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I nvention The present invention relates to a carbon wire heatlng obj ect
sealing heater and a fluid heating apparatus using the sane heater and
nore particularly to a carbon wre heating object sealing heater having an
excell ent heating characteristic which allows it to be used preferably
for sem conductor processing and a fluid heating apparatus using the sane
heater. Descripti@ARBPNt RERReHBAZENAr OBSBATCBRALENGr HERMERABNDI i Ng
processing requires _strict tenperature control under a heat treatnent

envi ronnment for vBkYSHSHEARENGoAPRBBATYE cHEREAt THE0BRNEBEASHEh as

oxi dation, diffusion and CVD processing. Further, heating nmeans in the
heat treatment process absolutely needs to be non-generation source of a
subst ance which deterlor-_; g ?erfornance such as inpure
metal . For the reason, RAFE } 48Nof its heating

el ement copposgd, f tﬂ%nﬁgégg and the Ilke is covered with quartz gl ass has
been often used. Tf the uar z glass for coverlng t he heating el enent

conposed of tungﬁgéﬁbfgggﬁ@ %ﬁtf@@pfgfa{ dgn@grd%%gggp?ygfdheater is

used, for exanple, in a senlcon ctor — WEnuTac urlng p

atnDSpherebe£ﬁ£@@|6ﬁhé&@'§éaﬂ1§& KLLOLLT 22804 £1uid heating apparatus

using the same heater and more particularly to a carbon
wire heating object sealing heater having an excellent
heating characteristic which allows it to be used
preferably for semiconductor processing and a fluid heating
apparatus using the same heater.
Description of the Related Art

Semiconductor manufacturing processing requires
strict temperature control under a heat treatment
environment for various kinds of heat treatment processes
such as oxidation, diffusion and CVD processing. Further,
heating means in the heat treatment process absolutely
needs to be non-generation source of a substance which
deteriorates semiconductor performance such as impure
metal. For the reason, a heater in which the outside of
its heating element composed of tungsten and the like is
covered with quartz glass has been often used.

If the quartz glass for covering the heating element
composed of tungsten and the like happens to be damaged
when the heater is used, for example, in a semiconductor

manufacturing process field, atmosphere, cleaning fluid,



grind fluid and the Iike are contam nated with the netal, ﬁfbé@ﬁéﬁﬁﬁﬁers
are also further contam nated. Even if the quartz glass pipe s not
darmaged, there exists such a problemthat the netallic contam nation may
be generated fromthe heating el ement through the quartz glass. From
viewpoints for preventing the netallic contam nation with inpure netal
the inventors have proposed a carbon wire heating el enent sealing heater
whi ch can be used as a seni conductor manufacturing heater, which is nore
advant ageogsindafilthd metlathiclhkat bpg ebafentnatdapanesetRat gRtal
Application Laid-Open No. 2000-21890). This carbon wire (heating efenent)

i s manuf actQr edabywakairst eng plapafubuhdrespneanhnbuadl e heengicorpased of
ultra fine carbon fibers. Its heating capacity is smaller and its

t enper at ur U#F8Znglaeel PhPagiehapaceenagele thener exiekseblieht at han a

conventi onal nﬁtallic heating el ement and its high-tenperature durability
i s excel | eRFCRNE8r thoh- thRi BFERAY 16t APBpABLBAt BeRaliae bhRi gevarbbadwire is

manuf act ured by knitti | ural bund] es each conposed of fine carbon
fibers, it§ﬁ3§ E%?e EQEgPEeﬁieW?EQiBPFPF?htEQﬁ Jd92KEat PRSE enent conposed

of bare carbon ial_and.such_ an advantage that it can be processed
easily into varin%%fgrlgl %%%??gﬁ? ?igﬁro?r%ﬂgﬁél ) Eh%e%?%%%ﬁﬁ%tor

el 20t U 6 el eon! By LRCSRb e D LAl SLLY. L sER gonduct o

manuf acturi ng 1 ndustria i anef er” of
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can be used as a semiconductor manufacturing heater, which
is more advantageous than the metallic heating element
(Japanese Patent Application Laid-Open No. 2000-21890).

This carbon wire (heating element)} is manufactured by
knitting plural bundles, each bundle being composed of
ultra fine carbon fibers. 1Its heating capacity is smaller
and its temperature rising/declining characteristic is more
excellent than a conventional metallic heating element and
its high-temperature durability is excellent under non-
oxidizing atmosphere. Because this carbon wire is
manufactured by knitting plural bundles each composed of
fine carbon fibers, it has more excellent flexibility than
a heating element composed of bare carbon material and such
an advantage that it can be processed easily into various
configuration or shape as a semiconductor manufacturing
heater.

In recent years, particularly in semiconductor
manufacturing industrial filed, the diameter of the wafer

has been increased more and more for large capacity



integration of the sem conductor circuit and inprovenent of ' e for
reducti on of cost has been demanded nore strongly. To nee?oé%gﬁ&%gﬁg%ds,
nore strict tenperature control than before has been demanded. For the
reason, a heater with | ess heating unevenness so as to heat a treatnent
furnace and the like to a desired condition has been demanded. Although
this carbon wire heating el enent sealing heater is very excellent in views
of prevention of inmpure netal pollution as described above, generation of
bl ack spoistegranionnef theesehiaonehetentcpipeitquabt imgkassmeRtPEY iN
whi ch the carbon wire heating el enent was seal ed was noticed when that
heat er wasyuséd. r@aet fenl aetlycthom cfrboatwhae heahi dgmehesanhoseal i ng
heater having a U shaped side view, having a straight heating portion and
provi ded WPERCRBEW nafo peeet opschndemwands entsref sthecsatemperatghe portion
t hrough each beni Bﬁortion, generation of these bl ack sgots was noti ced.
Gener at i onCOFEFR akkPepore bastheennAeranded. of Forhshel seeaonpi pe

(quartz glass, pipe).in which the carbon wre heating elenment is sealed is
not favora%?%tgﬁc%%gg %?Ssbm%%?%n%nﬂn§ﬁ?%Pﬁ§sfFBnﬁﬁagPahﬁéﬁ feat thereby

causi ng LN _heating., Accordingly, the inventors, of the present
inventionugﬁ%%gﬂﬁgfi%%ﬁn? %Iaﬁ%n€$%tib%eo#gtﬁeQ%FéEQSSBBPélBEBUrEasunder
i nfluences,of, ahsQipLien water quantity of the carbon wre in which the
el enent pi pe ?quar%@a% ass pipe) is 3 30 Cctober 2004

Although this carbon wire heating element sealing
heater is very excellent in views of prevention of impure
metal pollution as described above, generation of black
spots on an inner face of an element pipe (quartz glass
pipe) in which the carbon wire heating element was sealed
was noticed when that heater was used.

Particularly in a carbon wire heating element sealing
heater having a U shaped side view, having a stralght
heating portion and provided with terminal portions on both
ends of the same straight portion through each bent
portion, generation of these black spots was noticed.

Generation of the black spots on the inner face of
the element pipe (quartz glass pipe) in which the carbon
wire heating element is sealed is not favorable because it
blocks and shields from radiation heat thereby causing
unevenness in heating.

Accordingly, the inventors of the present invention
have noticed that generation of the black spots occurs
under influences of absorption water quantity of the carbon

wire in which the element pipe (quartz glass pipe) is



sealed in and the inside dianeter of the elenent pipe (qu a i pe)
as a result of accunul ated researches on the cause thereo?ﬁgégg%%2®PE
reached the present invention. As shown in Figs. 27A and 27B, the term nal
portion of the aforenentioned carbon wire heating el enent sealing heater
conprises a glass pipe 421, wire carbon materials 423 accommbdated within
this glass pipe 421 in a conpressed state, a carbon wire heating el enent
422 acconmpdated in the glass pipe 421 and ni pped by the wire carbon

mat eri al s sd2Bedand angowRe sSHPPHY GQBMEEELNELWLHE éiém@ﬁﬁogmgeat ed wthin
the gl ass pipe 421 and nipped by the wire carbon materials 423. A quartz
gl ass nenbéaudpbzcghssit pipay as heateulvnbn Kedymi$acesaneetedrtgean
opening end portion 42la of the glass pipe 421 and the carbon wire heating
el ement 4291 Shencavdacetdepacfofndhthepenragcead pbetpeasedRla. This
opening end portion 421a is slightly constricted in order to prevent

i nt ernal | y*1%@dedC8ubst ance such as the carbon wire heating el ement 422
and the wire carbon material 423 fromjunping out. On the other hand, the
ot her opening end® poreYBnEnbigshowd drdtHEBgl BRe pepeinaRippstébosed with
other glasg.npmber -with tpe cognectin&ﬁ W re 424 introduced out thereof.
Such a stritttre RbRRERPRC{ARSE a7 BHRON YA fieRR? hind of ERBARE 499234 0E t he

Tt or i al 5 495 S RoraRE et £y SRR IS TRE 67t thTBoNTRRPRr FAFSL 45554 30
Cctober 20943 accommodated within this glass pipe 421 in a compressed

state, a carbon wire heating element 422 accommodated in
the glass pipe 421 and nipped by the wire carbon materials
423, and a power supply connecting wire 424 accommodated
within the glass pipe 421 and nipped by the wire carbon
materials 423. A quartz glass member 425 constituting a
heater main body is connected to an opening end portion
421la of the glass pipe 421 and the carbon wire heating
element 422 is introduced out of the opening end portion
421a. This opening end portion 421a is slightly
constricted in order to prevent internally loaded substance
such as the carbon wire heating element 422 and the wire
carbon material 423 from jumping out. On the other hand,
the other opening end portion (not shown) of the glass pipe
421 is closed with other glass member with the connecting
wire 424 introduced out thereof.

Such a structure connects the carbon wire heating
element 422 with the power supply connecting wire 24
electrically through the wire carbon materials 423.

Conventionally, when the wire carbon materials 423



were accomodated in the termnal portion (glass pipe 421) .4 essed
state, the wire carbon materials 423 were |oaded in the gf%ggdgw%gﬁggl by
batch. For the reason, it sonetines cones that as shown in Fig. 27B, an
end portion of the carbon wire heating elenent 422 is deflected toward a
wal | side of the glass pipe 421. As a result, as shown in Fig. 27A a
peri phery of an opening end portion 42l1a may nake contact with the carbon
wire heating elenment 422. If +the carbon wire heating el enent 422 and the
gl ass pi pewa2¢ apekamaddiedctincahkati miitla leaelr tdidrer ((lkecayseeprassed) ,
reacti on between carbon (C) and quartz (Si02) progresses at a contact

poi nt, so fhat BpPBRKEAgedf shite,i $hki kdlrg tterborcmatatritiat 420 nterdAs
regards the shape of the heater term nal portion, an L-shaped term nal
portion as*SRE&A ih Ehg. 928sSiSsPapso42dséy. batahhi s Roer rihealr geeyarior tal so,
the wire carbon., materials 423 are | oaded on a side 426a of the glass pipe
426 by bat ERMEHIRESt 5OFFR LRETCEFHEROW T hddGi-ng '8 e@EntenU ER ARG hen

th bon_wire heat | Lement 422 is_ introduced to the other side 426b
of the gl agS piBe-a38o1 FTEhBSREAREI RASTERS Hed a M FOAY itvRaihed

ahead of h het .si 426b. .Lf _the carhon w _re heati el ement 422 is
bent at t%iga?%rgﬁﬁélggoFﬁ?oﬁ}aFﬁepﬁpFe42§rb0§5n€t5ﬁ5§ﬁ3’4f§ € wol | en
i nsi de the;pe opthON_ 0 ; -shaped. gl .pi_p 6._as sh in Fig. 28
so that thégcgéggnéaﬁfeah%g%?ﬁggrglg%egp Eg%ﬁﬁggp%gggéﬁrgﬁﬁwhgeqﬁhgﬁﬂhner
wal | of thgagbassnbadf XtAbEHc209%bon wire heating element 422. If

the carbon wire heating element 422 and the glass pipe 421
make a direct contact with each other (because pressed),
reaction between carbon (C) and quartz (Si0,) progresses at
a contact point, so that breaking of wire is likely to
occur at that point. |

As regards the shape of the heater terminal portion,
an L-shaped terminal portion as shown in Fig. 28 is also
used. In this terminal portion also, the wire carbon
materials 423 are loaded on a side 426a of the glass pipe
426 by batch so as to fix the carbon wire heating element
422 and then, the carbon wire heating element 422 is
introduced to the other side 426b of the glass pipe 426.
In the meantime, the heater main body is formed ahead of
the other side 426b.

If the carbon wire heating element 422 is bent at
this terminal portion, the wire carbon materials 423 are
swollen inside the bent portion of the L-shaped glass pipe
426 as shown in Fig. 28 so that the carbon wire heating

element 422 is pressed against the inner wall of the glass



pi pe 426. As a result, the carbon wire heating el enent 422 nt act
with the wall face of the glass pipe 426, so that reactioﬁ“ﬁg &%gﬁoggrbon
(© and quartz (Si Q) progresses at this contact point, thereby likely
generating breaking of wire, which is a technical problemto be solved.
As descri bed above, nore strict tenperature adjustnment control has been
demanded in the sem conductor manufacturing field. For this purpose, a
heat er capable of heating a treatnent furnace and the |like to a desired

state or ﬁaiyﬂs@aa%.haggn goseet] vihy LB-bafl! giEonnbeptnhas baeh. deganded.

