamber
(16) is changed mmcabdaWetgeﬁékéeﬁﬁoﬂdzb0fbﬁerédﬂb@&h?gm@5966§$eé5t@f t he
object to be sintered (10) in the feeding direction of the object to be

sintered F?G)OBQGEHaﬁﬁlﬁﬁ shEterpekidds fat kbei AnarasragIwarll(28§)in the
feedi ng dipgction. 10. The continuous sintering furnace according to 20
claim9, wherein the tenperature within the sintering chanber (16) is
chang®d i n order feeddogr egptrd fort ieesingethagoprecessoobet Benobiegt to be
direction of the object to be sintered (10) by

sintered in, the feedin
changi ng gégéb QFfSﬁﬁﬁ%EéHSrcﬁ?@?8ﬁa&é6ébsorptance of 25 the
i nsul ati ng “ﬁ|hhégghn'@hEh%eﬁE@gbﬂgrg'Qgghhﬁnthélslxggrgggﬁb?gﬂ Srsintering

furnace according to claim9, wherein the sintering cha conpri ses
an inlet (26) aﬁdcaﬁngadlen deﬁrfaolngrtbeppnheto(26¢ andteheng0 feeding

f h g.b d,(10 h 20) _through th
S ntert ngbenanng: 821 Ef b BBIRGEobbl B “Paty erechdol 15’ €' gfpgtaschyng 1M

contlmUOUstEaéaﬁh@gth@rBa§@caceerﬂbnglh@eﬁbalWl@? wherein the thickness
of the insulating wall (28) increases gradually fromthe inlet (20) toward
the outlet (21) . 5 13. The continuous sintering furnace according to any

one of clainms g, t@héBCOH@§83%2§t$En§EQRﬁ '@grﬁgégbgécgggl?gstéorgFglﬁn the

shape of a circular arc e contrnuous sirnterrng rnace accordi ng
to any oné,owhekannstﬁetbemﬁeraberelW1thenfe5diagnsysiﬁq1hh8mbefumnape bed

(23) disposed belog t he S|nter|ng chanber 6) on which the object to be
sintered {10y F898MspBs8FIERdEPh OBBFEEPngotBetE?nFéPE@riggfBHO%?S?otat|on

of tig fubﬂaﬁﬁebégjéét(gg)be sintered (10) in the feeding direction
of the object to be sintered (10) by changing the thickness

of the insulating wall (28) in the feeding direction.

10. The continuous sintering furnace according to
20 claim 9, wherein the temperature within the sintering
chamber (16) is changed in order to correspond to the
sintering process of the object to be sintered (10) in the
feeding direction of the object to be sintered (10) by
changing adiabatic performance or microwave absorptance of

25 the insulating wall (28) in the feeding direction.

11. The continuous sintering furnace according to
claim 9, wherein the sintering chamber (16) comprises an
inlet (20) and an outlet (21) facing the inlet (20) and the

30 feeding system feeds the object to be sintered (10) from
the inlet (20) through the sintering chamber (16) to the
outlet (21).
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15. The continuous sintering furnace according to any one of clainms 9 to
13, wherein the sintering chamber (16) is formed in the shape ¢fj HARt2(85 ght
line. 20 16. The continuous sintering furnace according to any one of
clainms 9 to 13, wherein the feeding systemincludes a carriage (22) having
a nount portion (22a) on which the object to be sintered (10) is disposed
and a roller (22b) 25 coupl ed to the nount portion (22a) in order to -nove

t he carri age, 32 %Ee ob ct to be,sintered is dlsggsed on the mount
portion (22a) afd FrF8 b?uﬂﬁéeﬁéﬁFe6Fnﬂhé ea FPagecPs2yn938°17. The

ContlnUOU&l&hﬂtQQlnghéﬂéBﬁcﬁhécﬁﬁﬁgkﬂgs%oo§n¥h8n§n9u18£§h§5w§li0 28)
further conprising, within the insulating wall (28), an inner sheII (25)

which i s ABF&epgseRearafinadly fromn ﬁher@méeES(ZO) 3bowadOthe ~0RDDSL wher ei n
t he i nner §@?I (25) surrounds the object to be sintered (10). 18. The
continuous sintering furnace according to any 5 one of clains 9 to 13,
furtier conprising, within the insulating wall (28), an inner shell (25)
which is able to heat itself with mcrowaves; wherein the inner wall (25)
surrounds the é%re@betGOﬁélgPﬂPéréanFQG}ngaﬁHrﬂﬁ@eaﬁ@Gﬁrdbmgh%@ta@bnerated

