DESCRI PTI ON SI NTERI NG FURNACE, METHOD OF MANUFACTURI NG SI NTERED OBJECTS,
AND SI NTERED |caI Field The present invention relates to a
S|nter|ng furﬁBjmmﬂmmmmmmmp ring an object to be sintered fornmed of
ceramcs, fine als, etc. to produce a sintered object, 10 a
nethod of manuf act urPi§ a S|ntered object, and a sintered object.
Background Art Conventionally, an electric furnace or a gas furnace 15 has
been used as a sintering furnace fDESSRAPEIONG an object to be sintered.
However, since the tenperature in a furnace nust be raised gradually in
order not to generate any tenperature differences betmeen t he surfaces and
the intersouserRinG hEURDPACE! M@TH@DSb@t ﬁm@m&q’bh%@;a fq] big haces
where the object to be sintered is heated from OUtSI ere eeh a
problemthat sintering tine i &ND |SANTERED BJIRGRfer . Amcordlngly, i n order
to sol ve such a problem Japanese Exam ned Patent Publication No. Sho
58-233§9, 25 Japanese Lai d- Open Patent Publication No. Hei 3-257072 and
Japanese Lpéghipedn Aaierd Publication No. Hei 6-87663 propose various
sintering furnaces using mcrowaves. M crowaves are absorbed uniformy
both onto the sUif &easendhdinRREi¢R raleEesrsoop shatebiaet Surnase

Sintered a0 Tetelpng, dhounider otlvoa LiktLechiest hbat cankagerat ure

di ff erences occur ng between € surfaces an nteriors of the

obj ect to hensictmmed: rConseakent |gtct heo padbduoé bespatratrede obijgetgan be

|ncre?Bed '9 metor Eglftmanufacturlng 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 the temperature in a
furnace must be raised gradually in order not to generate
any temperature differences between the surfaces and the
interiors of the object to be sintered in the 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
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time necessary for the sintering to a |large extent as well as uniform
sintering can be acconplished. Sintering the objects to be sintered with
m crowaves i s expected as such a technology that decreases energy
necessary for the 5 sintering as well as increases productivity of
produci ng sintered objects, especially ceramcs for industrial use. The
inventors of the present invention found that when sintering is conducted
usi ng ni cr SWEGeBECESPIEUdSOAdFEBasiat egiade teompllatrdey gxtsritatamgvahl obj ect
to be sinteged,i d y rr.oundi t.he.obj ect,.tq be sintered with
a thernalS%ngﬁkg?%ﬁggégﬁégggg ﬁ%ﬁchghggcgﬁpéd%¥§h'enFln rdldvde

absor pti onoppepest ot bet hahtetetiheiehj edicriowakes sisntesirdGtdd 4disucmse,
occurrence of tﬂer | gradient in the object to be sintered due to

radi ati on 8obff ﬁoggﬂybEhiﬁ feSTPASREd CREA IV NE CEFISPEYMIATttAE ng can be

acconplg shgdnte FONEVEE, wel NCEs CNREI%AQE St ?OQEQEQWQ%S§Ch§Fh ?ﬁ%gﬁﬁ%uand

consuned not only in the object to be sintered but al'so | ati ng
mat eri al isinheredsebdéctsnt espagibhéy ckjrentictko fbe dnaverted aurdsinded by
t he above insul@%én 20 materi t he amount ,of energy necessary for the

e

l,
sintering incr LEORPET cRht H)S PRESFREr 1pgePEdPPafRUPRe thadumthest

ener gy 90n§ﬂﬂﬁgriﬂ? 1 becbRguteblngs MBhemli dkowhlresS REPRESRAILY AQ J1Bke & he

insulating material thinner to decreaSe its weight and heat 25 capacity.

However, i$P2GR ¢orRletehy haselabingsapndbiechi trebe shetamedgntisof therma
mat, rial . becones

ener gy ol 0s i o] Of ,.L i psul.atin
Iarge?oto é%%%ﬁgﬁa%%g§§€9¥ﬁ%?9§ nﬁ% %85§§5|§§t%§,ség%par dwﬁ5htﬁe anount
of ther maltleeengly Dnwehabing heatecialawkschohhbeadOelnswhakthnrg materi al

Accordingly, there occurs a large tenperature difference between the
i nsi de suﬁ¥b%%9%ﬁv? SPTRY R iPRet BYi P BRattRE bBpeebie6tbhéosist er ed.

Consequentd ntdhed abome @sSHUNPLLON 9bcispEHLadkababfa3PEEeahl Not be
established resulting in occurrence of
the object to be sintered due to radiation cooling can be

15 restrained and more uniform sintering can be accomplished.

However, since energy of the microwaves is absorbed
and consumed not only in the object to be sintered but also
in the insulating material in the case of sintering the
object to be sintered surrounded by the above 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



thermal gradient in the object to be sintered due to radiation cooling.
Therefore, a first object of the present inventionis 5 to provide a
sintering furnace where occurrence of thermal gradient in an object to be
sintered due to radiation cooling can be restrained while attenpting to
reduce energy necessary for sintering the object to be sintered, and a

met hod of manufacturing an object to be sintered, and a 10 sintered object.
For i nt endPR§CRa¥slpr BaticProAstRbIiinheded eshjlddngy ian damnetengpeof

conti nuous §i i lrnace | referabl ere a plurality of processes
can be carr?gghggtgggngﬁﬁugﬁs 9. P%jFﬁg gﬁhﬁgn 635%%94644§mf9urnace,it
is 15 necesadigttionf eabalangappropri ate tenperature distribution in the

furnace by changing the tenperature in the furnace in the direction of
carrying the ob?@%%@f?ﬁebeasfh¥§FeGbJe¢ﬁe0fe§§6npK§S§@¢aqueaﬂﬂoan&ess

(for exanpts, nE6¥kE[E: F gl Lt par ' r [ interin f the
sintering 20 Brocesseg %%g%éggﬂgo%3§b%EEhgH%EF?%S%FEFePéﬁbéﬁ%ﬁ%F@"W%bion
Wi t hi n t hegfadhect toraespbidchgtbhbeesdntbHevaveane ite trhgicaserpf the

sintering m crowaves ormation of a proper tenperature distribution

i th, f
in the fugﬁﬁg N9 WRFRAPT sTaSthat PRdotE L L5y PEY EMPE 1APF e fleduces enakaise

el ectric poveesgengi tyrosihher MEGroMavesjbetr dhspersgdrandquniioy m zed
through repetition of nultiple Tteflection of microwaves w thin the

furnace. ThetRPdref maretaskubbi@canopbidetpteskat sintemedenangd a o provi de

a conﬁbnuqyfnéépg§r5$ﬂeé?rnace where a 30 tenperature distribution
corresponding to a plurality of processes can be easily fornmed in one

furnace and an By eiteridirie mdsH esesieeni be 60Nl AUOHSHY Bl BEEEEd jWi th
m crowaves_ _in the furnace, and a nethod of nmanufacturing an object to be

sintered, BHPS PRSP OH YIS BRkeping fBEneAe LavEREfeRable

where a plurality of processes can be carried out
continuously. 1In the continuous sintering furnace, it is

15 necessary to form an appropriate temperature distribution
in the furnace by changing the temperature in the furnace
in the direction of carrying the objects to be sintered.
The reason is because each process (for example, drying,
preliminary sintering, main sintering) of the sintering

20 processes must be done in the particular temperature region
within the furnace corresponding thereto.

However, in the case of the sintering with microwaves,
formation of a proper temperature distribution in the
furnace, which is a continuous cavity, is difficult,

25 Dbecause electric power density of the microwaves is
dispersed and uniformized through repetition of multiple
reflection of microwaves within the 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



According to an enbodi nent of the present invention, a 5 sintering furnace
for sintering objects to be sintered wwth mcrowaves is provided. The
sintering furnace conprises an inner shell, which can heat itself with

m crowaves, and a mcrowave generator. The inner shell defines a sintering
chanber and the objects to be sintered are di sposed in the 10 sintering
chanmber. The m crowave generator radi ates mcrowaves to the objects to be
sintered vPg EhBLPRREr ABHef| SiThergAp@Riest-heat generated with the

m crowaves per unit volunme of the inner shell is larger than the anount
of generated heat per unit volume of the objects to 15 be sintered. The
t enper at ur Bis€loserensf dehsutheert bbnt he inner shell is substantially the

same as the surface tenperature of the objects to be sintered. According

to another enbddffehtdy thepraBRatineRyeREi bR proveadd inyeatigmod of
anUfaQiUrSﬂﬂtétﬂﬁgrﬁgrngge0@&§C§§nM@fiﬁgtg?g%b@%ekgdb%m%¥ﬁféfg§iJf%ﬁEd by

radiating mcrowaves to objects to be sint he nethod conprises the
steps of : Micpewaves ngs apronhded sheThewhinhecanghdatrnaices elohpaitdes an

m cr owaves, an i ch defines a sinterin anber; i.i) disposing objects to
be sintereﬁ%mg¥h?ne?%@ %E?éﬁrﬁ%ﬁi?@? héﬁﬁ%i? VHELaWﬁGﬁpwéWeﬁeaﬁngbﬁbrated
with the micromwesg@esratvt. vornereighethenbnneleshakl Beisiglanggy than

the amount of generated heat per unit volune of the objects to be
si ntered; $79908%rRhtRe Riiet pbfecdes pyntesdfasragdispreravésn witeh a

m crovwave gehedAid diadidher 30 ghi j via_.the inner shell in
order to make trégtenperaturéﬁg#qﬁﬁéréﬁg?geaéﬂ%?éggro g?ﬁg%Fﬁner shel
subst ant i atdgrovaveanm ahe b rtfaceoe tleapeiatearedotitheheohnaetrs to be

sintered. Ac di to still t her enbodi ment of the present invention,
a sinter eds%egjiol(re'ct §t AT rﬂa{; % et eSd it hBdathe BieyPHadesAccor di ng

t o anot herpeanhaditerdl e tde tHeeSHHer 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; 1i) 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.