Particularly, in a heater for heating the treatnent rnace rrom.i

| ateral dingrébon, c8RREBE ANEEH OEheayheAL Eéc@a&ﬂfnshéan&igééegiﬁédhg%i, on heat
in the direction of the vertical plane (lateral direction as been

demanded. Fortlkxanptectibn BetHsBEMNChALELT(CL94ndt §8araforenBnt i oned
rod-1i ke heater 470 is erected vertically, radiation heat in the direction
of the verpreakepbaseatsthincceasedt poveverthbeebystirsly geheaktnfy

el enent 471 is provided, a region in which radiation heat Is transmtted
is small. Thesking phAcvense vhechallsati bacheataltpaoshemstonbeegion, it is
necessary to_provide with plural rod-like heaters adjacent the

af orenent i 9P&Bdod-1i ke heater 470. In this case, a quantity of connecting

termnals 472 correggonding to the nunber of the rod-like heaters is
required, thereby®  S2ITHIPTO FPRYRasBoB® Heict stomprerabpes 2004

adjustment control has been demanded in the semiconductor
manufacturing field. For this purpose, a heater capable of
heating a treatment furnace and the like to a desired state
or a heater having directivity in radiation heat has been
demanded. Particularly, in a heater for heating the
treatment furnace from its lateral direction, appearance of
a heater having increased radiation heat in the direction
of the vertical plane (lateral direction) has been
demanded. For example, if ‘as shown in Fig. 29A, the
aforementioned rod-like heater 470 is erected vertically,
radiation heat in the direction of the vertical plane is
increased.

However, because only a heating element 471 is
provided, a region in which radiation heat is transmitted
is small. Thus, to increase the radiation heat
transmission region, it is necessary to provide with plural
rod-like heaters adjacent the aforementioned rod-like
heater 470. 1In this case, a quantity of connecting
terminals 472 corresponding to the number of the rod-like

heaters is required, thereby leading to increase of cost,



which is a technical problemto be solved. By form ng a heafq t 476
of a plate-like heater 475 nmeanderingly as shown in Fig. ggggg?ﬁ%%gggion
in which the radiation heat is transmitted in the direction of the
vertical plane can be expanded. Further, in this case, the quantity of the
connecting termnals 472 is not increased so nuch as the case of the
rod-1i ke heater 470. However, because the heating el enent 476 neandering
vertically is forned with a predetermned gap t, thereis a limt in

| ner easl ngwlgbéhrfg' gtigppheal; r{glﬁf ﬂ'%&%}é‘)@o?@ed? he vertical plane. As
descri bed above, the car%on W r ea?lng el enen Sealing heater is very

excel I ent In views sluoreyestion ple dimheec el opol lytbon., The nventors

of the present invention considered ot Icatio ereof in the

sem conduchest8BNY aCheahdGrihgl . adssRolgstht righeyopavene npLhced that the
technol ogy can be applied to a fluid heating apparatus and reached the

present i nviehth obthe SEAMARY 6k Hl: | NYENTA £ The=@r esephe | AVLEEE DO W8 been
acconplished to solve the above-described technical problenms and a first
obj ect ofthéevereseat phaeatcan bs ¢xpandyide Bucelidpn Mhrehidheassdg

el enent sealing heater in which generation of the black spots is

suppr essedth@nevanhesy ¢h bleat ¢ognéct smul termimahead 7 Yeheradt on
characteristic is excellent. Further, the present invention has been
acconpl i shedcyeatedcsobeicRoda the serve ehethdoveddbskeibeateechnd cal

probl ens aI[IId a )
owever, because the heating element 476 meandering

vertically is formed with a predetermined gap t, there is a
limit in increasing the radiation heat in the direction of
the vertical plane.

As described above, the carbon wire heating element
sealing heater is very excellent in views of prevention of
impure metal pollution. The inventors of the present
invention considered other applications thereof in the
semiconductor manufacturing field. As a result, they have
noticed that the technology can be applied to a fluid

heating apparatus and reached the present invention.

SUMMARY OF THE INVENTION

The present invention has been accomplished to solve
the above-described technical problems and a first object
of the present invention is to provide a carbon wire
heating element sealing heater in which geheration of the
black spots is suppressed, unevenness in heating is small
and heat generation characteristic is excellent.

Further, the present invention has been accomplished



second object of the present invention is to provide a ating
el enent sLaIing heater in which contact between the carbon:@ﬁggakgéoag

el enent and a glass pipe is prevented and breaking of the carbon wre
heati ng el enent is blocked by accommobdati ng the carbon wire heating

el ement substantially in the center of the glass pipe. Further, a third
obj ect of the present invention is to provide a carbon wire heating

el enent sealing heater which suppresses diffusion of pollutant substance

f h | i.ff f t ant bst

| mpur e mebdl 2Py b B ReabPYE aferbreed Brris Rl o P"bi%rp%?%eé“%é obj ect Ts
bl ocked

dl?gcflVI%§b§%836%$8%¥g%§h€§€1bPQ%eggegﬁ?én§ |h£$e§§?%géY£ Ia |on heat in

a directigarQn Werbi ﬁ@atpﬁgnéleﬁéﬁﬁ heta1 fnd OHEL PaP bl BCIN PEnt BEnPLESENt

invention i1s to provide a Tluid heating apparatus which suppresses

di ffusi onpetwpeh! thantasubstanee hegplhfeshentet an@aétgwé@r%;ypéi fgusion
of such pollutant substance as inpure netal froma heating el enent,

pol | uti onppavantpdosrsdshigalobpgctf i shdl eskeen whie héstdndeal émaneppar at us
havi ng excel |l ent gas residence property, capable of suppressing generation
of particissbhodkp@SBYbaecmmmoédutﬂg the stzeborcebrdi hgatingnel as@ect of
the invention, there is_ provided a carbon wire heating el ement sealing
heater insgbgbakiaby Poozheh¢entar caf bohewtashepipag el enent using

rbon fibers i
car bo bers further, a third object of the present invention is

to provide a carbon wire heating element sealing heater
which suppresses diffusion of pollutant substance from the
heater, particularly diffusion of such pollutant substance
as impure metal from a heating element, pollution on a
processing object is blocked, this carbon wire heating
element sealing heater having directivity in radiation heat
and capable of increasing radiation heat in a direction of
vertical plane.

Further, a fourth object of the present invention is
to provide a fluid heating apparatus which suppresses
diffusion of pollutant substance from the heater,
particularly diffusion of such pollutant substance as
impure metal from a heating element, pollution on a
processing object is blocked, this fluid heating apparatus
having excellent gas residence property, capable of
suppressing generation of particles and possible to reduce
in size.

According to one aspect of the invention, there is

provided a carbon wire heating element sealing heater in



sealed in a quartz glass nenber, wherein absorption water t he
carbon wire heating elenent is 2 x 10-3 g/cnB or |ess. Acé%ﬂggégg?ogi

anot her aspect of the invention, there is provided a carbon wire heating
el ement sealing heater in which a carbon wire heating el enent produced by
knitting plural carbon fibers is sealed in a quartz glass nenber, wherein
absorption water quantity of the carbon wire heating elenent is 2 x 10-3
g/cnB or less. The carbon wire heating elenment sealed in the quartz gl ass

nmenber absenbshaar ehabb¥ekyrkangatvabee1epBheNtisindhugrbas $h8WRsI Asa
following reaction formula, this absorption water content and the carbon

W re reactsealbd ¢ach quhetzwhtaskhmehbaper ahdreihi spsoapdiah Wwheeki me of
cooling, its reacting nol ecule adheres to the inner face of the el enment

pi pe (quartragtasy pEpeheasathenbkack bpetinReattmentfasmal a Co¥ H2O t* CO
+ H2 Therefore, to suppress the aforenentioned reaction, the absorption
wat er quan®i €9 oir thrSTar Fercakdiantheze i apthd emsetio e Sealed in the
quartz glass member is set to 2 x 10"3 g/cnB or |ess. Because the carbon
wire heatihgvePkhBht 5B&Fengs Reavéfedf at hrarppesenrei heahtnonelementes a
carbon wire eatl el ement whose absorption water quantity is 2 x 10-3
g/ cnB or | 8§88 lﬁ%nggﬁF?BnleWPﬁ@thaERIQBBt§1F§ Eﬁﬁb%@gsééem§8tthat an

excel | ent heat harac eristic gav Q%P a snmal | Eevenness i n heat
8BB4t PPE

generatlonpc%d g% 0 Yakﬁéa 15938 BEFODERT F@réﬁl?ea RE 4laftz gl ass
menber is &HQP%Qrnggsamember, wherein absorption water quantity of

the carbon wire heating element is 2 x 1072 g/cm® or less.

The carbon wire heating element sealed in the quartz
glass member absorbs a relatively large water content.

- Thus, as shown in a following reaction formula, this
absorption water content and the carbon wire react with
each other when the temperature rises and at the time of
cooling, its reacting molecule adheres to the inner face of
the element pipe (quartz glass pipe) as the black spot.

Reaction formula C + H,O < CO + H,

Therefore, to suppress the aforementioned reaction,
the absorption water quantity of the carbon wire heating
element to be sealed in the quartz glass member is set to 2
x 107 g/cm® or less.

Because the carbon wire heating element sealing
heater of the present invention utilizes a carbon wire
heating element whose absorption water quantity is 2 x 1073
g/cm? or less, generation of the black spots is suppressed
so0 that an excellent heat generation characteristic having

a small unevenness in heat generation can be obtained.



rati o between the diameter of the carbon wire heating el engng
i nside dianeter of the quartz glass pipeis 1:2 to 5. |If the gg@?3h2$ t he
i nside dianmeter of the quartz glass pipe is less than 2 when the dianeter
of the carbon wire heating elenent is assuned to be 1, a possibility that
the carbon wire and the inner face of the quartz glass pipe nake contact
with each other is high and at a portion where they are not in contact, a
di stance from the carbon wire heating elenent to the inner face of the

quartz gl ass pi perésevgsyy snahd . qdhet £f 91 8ssihehiber 85 Of @M F0Rgd bl ack
spots occur, they are not scattered inside the quartz glass pipe, but

concentr at eslt o béiewéamethe f acemefet hef quaet Zagbasswpteenchocaged at the
shortest distance. As a result, the black spots are visible fromthe
appear ances bémetie zmd bolme W neifieadii ageebenent tsealiiagtzhgbies phge is
unevenness in heat generation occurs at such a portion, which is not

pref erabl el : Dnte he. ot herthandatid ofethat insoflet Hbanasedeof dilaeret er of the
quartz gl ass pi pe exceeds 5 when the dianmeter of the carbon wire heating
el ement i sYW@SkAedla®s bEPa, ipeheseaphenty wherhehquataregbnsst pilpe

i ncreases so  that,6 heat response at the tine of tenperature rise/fal

drops, whi CHRY ietrpreatl Bby e lppetlr 48| §SSWRRA UFehBPel car bon wire

heati ng el enent. . seal i heat er having a straight heating_element is 10 30
Cct ober ZO%%S%JF%*/de%%I @ﬁ%lttig?% ﬁ%fb?)%r‘t'?ﬁ?nsa%?etlb?owﬂ%ﬁ Bacooth EhRis

quartz glass pipe make contact with each other is high and
at a portion where they are not in contact, a distance from
the carbon wire heating element to the inner face of the
quartz glass pipe is very small. Therefore, if the
aforementioned black spots occur, they are not scattered
inside the quartz glass pipe, but concentrated on the inner
face of the quartz glass pipe, located at the shortest
distance.

As a result, the black spots are visible from the
appearance of the carbon wire heating element sealing
heater and unevenness in heat generation occurs at such a
portion, which is not preferable.

On the other hand, if the ratio of the inside
diameter of the quartz glass pipe exceeds 5 when the
diameter of the carbon wire heating element is assumed to
be 1, heat capacity of the quartz glass pipe increases so
that heat response at the time of temperature rise/fall
drops, which is not preferable.

Preferably, the U-shaped carbon wire heating element

sealing heater having a straight heating element is

10



through bent portions, wherein the carbon wire is disposed 5 étoﬁ{}%\)ﬁ?”t er
portion of the quartz glass pipe. If a carbon wire heating el enen ose
absorption water quantity is 2 x 10-3 g/cnB or |ess as described above,
even if the carbon wire heating elenent is disposed off the center of the
quartz gl ass pipe, generation of the black spot is suppressed, so that a
carbon wire heating elenent sealing heater having a small unevenness in
heat generation and excellent heat generation characteristic can be

btained. If t ti f_the insi di t f.th t I [ [
> 10 5 wBHOTHISH) St BETBIIThePChr b0R i Te PTEvhast o pothei®oven’ 1
th b | [ ] f t I pe,
gener at 1 one iy FcSefl SBREERaRe’ | befERCLAE LorboR AHEE cfr BBl Pehiati ng

el ement sgakipge heghel NYEPOA SPBLLe URRYELPESEaED DEGL. generation and
can

excel l ent heat generation characteristi e obtained. Further, there

is al so providegf t hec£AEHQNwI%-& Enchephd NGl ShENBNhSER! AsbRe@at & i n which
any one of the aforenentioned carbon wire heating elenent 1s sealed in the

gl ass nenbgter cQiPnt SEN0is a2 gk aBSpigpemtli SPOBESk ads adle el bd@rdb@re of the
quartz gl ass nenber and for accomodating the end portion of the carbon
W r e heatéwgn el £nehe ; carbon ewicarheat iegbel efient nl ppiibgpasednsf porhée on of
the carbon wire 11 30 Cctober 2004 heating elenment; and a term nal portion
whose endcéstencebnhipdatiedrin ghasgl psse pi penandt b chf come dbhscla

spot is suppressed, so that a carbon wire heating element

sealing heater having a small unevenness in heat generation

and excellent heat generation characteristic can be

obtained.

If the ratio of the inside diameter of the quartz

glass pipe is 2 to 5 when the diameter of the carbon wire

is assumed to be 1, even 1f the carbon wire is disposed off

the center of the quartz glass pipe, generation of the

black spots is suppressed so that a carbon wire heating

element sealing heater having a small unevenness in heat

generation and excellent heat generation characteristic can

be obtained.