with the dfomberggyes peounst %REHQ‘EnC’%PEhS hegsi?ahgﬂﬁém}ggé (18! arger

than the anmount o eat gener at ed uni o be
sintered {40formad ahsbhehehapepefa&ucéroﬁlhhear@s|de surface of the inner
shell (25) is substantially the sane as the surface tenperature of the
object to be 15 sintered (10). 19. The continuous sintering furnace

accorgdi ng to amy, omﬁeO&oﬁtﬁhﬁ§uQ BQnéérlBﬁrEﬁﬁﬁaéén@ébékﬁgne Pé eapy eat ment
chanber di sposed to be in parall with the sintering 20 chanber (%6)

wher ei n t feeopfeclainspd E@nléreﬂhela}ndtbpoéeddlngtﬁESb@@ haea@nent

chanber i b th_radiation he
transnltt?%gﬁﬁggrgé%vg§§?r§§g§%e ou er gc%l%€e¥h%gl 2 ??n&labll (28)
orlglnatednfwbﬂtﬁSthec&bme&estorbadsaheéreat©1©hel§l@i@pb@@dcgﬁﬂb€Me(16) by
the m crowaye generator (12). 20. A nethod of manufacturing a sintered

obj ect wh@Pect t%lﬁ?e?éﬂt%ﬁ?%c%s Eedobrerobyt i @f i Hae nferpaeee’edo an 30
obj egt to(peg)sintered, conprising the steps of: providing an insulating
wal | (28) perneable to mcrowaves, the insulating wall (28) defining a
sintering chanmber (16);

15. The continuous sintering furnace according to any
one of claims 9 to 13, wherein the sintering chamber (16)
is formed in the shape of a straight line.
20
16. The continuous sintering furnace according to any
one of claims 9 to 13, wherein the feeding system includes
a carriage (22) having a mount portion (22a) on which the
object to be sintered (10) is disposed and a roller (22b)
25 coupled to the mount portion (22a) in order to move the
carriage, and the object to be sintered (10) is disposed on
the mount portion (22a) and carried by movement of the

carriage (22).

30 17. The continuous sintering furnace according to any
one of claims 9 to 13, further comprising, within the
insulating wall (28), an inner shell (25) which is able to

heat itself with microwaves;
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- 31 1 0 ~~~R 2005 disposing the object to be sintered (10) within the
sintering chanber (16) by a feeding system forning the sinterdd) ¢HiRe2flbby
radi ati ng m crowaves to the object to be sintered (10) fed into the
sintering 5 chanber (16) via the insulating wall (28) using a m crowave
generator (12) so that the tenperature within the sintering chanber (16) is
changed in order to correspond to the sintering process of the object to be
sintered (10) in the feeding direction of the object to be sintered (10).
10 21. The netWbdratvokdengnnercialin 225) waerepnnthethenperaturecilpet he
sintering chgnbe& &i83 gradual ly increases as the object to be sintered
(10) advantes®t %t éeding direction. 15

18. The continuous sintering furnace according to any
5 one of claims 9 to 13, further comprising, within the
insulating wall (28), an inner shell (25) which is able to
heat itself with microwaves;
wherein the inner wall (25) surrounds the object to be
sintered (10), and the amount of heat generated with the
10 microwaves per unit volume of the inner shell (25) is
larger than the amount of heat generated per unit volume of
the object to be sintered (10), and also the temperature of
the inside surface of the inner shell (25) 1is substantially
the same as the surface temperature of the object to be

15 sintered (10).

19. The continuous sintering furnace according to any
one of claims 9 to 13, further comprising a pre-treatment
chamber disposed to be in parallel with the sintering

20 chamber (16);

wherein the object to be sintered (10) disposed in the
pre-treatment chamber is dried or baked using no glaze with
radiation heat or transmitting microwaves from the outer
surface of the insulating wall (28) originated from

25 microwaves irradiated into the sintering chamber (16) by the

microwave generator (12).

20. A method of manufacturing a sintered object where
the sintered object is formed by radiating microwaves to an
30 object to be sintered, comprising the steps of:
providing an insulating wall (28) permeable to
microwaves, the insulating wall (28) defining a sintering

chamber (16);

- 371 -




10

15

101

Pl

o

.

R 2005

disposing the object to be sintered (10) within the
sintering chamber (16) by a feeding system;

forming the sintered object by radiating microwaves to
the object to be sintered (10) fed into the sintering
chamber (16) via the insulating wall (28) using a microwave
generator (12) so that the temperature within the sintering
chamber (16) is changed in order to correspond to the
sintering process of the object to be sintered (10) in the

feeding direction of the object to be sintered (10).

21. The method according to claim 21, wherein the
temperature in the sintering chamber (16) gradually
increases as the object to be sintered (10) advances in the

feeding direction.

- 32 -