5 invention, provided is a continuous sintering furnace for sintering
objects to be sintered with m crowaves. The continuous sintering furnace
conprises an insulating wall perneable to m crowaves, a m crowave
generator and a feeding system The insulating wall defines a sintering 10
chanber and the objects to be sintered are disposed in the sintering
chanber. The m crowave generator radiates mcrowaves to the objects to be
sintered via thce¢ordingibg stall. afhehteedinbgdipenemoffeads teahjects to

be sintere jnto the sintering chanber. The te rature within the 15
si ntering g?\‘éér’rﬁée%orit"s %h%h%‘g%lr?ﬁ 8?318?& 8%891“8933%&%% ff&e 9hAER i ng
process ofmétigo@bj €cpBotDdb@. Sintered in the direction of feeding the
objects to be sintered. According to yet another enbodi nent of the present

i nvention, proAtRIING tetarettr nembedinantngfsiheepegse2® obj ects where
the si gt ergd, obi S b Lating _mcrowaves to objects to be

si nt er ed. The&ﬁ%t od %%ﬁvp{?%égggst%eégﬁggéu8 S PYPerévid; r]?é]rél#qen Bting
wal | per mesmoleeting mikcjamey eso bdesinsalali Rgtwahh cédefbie’y a it ering
chanber; ii%pdj sposing the objects to be sintered within 25 the sintering
chanber by @By SYLtLMNY i FYrP3¢Hi REMPRESES| AleiBAUSBLAEGES Wal 1

radiati ng J8:Gfauaes it Ul RO tni GPIREGL OLetbBal B LARULALING vall o

the objects to be sintered carried into the sintering chanber so that the
t enper at urfeagling sysdtensi ntHre nipohbabeng | 8athadgetines 30sonder ihe

correspond,,tQ.the sintering prqcess aof the objects tqQ be sintered in the

f eedi %g di%rheac R % ttﬁ]ee o‘%ijgecqcss tt° Q%% SIRERTRd. 258 cOt PR§eHo 1§t itihe

anot her endtiotiernig efhaniQr esEY nivend e, gshet £E6F PRESSEEsObt ai ned
through the above . method are provided. Brief Description of the Drawi ngs 5

Fig. 1 is™SaAMaras ¢asddg shlefhiant ik shevered ania ebbedinent asfinghe
sinteringyunnacerdf ARQIiIPLIRMtem feeds the objects to be sintered

into the sintering chamber. The temperature within the

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

According to yet 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 insulating wall permeable to
microwaves, the insulating wall defining a sintering
chamber; ii) disposing the objects to be sintered within

25 the sintering chamber by a feeding system; iii) forming the
sintered objects by radiating microwaves with a microwave
generator via the insulating wall to the objects to be
sintered carried into the sintering chamber so that the
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



invention. Fig. 2 is an enlarged schematic sectional plan view show ng the
sintering chanber. 10 Fig. 3 is a schematic sectional side view show ng a
first enbodi nrent of the continuous sintering furnace. Fig. 4 is an

enl arged schematic sectional plan view show ng the sintering furnace in
Fig. 3. Fig. 5is a graph showi ng the tenperature dependence 15 of conpl ex
dielectric,loss of the insulating wall. Fig. 6 is a schematic plan view
showi ng a $B¥BRHEICBnbBdNRBREdoPPYRELSORLILAIGES SihmardhdgHaratacee Best Mode

for Carryi anLQn 20 In the follow ng, the enmbodi ments of the
pr esent iﬂ%gﬁgéoﬁggrégéggé%?bed on the basis of the drawings in order to
descri be the present invention in nore detail. Unless otherw se nentioned,
i ke reference_nunbers refer to |ike nenbers throughout the draw ngs. 25
(Sinterin ?h?ﬁaﬁ%?cﬁ?@Flﬁni%fatgﬁhgﬁﬁWF89§ectional vi ew showi ng t he

sinterisng furnaggyofia;digsicgahodi ge [ i furnace is used to
manuf act ur e sin;gged o%jectscby 30 siﬁ%gFgﬁgagngggﬁeggeﬁbgﬁgggf) ét'td 10.
The obj ectemkediment no€relde 19insecbnposednatean folbjhectpresledad i nto a

predetermiwe‘gespflgr? froma ceramic material or a fine ceramic material.
The object™ 1o et ntered 10 can be any one selected froma nol ded object,

an ungl azed nolriegl Dhjedn énhviiged sohdngt 0bi §etridnd1apiant kals, obt ai ned
by gla2|nq an, ungl azed nol ded obj ect. The sintering furnace conprises a

chanber 11 ehe S hterngsepmontrai ner. The chanber 11 is able to
embod oent, ¢ he eharber” 11 1LY To theehaBi8e (IR a0aranboR mhde of
stai nl ess fitsdl embiddidnent rof ertgt hicontinuous sintering furnace.
Fig. 4 is an enlarged schematic sectional plan view
showing the sintering furnace in Fig. 3.
Fig. 5 is a graph showing the temperature dependence
15 of complex dielectric loss of the insulating wall.

Fig. 6 is a schematic plan view showing a second

embodiment of the continuous sintering furnace.

Best Mode for Carrying out the Invention

20 In the following, the embodiments of the present
invention are described on the basis of the drawings in
order to describe the present invention in more detail.
Unless otherwise mentioned, like reference numbers refer to
like members throughout 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



1.1 min wdth, and 1.1 min height. 10 Mcrowave oscillators 12 as the

m crowave generator are connected to the chanber 11 via wavegui des 13.

M crowaves are radiated into the chanber 11 via the waveguides 13. The
frequency of the mcrowaves is preferably 0.9 to 100 GHz, nore preferably
0.9 to 10 GHz, 15 nost preferably 2.45 GHz. The frequency |ower than 0.9
GHz is not preferable because wavel ength becones very |ong and brings
about redu@ﬂ?oﬁeiﬂc’éﬁgofp@@néem@dﬁﬁcpg\li@\%‘é.r an tung lagzed marlded he

frequency hj t ha s ,ngt .preferabl e because an . expensive
ni crowave gis)glgﬁét%rgiégggqa%bhﬁgcgéggrcﬁf \ﬁﬁ‘gnalnhé’r%'l&gl?er?a}: ned by
n crowavesglsz?ng5an Griagléhed el avavebgseicl.l ator 12 can be rather small

and lowin price. In the present enbodi nent, used are six mcrowave
oscillators 12 TRRISiRtRFing frentareCemBRASER aFchamberilcleanpgred 2. 45
GHz m ¢y owaye, (Q1ULH Rr X 25 auxiliary hnsul ati.ng . wal | 27 defines
space within at he cﬁ%n%%r 1}1/}.leﬁ'he %?i F?Sglr%&/)girrnégl ggi %té)l\%aﬁo ﬁﬁseCt

adi abat i ¢ mEcnevaves perheadt ecoh othecinwddes suBitkea th@ineofi.nsulratimeg wal |

26 and an .inner shell 25 disposed wthjn he main insulating wall 26

def ine a SPHESTP DG RIRtRIH S0 So° 1 TERBEEpddei SwhPERCRS defiired MAPY he

auxi liary ofsyll sgudge N&k Imdde dhestanglesbekted?. wike Eabni5n§ﬂhﬁﬁggg val |
e