Further, there is also provided the carbon wire

heating element sealing heater in which any one of the

aforementioned carbon wire heating element is sealed in the

glass member, comprising: a glass pipe disposed at an end

portion of the quartz glass member and for accommodating

the end portion of the carbon wire heating element; a wire

carbon member for nipping an end portion of the carbon wire

11



connecting wre for power supply nipped by conpressed mﬁre:§f6 ers,
wherein the wire carbon nenber is constituted of plural wTe %ggﬁgEHQ

bundl es conposed of wire carbon nmaterials, and the carbon w re heating
element is disposed substantially in the center of the glass pipe anong
the plural wire carbon bundles. In the carbon wire heating el enent sealing
heater of the present invention, the wire carbon nenber is constituted of
plural wire carbon bundl es each conposed of the wire carbon materials and

the carbom ¥ gndieatdditht £l siend é&ﬂmg@@g@g%@@e plifjalcwire carbon

bundl es and substantially 1n the center | ass pi pe. at is, the

wire carbofcduttbeahas o ftiCtd D Ofp Bhe AN KIRNGIPOEL AL Qf 2 drill, a
drilling machine or the |ike, thereby trying to |ocate the carbon wire

heating etemeatting thergefierp@fet NCughBESnDbHRed B9 Solesssded tihergar bon
wire heating element is disposed substantially in the center of the glass
pi pe, thereybah imemating vhepaisithd idyrd hadrvdre matbon w6 re heating
el ement may neke contact with the glass pipe. Consequently, reaction
bet ween t heorpastuppeomilutel wardorenhor headleg ebdepestdist avdbreded and
breaking of the wre due to this reason is suppressed. Thus, the heater
servi ce | igarkRen Mt ke te Breidik abl Soes worgp dredt 1oy aelemmvients onal
exanpl e. Further, because the carbon wire 12 30 October_ 2004 heating
el enent r (HSSRAMRA ath AL inrbught tie eaier Bt the plagalpi®ee carbon
bundl es, tahrf%rgg rtenseI S]:_%laLPrCa Cwainrebecarbon bundles.
In the carbon wire heating element sealing heater of
the present invention, the wire carbon member is
constituted of plural wire carbon bundles each composed of
the wire carbon materials and the carbon wire heating
element is disposed among the plural wire carbon bundles
and substantially in the center of the glass pipe.
That is, the wire carbon bundle has a function of a
chucking portion of a drill, a drilling machine or the
like, thereby trying to locate the carbon wire heating
element in the center of the glass pipe. As a result, the
carbon wire heating element is disposed substantially in
the center of the glass pipe, thereby eliminating a
possibility that the carbon wire heating element may make
contact with the glass pipe.
Consequently, reaction between the glass pipe and the
carbon wire heating element is avoided and breaking of the
wire due to this reason is suppressed. Thus, the heater

service life can be extended remarkably as compared to a

conventional example. Further, because the carbon wire

12



adjusted easily. Further, there is also provided the carbo i ng
el enent sealing heater in which any one of the aforenenti ?%Etgg?rlgggaw re
heating el enent is sealed in the glass nenber, further conprising: a first
gl ass pipe disposed at an end portion of the quartz gl ass nenber and for
accomodating a part of the carbon wre heating elenent; a second gl ass
pi pe having the sanme axis as that of the first glass pipe and for
accomodating an end portion of a power supply connecting wire for

or {1 on FeThES a7 bRRCU e et TRGC S BRIy S uoh (e et f on
accomodatd L, bhe {113t aSo5006 Ol assye Pl PES | 01 & gompresged state and
having a W re carbon menber Torhi ppi g € carbon W e heati'ng el enent

and power,g Ly &9 ting wire, wherein the wire carbon nenber is
constitutaedfggpp?rura%mgmfre carbon bundl es conposed of wire carbon

material s and tiher@@aEbonbre Neall sy SFOMRMA i8he diaRsedySpbstantially in
the center of the glass pipe anong the plural wire carbon bundles. In the

carbon W i€atend | dlemdRienéabRed | Ngateat Bf WwHEch pes eftie | dWeflid on al so,
reacti on between the glass pipe and the carbon wire heating elenent is
avoi ded amfiobemakt honed cdtisomiweredesdoitdi slemasonid sssalppd elssethe Thus,
the 13 30 Cctober 2004 heater service |ife can be extended renarkably as
conpar ed gilasa menvent | bmathex appher iFing her , fhestussheoiga@bon wire
heating el ement runs substantially through the center

disposed at an end porticon of the quartz glass member and

for accommodating a part of the carbon wire heating

element; a second glass pipe having the same axis as that

of the first glass pipe and for accommodating an end

portion of a power supply connecting wire for supplying

electric power to the carbon wire heating element and an

end portion of the carbon wire heating element; and a

terminal portion accommodated in the first and second glass

pipes in a compressed state and having a wire carbon member

for nipping the carbon wire heating element and power

supply connecting wire, wherein the wire carbon member is

constituted of plural wire carbon bundles composed of wire

carbon materials and the carbon wire heating element is

disposed substantially in the center of the glass pipe

among the plural wire carbon bundles.

In the carbon wire heating element sealing heater the
present invention also, reaction between the glass pipe and

the carbon wire heating element is avoided and breaking of

the wire due to this reason is suppressed. Thus, the

13



of the plural wire carbon bundles, their resistance can be ;3§iUsi2%04
easily. Particularly, according to the present invention, a part the
carbon wire heating elenent is accormpdated in the first glass pipe while
an end portion of the power supply connecting wire for supplying electric
power and an end portion of the carbon wire heating elenent are _
accommodated in the second gl ass pipe. Thus, the quantities of the wire
carbon nmenbers in the second gl ass pipe for accommopdati ng the end portion

of the pomeateuppbyvCeaNELLeNgam b EQFcHHBA! YENGrRhBEYI LS cBRYRE4Nd i N
the first glass pipe for acconmodating a part of the carbon wire heating

el enent canobe changetiodherekaneleby makiRgr} hecgyaséi the0batbenwire
carbon nenber in the second glass pipe for nipping the end portion of the
power suppt¥yreohestinggeement arges shlastahatadlytbRrowyhetkarbentgenber in
the first glass pipe, the connecting wre can be nipped firmy thereby
prevent i ngPel eeerpEurasi vinpceatpom bendheng thsiablesifFuabbercaprieéerably,
the quantity of the wire carbon menmbers acconmodated in the second gl ass
pi pe is | afgerstehatPehbY- of the wire carbon nenbers acconmodated in the
first glass pipe, By making the quantity of the wire carbon nmenber in 14 30
Oct ober 2004 t heP3ETONH Y bss FFEREERGero t Hap PHasedt tMEeRki@ ca? bon

T O e Sl E5 %, BN L OISCL 00T B0, L PRSI Y
the first glass pipe while an end portion of the power
supply connecting wire for supplying electric power and an
end portion of the carbon wire heating element are
accommodated in the second glass pipe.

Thus, the quantities of the wire carbon members in
the second glass pipe for accommodating the end portion of
the power supply connecting wire for supplying electric
power and in the first glass pipe for accommodating a part
of the carbon wire heating element can be changed.

Therefore, by making the quantity of the wire carbon
member in the second glass pipe for nipping the end portion
of the power supply connecting wire larger than that of the
wire carbon member in the first glass pipe, the connecting
wire can be nipped firmly thereby preventing electric
resistance from becoming unstable.

Further, preferably, the quantity of the wire carbon
members accommodated in the second glass pipe is larger
than that of the wire carbon members accommodated in the
first glass pipe.

By making the quantity of the wire carbon member in

14



becom ng unstable. Preferably, the wire carbon bundles are;ﬁp§@3ﬁ9@95$d in
the gl ass pi pe such that fol ded-back portions of the wre carbon bundles
are located on an introduction side of the carbon wire heating elenent in
t he gl ass pipe for accommodating the end portion of the carbon wire
heating elenment. The wire carbon bundles are fol ded back and further,

the. fol ded-back portions of the wire carbon bundles are |ocated on the

i ntroduction side of the carbon wire heating elenent in the glass pipe.

Thus, dustthadsdcohdagbabbopkpd 1hrgavi aMadi BBatnb® the fuakt z2aghass nenber
in which the carbon wire heating elenent is sealed fromthe end portion

of the gl assmpepeinConsefiient| glassapipep bréweenndusingndian tanepewal |

of the quartz glass nmenber, adhesion thereof to the inner wall, unevenness
in heat gentPRe{ohliandyt heereky paavbetipgesdatedicFueshetantdi Sremructure
makes it easy to insert the connecting wire through the conpressed wre
carbon menPRFeingdurftabEs-that a tip portion thereof is fixed nore
firmy, thereby achieving%stabilized supply of electric power. Further,

preferably, the GFase e fbhe attbmpRiEePhgPesdBes Getobeecunadakednd
AL SRR NN IR R
SUbStantia&iyéiganéﬁlﬁgﬁdigs are located on an introduction side of
the carbon wire heating element in the glass pipe for
accommodating the end portion of the carbon wire heating
element.

The wire carbon bundles are folded back and further,
the folded-back portions of the wire carbon bundles are
located on the introduction side of the carbon wire heating
element in the glass pipe. Thus, dust and dirt are blocked
from invading into the quartz glass member in which the
carbon wire heating element is sealed from the end portion
of the glass pipe.

Consequently, reaction between dust and an inner wall
of the gquartz glass member, adhesion thereof to the inner
wall, unevenness in heat generation and the like can be
prevented.

Further, this structure makes it easy to insert the
connecting wire through the compressed wire carbon members
and ensures that a tip portion thereof is fixed more
firmly, thereby achieving stabilized supply of electric

power,

Further, preferably, the glass pipe for accommodating
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axes of the glass pipes, and the carbon wire heating elen%@Qm&aﬁgabégduced
froman end portion of the glass pipe. Because the carbon wire heatli ng

el enent is disposed substantially in the center of the glass pipe even if
the glass pipe for accomodati ng an end portion of the carbon wre
heating elenent is forned linearly, the end portion of the glass pipe and
the carbon wire heating el enent never make contact with each other.
Further, preferably, the first glass pipe for accomodating a part of the

carbon w renheadipgrel ement tise doried hineandyt iyl &14hensecongdoghass pi pe
for accomodating end portions of the power supply connecting wre for
suppl yi ng kimearly, powerciacbdher tee hovatdne eheatnnoaed evieatwangd t he carbon
wire heating element is forned linearly, the carbon wire heating el ement
and the wakbearpondbemdies dispadisposessamsiaht yalhypanaphehltel to
axes of the first and second gl ass pipes, and the carbon wre heating

el enent i s2¥9% rofuekd 9havs anieee, pord i ore ofarkhdre ¥irsthegsrgpipe. In this
case al so, fecause_the carbon wire heating elenent is disposed

subst anti af+§FMt the tehfefuesd theon graseigpertiee ehdtherglamsof the
first glasgggipe and the carbon wire heating el enent never make contact

w th each 30 COctober 2004 other like the previ ous exanpl e. Further,

pr e]f g:?rtéldyi, naagllﬁbzi%l_géeeoetl'{eorcaa%coonmEDid:ca‘é[ g L0e SArbon w e, heating el ement
substantially in the center of the glass pipe even if the
glass pipe for accommodating an end portion of the carbon
wire heating element is formed linearly, the end portion of
the glass pipe and the carbon wire heating element never
make contact with each other.

Further, preferably, the first glass pipe for
accommodating a part of the carbon wire heating element is
formed linearly while the second glass pipe for
_accommodating end portions of the power supply connecting
wire for supplying electric power to the carbon wire
heating element and the carbon wire heating element is
formed linearly, the carbon wire heating element and the
wire carbon bundles are disposed substantially in parallel
to axes of the first and second glass pipes, and the carbon
wire heating element is introduced from an end portion of
the first glass pipe.

In this case also, because the carbon wire heating
element is disposed substantially in the center of the
glass pipe, the end portion of the first glass pipe and the

carbon wire heating element never make contact with each
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while an end portion thereof is sealed, the carbon wire hegthlg,elagent
and the carbon wire bundles are disposed substantially in parallel” to the
axes froman opening end portion of the glass pipe to a sealing end
portion thereof, and the carbon wire heating elenent is preferably

i ntroduced from anong the wire carbon bundles at a bent portion of the

gl ass pipe. Although a conventional heating elenent in which a termnal
portion and carbon wire heating elenment are sealed in a glass nenber is

structuredotiepuDhk@ thshgpedi beatexsidon, this L-shaped gl ass pipe is
changed to T shape, so that the carbon wire heating el enent and wire

carbon bundl es Betikspasesf stdIst ANt aflyss o Dgs akdel ad@ohhedaxigsg from
t he opening end portion of the glass pipe up to the sealing end portion.
The car bonthe reatiean i njrel meeni ng seleménpdiseto omed f 1192 anogigapbe wre
carbon bundles at the bent portion of the glass pipe. The pressing
function dfhile awrendapbonioenbteereést bxes¢abedn dne aceebédmowitée bent
portion to the sealing end portion. Thus, such an inconvenience that the
Wi re car boteaerher 5oBgRt st | Ere aga Flpen behte powndbes sare hdt spbeedar bon
wire heating el ement nmakes a pressing contact with an inner wall face,
whi ch has %—g%t%%%%ﬂ%’twé RoFvEHE ] ofl the stsped roh aaR pppRingapnde

avoi ded. 17 30. October. 2004 Further, the length of the glass pipe fromthe
bent por th¥n 1Y the Saal FHE eriiPort? on *?‘%a%‘%‘? e‘?rﬂ%op‘?%tb%nsg}f‘er%%frmre

than 1.5 téﬂ@%ﬁ@%éf@&g%g}g”ﬁég{ig& éfeemgllﬂgslss preferably
introduced from among the wire carbon bundles at a bent
portion of the glass pipe.

Although a conventional heating element in which a
terminal portion and carbon wire heating element are sealed
in a glass member is structured through a L-shaped bent
portion, this L-shaped glass pipe is changed to T shape, so
that the carbon wire heating element and wire carbon
bundles are disposed substantially in parallel to the axis
from the opening end portion of the glass pipe up to the
sealing end portion. The carbon wire heating element is
introduced out from among the wire carbon bundles at the
bent portion of the glass pipe.

The pressing function of the wire carbon member is
exerted in an area from the bent portion to the sealing end
portion. Thus, such an inconvenience that the wire carbon
members are swollen at the bent portion so that the carbon
wire heating element makes a pressing contact with an inner
wall face, which has been seen in the conventional L-shaped

glass pipe, can be avoided.
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pi pe extending fromthe bent portion. Contrary to this, if §d¥iﬁheﬁ@bﬁ4°f
the glass pipe fromthe bent portion to the sealing termnal I's I'éss than
1.5 times the inside dianeter of the extending glass pipe, the pressing
function of the wire carbon nenbers in the area fromthe bent portion to
the sealing end portion is weak, so that |ike the conventional L-shaped
gl ass pipe, the wire carbon nenbers are swollen at the bent portion and
the carbon wire heating el ement nakes a pressing contact wth the inner

wal | face. In t n ti.ne,,the gla e r and. gl ipe are referred
to be made of qﬁ%@g@ aﬂ:s]%e rr%‘%’r%%trlg %fjf?lﬁ%réf)f?"ﬂ%ﬁe pg;ﬁ%gf%org:tg—ée %elb‘? gf erred

to b f t her LS. al vi ded t he
car bon i POE Chefl vOuhe S dapedy PRI Morc Tl | N hor ot B el e A B0 S0 o

made of qHarharg! &ssnPiPe £ OheSCCOETDEIR b 03 PiN-CEF DOP W& &1 deati ng
el enent, sealing termnal portions provided on both ends of the quartz

gl ass pi pgié éhehenh§r rpont ted Bagk apoLeIkecting term nal provided on the
sealing termnal portion, wherein the heater portion is fornmed by w nding

the quartz gl asGompipergpis athhys verficlad | Vendiill eof hehguardss wil@ss pi pe
extending vertically is forned linearly and the 18 30 Oct ober 2004 quartz
gl ass pi pEsconthdebenp podtbat t o poe t $embing ecefoimed i riedsartlyan and t he
sealing termnal portions are forned at end portions of the quartz gl ass
pi pes of lh2 tiees etheoinsbie eki@neeer t of silesexfending appdnaeipe,

the pressing function of the wire carbon members in the

area from the bent portion to the sealing end portion is

weak, so that like the conventional L-shaped glass pipe,

the wire carbon members are swollen at the bent portion and

the carbon wire heating element makes a pressing contact

with the inner wall face.

In the mean time, the glass member and glass pipe are
preferfed to be made of guartz glass member. Further, the
sheath pipe is preferred to be composed of quartz glass
member .

Further, there is also provided the carbon wire
heating element sealing heater, comprising a heater portion
made of quartz glass pipe for accommodating any carbon wire
heating element, sealing terminal portions provided on both
ends of the quartz glass pipe of the heater portion and a
connecting terminal provided on the sealing terminal
portion, wherein the heater portion is formed by winding

the quartz glass pipe spirally vertically while the guartz

glass pipe extending vertically is formed linearly and the

i8



As described above, the quartz glass pipe is wound spirally h8.id9004
vertical direction and the quartz glass pipe extending in the vertical
direction is formed Ilinearly. The quartz gl ass pipes on the top and bottom
portions are fornmed circularly and both end portions of this quartz gl ass
pi pe are extended on the sane face side, while the sealing term nal

portion is fornmed at each end portion thereof. Therefore, heat radiation
fromthe carbon wire heating elenent is generated less at the circul ar

quartz gl gesrpipg1and pebakYonRgdReatobhanki BEALoAUBLLE: ghass R pe
ext endi ng ?n t he gerticg?pdirgctioﬁ. E%r ?he reagon? %eét gr%ﬁlgation in the

direction obrmcdectiiealaplaneaps tRet bealliahetakmdhhechbopical Ree
i ncreased. Because the heater portion is forned by winding the quartz

gl ass pi pefspmedl &y endt herveohbcal dheeqhbhenz thessl ppgas geathé gl ass
pi pe is disposed in the back and forth direction relative to a radiation
directi on hedténrpherionfexserdeidntbheideseofi bheobahbefyeesical pl ane
(lateral direction) with respect to the quartz glass pipe, linear quartz
gl asses tube pl a'tdleeariked abevéochhedinareachlasntpiyval ibevomed t he
quartz gl ass, pi pes placed forward, That is, radiation heat in the

di rection %Plgﬁglvewﬂéla? 1or8pcett 8bEpchdon phdnkhe| aeerhr diaestion) can

be increased by radiation, fromthe |inear quartz glass pipes |ocated
f or war d an%lp?e%¥€%? INEFRhERS TErFLCAbseibPELBNobE af ArRedt radi ati on

having a Sf?ﬁéa£f§?l Fﬁé|§&££€9 &faggepgéégcgﬁoghgftggeand bottom
portions are formed circularly and both end portions of
this quartz glass pipe are extended on the same face side,
while the sealing terminal portion is formed at each end
portion thereof.

Therefore, heat radiation from the carbon wire
heating element is generated less at the circular guartz
glass pipe and mainly made at the linear quartz glass pipe
extending in the vertical direction. For the reason, heat
radiation in the direction of a vertical plane or in the
lateral direction can be increased.

Because the heater portion is formed by winding the
quartz glass pipe spirally in the vertical direction, the
linear quartz glass pipe is disposed in the back and forth
direction relative to a radiation direction and further, if
seen in the direction of the vertical plane ({lateral
direction} with respect to the quartz glass pipe, linear
quartz glasses tube placed rearward are located in each
interval between the quartz glass pipes placed forward.

That is, radiation heat in the direction of the vertical
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vertical plane by adjusting that interval. Further, the qu i pes
of the heater portion are extended on the sane face side Zﬂ%égﬂéééggﬁing
terminal portion is formed at each end portion thereof. Because the
sealing termnal portion is formed on the sane face side of the heater
portion, connection to a power supply is nade easy. An opposite side to
the sealing termnal portion formng side across the heater portion acts
as a radiation side. Therefore, radiation can be increased by disposing a

fl [ I he Lik h | i I naj ion. f ' i de.
ool ARhBL S 8EeLlP B KGO0t "E PR IO LEL IR, oL o L1 m o i de
ey o] EBR PRESPIRCLDVANLLOR o1 SOUPLI SLIG Sc DAl oo pOLLy ol Rt O
quartz gl ass prpe Tor accomobdati ng one 0 € aforenenti oned carbon

wire heating,glgentu£oRRLSed: Oiscﬁé%’é’{‘biébﬁé Sokgé&ﬁ-]iaﬂ af SFQENAL 5 oROT i Ons

provi ded on both ends of the quartz glass pipe o eater portion and a

connect i NEatengi AabmR1 Vi 8641 0derlber56@! iNTcherdl Pk PORtbPNghaherein the
heater portion is forned by wi nding the quartz glass pipe spirally

vertical | yervbtd® phenquaytadgphasingi pieaexiendivglvertically is fornmed
linearly and the quartz glass pipes on the top and bottom portions are
formed circul arfyrtled, ttiee seattny ¢Exrss naipd 3D ot dbex t 2O0Hdopiotdh ons are
formed at end portions of the quartz glass pipes of the heater portion

ext ended aves¢yeendedtve cagesatactacet hiedseahd nghe eseihihg poetional
including a g[ass_pige for accommodating an end portion of the carbon wire
heat i ng portlion is formed at each end portion thereof.

Because the sealing terminal portion is formed on the
same face side of the heater portion, connection to a power
supply is made easy. An opposite gide to the sealing
terminal portion forming side across the heater portion
acts as a radiation side. Therefore, radiation can be
increased by disposing a reflecting plate or the like on
the sealing terminal portion forming side.

In addition, there is provided the carbon wire
heating element sealing heater of the present invention,
comprising a heater portion made of quartz glass pipe for
accommodating any one of the aforementioned carbon wire
heating element composed of carbon fibers, sealing terminal
portions provided on both ends of the quartz glass pipe of
the heater portion and a connecting terminal provided on
the sealing terminal portion, wherein the heater portion is
formed by winding the guartz glass pipe spirally vertically
while the quartz glass pipe extending vertically 1s formed

linearly and the gquartz glass pipes on the top and bottom

portions are formed circularly, and the sealing terminal
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el ement and wire carbon nenber accommobdated in the gl ass Q%H§m£ﬂu%0 4
conpressed state and for nipping an end portion of the car W T é heating
el enent, the wire carbon nenber being constituted of plural wi re carbon
bundl es each conposed of wire carbon nmaterials, the carbon wire heating

el ement bei ng di sposed anong the plural wre carbon bundles and
substantially in the center of the glass pipe. Such a carbon wire heating
el enent sealing heater can achieve the above-described first, second and
third objeppstiahsthecesanensétinet dhatpbstibhsi 6FpoBsi fherto roykde a
carbon wire heating el enent sealing heater in which generation of the

bl ack spotsipsssopptiessedataeaporgeoeraktendeiatacteaéstbe tBeexsmkl ent
with a small unevenness in heat generation, breaking of the carbon wire
heating el Eaeas, i Shel sekbitngt hermanbbnpait eohedtchgdehenenglaseapipg heat er
having a directivity in radiation _heat and capable of increasing radiation
heat in thECHi RecPnBedating hanverdrartpranef Frefershdy, wihe beavanare
radius of the quartz glass pipe formed circularly is twice to five tines
the outside efa‘?q%*ire%%‘f‘ B+IE e Hoah teegPassaprpanodatedelnuihat et@ssadi us is
|l ess than twice the outside dia he quarfz gl ass gipe, when fornmed

into 21 30°PTRT obér® 200 EFT T a??géﬁgagésﬁﬂﬁ B PR HRI qifdr 82 gPassi Piipe is
Con e, GEALT IS, SHPE B LR IR Y mkp conbeet
being constituted of plural wire carbon bundles each
composed of wire carbon materials, the carbon wire heating
element being disposed among the plural wire carbon bundles
and substantially in the center of the glass pipe.
Such a carbon wire heating element sealing heater can

- achieve the above-described first, second and third objects
at the same time. That is, it is possible to provide a
carbon wire heating element sealing heater in which
generation of the black spots is suppressed, heat
generation characteristic is excellent with a small
unevenness in heat generation, breaking of the carbon wire
heating element is blocked, the carbon wire heating element
" sealing heater having a directivity in radiation heat and
capable of increasing radiation heat in the direction of
the vertical plane.

Preferably, the curvature radius of the quartz glass

pipe formed circularly is twice to five times the outside
diameter of the quartz glass pipe.

If the curvature radius is less than twice the

outside diameter of the quartz glass pipe, when formed into
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if the curvature radi us exceeds five tines the ogkﬁhgamgg?g?ter

artz glass, the wwdth of the heater increases an era

i on

rtical direction increases, which is not preferable. Further,
preferably, the ratio between the thickness of the heater portion forned
y of the quartz glass on the side of an outer peripheral portion
e side of an inner peripheral portionis 1:1.1 to 2. Because the
on the side of the inner peripheral portion is forned |arger,

ctiycwhat hethsifesdie the tinequPpets piBias POpéi D8 SaPoPReGEL

larger while radiation on the side of the inner peripheral portion
set smal | e3¢ Real dtheoncdigatn fwime theat imeas] guet zng) asskei pesonthsposed

back and

per pendi c
di rection
stress in
heating e

predeternmined pud

the liKke.
preferred
di anet er

gl ass pi pe

forth can be prevented frombeing radiated in a direction
WD tthe ik r el brobHithe hguaert | ghd s pl piee ( | ongeh ubs nabt

can be

). Further, this structure reinforces a portion having a |arge

RYREHEHER- of the present invention in which its carbon wi

re

| enent isiﬁcconnndated in spirally wound quartz gl ass pipes by a

Gf, BE T et WIS a0 HETH S g (oot 406 gaf ST e
Heddler GHRATIL S 255, PIAG WAL Jespect tg adjacent , circular
éirection increases, which is not preferable.

Further, preferably, the ratio between the thickness
of the heater portion formed circularly of the quartz glass
on the side of an outer peripheral portion and on the side
of an inner peripheral portion is 1:1.1 to 2.

Because the thickness on the side of the inner
peripheral portion is formed larger, heat capacity on the
side of the inner peripheral portion can be set larger
while radiation on the side of the inner peripheral portion
can be set smaller.

Radiation heat from the linear quartz glass pipes
disposed back and forth can be prevented from being
radiated in a direction perpendicular to the direction of
the vertical plane (longitudinal direction).

Further, this structure reinforces a portion having a
large stress in the heater of the present invention in
which its carbon wire heating element is accommodated in
spirally wound quartz glass pipes by a predetermined
pulling force, thereby preventing generation of a damage or

the like.
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W ndi ng of the quartz glass pipe densely is preferable be

radi ation heat in the direction of the vertical plane (|a?§3§ d%??g%%ion)
is increased. However, because the heater portion is formed by w nding the
quartz glass pipe spirally in the vertical direction, the linear quartz

gl ass pipe is disposed in the back/forth direction wth respect to

radi ation direction. Therefore, if the glass pipe is wound too densely,
radi ati on heat fromthe |inear quartz glass pipe disposed in the back

cannot be used effectdvel yhands ther i d@lﬁt?”gl%%%%i;ﬁ’@@@%?feefﬁﬁcﬁ’ of the

wound quartz gl ass pipe reaches an abnormally h t'enper 0 avoid

this, the t@usetZoh@dSwPiReai §aPr&f e5HE&0 b O DL WOUNHe Wi e 8o @EPi dRT € than
atime the outside dianmeter of the quartz glass pipe. If the gap is three

times or |@bayetadiafithe havaingz agl ss@lpise | wiah despscti on ddjibenvertical
direction can be obtained. Preferably, the carbon wre heating el enent
sealing heaterldurqertzopprsseasipe heater top hol di ng menber forned on
the top such that it nakes a contact with an inner face of the circular
quartz gl ass pi pEndineaertiwtqomrtwlaliags mgpbeterdszledion t he bottom
such that it makes a contact wth an outer face of the circular quartz

gl ass pi pfPERERRE Iecrivcthoordnhier et by Poetdbrecoheriefited of a
| i nki ng menber for, Iink'n the heater top hol ding nenber with the heater

bot t om hol ‘dt$g” Pelse? Gisel 3R He A BreHol A hgl HokrFBra$9d pr ovi ded,

However, because the heater portion is formed by
winding the quartz glass pipe spirally in the vertical
direction, the linear quartz glass pipe is disposed in the
back/forth direction with respect to radiation direction.
Therefore, if the glass pipe is wound too densely,
radiation heat from the linear quartz glass pipe disposed
in the back cannot be used effectively and the side of an
inner peripheral face of the wound guartz glass pipe
reaches an abnormally high temperature. To avoid this, the
quartz glass pipe is preferred to be wound with a gap more
than a time the outside diameter of the quartz glass pipe.