26 and the auxiliary insulating wall 27 conpose a brac surro ng the
obj ect to bel dintereidtln, am@ Vol uneinfhehghtinteri ng chamber 16 is

preferably 0.3 ,t.0 R ¥ in ipsulating wall 26 is adiabatic as well
as pepﬁeabl e toﬂlngrg?“gam‘{ge%sfc%elnaar?%ﬁsl a?fh%%iklégarafgﬁg’f’?xe HEPPGAI&Tce such
as al unmi naafé hesnnexdted neo fdeen disargberen1 asvid wavegaLbak figr, forming the

mai n insulating wall 26. On the other hand, the inner shell 25 heats itself
with mcr d‘%a‘?/rég‘fa"l% Fodrdiatetantrnehat eembern Lheviai Eh6waves per unit

vol ume of Jheeduingds siel | #r usdqiencessenthél hyclanggtst han the amount of
gener at ed heat per
preferably 0.9 to 100 GHz, more preferably 0.9 to 10 GHz,

15 most preferably 2.45 GHz. ‘The frequency 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



10 unit volunme of the object to be sintered 10 and may preferably be equal
to-or smaller than 2 tines thereof. As a material for formng the inner
shell 25 given are nullite based nmaterials, silicon nitride based
materials and alum na, and they are provided for selection depending on 15
the object to be sintered 10. Further, a netal oxide such as nagnesia,
zirconia or iron oxide, or an inorganic material such as silicon carbide

al | of whi ERehaiBtraigs chembewavé alssemsifamed lgard be toldeds im’.a smal |
anount to the erial for formng t i,nner_ shell 25. The thjckness of 20
the inner shell W%ﬁﬁréggP;BF§n9nw3Eﬁa§§el§f %ﬂ?%%%ﬁnasFﬂéi%e?? t he
sintering permnaspleotpr nsesoRalfesl OVAY thatelrildll Mha B eMfMastdrring

m crowaves irradiated into the chanber 11. The mcrowave stirring system
i ncl udes aPe¥bPER§NSRasch7agxaéuBing fakerd falomittee fioan des syivemeasf 25

t he chanbe . i L Stipri .yvanes,_ 18 support.ed the rotar
shaft ?% a%d&%t%?fgﬁgégkg%éfaggafg%elggéxiﬁésﬁ %%%ﬂaﬁ%ﬂ %es 18 arou%d

the rotary shafonlZhenothsr hxhd, testinhbe sheuflacbunidag svatdwd of
sintered objects. 30 using the above sintering furnace will be descri bed.

When the sThtRrBHCEByR¥ESts FRRufECEOFedL Afa bjdsGeAd ehe&isinttered 10 is
Fi7SU madond o guighe S0LE NG 081 981 GeBECE] 10k R ctar 1 Gl rdal it

the predeterm ned shape. The object to be sintered 10 in the
si ntering efeeweialby Babgeyuehdhythehempiotowdy geneseaitiddatheratl 2éis

actuated t ' 1 crowaves int he, chanber 11.. The m crowaves
radia?gdiéﬁ%ﬁf&é&éﬁé&é@rgﬁﬁ %b%?%€t£8n8ﬁ1F98 efﬁ%o&&hapﬁbqﬁﬁrlinsulating
val | 26 ansiréferalbliibé asquaDstb abi ngmual br2¥nhand 2aks aled HeHeQ ¢ he Anner
shell 25 and the object to be sintered 10 to be converted into therma
energy. TH sm?trf'c‘F%Le%o’E heC¥Bhperelier &npert aBelingér 9dNen azs and lites

obj ect 10 hessd A& s, 10 B 862 ADEr1BLCEOESS RhebRTahBNghoSNEl! 25 of
alumina, and they are provided for selection depending on

15 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

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



present enbodi nent is thinner than that of conventional one, there is a
possibility that the anount of thermal energy |ost due to heat
conductivity fromthe inner shell 25 to the outside beconmes |arger to such
a degree that cannot be 15 negl ected conpared with the anount of thernal
energy gained by the inner shell 25 with the mcrowaves. However, the
anount of heat generated per unit volune of the inner shell 25 is larger

t han the afbanre-of Theapbgeaér apebeperngsirted g uree mwifaddr® objtEte to be

sintered 1Q. : ef or thi.s 2 i fference between the anpunt of heat
gener at ed ?%ngggﬁggnﬁg?m§§£IE%25 gHgsFﬁgﬁﬁt Wﬂ1tnﬂﬂmﬁﬁrQWFYﬁesintered 10,
conpensat edstsllbeodi ipeiengethatwaen ot hadiktiedaisdwata s tiameratare of

the inner shell 25 and the surface tenperature of the object to be sintered
10. ConseqfeAPPGr 115 tReet hécrarargsi Fppiptachdnieethenechameer shel | 25

and th objgc L Qt n i;nt al ke -t.he d nsi de
surfacgste%%gr%f%ﬁ%ﬁg¥é%ﬁeﬁﬁﬁﬁggﬁsﬁgglﬁgggsﬁbgﬁgﬁ%ggﬁfya%ﬁﬁZS Y t%%e
surface teapeihtare bhisthetbhgeetllo2Beansi abebethet0.int THEGWdPat t he

object to be sintered, 10 30 is conpl etely pseudo-adiabatically insul ated.
The fact f?%fit% ?%giH%esﬁ?3§EEnE8n58réﬂBF§r8ﬂ e tionker cswsrgred s

subst anti aj h¥ot Hife SRAE @ﬁei?ﬁésUfﬂﬁgeiB@EESEQEUEﬂeOEe %réyyfgnofckﬁg{s

sintered 10 refers to that tenperature difference between the two i
such a di firrencehekl N and theatkjeay har beubinheresd 1$t.rain. The

tenperature difference i ref erabl ual _to or.less, tha C. Further,
sincelﬁhe inner§%§é§{¥%ﬁ3¢h;#%%ﬁ%% %ﬁiFﬂeSlﬂﬁFﬁtﬁpﬁiigzghggt% nal
equi | i bri upreért témtoedmeit t Ds behishetetRdnllhathert enkehtarsyay dmst

through radiation from the object to be sintered 10 is cancel ed by the
thermal eMFES IR R Ivbhi tnethati bResameart of thermadeensivald 25 to

the object;dx hgusi ¥ A&tk Wondlict I St §! FPom! PRe10n é?ighgﬂﬂ besg Pf the
object to be sintered 10 becones zero "in principle. That is, the sintering
chanmber l16thetaitside becomes larger to such a degree that cannot be

15 neglected compared with the amount of thermal energy gained
by the inner shell 25 with the microwaves. However, the
amount of heat generated 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. 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



cl osed space for the object to be sintered 10, which is
pseudo- adi abatically conpletely insulated. Thus, the occurrence of thernmnal
gradient due to radiation cooling in 15 the object to be sintered 10 is
restrained. According to a theoretical analysis, as shown in Fig. 2, when
it is assuned that the object to be sintered 10 of one dielectric is
surrounded at an appropriate distance apart by the inner shell 25 of the
ot her di el ééfffrenge bhtvaah tbaduwbi ds ewedt icomk ffErdrecavag treot asot he 25

follow ng 1lat = x1__[ (¢l E2.0-02/at = /. (C2p2), E2 Were

equat i ons f%%ag%da?ﬁ)%afgﬁgilgh%rT7&2§%F§ﬁ§6+ éé%ﬁJEéﬁBéﬁ)Qﬂrﬁggg)-cg}g) ,
COE Il t 202/ + o7 r

tan82 (2)agﬁfEé%%g&ge%%eéggﬁééggggi§&§ﬁ§ %ghgﬁiég%%i tf%’a!:f?%ﬁ)gdnductivity; o
is the specifichheaherp ssnthetdenshhgr kheild Qﬁfiblm%ﬁtk?lyﬁuajare Ehe
ositiqns; a.is the Stefan- Boltzmann constant; f is the frequency; IS

Ito he field f%%)l%%%??y*fh%r%eflﬂ%lr%HHH\}Erﬁé‘fT‘thlttif\/itlw solie tTté?ile@; CO
is the pergttdvidyref u ' he ,l.@s R S I N I X
TR e R e I D i S e s
the inner gheldbdsct|wodpei stateyeddibbati cagcatled blye tdief fréreameel bet ween

ther mal iW&%Q%&&SrgﬁPaPEégPigﬁstEQrQHQQdéagh% g%g’oge%%e inner shell
25 to the object to be sintered 10. At this time, the
10 radiation loss of the object to be sintered 10 becomes zero
in principle. That is, the sintering chamber 16 acts as a
closed space for the object to be sintered 10, which is
pseudo-adiabatically completely insulated. Thus, the
occurrence of thermal gradient due to radiation cooling in
15 the object to be sintered 10 is restrained.
According to a theoretical analysis, as shown in Fig.
2, when it is assumed that the object to be sintered 10 of
one dielectric is surrounded at an appropriate distance
apart by the inner shell 25 of the other dielectric,
20 thermal conduction equations can be written as the
following equations (1) and (2).
80:/0t = x; (8°0,/0% + 8°0,/8y® + 0%0,/08z%) + © (0.) — 0,Y) + 2nf
/ (cip1) E? & €,1 tand, (1)
00,/0t = x; (0%°0,/0x% + 0°0,/8y® + 8°0,/0z°) + o (0, - 0,*) + 2nf
25 / (cap2) E® & €. tand, (2)
Where 0 is the temperature; x is the heat
conductivity; ¢ 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; € is the relative permittivity of a material; g,

is the permittivity of vacuum; and 8 is the loss angle.