If the gap is three times or less, radiation having a
smaller local deflection in the vertical direction can be
obtained.

Preferably, the carbon wire heating element sealing
heater further comprises a heater top holding member formed
on the top such that it makes a contact with an inner face
of the circular quartz glass pipe, a heater bottom holding
member formed on the bottom such that it makes a contact

with an outer face of the circular quartz glass pipe and a
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mechani cal strength of the heater portion can be increased ;g h&Es¥%o04
preventing a damage. Provision of the heater bottom hol di ng nenber
inproves its installation performance. Further, heat capacity of the
circularly fornmed portion of the quartz glass pipe increases, so that
radiation in the vertical direction can be reduced. Preferably, the heater
top holding nmenber is welded .to the inside of a circular quartz gl ass
pipe formed on the top while the heater bottom hol ding nmenber is welded to

the outsiHeadbrthelaingupartQUartanst asstoiPssl 81 MEFk PGt HEMBOLt BHY
Further, preferably, the carbon wre heating element sealing heater

further cobpnkses ahbehtetetopopohdiagngmesieerfpitrdepe hbgrépp and
provi ded inside the circular quartz glass pipe with a predeterm ned gap, a
heat er botpottohohdi dgngembmebefor mred on the bottom such that it nakes a
contact with an outer face of the circular quartz glass pipe and a heater
hol di ng portion Bomatse utke bfatetiklagng neobetof ofs | pndvidedhe heater top
hol di ng member with the heater bottom hol ding menber. Because the
pr edet er mi ARENYAbCRL pEBONEEE pEt Weenheakeri perHbonfcanhebei trulaasedart z
gl ass pipe_forned on the tog and the heater top hol ding nmenber, a
col I'i si on HREVRRBA PHEVORT 309 (Rt OBBRI004PKOREE20R| @EstRE pheak@r t he heat er
t op hol di nber g e to vibration or the like c be avoi ded thereby
or event | ng 8- L GAnAGES A LOHREE | LT aYR? r BESt bPBE hbPbPhan 0.2 mm
Further, p§§£55§£$%6e? b?ﬁé@ﬂééﬁcﬁeg% éQSaQ§€§eéf the circularly
formed portion of the quartz glass pipe increases, so that
radiation in the vertical direction can be reduced.
Preferably, the heater top holding member is welded
to the inside of a circular quartz glass pipe formed on the
top while the heater bottom holding member is welded to the
outside of the circular quartz glass pipe formed on the
bottom.
Further, preferably, the carbon wire heating element
sealing heater further comprises a heater top holding
member formed on the top and provided inside the circular
quartz glass pipe with a predetermined gap, a heater bottom
holding member formed on the bottom such that it makes a
contact with an outer face of the circular quartz glass
pipe and a heater holding portion constituted of a linking
member for linking the heater top holding member with the
heater bottom holding member.
Because the predetermined gap is provided between the

inside of the circular quartz glass pipe formed on the top

and the heater top holding member, a collision between the
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bott om hol di ng nenber is | ocated above the bottom face of |}
term nal port?on. Because the bottom face of the heater bofﬁgﬁgﬁgﬁgpgg
menber is | ocated above the bottomface of the sealing term nal portion,
if the heater is placed on a horizontal plane, the bottomface of the
heat er bottom hol di ng nenber never nmakes a contact with an installation
surface. Therefore, even if vertical vibration is applied for the reason
of the earthquake or the |ike, the bottomface of the heater bottom

hol di ! . . Lot 1
t(r)\eriegg pr ot ec% P%ggs gﬁéoﬁn&ﬁﬁlﬁl?%%&%%% %éééle}llé\gé%% ﬁ\*ﬁ%i@tﬁ% gggwi th the

quartz glassraPi®e éFOorhd HoRagean!BetHfoiBaA tRBrebPePOVEOMAGCe of the
heater bottom holding nenber is preferred to be | ocated above the bottom

face of tdensgal i Nthiergamals poréfenrdy Oo Soemmorenvhian 0f2 Mmhere is a
difference in height of 0.5 mmor nore, the bottomface of the heater

bot t om hol di ng Fieheer neveefemiely a @ dpeticemwiade t¢e thetlgdtes on surface
even if vertical_  _vibration occurs due_to the earthquake or the_ |ike,

thereby PPEVIRFIIENAAAGRST AL of APHGSE 02HEYS ahde HePEBePetacarot he
'nve”t'onthetggéfiﬂ% géggl g%gt%(g%{%l d heating apparatus of the present

I nvention conprisin 04 a heating pipe for heating fluid

supplied from agdddlise SMPRAYLEMT £8re HNCMETHPO LS Ofbd QoBh RIGINd the

Iheatl ng pipe and nade of quartz gl ass pipe for accomrodati ng any
member is located above the bottom face of the sealing
terminal portion, if the heater is placed on a horizontal
plane, the bottom face of the heater bottom holding member
never makes a contact with an installation surface.
Therefore, even if vertical vibration is applied for the
reason of the earthguake or the like, the bottom face of
the heater bottom holding member never makes a contact with
the installation surface, thereby protecting a portion
linking the sealing terminal portion with the quartz glass
pipe from a damage.

In the meantime, the bottom face of the heater bottom
holding member is preferred to be located above the bottom
face of the sealing terminal portion by 0.5 mm or more. If
there is a difference in height of 0.5 mm or more, the
bottom face of the heater bottom holding member never make
a contact with the installation surface even if a vertical
vibration occurs due to the earthguake or the like, thereby
preventing a damage.

According to yet another aspect of the invention,

there is provided the fluid heating apparatus of the

present invention comprising
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one of the aforenentioned carbon wre heating el enent and i or
accommodati ng the heating pipe and the heater portion, mhgggﬁﬁgﬁ#pggé
material resisting passing fluid is disposed inside the heating pipe while
a diffusion plate is forned integrally with an upstream side face of the
filler material. Because filler material acting as resistance for passing
gas is disposed within the heating pipe, the passing fluid can be provided
with an appropriate residence tine. As a result, the fluid passing through

the heating hpipengapipe sopphégdimythlaiguihpsieat heah Byriadyation heat
fromthe heater portion so that the tenperature can be raised to a

predet er ni medpbpesokuce hea, heheet | podt passtogned ha sughdt bee heakt Dggpi pe can
be made to remain, the sizes of the heating pipe and the heater portion
can be redpted. aparmnadel af | gubetaugkashepdpé f fist oacpbmhedasihgr ard
integrally with the filler material on the upstreamside face of the
filler mtereaPl Eas pheronecetongd ocaheonnglide hettihe dkaneny pnpeais
diffused by the diffusion plate and gas flows through the entire face on
the upstreamsiye FateacoPrpp@ating ckheghert iy Thpeeanénthy, hpetanse gas
.flows through the entire rggign of the filler material, residence of gas

is inproved” EHO%EaYh%%%h%n. FFiBREREY2 T sTePhpF bhedPa 98139 BhedBets 2004

Curher Beeauae e dLALUBlo BLELS, S 8 B o U SLALLYGM LD e 1 1T

material NEYfheq integrally with an upstream side face of the filler
material.

Because filler material acting as resistance for
passing gas is disposed within the heating pipe, the
passing fluid can be provided with an appropriate residence
time. As a result, the fluid passing through the heating
pipe can be supplied with a sufficient heat by radiation
heat from the heater portion so that the temperature can be
raised to a predetermined one. Further, thé fluid passing
through the heating pipe can be made to remain, the sizes
of the heating pipe and the heater portion can be reduced.

Particularly because the diffusion plate is formed
integrally with the filler material on the upstream side
face of the filler material, gas introduced into the inside
of the heating pipe is diffused by the diffusion plate and
gas flows through the entire face on the upstream side face
of the filler material. Consequently, because gas flows
through the entire region of the filler material, residence
of gas is improved and heat exchange efficiency is

improved.
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partially drops and generation of particles or the |ike dueyggg.tdalppkeason
can be prevented. There is also provided the fluid heating apparatus
conprising a heating pipe for heating fluid supplied froma fluid supply
source, a heater portion fornmed around the heating pipe and made of quartz
gl ass pipe for acconmodating any one of the aforenentioned carbon wire
heating el ement and a housing for accommbdati ng the heating pipe and the
heater portion, wherein filler material resisting passing fluid is

607 al 1y wi R SR Gpot PEGHSE e Y AL B TOR [ r i ISR the f 1 ui o
i nt e (P . i '
porti on of AT RE- 451 BoRtuhr bPRcEF Rof e BhERe ! dbn SEENPRORHERERT TG heater

tion; wa m d . . 2] .
portion; wWge& ofaﬁﬂgn¥g?fgfr éE&PﬂEP,a%ﬁg ffli@f&?é?%%l@%g§%$gra

conpressed state an ni ppi ng an end portion on wire heating

el ement a%@réiéﬂ{ﬁ A8bpHO0hh Ofen BPLOTHRUGE 66+ 1 e &Nk PORE | PIKOfakde gl ass
pi pe and having a power supply connecting wre nipped by the conpressed

W re carbgs gegbereatbe ¥hificbEappPeteeader being constituted of plural
wi re carbon bundl es each conposed of w re carbon materials, the carbon

Wi re heating el®hent idbesihgo dbsposded artosgf Tined fhesed nov sepasitwsn bundl es
and 27 30 Cctober 2004 substantially in the center of the glass pipe. The
fl ui d heattmgrappagyat uscanphoypige sfich keabihonflwidesientied Erement
seal ing heater can achi eve the above-
fluid supply source, a heater portion formed around the
heating pipe and made of quartz glass pipe for
accommodating any one of the aforementioned carbon wire
heating element and a housing for accommodating the heating
pipe and the heater portion, wherein filler material
resisting passing fluid is disposed inside the heating pipe
while a diffusion plate is formed integrally with an
upstream side face of the filler material, the fluid
heating apparatus compriging: a glass pipe for
accommodating an end portion of the carbon wire heating
element at an end portion of the heater portion; wire
carbon member accommodated in the glass pipe in a
compressed state and for nipping an end portion of the
carbon wire heating element and a terminal portion
accommodated in an end peortion of the glass pipe and having
a power supply connecting wire nipped by the compressed
wire carbon member, the wire carbon member being
constituted of plural wire carbon bundles each composed of

wire carbon materials, the carbon wire heating element

being disposed among the plural wire carbon bundles and
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described first, second and fourth objects at the sane tinmg odhakbss 1t
is possible to provide a fluid heating apparatus in which generation of
the bl ack spots is suppressed, heat generation characteristic is excellent
with a small unevenness in heat generation and breaking of the carbon wre
heating el ement is blocked, the fluid heating capacity having an excell ent
gas residence property and capable of being further reduced in size. Here,
the diffusion plate is preferred to be formed integrally with the filler

material osubdeamormst ¢ eain shaecehtse &f the fibbsrpopderial . If the
diffusion plate is fornmed integrally with the filler material on the

downst ream si de Tracef biid heedt1h@rappiest @ , ooy Bsd donee a pFOREsK Y can be
i nproved. Further, the filler material never partially drops and

gener at i onwife paga i chgsebeméede séakindohedbat caassachiave behpravended.
Further, preferably, the filler material is short- colum |ike quartz glass
bead, the di3cuthen Plase i seeonquard zfghnsk phacetsahit ethidesand f usi on
plate is fused with at |east one face of the filler material formed by
fusing tHeltRiar tthdleats: t et hepossibitetahpreviet uamil ke Rpaking gl ass
beads are enployed as the filler material and the diffusion plate is
conposed dtP ?ﬁﬁ%?zl@I%%%C%I%?%?r%%é9nc%ﬁ bee i hteagk atRAt 28180 Oct ober 2004

ily by fusion. Furth ferably, the djffusi late | d of
a di sc- |1 KRS 91 A8 bl SPR=ERnE R 1P PE- B 7t St hr ougrescetLent

with a small unevenness in heat generation and breaking of
the carbon wire heating element is blocked, the fluid
heating capacity having an excellent gas residence property
and capable of being further reduced in size.

Here, the diffusion plate is preferred to be formed
integrally with the filler material on the downstream side
face of the filler material. If the diffusion plate is
formed integrally with the filler material on the
downstream side face of the filler material, gas residence
property can be improved. Further, the filler material
never partially drops and generation of particles or the
like for that reason can be prevented.

Further, preferably, the filler material is short-
column like quartz glass bead, the diffusion plate is a
guartz glass plate while the diffusion plate is fused with
at least one face of the filler material formed by fusing
the quartz beads together.

If the short-column like quartz glass beads are
employed as the filler material and the diffusion plate is

composed of a quartz glass plate, they can be integrated
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hol es and the ratio of openings per unit area by the throqﬂh3a8&§§ogg
| arger on an outer peripheral portion than in the central portion. Becaus

the ratio of the openings per unit area on the outer peripheral portion is
formed larger than in the central portion, gas introduced into the inside

of the heating pipe is diffused toward the outer periphery of the heating
pi pe, so that gas flows fromthe entire face on the wupstreamface side of

the filler material. As a result, gas flows through the entire region of

the filleregateyipl, rukgreby inproving gas residence property and heat
exchange efficiency. Further, because the heater portion is disposed

around the outerrRefh@RLrYre fOF Lo 1N ght e e FEL 806N NeBL {801 s CaBmPEs88hi eved
by diffusing gas in the direction of the outer periphery and heat exchange

ef ficiencyotan descalsed geecusehyasPrel gtabbynttbeihiyl penrgat enikalighor ned
by fusing the short-colum like quartz glass beads together is a

subst ance hoteedaby fthisi ngttiogef hepetrimgki pds ofiitherbeadsg, thehat is, bead
-of 6 to 12 nmin dianeter and 6 to 12 mmin Ilength and bead of 4 to 10 mm
i n di amet ekhbpdgd helas hen largéengh hamtovher npgirhgheasd pbrtidnt bhdnl in
quantity. Because the filler mater.ial conposed of the substance 29 30

Cct ober 2002 Fheneenbyat uBPHEL®Me quartz beads together is disposed within
t he heating pipe as introduced into the heating pipe passes through fine
passages bent an%e'%?%?sEQ?i?ﬁF}QIOf the openingsS per unlt area on

the outer peripheral portion is formed larger than in the
central portion, gas introduced into the inside of the
heating pipe is diffused toward the outer periphery of the
heating pipe, so that gas flows from the entire face on the
upstream face side of the filler material. BAs a result,
gas flows through the entire region of the filler material,
thereby improving gas residence property and heat exchange
efficiency.

Further, because the heater portioﬁ is disposed
around the outer periphery, more highly efficient heating
can be achieved by diffusing gas in the direction of the
outer periphery and heat exchange efficiency can be raised
securely.

Preferably, the filler material formed by fusing the
short-column like quartz glass beads together is a
substance formed by fusing together two kinds of the beads,
that is, bead of 6 to 12 mm in diameter and 6 to 12 mm in
length and bead of 4 to 10 mm in diameter and 4 to 10 mm in
length at the mixing rate of 1:4 to 4:1 in quantity.

Because the filler material composed of the substance
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conplicated way, constituted of the filler material, so as ;nt i W th
suitable resident tine. Radiation heat fromthe heater por3t0idgcr¥gl§egggg S
transm ssion, refraction, scattering and reflection in conplicated way
inside the substance. As a result, the introduced gas can be supplied with
a sufficient heat quantity. Therefore, heat exchange efficiency is

excel l ent and the sizes of the heating pipe and heater portion can be
reduced. Further, preferably, the porosity on a downstream side of the

filler matesimdg fioy mads vy ftu%é'n dhe; shotds CUme) i ke dZ-g! ass beads

is smaller on the porosity he upstream side. Because the porosity on

the downstyeamside isedOimPhisiplded ihandidda omibeppsidLamesi de, gas
residence property can be 1 nproved. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.

1 is a di ggipansdovenotlardes efind pdd sdyddepercardon wterdeating £ ement
of the first enbodi nent of the present Iinvention is sealed, nore

parti cul ar¢gmal srhteratway, sewistonalted enwf ofha €iar bon matrer helat | s1g &4 enent
sealing heater having a U shaped section, having a straight heating
section arfb traret ydg worh | snst dnl dotds edatst thisreof \RadisscipBh&dt Qct ober
2004 bent section; Fig. 2 is a schematic diagramof the carbon wire
(heating efiegenihe Imatepertpncirratic teaniwhstlenevrofrackioni ght

scattering and reflection in complicated way inside the
substance.

As a result, the introduced gas can be supplied with
a sufficient heat guantity. Therefore, heat exchange
éfficiency is excellent and the sizes of the heating pipe
and heater portion can be reduced.

Further, preferably, the porosity on a downstream
side of the filler material formed by fusing the short-
column like quartz glass beads is smaller on the porosity
on the upstream side.

Because the porosity on the downstream side is formed
smaller than that on the upstream side, gas residence

property can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing a heater in which the
carbon wire heating element of the first embodiment of the
present invention is sealed, more particularly a schematic
sectional view of a carbon wire heating element sealing
heater having a U-shaped section, having a straight heating

section and terminal portions on both ends thereof via each
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heatin ortion of the carbon wire heating el enent sealing ter re
specif?cglly a di agram showi ng a case where a ratio betmeéﬁqﬁﬁ@xﬁggﬁgter
of the carbon wire and an inner dianeter of quartz glass pipeis 2 to 5;
Fig. 3Bis a schematic sectional view of a straight heating portion of the
carbon wire heating el enment sealing heater, and nore specifically a

di agram showi ng a case where the ratio between the dianeter of the carbon
wire and the inner diameter of quartz glass pipe is less than 2; Fig. 4A
is a schenptht seetional view showing a terminal portion of the heater in
whi ch the carbon wire according to the second enbodi nent of the present

invention is sepigd,2abd sosehopeeidigahyam SECEHON3LrMEEW,8)-0NY the
axis of a glass pipe; Fig. 4B is a schematic sectional view show ng the

term nal péneabingfedeheater in which the carbon wire heating el enent
according to the second enbodi nent of the present invention is sealed, and
nmore specifical |§ig. 3&cisomatchémat perpecdicubhrviewtbe axssrafghbe gl ass
pipe;, Fig. 5 is a sectional view showng the term nal portion adopting the
terninal pReEtdRIshetihien ¢f gtha; carpgn eirgshaasthenaleémestcseahahgvi ew
showing a  nodification of the termnal portion of the heater in which 31
30 Oct ober*98BATt NBOEQr BRRACHE + @2 hbut 2 ngl egeABnshPEingap edasandhapeea
specifically,_ a sectional vieg%alon thg axis of the glass pipe; Fig. 6Bis
I

a sectionaf¥5+%mpg %%%ntﬁ%e gmeter j¢pf the carbon wire and an inner

diameter of guartz glass pipe is 2 to 5;

Fig. 3B is a schematic sectional view of a straight
heating portion of the carbon wire heating element sealing
heater, and more specifically a diagram showing a case
where the ratio between the diameter of the carbon wire and
the inner diameter of quartz glass pipe is less than 2;

Fig. 4A is a schematic sectional view showing a
terminal portion of the heater in which the carbon wire
according to the second embodiment of the present invention
is sealed, and more specifically a sectional view along the
axis of a glass pipe;

Fig. 4B is a schematic sectional view showing the
terminal portion of a heater in which the carbon wire
heating element according to the second embodiment of the
present invention is sealed, and more specifically a
sectional view perpendicular to the axis of the glass pipe;

Fig. 5 is a sectional view showing the terminal
portion adopting the terminal portion shown in Fig. 4;

Fig. 6A is a schematic sectional view showing a

modification of the terminal portion of the heater in which
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Fig. 6A; Fig. 7 is a diagramshow ng the entire structure ojoo&pger%bpon
wire heating elenment sealing heater enploying the term nal” portion shown
in Fig. 6; Fig. 8 is a sectional view showing a case in which the length
froma bent portion of a glass pipe toits sealing end portion is |ess
than 1.5 tines the inner dianeter of an extended glass pipe; Fig. 9is a
sectional view show ng other nodification of the termnal portion; Fig. 10
is a perspective view showing a third enbodiment of the carbon wire _
heating eligi@nta seah i idre Nead €In@f e 1R PF €58Nscd TWENLL 0N, nég. 11 is a side
view of the sealing end portion of the carbon wire heating el enent sealing

heater showedifiddPly 10; séd@iodRA v5ed &l ey ahshowd 808 sestypisof the

quartz glass pipe and nore specifically a sectional view along the |Iine
-1 of Figeidd; Fig. 12B is a diagramshowi ng a section of the quartz
gl ass and nore specifically a sectional view along the line 1I--1 of Fig.

11; Fig. 13A is Bid.ongh tiglimaddytismrtl onadw va b hidve Nl 182 BAL Qef ober 2004
an internal structure of the sealing end portion of Fig. 10; Fig. 13Bis a
| ateral | y Betti®Wal view showing an internal structure of the sealing end
portion of Fig. éfg. 7 is a diagram showing the entire structure of
the carbon wire heating element sealing heater employing
the terminal portion shown in Fig. 6:

Fig. 8 is a sectional view showing a case in which
the length from a bent portion of a glass pipe to its
sealing end portion is less than 1.5 times the inner
diameter of an extended glass pipe:;

Fig. 9 is a sectional view showing other modification
of the terminal portion;

Fig. 10 is a perspective view showing a third
embodiment of the carbon wire heating element sealing
heater of the present invention;

Fig. 11 is a side view of the sealing end portion of
the carbon wire heating element sealing heater shown in
Fig. 10;

Fig. 12A is a diagram showing a section of the quartz
glass pipe and more specifically a sectional view along the
line I-1 of Fig. 11;

Fig. 12B is a diagram showing a section of the quartz
glass and more specifically a sectional view along the line

I-I of Fig. 11;

Fig. 13A is a longitudinally sectional view showing
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Fig. 14 is a perspective view showing the sealing pipe congfhlibd-Pgo4he
sealing termnal portion; Fig. 15 is a side view for explaining a squect

of the third enbodinent; Fig. 16 is a major portion enlargenent diagram
for explaining a nodification of the third enbodinent; Fig. 17 is a mgjor
portion enlargenent diagramfor explaining the nodification of the third
enbodi nent; Fig. 18 is a front view for explaining the nodification of the
third enmbodinent; Fig. 19 is a side sectional view showing the fourth

enmbodi nent anf ihberpagsentutouest bencher sexphabynNkAg Bogason(bkuid), heating
apparatus enpl oying the carbon wire heating elenent sealing heafer of the
present invéntion; Fig. 20 is a sectional view taken along the line A-A of
Fig. 19; Fig. 21 is a diagramshowing filler material and a diffusion

pl ate di sposed wrifni nl3heifeat lagepapky FegtidRal svaedi agoainghami ng
schenatica[lg gas (fluid) flow, Fig. 23 is a diagram show ng manufacturing
process forteheatstenciharer Pl thadsdilingi endppatreios3080FOgt ober 2004
Fig. 24 is a front view of the diffusion plate; Fig. 25 is a diagram
showi ng manufacturing process of the filler material and diffusion plate
according to a V,iUDdifL%ation of the gas (fluid) heating apparatus; Fig. 26
is a sectional viEW showthg? PHOEFFELYFont®f Showing the sealing

pipe constituting the sealing terminal portion;

Fig. 15 is a side view for explaining a subject of
the third embodiment;

Fig. 16 is a major portion enlargement diagram for
explaining a modification of the third embodiment;

Fig. 17 is a major portion enlargement diagram for
explaining the modification of the third embodiment;

Fig. 18 is a front view for explaining the
modification of the third embodiment;

Fig. 19 is a side sectional view showing the fourth
embodiment of the present invention for explaining a gas
(fluid) heating apparatus employing the carbon wire heating
element sealing heater of the present invention;

Fig. 20 is a sectional view taken along the line A-A
of Fig. 19;

Fig. 21 is a diagram showing filler material and a
diffusion plate disposed within the heating pipe;

Fig. 22 is a diagram showing schematically gas
(fluid) flow;

Fig. 23 is a diagram showing manufacturing process

for the filler material and diffusion plate;
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the gas (fluid) heating apparatus and a di agram show ng c% Ebé%fzobﬁ‘e
neck portion; Fig. 27A is a sectional view showi ng the termna portion of
a conventional heater or a sectional viewin parallel to the axis of the
gl ass pipe; Fig. 27B is a sectional view taken along the line I-1 of Fig.
27A;, Fig. 28 is a sectional view show ng conventional other term nal
portion; Fig. 29A is a schematic di agram showi ng a conventional heater,
which is a rod-like heater; and Fig. 29B is a schematic diagramof a

conventional heargg., ith d strosheeied i ke heat@ls rEM LEDDESCRI PTI ON OF
PREFERRED EMBODI MENTS A first enbodi mnent of the carbon wire heating el enent

seal i ng heater dfidghe2presentdiayentigiowind menweseribbity wébesefeFence
to Figs. 1 to 3. A carbon wire heating el enent sealing heater 1 is

conpri sed ofic af sttar ghtdedal ngneodifOms Romnol4ee nhoabrdpogtions 3 provi ded
on both ends of the heating portion 2 so that it is configured with a

U shaped seedibhcasiamonh Bae 30aoct bbetdpOndatindi gppdrathe; heati ng portion
2 is constituted of a quartz glass pipe 20 accommodating a carbon wire
(heating el ement§194 2@hiTH 2L @l gl S eThoHiDd P btcabivorehire

oo sounhS GO¢ PO AN, 2 otid A POLSS OndTs dTAgeRPERE.FagSe P Pe 20
changes of the neck portion;

Fig. 27A is a sectional view showing the terminal
portion of a conventional heater or a sectiocnal view in
parallel to the axis of the glass pipe;

Fig. 27B is a sectional view taken along the line I-I
of Fig. 27A;

Fig. 28 is a sectional view showing conventional
other terminal portion;

Fig. 28A is a schematic diagram showing a
conventional heater, which is a rod-like heater; and

Fig. 29B is a schematic diagram of a conventional

heater, which is a sheet-like heater.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

A first embodiment of the carbon wire heating element
sealing heater of the present invention will be described
with reference to Figs. 1 to 3.

A carbon wire heating element sealing heater 1 is
comprised of a straight heating portion 2 and terminal
portions 3 provided on both ends of the heating portion 2

so that it is configured with a U-shaped section as shown
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portions which are bent on both ends thereof so as to be jQidedd9osach
termnal portion 3 and | arge-dianeter portions 23 each conposing a part of
the term nal portion 3. The inner dianeter C of the quartz glass pipe 20 is
formed such that if the dianmeter D of a carbon wire, which wll be
described later, is assuned to be 1, its ratiois 2 to 5 as shown in Fig.
3A. In the neantine, the carbon wire (heating elenent) nmay be deforned
slight depending on a case, so that its section becones elliptical. In
this caseinwrid. alshort diameter of this ellipse as 1, the inner dianeter
C of the quartz glass pipe 20 is determined so that the ratio is as shown
above. The terniTid Ipeatimn Bohasom Zonmesdh g thted 3f andyudAca singl e
heater 1, the termnal portions 3 require two ones as shown in Fig. 1.
Because t heb®ss epiipeal 0 porcoromsdBt ihave tihebsmmel sé r (icéat Eng oakehenj nal
portion 3 will be described. This term nal portion 3 conprises a

| ar ge- di ankt efhi@dris o P3Rbing helefuent zcohpesepi p @@rben svise ghtber pe 32
accommodated within the | arge-dianeter portion 23, plural 35 30 Cctober
2004 wire RENBbh FRA FPRIAIBS ActormbdhE oWk 190 21 he Briai grertpi pe 32 in
conpressi o ipe 34 for sealing an end portion of

state, a al i ng gl ass |
t he quartz&g?%%spﬁ%efcgoc 1S Yohndet 3 Hat Wi Per Biomedier dPerungsten (W
provi ded qn, Le$6RI 00 SHa%e bl PS: Tor NGu g8 BN AL & S heat] ng gt ement) 4
joined to each terminal portion 3 and large-diameter
portions 23 each composing a part of the terminal portion
3.