- 10 -



5 conduction and heat transfer is set at zero on the surface of the object
to-be sintered 10. Such a state is realized when the tenperature of the
surface of the object to be sintered 10 is equal to that of the inside
surface of the inner shell 25, nanely at thermal equilibrium In other 10
wofds, since there is no energy loss fromthe surface of the object to be
sintered 10, that is, no heat flux from the interior of the object to be
sintered 1B8heoswhbisultAceeferpetpetper abiestgtadicentsiattided 10 A 4ny,

a9l/ az bec n e above e 1) is expressed as
15 foIZI owseﬂgs’ﬁ%%%i ‘g?t ?g%u% %p?{? Eg EGESF S ﬁgﬁél(}?il( ) The anve
equation (2) isIml&® bxesEbgeddasbhelbowsatal? that dszférdnde @é)@wéeﬁ r2

tanS2 - Ploss / C2P2 ) (21) \VWhere X=O aOl/at = a02/at, 01 =
Furt her, tHhBeTRRbrinoemings|ang Pgtaoéﬂé§eah§|§’é}@@ Gradé@ﬁhﬁmremeab a cl osed

Space . o poldict G LR ROSLTREARGVLE) BET WILIAY bR .85 P iRl el Bace e

i nsi de sur ace the i nner she € 1 ncomngs and ou gm

energy at ¢hethesolpestrfaciee ofihberednen. sBekh 25smasle & ae0Linadel y
a0O/ax = 0 st be held true 25 at the inside surface of the inner shell 25.

Ther ef or e, YRS heE RO NFTR SR L WRE chE shbPsPRES2ERe OEqEREI G%IEPY £ Pe expressed
in the foldowageeq@tioneddi Eorthéén&% ‘chQ Ehsmé s%ﬂf%’&%z Jtr G -

Ploss / Prf (3) and, wherein Prf (= 2icf E2 means el ectric power
density 3ONREr rshee b, raamel?yo@t hbangaénquylhbsuuaut vvatrnddtrfrfmthe

i nner ;shel T. enpo ribe ove S

t he fo?l ov&%léése’ff%e{%cpé’ e%ﬁ&? hi;%’ &N epg 88p ?ﬁ%‘ug rgdllr fih G omthe
obj ect to tee sibjeattedtd be sSmitmﬂé@dIOV thett e mab BBakOY 1ukadirdhed from
the inside surface of the inner shell 25, and 5 the radiation |oss of the

obj ect totﬂées]irfﬁeerrjébr f ithe plgect to be sintered 10 to the surface,
the temperature gradient 00,/0x, 00./0y, 00,/0z becomes zero.

Consequently, the above equation (1) is expressed as
15 follows:
00,/8t = 2nf / (cip1) E? & € .1 tand; (17)
The above equation (2) is also expressed as follows:
002/0t = Prr / (C2p2) €12 tand; — Pioss / (c2p2) (27)
Where X=0, 00,/0t = 00,/0t, 0, = 6,. Further, the inner
20 shell 25 is a closed space or equivalent to a closed space.
In order that the thermal equilibrium may be established at
the inside surface of the inner shell 25, the incomings and
outgoings of energy at the inside surface of the inner
shell 25 must be zero, namely 00/0x = 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; / cipr = €2 tands / cap2 — Pigss / Prt (3)
and, wherein P,f (= 2nf E? €) means electric power density
30 of microwave, and Pj;.ss means energy lost outward from the
inner shell 25.

The present embodiment described in detail above has
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in principle. Therefore, the occurrence of thermal gradient due to

radi ation cooling in the object to be sintered 10 is restrained, so that
nore uniformsintering can be carried out in conparison with the
conventional 10 sintering furnaces with m crowave. Thereby, the occurrence
of strains and cracks in the object to be sintered 10 can be restrained.
The anpbunt of heat generated with m crowaves per unit volune of the inner
shel | 25 isheafgétovhna ehéeafisunt of 15 heat generated with those per

unit vol une of the ject.to be sinter 10. . Therefor.e, the weight and the
heat capacity o h?hggéﬁ%%% %ﬂgfgyZgoéin%g§°P9Pn§3d§ﬁ§HOQJ r%ﬁwﬁﬁ% t he
thi ckness tbeeeef tbhbaneinpbirke M8l AkaicAnke 1l byt heleMalh g 1 | b By

between the object to be sintered 10 20 and the inner shell 25. ThuS, the
reduction bRddakedyframptine heeédsappriecesioft déhiendg ninexr gjedct 2%, band

sintered C | tratning,.the a nt__of r. consuned
Wi thint hé&ﬁ%nggdgﬁtéﬁ‘qz?ggrhgilhég% Bageh? chnBeTiilterq HELY 2280
ef fectivel in Bbisapptessethbyefbeef achet batutrhencei Bfi rsdatding wal | 26
havi ng t he adiabatié gerfor nce,and the perneability to mcrowave is
provi ded oAf¥HEeBhLt ArestPrEeeLdF1PReCPRAGRTI dRelthe2sbTtgE Gintka i ng fur nace

I ncl udes as phtie Abiityo 0f s 3P 51 £5 PMBYE @8CLALA Hse%el%ng%rm Al Ity of

incident holes through which the mcrowaves output fromthe m crowave
osci | | at orca? ke ecarnhedi ovedin nceompheishanéthlthe Theveihdrienalt can be
restrabned t hat t#e otted uneven - out due to

concentr at oA of LY et ??%C??eYﬁthoﬂl8%%Va§£B;E&kggegﬁgegﬁfé8Fqﬁfﬁﬁpce
sintered 10f $Coninauons cratkesi g £HEN8BSEch €BNHENUOWS eTiclt A0 Nk f Ur nace
of the first enbodinent Fig. 3 is a schematic sectional side view show ng
a be restrained.
The amount of heat generated with microwaves per unit
volume of the inner shell 25 is larger than the amount of
15 heat generated with those per unit volume of the object to
be sintered 10. Therefore, the weight and the heat
capacity of the inner shell 25 can be turned small by
making the thickness thereof thinner while maintaining the
thermal equilibrium between the object to be sintered 10
20 and the inner shell 25. Thus, the reduction of energy
amount necessary for sintering the object to be sintered 10
can be realized by restraining the amount of energy
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 -



first enbodi ment of the continuous sintering furnace. Fig. 4 is an

enl arged schematic sectional plan view showing the sintering furnace in

Fig. 3. The sintering furnace shown 10 in these figures is used to

manuf acture a sintered object by continuously sintering an object to be
sintered. The continuous sintering furnace conprises a chanber 11 in the
shape of a tunnel extending linearly. The chanber 11 is able to reflect

m crowavesSanteshsg epmeneons fusi de §Qnﬁ@@énﬂﬁyqaﬁof'ﬁﬁﬁqﬂnmmmﬁleldls

d d
gg?ﬁ ng ;%?{?gﬁ é%ﬁ ﬁsﬁﬁgfmﬁiecg %OHS i E%h%%féﬁfeS kfﬁgsgpen?;g on

the |l eft-hand S|de in Fig. 4) and the 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, nicPBhamecsscrintebisg1dusBacke ni crowave generator are connected

via Wa\seguezgﬁﬁ &S»oﬁg ﬁgﬁtg%ggefu}&aczhsf Ther 435S %Jﬁtom the

m cr onwave OSCI I at or are radiated into the cha via the
wavegui de 13. Thig. f3eqmemcycnémahfcnsecomanai sidaraﬁ%ma@mbdlﬂbté>loo
GHz, nore Prefer 0.9 to_10 GHz, mpst preferably 2.45 GHz, as in the
case of thEIEFht®PR % ipeRhaRE FheFrgntinupyspednteriag ifacmess ng Begt 28

defines a i Néefh Nen1BPgEHadbrEMI B xEendi BEahi Bean! Y ilchy %Q%Jl | g nal

direction of the chanber 11. Openings are disposed at bot portions
of the |ns%i%¢¢rgpgwﬁ¢rmﬁﬁeanm bhe.is. anThﬁIenn29r1©ghéumm@men@haWHthe
he openi ng

Lﬁf:hg%p?gﬁédﬁh égs P%.ﬁsﬁ? Tﬂ%angﬁFgflna ﬁépﬁef§%}§ fi%batic as
wel | as p@yrmb&mlﬁ@;ﬁy:rﬁﬂvatl@ﬁlnd'hﬁnl ostkati 8g Bel kiABeiredl configured in
order for the thickness thereof to increase gradually fromthe inlet 20 to
the outlet 21. A§EHUPGHuous 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 (the 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 insulating wall 28, and one is an inlet 20

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

- 13 -



havi ng adi abati c performance such as alumna fiber, alumna foamis given
as a material for formng this insulating wall 28. In the present

enbodi ment, the insulating wall 28 10 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 m crowaves. The
amount of heat generated with the m crowaves per unit 15 volunme of the

i nner shel 15280 QuptefefabllyhrapgePinBar™ kbe awhit-reinchesitdeyeier Bigd per
unit volung,of the object to be sintered 10 and is equal to or snaller
than 2 tinmes thereof. As a material for form ng the inner shell 25 given
are nul lite bas®de nbtenlatsngswhitonsnikr bdéabased a0 waatlerdsl s and

alumi na, and they are provided for sel ection_depending _on the object to be
si nt er ed lﬁﬁr@%?g%%rFoamlﬁﬁ?ﬁ?vﬁﬁrdeTQGcHn§§1ﬁ§@ﬁ@BW@,1zﬁﬁbd#ia or iron

oxi de, sor i Ny i S 'Sk lican r.hj | ich have
| ar ge #icr%ﬂ%ﬁ%gggggr%ﬁaﬂ%%gﬁaﬁ$ﬁegg§dg§l?ﬁh§%§n§ﬁ%rggggégtﬁfﬁggﬂ?%%
materi al feradeabingfrore thmeinkéel R026o0 The ouliilekn@ds ofa mardminer shel |

25 i referably 1.t0 2 mm__ Further, a feedin stemis provided in the
con;?n5oush%Yﬁ?%r??¢§#?ﬁh%c%§¥ ?r$%88Fn§uFﬁeaBgFZ§PIP8 5&hg§PnFQﬂQWJ¥B from

the inlet £28ahoishgiesi| s 2lnivetg1 30081 BHRRERY Qhégbﬁrnsjcﬁ-atli@)%he ,
present enbodi ment, the feeding systemincludes a carriage 22. shown in
Fig. 3, tfeltatiagh 2theRresamunembedinent22shboinsudatiimg wad 1 62§ ect
to beqgint t ang. coup - 14 with th unt
porti%% ng{ ofi%%g?ﬁgﬁ€ e caré?%ééﬁaTﬁéPIngr%ggeazieﬁgpdoﬁpf qﬁﬁﬁérs

t he objectwdll &7 sintered 10 within the sintering chanber 16 but al so

Si nior i g Chantire SF Al Akl rhar® 1 DRTELRLBUF | e L3121 BrENACeFidr i ng
chanber 16Gd oirdder HdEt B ofwHien Chasberiddelf with microwaves. The

amount of heat generated with the microwaves per unit

15 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

20 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

25 amount to the material for forming the inner shell 25. The
thickness of the inner shell 25 is preferably.l 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

30 sintering chamber 16. In 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 -~



The feeding of the object to be sintered 10 by the carriage 22 is
preferably perfornmed at a constant feed speed. The manufacturing nethod of
a sintered object using 10 the above continuous sintering furnace will be
descri bed below. Wen a sintered object is manufactured, the object to be
sintered 10 is first nmade through nolding ceramc material or fine ceramc
material into the predeterm ned 15 shape. The object to be sintered 10 is
di sposed owithetheomaunpoporbhor2a2ef folmemoarinigagdie?2 2;aranchdges. f ethént o t he

intering chamber 16, through the inlet 20 yith th iage , 22. Next, th
i Cr ovave GOET HFAE of 2 1507 sORLY uEFRRCE TS, SHalE IRetr i iES 310 Lhanber

11. The ingidenh 20 sChOMAYRS 8REMbEANSAI bhied s ROugR dhe Hdis W ath ng wal |
28 and absorbed into the inner shell 25 and the object 10 to e converted

i nt o therndlre ehrkely ¢ ecfil thagchanbas lietpetheudaleits@Oofofbdttte t he i nner

hel | 25 . Obj i nt 10. 25_In th t dj ment ,
the t hiooknuoel S RpLSimal e PE Shdl FFeds Phefosely Jhelamtnrtr dmaho 1 ni et
20 towar dciidies Dutéein@lckabbéhel adiabshicoatieet 90bft ke kst noy wal |

28 also increases fromthe inlet 20 toward the outlet 21. Therefore, the
t enper at ur E'%i 1 $F M RO BOLRE neRIFRY ERaRBeFinberrer d8sby themaawriaget 20

toward they; oid | ete pdra nsﬁ@ﬁf?@ﬁgd éﬁegi88n9£a§@efgggggke%% be sintered

10 fromthe inlet 20 to the outlet 21 neans gradua ng of the object
to be sintered T Mmamidqetur iy nevhednperat sirteegdoonbtiecthastiingh

tenperature region. Fig. 5 1is a graph show ng the, erat ure dependence
of co IefﬁH?éﬁﬁﬂﬁi?Pq 1S t '%Eh?%t?ﬂﬁngﬁﬁlwéging§ deR&HAbEs t he
figure, theex®nplex dielectric loss of the 5 insulating wall 28 is al nost

proportional to a tenperature up to several hundred degrees Cel sius and
i ncr eases 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

15 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

20 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.

25 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

30 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
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exponentially at the tenperature region higher than that. The present
enbodi nent described in detail above has the follow ng effects. 10 The
tenperature within the sintering chanber 16 is set to increase fromthe
inlet 20 toward the outlet 21 by making the thickness of the insulating
wal | 28 increase gradually fromthe inlet 20 to the outlet 21. Therefore,
each process step of the object to be sintered 10 such as 15 drying,
prelininariogiﬁ?@??ﬁ@?uﬁﬁiﬁegﬂﬁﬁeFPnébee@égm F eMRe r afi it ri el i ocess of

the object to bg;gintefgd, 1l cyted ially at a. proper
t enper at ur e. Thué? tﬁe s?n g?éﬁ gﬁ?@%ﬁscghgbggﬁﬁﬁﬁ%ﬁéﬁﬁéﬁgﬁvu¥%%?'nuously
sintering thecobptex tbebecsriteledslofi nha dnsalleti2Qy sidltlering fagnace.

The thickneﬁs of , t he ingulating wal |l 28_varies_in the feeding direction of
t he ‘obj ect St 8"BelBi hE®er£4948e: ThE CRERLS* fledeFtird I drfis %grttfﬂ%ul ar

tenper &t ur endi; SAE 1 RHYLERNL 28 iﬁeaﬂnag%r beapeh}%q%n@%ll% 20 (i abl fett 0 be

sintered 10 is surrounded in the sintering chanber by t I'nnéer Shel

25 whi ch cap heasevéerak| fiundirédnilegoreseSe lSinee ahkle iamwzisexf t her mal
| ar ger

energy gaj i he. i nper,_shell 25 by m crowaves i,s, sufficientl

than t he a%%ﬁ%?é€¥{?§%¥n%7 %%%r%?mP8§?¥B§e05ﬁ868PiBﬁg§§ITF6ﬁV{H§“¥hner
shel | 25, the hmead EepsdnbrintodafeRe deBLRiBEACHnbALYEEN LR S e
surface of the inner shell 25 and the object to be sintered 10.

Consequent 18 thkl@pjREteffeche- sintered are pseudo-adiabatically
compl gpel y | SOl e erpehfa e JHET L OCEHET S0P RE nbNERTRLCG! 3¢ QL d . the

object to be sintered 10 due to radiation cooling”can res
mor e uni f oron Feneaseagf vam tiee atwbepl 28hedwabdCohti buedetsiznt exi ng furnace

of the second. embadi nent . A cont%n ous,sintering furnace of the second
o)

enbodi ment™ B The" B eSEHIF IR BN Wi tPSPe2beser By ¢A 1ncrease
gradually from the inlet 20 to the outlet 21. Therefore,

each process step of the object to be sintered 10 such as

15 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

20 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.