The inner diameter C of the quartz glass pipe 20 is
formed such that if the diameter D of a carbon wire, which
will be described later, is assumed to be 1, its ratioc is 2
to 5 as shown in Fig. 3A. In the meantime, the carbon wire
(heating element) may be deformed slight depending on a
case, so that its section becomes elliptical. In this
case, with a short diameter of this ellipse as 1, the inner
diameter C of the quartz glass pipe 20 is determined so
that the ratio is as shown above.

The terminal portion 3 has a connecting wire 31 and
in a single heater 1, the terminal portions 3 require two
ones as shown in Fig. 1. Because these terminal portions 3
have the same structure, one terminal portion 3 will be
described.

This terminal portion 3 comprises a large-diameter
portion 23 of the quartz glass pipe 20, a straight pipe 32

accommodated within the large-diameter portion 23, plural
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anong plural wre carbon materials 33 accommodated within fdﬁkﬁﬁ&@%g?t
pi pe 32 in conpression state and connected and the connecting WrTeé IS
connected to this wire carbon materials 33. Next, the carbon wire (heating
element) 4 will be described with reference to Fig. 2. This carbon wire
(heating elenment) 4 is produced by . knitting plural bundles of ultra fine
carbon single-fibers into the shape of a knitted cord or braided rope and
its heat capacity is smaller and its tenperature rising/declining

characterigiie b§rﬁ@ﬁem§tsé§hla§§t3§h§ecé>lfaﬁodseleaew&icﬁﬂﬁ' tABt atbL¢ B C made

heating el enent and further, it has an excellent high-tenperature

durabilitypipet b feNcomyirdsgipg atHRSPhEr geaBeRguseathi sigar hansuire is
manuf actured by knitting plural bundles of fine carbon single-fibers, it
has a hi ghealihgxahi bhdlypbhanoa beathsggehenenyleonspiput ed ghd baee
carbon material and its shape deformability and processability are nore
excel | ent . civbnecspegi Wical By, matle af otenenteoned) carbondeidr en theating
element) 4 for use is conposed by knitting about 36 30 Cctober 2004 10
bundl es eaghatdngt glasedrapPeabdut 3000 to 3500 carbon fibers each having
the diameter of 5 to 15 ~tm for exanple, 7 Minto a knitted cord or

brai ded rope abolf®2CaFPPH VHranthert ifyrehepentl 4 hkscarpdwighed (heating

element) 4, a carbon wire with absorption water quantity of 2 x 10-3
g/ C\VB among plural wire carbon materials 33 accommodated within

the straight pipe 32 in compression state and connected and
the connecting wire 31 i1s connected to this wire carbon
materials 33.

Next, the carbon wire (heating element) 4 will be
described with reference to Fig. 2.

This carbon wire {(heating element) 4 is produced by
knitting plural bundles of ultra fine carbon single-fibers
into the shape of a knitted cord or braided rope and its
heat capacity is smaller and its temperature
rising/declining characteristic is more excellent than the
conventional metallic SiC made heating element and further,
it has an excellent high-temperature durability in the non-
oxidizing atmosphere.

Because this carbon wire is manufactured by knitting
plural bundles of fine carbon single-fibers, it has a
higher flexibility than a heating element constituted of
bare carbon material and its shape deformability and
processability are more excellent.

More specifically, the aforementioned carbon wire

(heating element) 4 for use is composed by knitting about
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is used. Because the absorption water quantity of the car b(c)fr(\)o&n lge??_()ﬁfat! ng
elenment) 4 is small, reaction between absorption water an carDOn W re is
suppressed at the time of tenperature rise. Consequently, adhesion of
reactive nolecules (black spot) onto an inner surface of a quartz glass
pi pe 20 is suppressed. Even if reaction between absorption water and carbon
wre of 2 x 10-3 g/CM3 or |less occurs, this reaction produces no bl ack
spot in this case, but only thin black filmnot affecting heat generation

characterisgilsudlés dedh efoRhet€6edOot hevbnnesosur{acesed thgogyartz
glass pipe 20. Knitting span of the aforenmentioned carbon wire (heating

el enent) i8iRet® Sacinhiavitdietiveanisneter poefBrabl y5 fhe Ko téegnsped or
brai ded rope carbon wire (heating elenent) has carbon fiber fuzz 4a on its
surface ahdut hiemfazz enttiehetohérer riefeided orgrot slusiion? afmaicut  portion
or a part of the carbon fiber (single-fibers) from an outer surface of the
carbon w rélan®teder ably, the carbon fiber fuzz fromthe surface is 37 30
Cct ober 2004 0.5 to 2.5 mm The carbon fiber is preferred to be conposed of
a high purity fRURREewWdT tle otadepial vige i hernbingenkemaing 4 praperty,
stability in durabjlity and the |like and in order to avoid dust ?engrati on
and the qUEHERYY BFCS nphie WERTRRERD CBRE ST W PR EheEaf bOnl § i bar cmg

preferred 19 LPE?ed.

Because the absorption water quantity of the carbon
wire (heating element) 4 is small, reaction between
absorption water and carbon wire is suppressed at the time
of temperature rise. Consequently, adhesion of reactive
molecules (black spot) onto an inner surface of a quartz
glass pipe 20 is suppressed.

Even if reaction between absorption water and carbon
wire of 2 x 107° g/cm® or less occurs, this reaction
produces no black spot in this case, but only thin black
film not affecting heat generation characteristic of a
heater adheres to the inner surface of the quartz glass
pipe 20.

Knitting span of the aforementioned carbon wire
(heating element) is 2 to 5 mm. In the meantime,
preferably, the knitted cord or braided rope carbon wire
(heating element) has carbon fiber fuzz 4a on its surface
and the fuzz mentioned here refers to protrusion of a cut
portion or a part of the carbon fiber (single-fibers) from
an outer surface of the carbon wire.

Preferably, the carbon fiber fuzz from the surface is
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10 mor less in ternms of ash weight. Mire preferably, t nt i of
inpgfe subst ance contained in the carbon fiber is 3 ppn1p§%ﬁg§gfxﬁh§% t he
carbon wire (heating element) 4 is inserted into the inside of the quartz
gl ass pipe 20, preferably, only the fuzz 4a nmake contact with an inner
wal | of the quartz glass pipe but a main body (heating element) 4 of the
carbon wire substantially does not make contact. Consequently, reaction
between the quartz glass (Si02) and carbon (C) of the carbon wre under
hi gh tenpeoabutes2is m@uppressed to a maxi num extent thereby restricting
deterioration of quartz glass and drop of durability of carbon wire.
Because as shownTha &gbod, filber chs boreMbitehieasipg cehssead seaking heater
1 is a heater having a U shaped side configuration and conprising the
strai ght hkaghngupbtyi bnoR vaeepohetseofii eqhapbdtyi bnsh8apr gehdedt ongbot h
ends via the bent portions, the carbon wire (heating element) 4 is _
di sposed ofPFophEtgenteabblitheigqudnrabglaty 20d Thatlike asdshownrdarFig.
3A, the carbon wire (heating element) 4 is disposed within the center of
the 38 30 Eﬁt%B%%dZ@E%tq@%?@§35¥%%sa%¢thQOQQ@@hltha©fth@p@?ﬁbﬁn wire
heatin el enent) 4 makes contact, with the inner surface of the quartz
' élass p?pesﬁﬁs %@g?h?gnY?h%? t He ?%%iﬁ%r%?%nﬁ%%?rC%Sot;?ﬁ%rﬁﬁﬁgFQ b?lasa f
[ [ ioof 2to5h en e di aneter o]
Phe”carbon bi PN (Roatf Ry oF oherey af 2ehwdleffe!® Hord Bretdfably)

the quantity of impure substance contained in the carbon
fiber is 3 ppm or less.

When the carbon wire (heating element) 4 is inserted
into the inside of the quartz glass pipe 20, preferably,
only the fuzz 4a make contact with an inner wall of the
guartz glass pipe but a main body (heating element) 4 of
the carbon wire substantially does not méke contact.
Consequently, reaction between the quartz glass {$i0,) and
carbon (C) of the carbon wire under high temperatures is
suppressed to a maximum extent thereby restricting
deterioration of quartz glass and drop of durability of
carbon wire.

Because as shown in Fig. 1, the carbon wire heating
element sealing heater 1 is a heater having a U-shaped side
configuration and comprising the straight heating portion 2
and the terminal portions 3 provided on both ends via the
bent portions, the carbon wire (heating element) 4 is
disposed off the center of the quartz glass 20.

That is, as shown in Fig. 3A, the carbon wire

(heating element) 4 is disposed within the center of the
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is assuned to be 1 as shown in Fig. 3A. Because when the di ter t he
carbon wire (heating elenent) 4 is assuned to be 1, the iﬁ@ﬁ%&aﬁ?gﬂg er C
of the quartz glass pipe 20 is forned to have the ratio of 2 to 5, area of
a contact portion A between the carbon wre (heating elenent) 4 and the
quartz gl ass pipe 4 can be reduced. On the other hand, if as shown in Fig.
3B, the ratio is less than 2 when the dianmeter D of the carbon wre
(heating elenent) 4 is assuned to be 1, the area of the contact portion B

bet ween t hgugat HofLad s ep{heatd ngueh et ) théd debdNe, Har IR St 8s§ Pi pe 20
is increased, which is not preferable. Because the inside dianeter C of

t he quart zebhéasist ) pd pea s | Sottiod @ dw 56h aish4 oiheye sherdediorofh@ to 5, a

di stance d between the carbon wire (heating elenent) 4, even if it is a
non- cont actwagt pogtaemn, piame 2. opposing face of the quartz glass pipe 20
is long. For the reason, even if the aforenentioned bl ack spot (reacting
mol ecul ) is gerfd dileis Gime s ©he fineideddinreitdre Cyualf tthel @ssripi pe 20, so
that thin black filmis forned 39 30 COct ober 2004 inside of the quartz

gl ass pi ped oSS Bebatisel nbs bfaeredpat 28 orhate comearm e edf 0h B Specific

portion of the quartz gl ass pi 20, no heating unevenness_is generated.
On the ot HEFShAME figjfar?%‘é@? aig)i ‘ggo’?h? N TR deL T HiRdletnT otemeat huhrt z

glass pi peisexacsesegrge %Ag'ekg]et?eas shown in Fig. 3A.

Because when the diameter D of the carbon wire
(heating element) 4 is assumed to be 1, the inside diameter
C of the quartz glass pipe 20 is formed to have the ratio
of 2 to 5, area of a contact portion A between the carbon
wire (heating element) 4 and the quartz glass pipe 4 can be
reduced.

On the other hand, if as shown in Fig. 3B, the ratio
is less than 2 when the diameter D of the carbon wire
(heating element} 4 is assumed to be 1, the area of the
contact portion B between the carbon wire (heating element)
4 and the quartz glass pipe 20 is increased, which is not
preferable.

Because the inside diameter C of the quartz glass
pipe 20 is formed so as to have the ratio of 2 to 5, a
distance d between the carbon wire (heating element) 4,
even if it is a non-contacting portion, and an opposing
face of the quartz glass pipe 20 is long.

For the reason, even if the aforementioned black spot
(reacting molecule) is generated, it is diffused within the

quartz glass pipe 20, sco that thin black film is formed
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dianeter D of the carbon wire (heating element) is assumed ,ut e he
heat capacity of the quartz glass pipe 20 is increased, so30t Ct{?b%r%go{]eat
response at the tine of tenperature rise/fall drops, which is not
preferable. The black spot in the quartz glass pipe 20 is likely to be
generated at a portion easy to cool. Therefore, if the inside dianeter C of
the quartz glass pipe 20 is increased too nmuch with respect to the

di aneter D of the carbon wire (heating elenment) 4 (the ratio of the inside

di aneter Goéiddecfughd Zq@hass PiPss pxseess. 5 when the diameter D of the
carbon wire (heating elenent) Is assuned to be 1), the distance d in Fig.

3A is increasedBesnuddaio thieadit aglotspid heaescdndkaltyrdtedeon gener at ed at
the portion easy to cool. In conclusion, it is preferable that the inside
di amet er Gpfcihiec quart zogl @b sthpe ppu2dci sgTassreshise® 26, two heweinde ratio
of 2 to 5 when the dianeter D of the carbon wre (heating elenent) 4 is
assumed t oupRVANNERE absegTehVredi re heating el enent sealing heater 1

havi ng such a structure utilizes a carbon wire (heating elenment) 4 whose

absor pti on wat erPyudift ia§hes End10LB Yy o iq B0 Wt obesid®04 or | ess,

generation,of the black spot is suppressed even if _electric power is

suppl i ed t%li‘rﬁeet%%r%o?ﬁ vﬁlf% Vhet? g2 27 it ) SRR rY SEreml Hhef

char act e (G GITID 1 1116 FERThg iy DHFRSS ol Bl mi Fetinade

absorpt | Ontgvaﬁeerl,q% iﬁé’a@fcégaeCJ?taly bc?f' ’é%eg equau:tz glass pipe 20 is
increased, so that the heat response at the time of
temperature rise/fall drops, which is not preferable. The
black spot in the quartz glass pipe 20 is likely to be
generated at a portion easy to cool.

Therefore, if the inside diameter C of the quartz
glass pipe 20 is increased too much with respect to the
diameter D of the carbon wire (heating element) 4 (the
ratio of the inside diameter C of the quartz glass pipe
exceeds 5 when the diameter D of the carbon wire (heating
element) is assumed to be 1), the distance d in Fig. 3A is
increased, so that the black spot becomes likely to be
generated at the portion easy to cool.