25 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

30 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 pseudo-adiabatically completely isolated.
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detail on the basis of the drawi ngs focusing on the differences fromthe
first enmbodinment. 10 Fig. 6 is a schematic plan view show ng the second
enbodi ment of the continuous sintering furnace. A chanmber 11 is fornmed in
a circular arc shape or a Cshape, and a sintering chanber 16 is al so
formed in a circular arc shape or a C-shape corresponding to the former.
15 Further, this continuous sintering furnace includes a furnace bed 23 in
the shape éhejeByskocTHErfucRacE bberrdl gaadicirdt erabthe dbeecenterbpoi nt
.on the furnace bed 23. The

C. An obj egt intered 10 .i.s.di spose

obj ect tog%gkgfgge%gdgﬁg ? FaGPFOIar OomiEY 30t PeaF siiatned apdin t he
sintering mbasbenitbériysiheer@hgt tan ot Lhedmpinagfq.bed 23. A feeding
systemin the second enbodi nent includes the furnace bed 23 and a driving

system (not shown) such as a nmotor for driving the furnace bed 23. The

presentc e L en as.: | owi ffects. 25 The |linear sintering
chanbeP 1ggﬁ§%?ﬁ%5¥%e§§%€§riﬁén%&%ggFg 8?fé§?e§e§fnt 8%&%4%WﬁﬂFvuth
different tenperadntbsuoisasihtevingi ogrnakk 8. tHewevelond he sintering
chanber 16 in éhe circgla% arc shape,or a C-shape_ is affected by the
smal | er reYraRaTreRheCt nklif RTREENAI ENYENEAoPhYA ldhke s sardbacheiar

sintering goedberodbchdSat ey s ehEaqehy R sl #oLhalhgd oyallh 28, which can

be seen in the feeding direction fromthe object to be sintered 10 in the
same regi ohlbfexerces nteom nghe htirbet ¢Bbodsmsnul.| . - 17 Therefore,

occur pance of of t ed .uneven .sintering,on the obpject to be sintered, due
to thEeL%heat trzsidgls(#'er(?elds it o?ﬁ]?%atb%rﬁjr%ﬂsV%\F’f’hsB]P?"FBQeﬁPet ERFENE ures of
the insul adnisdimdirit &8, tleancde: Insdhidi 8eftepinhnearhheef eedl pg SystLem

i ncludes the furnace bed 23 and a driving systemfor driving the furnace

bed 23 to 1 okt rngthuima wisgriar sehpl 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.

15 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

20 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.

25 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

30 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.
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It is apparent to those skilled in the art that the present invention can
be-enbodied in various different 10 specific nodes w thout departing from
the spirit or the scope of the present invention. Particularly, it is to
be understood that the present invention can be enbodied in the follow ng
nodes. The sintering furnace may further conprise a pre 15 treatnent
chanber for drying or subjecting the object to be sintered 10 to ungl azed
baki ng i n ddeaaferel nochisrease, oft spoirted newveents ioheerhieng i sn dtsposed to

be in paral]el ith the.sintering chanber 16. The object to be sintered
10 disposeag'ﬁc ﬁ%op?g-F%gg?ﬁgﬂf %Hgn%é?%pf %ﬁ%;;%ﬁaéﬁféﬁﬁﬁ%c Egmt bhe
- ungl azed bpkkBgonkt WioHt WREderadiatietPpetdiur@s Jff &M irld k11 54 OYRY €S

originated frommcrowaves irradiated into the sintering chanber by the
m crowave 28en€pBtBe 19stByinAfls procedure, thermal efficiency in drying

or bakigng the obj b i r W, thn | aze 5 _can he nced.
The adi5abati C pgé)%?%% n%ﬁ%eg%éh% grggg\%gma égrlﬁ g%’cg%éaf le%rﬁleaq%gzlﬁcgﬁg wal |
28 can be shangedrinihfes{eedinngorddrestingntbk trfenehjeded @ Pearsintered 10
by formng a Eortion of the insulating wall 28 with a material different

30 from thE°bRher PRrFEfBACUAIDEr hat PYBPYE-the adiabatic performance or
m crowave absorpg ange;gha et | f‘éujcﬂé'segsﬁ@hhedz.%nc%g;’eb rFNQRd iy the

feeding direction of the object to be sintered 10 ormng a portion of
the insul apregemal invengiongcan hedembptyedi fiheventi ofusomitfife retriter porti on
D bt SRE AL dEAPFLELE MOnAE BB S0 S o
or more thetopd @f | eyersresenaddhieatiba.2 bayersullhe f eadi ng systgm can
be changed to such a feeding systemthat includes a driving system having
a belt understood that the present invention can be embodied in
the following modes.
The sintering furnace may further comprise a pre-
15 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
20 sdbjected 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
25 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
30 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 -



conveyer and a notor and the like for driving the belt conveyer. Further,
in‘the continuous sintering furnace of 10 the second enbodi nent, the
feeding system can be replaced wth a feeding systemhaving a carriage 22
as_in the first enbodinment. In place of increasing the thickness of the
insulating wall 28 gradually fromthe inlet 20 to the outlet 21, the 15
portion with a constant thickness or the portion with decreasing thickness
may be par£falihyapdeprded. dEGfenent firlosm \tdve attiher ippathiaknessnmay not

only be copti u t | sp_stepwi . se. I.n place ,of increasing the
tenperaturgakﬁg?héagg’sFﬁ?e?FﬂaegagﬁﬁgrlTGQEFaﬁ&ﬁq%fHQQMéHQéL?ﬁI%@ 20 to
the outletadlbet bRapgedi 0n whehfacaengt antrel@Rey.ature or the portion

with decreasing tenperature may be gartially provi ded in the feeding
direction. Furthe?, ieselabinatvehl 28 mewpberatudeverethersimumy ithprhanber

16 nayfpotzzg?gggg SfﬁiéddP?i8R”£E”?°E§ gg% stepwi se. Exanples (Exanple 1)

A sintered o ceram cs) was obtain y sintering 30 the object to be
sintered 10 (wellyht feddikg, spyeerageant becknaageds tonsuddde et iGRE am C

mat eri al using the sinte{in furnace, of the enbodi nent shown in Fig. 1. In
this ExanpP¥Si®Mt Ha2t nher %ﬁ%?lazgr nPosusdens having mubelite- based

porcel ai n @oEve Per "Bhd & NGoH &t 1 H9aWehb i?ﬂ[ee'fogﬁg?:ikl)zin%Gt\P@S gegred of an

al um na-fi ber board. Additionally, the inner 5°was 8 mmthick and

45 kg in 9RAERYST andFekhemi nim nslue aconginabhs26inas rd@gmivirniade Hoand 5
9 e, FOS AR L5 BLALIE LR SR LSS
The penet nattlona depdding epyeisantsadingnh echngidgpt hoakswhnChnthejglgctric
pover 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 -



density of mcrowaves attenuates half of that in each 10 material. 4 4J aE
w:-v>,,U HO ri EO CroO UOLA Lf) O0OCO OMO .--1 x O

r- x Mx OLOwTIN

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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kINA1 U4 CArn 00 (Exanple 2) A sintered object (ceram cs) was obtained by
sintering the object to be sintered 10 (weight: 10 kg, average thickness:
5 M) made of a ceramic material using the 5 sintering furnace of the
enbodi nent shown in Fig. 1. In this Exanple 2, the inner shell 25 was
formed of nullite-based cenent added with 0.1 %of iron oxide (FeO and
the main insulating wall (outer shell) 26 was fornmed of an alum na-fiber
board. Addi(Eramaley2)the inner shell 25 10 was 2 mmthick and 5 kg in

vei ght, and the, malntlens(g al%i.ng wal | 26 was 40 gthlc %&’d in
wei ght . The phy@i T tehrdpePiFel SFerABICRAerashontaised r%ﬂlfht‘?ﬁ%lﬂlgatl ng
wal I 26 atHet bl ebieed b@ benstptar ed kaea@%tshqw K TRl ge 4 CDoO Ln
riri Coa coml,0>-00rtrf r~rix -4 r=x
thickness: 5 mm) made of a ceramlc 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 -



o0d I
Nam 1

X

% o;

-rl] aOiAto5.,4 -

rithox' -4 LOU)

ri 1+1U)rl1 U(d -ri

NOOD r - |

fr) UNNOO NO Oto O r~xr~ xr)O0x r-4 DJNu)

V-4r-4 xx00 r'"1r-1Iri

0 , 44)

. 1erIajew
. . 0T : paxajurs
S°'¢ 88°0 0T x € 03 2 0T x 6°1 9 X 65°T 03 811 soTweza) | aqg o3 322lqo
(,-0T x pIeoq
. S X9°¢/2°0) I=qt3
0ST I1°0 0T x 2°0 -0T x € S°6 -0T X 1°0 -BUTWOTY | TT3¥YS I33NnQ0
093
+ uaWaD
. . satias
0°¢€ 8°0 0T x LT -0T x 8°1 S°9 -0T % 1T°2 -93TTIOW | TT®Ys asuul
(u) (@ uey) (
J.u/My)
yidsp (D.6x/0%) (qu/Bx) ssoT A3tatizTwzad >uﬂ>muozncou
uoT3leIjaUusd 3eay orJToedsg KA31suag DTa308T9Ta antyeray 189y Tetaa3en
¢ 8TqeyL

23



Hfr I UYUwA xVUE r-irla) aj)a)V0Oa) -P$01L Upa [ rl U 0 (Exanple
3) "A sintered object was obtained by sintering the object to be sintered
10 (weight: 10 kg, average thickness: 5 mm) rmade of high purity (99 %
alumna with the sintering 5 furnace of the enbodi nent shown in Fig. 1. In
this Exanple 3, the inner shell 25 was fornmed out of alum na added with 1
nol % of zirconia and the main insulating wall (outer shell) 26 was forned

of an al uni{B#ampiges)board. Additionally, the inner shell 25 was 1 mm 10
wal |, 26 was 40 nm

thick and 0.2 kg ] 1.ght ., and. the main_i.nsul atin
thi ck and 5 kg I?né%é)lé\%lﬁgg ?ﬂéeﬁﬁy‘g?gapbtﬁ%lﬁgir ?’lye§q_(5’ftqrﬁé]q s %'-’I%?FtZS_,
the main i nsubatsngtuwebl 186 (Radghbe abj &el, LechagE MEEGhL are ghewn in
Table 3. A4J 0 0 LO L!') M-4ri ro

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 exanpl es and the enbodi nents of the present invention are illustrative
and not intended to restrict the present invention. The present invention
should not be Ilimted to the details described in the present 5

specification and can be changed w thout departing fromthe scope of the
appended cl ai ns_and the equival ents thereof. Industrial Applicability As
descri bed aboveThg¢hexampiesi agdf thracabadd memd s 1 rdrufrctsgritng net hod of

sintered obj ordin .present _invention, are useful for
nanufactur?hggéﬁgggi%?érgéigggFgg geb€QHIﬂégiHﬁ}%ﬂﬂ%ﬁﬂ%Pt%ﬁ%ﬁf%?ﬁt%h@d
made of cepassentmheehalisnor fThaepeekanitC iMBieerdidrS, s ArgoPagdicul arly
suitabl e for executing not only a single step but also a 15 plurality of
steps of tEémﬁﬁﬁﬁfEEtgP?néeE@EiéséeéﬁrﬂW@d in the present

5 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

10 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

15 plurality of steps of the manufacturing process of the

objects to be sintered.
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objects to be sintered. CLAIMS 1. A sintering furnace for sintering an
object to be sintered (10) by m crowaves, conprising: 5 an inner shel

(25) which can heat itself with mcrowaves and which defines a sintering
chanmber (16), in which the object to be sintered (10) is disposed; and a
m crowave generator (12) which radiates mcrowaves to the object to be
sintered (10) via the inner shell (25), 10 wherein the anount of heat
gener at ed WRAAMBhe mi crowaves per unit volune of the inner shell (25) is

| arger than the anpbunt of heat generated per unit volune of the object to
be sintered (10), and also the tenperature of the inside surface of the

inner shell (25).i& simsépphgathynade £EBe SaAM I nPars YRR t gature
of the object to be sintered (10). 2. The sintering furnace according to

claim 1, wAeREpRedt hé0) nhgrmifepWayes) keapsiistis@:f with the nicrowaves in

20 order to co n t i f nce. het n,the i,nsi syr.face
tenpergkure of t eﬁﬁﬁﬁgr s%g}IQ%ég)%gﬁgﬁtﬁggsﬁﬁﬁicétngﬁbéPg?hre of the
obj ect to hicsowaeeeda{dOyhi8h Jbeiakst arsngtheinacenaedrndi g o ghaim 1,
wherein 25 the amount,h of heat generated with the nicrowaves per unit

vol une of Y%%C?nﬁﬁ? UEPFL (8)Pesseptigreto (30)| dss dispesedt andres t he

anount of heat gepesaletyPefes@tityP! YiB) ofint RE [rglgjring?ess\ﬁni%%oﬂam & ed

(10). 30 4. The sintering furnace according to c erein - the inner
shel | (25)t¢ nehedes]ecthetal bexsteteredn (LAdr gani themdhariralshedvi n@ %) gh

m cr owave absor ce. - 27 5. The_sintering furngce.according to claim3,
mhere?ﬁ t he iﬁﬁ%%ﬂ§réﬂvu?2%30?%%lﬂﬁe © n%?gFraiFaewéggagafnorganic
material hevdngwdveh pecnavey evebeds pbaneBe dnfAerTBBegint@msiyng & ur nace
according to any one of

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) 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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claims 1 to 5, wherein the sintering furnace conprises an insulating wall
(26) having adi abatic performance as well as perneability to m crowaves,
the insulating wall (26) surrounding the outside of the inner shell (25).
10, 7. A method of manufacturing a sintered object, wherein the sintered
object is fornmed by radiating mcrowaves to an object to be sintered,
conprising the steps of: 15 providing an inner shell (25) which can heat
itself wth niéroﬁheesiahdrﬁhgcHUdeEbReQC@oﬂddm@rkmgodhdmbé? (Wb¢rein

di sposi ng ect t er ed within . the sjntering chanber (16),
t he annuntgﬂ g?r Sﬁsﬁitzgg fHClgﬁg)nlcFE“ﬁ9e§ G 2V ol REIBR1Ehe
i nner Shehhaﬁéﬁiazohbehﬂg h@éﬁeﬁlbbéﬂaﬁf@eam%?ta%fceheat generated per unit
vol une of the object to be sintered (10); and form ng the sintered object

by radiating mcrowaves to the object to be sintered (10) via the inner

P ot Fore of 07 Padl SLAVENFLGORRERLEE GIZK R0 98" LG THE Ao 2D

tenperature of the Tnsi I'nner antially
the sane aslahessurfac, tehpeeahutReobihheriol €etrnaed@crigtiases 440). 8.
A sintered, object obtalned bg a manufacturing 30 nethod of a sintered

obj ect, mh%?%¢ 2HHRI sVat br 8O bphRREngsadigp dCbFeﬁé&nmﬁﬂﬂfrﬁ%ﬁ%ﬁbwes to

an obj ect 49 BEcRLALE edy Ll ARLDOURCOTBHES LGt BE SRR 1ol (VI i ng an

i nner shell (25), which ctan heat I1tsel m cr owaves e I nner
shel | (25)S@mﬁ¢wm@gna shatepingde chinbbe (h6kr dhspdsi(@f)an object to be
sinteﬁ%d (10) within the sintering chanber (16), the anmount of heat
generated with 5 the m crowaves per unit volune of the inner shell (25)
bei ng | arger than A heetli®UNdf qhahetd cgenengt 8dspateV¥BEt object,

wherein the sintered object is formed by radiating
microwaves to an object to be sintered, comprising the
steps of:
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 micfowaves to
the object to be sintered (10) via 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 sintered object obtained by a manufacturing
30 method of a sintered object, wherein the sintered object is
formed by radiating microwaves to an object to be sintered,
the method comprising the steps of:

providing an inner shell (25), which can heat itself
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vol une of the object to be sintered (10); and formng a sintered object by
radi ating mcrowaves to the object to be sintered (10) via the inner shel
(25) 10 using a microwave generator (12) in order to make the tenperature
of the inside surface of the inner shell (25) substantially the sane as
the surface tenperature of the object to be sintered (10). 15 9. A
continuous sintering furnace for sintering an object to be sintered (10)
with nicroWabBsméerpYREEAg: tha iLnserashed Indl25)( 2B ipemeabl winttering

m crowaves,. . woer ei p %he insulating wall (28) defines a sintering chanber
(16) and tﬁe 0 ]ECé ? “be sintered (10) are 20 disposed in the sintering
chanmber (16); adigpooiveyecagesefatortblBy tonteadicat(ng Widowavuaseto the
object to be sintered (10) via the insulating wall (28); and a feeding
syst em f or S+RESF o0 t ReamheEct 166, bEhsi amepad ofs herpd) demeratiesd sifitleri ng
chanberg (1 ﬁ@g i t Lt hien e.sinterjng-ch er (16)
changeé)in@%$ er {ﬁW%%%$§g%§ﬂ§9§§ ?ﬁgu@%n?ngh% l%PSEé&?%%lt object to
be si nt er éde{ng)langéhetlanethéoamoofitf e€dhagtt kenehjaeeld o heawsint er ed
(10). 30 10.. The continuous sintering furnace according to claim?9,

wher ei n t KOt EMperhtthe WiFFh tRePSI ALREPREY dAQABer016) is changed in
order to correspongidd 4 heint@fed SbBy&EL nﬁypEgﬁﬁéiiH% %n%%g%@a%ts tq, be

sintered (10) in the " feeding direction of the objec e sintered (10)
by changitif toe] et ciknase dinterednélPat vhg whkl iap8x isheflie (X%edi ng
directpon.. 5 11. e [ ou I ri furnace accordin claim?9,
mhere?g tﬁgﬁéghﬁJQh?ﬁ€y%$§nééﬁ?%%Pé?n{g??nbn 8%6e2" S makd %%e
temperature of the inside surface of the inner shell (25)

(7))

substantially the same as the surface temperature of the

object to be sintered (10).

15 9. A continuous sintering furnace for sintering an
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

20 disposed in the sintering chamber (16);

a microwave generator (12) for radiating microwaves to
the object to be sintered (10) via the insulating wall
(28); and

a feeding system for feeding the object to be sintered

25 (10) into the sintering chamber (16),

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

30

10. The continuous sintering furnace according to

claim 9, wherein the temperature within the sintering

chamber (16) is changed in order to correspond to the
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chanber (16) is changed in order to correspond to the sintering process of
thée object to be sintered (10) in'the 10 feeding direction of the object to
be sintered (10) by changi ng adi abatic perfornmance or nicrowave
absorptance of the insulating wall (28) in the feeding direction. 12. The
continuous sintering furnace according to 15 claim9, wherein the
sintering chanber (16) conprises an inlet (20) and an outlet (21) facing
the inlet ?20Ye§h69tHéocﬁéédpﬁgtb?sp@maﬁauﬁpthﬁaaﬂn&ﬁﬁedo b@) simt ehed (10)

from the 2 h_th in erln r. (1 out | et

(21). 20 1}3:&%%&0%% %%Egﬁg Cs)lknfﬁ"rel?%i n%c?e a?ccs&ﬁﬁlerfgfci f@ ) ¥ 12,

wher ei n t hehahgtkgesse of hibRneBsuUbEt | Ith@ %'s'ul(a%&)n IWaIre ages) gmdyﬁél y from
the inlet gzo% toward the outlet (21). 25 14. The conti nuous sintering
furnace act%fdthg ?br%ﬁ91°6ne of claims 9 to 13, wherein the sintering
chanbers (16) is fornmed in the shape of a circular arc. 30 15. The
continuous sintering furnace according to any one of clains 9 to 13,
wherein the feell ngisystemt hagoas Sinnaeénbedufddrediagposed eeltaw t he

sintering chanber (16 on ich the object to he sintered (10) is disposed
and the-—?i%l%b§ed%h%ﬁp %Q%t%?@HeFEtL€8 By thdhatien sémtetd iur nace bed

(23). 16. Jriemwent | EIPUSs Skidegéa0ihubPaee %BCQBQE@QEB?:da@b gheone of

claims 9 to 13, wherein the sintering chanb rmed 1n the shape
of a strajiﬁﬂt¢#¥ﬁg grocahe @5n¢hﬁu©bse§tnterbﬁgSﬁutnaed adéor dimg-te any

one of fcl 0 *ﬂgg g,system.incl udes carriage
(22) gw %é%dﬁlo%n?%%? I on (%ngif’i g &%I ght B 35]“5(?{ ?i l}éqm tered (10)
is d|spos&manghngraﬂiaﬁaﬂiﬁﬁperformance or microwave absorptance of

the insulating wall (28) in the feeding direction.

12. The continuous sintering furnace according to
15 claim 9, wherein the sintering chamber (16) comprises an
inlet (20) and an outlet (21) facing the inlet (20) and the
feeding system feeds the object to be sintered (10) from
the inlet (20) through the sintering chamber (16) to the
outlet (21).
20 '
13. The continuous sintering furnace according to
claim 12, wherein the thickness of the insulating wall (28)
increases gradually from the inlet (20) toward the outlet
(21).
25
14. 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 circular arc.

30 15. The continuous sintering furnace according to any
one of claims 9 to 13, wherein the feeding system has a
furnace bed (23) disposed below the sintering chamber (16)

on which the object to be sintered (10) is disposed and the
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coupled to the nmount portion (22a) in order to nove the carriage, and the
object to be sintered (10) is disposed on the nount portion (22a) and
carried by novenent of the 15 carriage (22). 18. The continuous sintering
furnace according to any one of clains 9 to 13, further conprising, within
the insulating wall (28), an inner shell (25) which is able to 20 heat
itself with mcrowaves; wherein the inner wall (25) surrounds the object to
be sintereliesd)tolbe Fheteovati agodedsibyt ewitrg: ifanr et et fee chrchage t bedny

25 one of Ebgins 9 to 13, further conmprising, within the insulating wall
(28), an innér-shell (25) which is able to heat itself with m crowaves;
wherein the inner wall (25) surrounds the object to be sintered (10), and
the anmount of heat generated with the 30 mcrowaves per unit volume of the
i nner shel |l (25}6isThe ¢eetinhanst penbAving fbrhese govmratiodw pey amyt

vol une -of e pbj Oqbe. . sipte 10),.,and.al.sq .t he tenperat of the
insideEﬁur?%%eogfé?%%m%n%e?os%gfI&ggg%lgstgﬁbgﬁgﬁﬁﬁﬁq%/éh%ﬂ%eﬁhgfghne as
the surfacest opesat L etioé shepebpech terhéghsi ntieegd (10). 20. The
continuous sintering furnace according to any 5 one of clains 9 to 13,

further conprising a pre-treatnent chanber disposed to be in parallel with

the sintering chamaed &30 inYbes eéﬂn{:gfiﬂgj €4 nggebgc%g'}hquﬁg t(oloa)rryaze

di sposed in the pre-treatnment chanber 1s dried or baked usi no g
with 10 renkéaef onlaiges drtoerhdsnvheragnnibeofieeds nbr eystteem dutcerudas f ace

oi nt oi’ng SHatber{Ee) 2ty NP G ErBAAVE DERERanon 20E3) oL STRET ANt hod of
manuf act uréiflect Stdtias esh e €64 Y@y €is disposed and a roller (22b)
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

15 carriage (22).

18. 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

20 heat itself with microwaves;
wherein the inner wall (25) surrounds the object to be

sintered (10).

19. The continuous sintering furnace according to any
25 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
30 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) is substantially
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the sintered object is fornmed by radiating m crowaves to an object to be
sintered, conprising the steps of: providing an insulating wall (28)
permeable to mcrowaves, the insulating wall (28) defining a sintering 20
chanmber (16); disposing the object to be sintered (10) within the
sintering chanber (16) by a feeding system formng the sintered object by
radi ating mcrowaves to the object to be sintered (10) fed into the
sintering QBechambeas(16¢ viafehe iesweattitngenalfl HH28)ohisedly 8o Nber owave
gener at or g SO tQ? the tenperature within the sintering chanber (16)

i s changed fﬂ §Fadr correspond to the sintering process of the object
to be sintered (10) in the feeding direction of the object to be sintered
(10). 30 22. The method according to claim2l, wherein the tenperature in
t he sintering c%@nb@he(QQUtgm@@ualSyntﬁﬁcnea§@$na$etmaqnqdmngtmob&ny

sintered ( % [ e.3 3 edi ng direction. 23. A sintered
object%bbtégéegg gfg?ﬁsn%f%@tﬁ?lnéurﬁgfﬁog BP 4508 &4 PO EciS BT R t he
sintered obmambersd5sﬁoseadtbybéaﬂnapamglabqrQwawe&hbosmhﬂﬂafﬁa to be
sintered (10), the_ npethod conprising the steps of: providing an insulating

wal | (28) %%? 28bl 1L ni crowaves, the insulating wall (28) defining a
sintering Chaﬂnﬁéréﬂﬁ)théi)é%é@95£89b8n399h89édtg%g?f§knkﬁé; (10%H$%$ghn

the sintering chanber a feeding system €’s
obj ect by pEﬁth¢a@mﬂmtrchammsrtDs dheedbpecbakedbesimqtakedmmﬂié weehinto
t he si i using a m crowave

terin cha 16 a the jnsul ating wall
15 ge @ral%ﬁé%ﬁ. Onbh?ﬁét % %r?% Fgfﬂgem&FFﬁWﬁVFﬁe §PHE§JF%Q““Eﬁénber
(16) is chamgeskcé nooreies iﬁb&lﬁiﬁﬁ@oﬁﬂll0(29$ originated from
microwaves irradiated into the sintering chamber (16) by

the microwave generator (12).

15 21. A method of manufacturing a sintered object where
the sintered object is formed by radiating microwaves to an
object to be sintered, comprising the steps of:

providing an insulating wall (28) permeable to
microwaves, the insulating wall (28) defining a sintering

20 chamber (16);

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

25 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).

30

22. 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
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sintering process of the object to be sintered (10) in the feeding
difection of the object to be sintered (10).

10

15

feeding direction.

23. A sintered object obtained by a manufacturing
method of sintered object where the sintered object is
formed by radiating microwaves to an object to be sintered
(10), the method comprising the steps of:

providing an insulating wall (28) permeable to
microwaves, the insulating wall (28) defining -a sintering
chamber (16);

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

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).
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