In conclusion, it is preferable that the inside
diameter C of the quartz glass pipe 20 is formed so as to
have the ratio of 2 to 5 when the diameter D of the carbon
wire (heating element) 4 is assumed to be 1.

Because carbon wire heating element sealing heater 1

having such a structure utilizes a carbon wire (heating

element) 4 whose absorption water quantity is 2 x 1073 g/cm’®
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heating elenent is preferred to be 2 x 10-3 g/cnB or |ess, in
which it is sealed in the quartz glass nenber. This is acﬁioerb\/cé@)e%?%‘?

adj usting the absorption water quantity of the carbon w re heating el enent
before sealing and condition for sealing the carbon wire healing el enent
in the quartz glass nenber. If the inside dianeter C of the quartz gl ass
pipe 20 is 2 to 5 tinmes the dianmeter D of the carbon wire (heating

el enent) 4, generation of the black spot is suppressed so that an

excel | ent dwealegenegaidon: Lharact €hé shischi Bot i 141 euhesds Hgd uapyenness can
be mai ntained. (Exanple) A U-shaped carbon wire heating el enent sealing
heater (stYedightc posweonid emgbbl i dO0tom}havasa pivotueetle ushage Lo bon  wires
(heating elenent) having different absorption water quantities and

t enper at urelenaet ¥ ebtandsrtae f fall ouf Uemiperaaufel iowreamgeaoad) tson so as to
confirmgeneration of the black spot. In the neantinme, upon manufacturing
of the héedtal apreseekienhsieet theneuation gthassapieeid0ioasithtorr at a
heater tenperature of 1200C. Tenperature rise condition 41 30 Cctober 2004
Tenper at uret ri s RRFoSPheiREVARNDIHheiR Ppehriysabmed El ement tenperature:

Qperating tinme: Table | shows a result of this tenperature rise test.
[ Tabl e 1] FbaterT-l;T]eari?e‘hsé(‘:’fRﬁJr% T t TOMRbSoY ptf o%a?ﬁ“f?%ﬂ df¥ifntity of

heating element is preferred to be 2 x 107 g/cm® or less in
a state in which it is sealed in the quartz glass member.
This is achieved by adjusting the absorption water guantity
of the carbon wire heating element before sealing and
condition for sealing the carbon wire healing element in
the quartz glass member.

If the inside diameter C of the quartz glass pipe 20
is 2 to 5 times the diameter D of the carbon wire (heating
element) 4, generation of the black spot is suppressed so
that an excellent heat generation characteristic with
little heating unevenness can be maintained.

{Example)

A U-shaped carbon wire heating element sealing heater
{straight portion length: 700 mm) was produced using carbon
wires (heating element) having different absorption water
guantities and temperature rise test was carried out under
a following condition so as to confirm generation of the
black spot. In the meantime, upon manufacturing of the
heater, pressure inside the quartz glass pipe 20 was 1 torr

at a heater temperature of 1200°C.

Temperature rise condition
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I nsi de dianmeter Ratio of pipe inside water pipes having bl ot
quartz gl ass dianeter when the quantity the generation(pieggﬁjﬁﬁ%%ioai

(mMm)wire diameter is 1(g/cnB) Conparatived425 x 10 55 of 5Infinite exanple
linfinite 9 9 10 Exanple 1421 x 10-40 of 50 0 0 0 O In the carbon wire
heati ng el enent sealing heater wusing the carbon wire (heating el enent)
having a small absorption water quantity, no generation of the black spot
was found. Using four kinds of quartz glass pipes having different inside
di aneters, a carhgpepmditiheatidy LriBiie résea insfieatelodat ray Gy por ti on:
800 m was manufactured and the tenperature rise test was carried out
under a foll ow rEjlemondi ticompesmatasrd:0 confirm generation of the

Operating time:

Table 1 shows a result of this temperature rise test.

[Table 1]
Heater manufacturing condition Absorption Quantity of Quantity of
Inside diameter | Ratio of pipe inside water pipes having black spots
of quartz glass | diameter when the quantity the generation | (piece)
pipe (mm) wire diameter is 1 (g/cm®)
Comparative | 4 2 5 x 10° 5o0f5 Infinite
example 1 Infinite
9
9
10
Example 1 4 2 1 x 107 0of 5 0
0
0
0
0

In the carbon wire heating element sealing heater
using the carbon wire (heating element) having a small
absorption water quantity, no generation of the black spot
was found.

Using four kinds of quartz glass pipes having
different inside diameters, a carbon wire heating element
sealing heater ({straight portion: 800 mm) was manufactured
and the temperature rise test was carried out under a
following condition so as to confirm generation of the
black spot. Upon manufacturing of the heater, pressure

inside the quartz glass pipe 20 was 1 torr under a heater
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bl ack spot. Upon manufacturing of the heater, pressure insji rtz
gl ass pipe 20 was | torr under a heater 42 30 Cctober 2004%@?%5%&28@?@ of
1200C. The absorption water quantity of the carbon wire for use was 1 x
10-4 g/cnB or less. Tenperature rise condition Tenperature rise

at nosphere: atnosphere open system Elenent tenperature: Operating tine:
Table 2 shows a result of this test. [Table 2] Heater manufacturing
conditionQuantity of Quantity of Inside diameter of Rati o of pipe insidepipe
havi ngbl ackempotstr@réz oese .pi ped amiehosen wtah:%trh%gﬂrﬁﬁ@y YW re
~dianmeter is lgeneration Conparative3l.55 examle 21 of Exanmpl e 2420 of 20
Exam | e 36&0 ofa 2orExaime ef dd 05 ofaL01 Conpar ay i ¥al4y® nfs20 exanple 3 In
case where the ratio of the inside dianmeter of the quartz glass pipe was 2
to 5 when the ditemieratoird heiseardrohitwiagre (heating elenment) was 1, it was
recogni zed that generation of the black spots was suppressed. In the
conpar ati ve exarifaersg;atture heise caparinhe was dtaqeptank heptn sespansi bility

was i nferior.
Element temperature:

Operating time:

Table 2 shows a result of this test.

[Table 2]
Heater manufacturing condition Quantity of | Quantity of
Inside diameter of | Ratio of pipe inside | pipe having | black spots
quartz glass pipe | diameter when the | the (piece)
(mm) wire diameter is 1 generation

Comparative | 3 1.5 5

example 2 Lof2

Example2 |4 2 0of2 0

Example 3 3 0of2 0

Example 4 10 5 0of2 -0

Comparative | 14 7 0of2 0

example 3

In case where the ratio of the inside diameter of the
quartz glass pipe was 2 to 5 when the diameter of the
carbon wire (heating element) was 1, 1t was recognized that
generation of the black spots was suppressed. In the
comparative example 3, the heat capacity was large and heat
responsibility was inferior.

Using quartz glass pipes 3 mm, 10 mm in inside
diameter, U-shaped carbon wire heating element sealing
heaters were manufactured and temperature rise test was

carried out under a following condition so as to recognize
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Using quartz glass pipes 3 mm 10 mmin inside dianeter, ljos@agggz%gbon
wire heating elenent sealing heaters were manufactured and tenperature
rise test was carried out under a followi ng condition so as to recogni ze
43 30 Cctober 2004 generation of the black spots. In the neantine, upon
manuf acturing a heater, pressure inside the quartz glass pipe 20 was 1
torr at a heater tenperature of 1200C. The absorption water quantity of
the carbon wire for use was 1 x 10 9 g/cnB or |ess. Tenperature rise

ool bt | o JEIDELEL o ot | o W IROPIE St ! SR E RSS! Sion ! (0 20T

I nsul ati on” pi pe set outsrde eat enent  t enper a Oper ati ng

hour ; Tabl g3, SHOMS: fnd eSUd 2 OL | I}%J_Seléﬁﬂ-e %ﬁ%@oﬂ%rﬁgﬁ%z wfacturing

conditionShort-tinme research resul nsi de antity of

fliharre_t er obpipdsieleysl aret & r Bhack Rat it &npl Pesuhavh A Siyeit.z ghass when
=re absorption water quantity of the carbon wire for use was 1
x 107* g/cm® or less.
Temperature rise condition
Temperature rise atmosphere: temperature was raised
with a heat insulation pipe set outside a heater pipe.
Element temperature:

Operating hour;

Table 3 shows a result of this test.

[Table 3]
Heater manufacturing condition | Short-time research result
Inside Ratio of pipe Black Si, White | Quantity of
diameter of | inside diameter | spot spot pipes having
quartz glass { when the wire the generation
pipe (mm) diameter is |
Comparative | 3 1.5 Infinite*1 | Infinite*1 | Four of Five
example 4 0 0
Infinite*1 | Infinite*1
Infinite*1 | Infinite®1
Infinite*1 | Infinite*1
Example S |10 5 0 0 One of Five
0 0
2%2 0
0*3 0
0 0

Notes: *1 means that it generates on only straight portion
(heating element) of quartz glass pipe.
*2 means that thin black film is generated on

straight portion (heating element) of quartz glass pipe.

44



spot spotthe generation _pipe (mmdianeter is 1 Conparative3h §libd-Pobe™
1infinite* 1Four of Five exanple 400 Infinite* 11 nfinite* 1 Infinite*

Infinite* 1 Infinite* 1linfinite* 1 Exanple 5105000ne of Five 00 2*20 0*30
00 Notes: *1 neans that it generates on only straight portion (heating

el ement) of quartz glass pipe. *2 neans that thin black filmis generated

on straight portion (heating elenent) of quartz glass pipe. 44 30 Cctober
2004 *3 nmeans that black spot is generated on a | arge dianeter portion of

the quartz gl as&ylxﬁ@ansT%wm@élég%@x%&&i@édm Onl yrgener ation of

bl ack spots but also white spots (Si). It has been confirmed 1hat
i ncreasi ngidieeidsisler th et ereigd tz ggé%?m@_e provi des an effect of
suppressing the black spots and ite spots (S As descri bed above, the

carbon wire heating el enent sealing heater of the present invention
suppresses generation of the black spots, so that a carbon wire heating
el ement seal i ng Heat@mpwna higrarexaugel ¢ ehthdweatot only generation of

black spots but also white spots (Si). It has been

confirmed that increasing the inside diameter of quartz

glass pipe provides an effect of suppressing the black

spots and white spots (Si).

As described above, the carbon wire heating element
sealing heater of the present invention suppresses
generation of the black spots, so that a carbon wire
heating element sealing heater having an excellent heat
generation characteristic can be obtained.

Next, the second embodiment of the carbon wire
heating element sealing heater of the present invention
will be described with reference to Figs. 4A and 4B. This
embodiment has a feature particularly in the terminal
portion of the carbon wire heating element sealing heater.
Like reference numerals are attached to the same components
or similar ones to those shown in Figs. 1 to 3 and a
detailed description is omitted.

A heater terminal portion shown in Figs. 4A and 4B
comprises a glass pipe 100 for accommodating a terminal
portion of the carbon wire {(heating element) 4, wire carbon
members 33 which are accommodated in the glass pipe 100 in
a compressed state and nip an end portion of the carbon

wire heating element 4 and a connecting wire 31 for
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generation characteristic can be obtained. Next, the secondehligsl,»pps of
the carbon wire heating el enent sealing heater of the present 1 nvention
will be described with reference to Figs. 4A and 4B. This enbodi nent has a
feature particularly in the termnal portion of the carbon wire heating

el ement sealing heater. Like reference nunerals are attached to the sane
conponents or simlar ones to those shown in Figs. 1 to 3 and a detailed
description is omtted. A heater termnal portion shown in Figs. 4A and 4B

conpri ses @l@é@§§gpﬁ@ﬁeﬂogu%§1y9cﬁﬁgygd@ﬁ%2%of%%§%nlga%%céﬁﬁéﬁggegfiﬁhe

carbon wire (heating el enen 4, wre car ers are

accompdatege i L4 He 191385100 PEndOPhicn BsCRIPHESSEY Shat o@Pf-Nipqan end

portion of the carbon wre heating elenment 4 and a connecting wre 31 for

45 30 Oct obere 2004 6h et Er POYEL Sﬂk@@'ylag@oﬁﬁ[ﬁénﬂo@oiéiP@rﬁ\éda&fommdat ed
in the glass pipe 100 and which is nipped by the conpressed wre carbon
menber s 33gudhiez ghbsss pape HOH A scibimediofl ghapd zsghassheanth hassa
cylindrical shape straight inits axis with both end portions open. A
quart z gl axsisrenber Yooth shdwdrwhood cpestitutes a heater main body, is
connected to an open end portion 100a of the glass pipe 100. The carbon

Wi re heating el eheiitadtz (Glase oo (o shdwnbpaniend-postitondd0m and
placed inside the heater main body. The open end portion 100a is slightly
const ri ct T gRatRntOint et halPREF TR dt e PRED seieth R Ehen ck?®an wire

of the glass pipe 100. The carbon wire heating element 4
is introduced from this open end portion 100a and placed
inside the heater main body.

The open end portion 100a is slightly constricted to
prevent internally filled material such as the carbon wire
heating element 4, the wire carbon member 33 from jumping
out. On the other hand, an open end portion 100b of the
glass pipe 100 is sealed with other glass member (sealing
glass pipe 34) with the connecting wire 31 introduced out.

This embodiment is different from the terminal
portion shown in Fig. 1 in that the straight pipe 32
accommodated in the large-diameter portion 23 in Fig. 1 is
not provided.

The wire carbon member 33 is constituted of three
wire carbon bundles 33a, 33b, 33c, each bundle being
composed of wire carbon materials. The carbon wire heating
element 4 is placed among the three uniform wire carbon
bundles 33a, 33b, 33c such that it is disposed
substantially in the center of the glass pipe 100.

When the wire carbon bundles 33a, 33b, 33c are
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heating el enent 4, the wire carbon nenber 33 from junping otold 2bhe

ot her hand, an open end portion 100b of the glass pipe 100 is sealed with
ot her gl ass nenber (sealing glass pipe 34) with the connecting wire 31

i ntroduced out. This enbodinent is different fromthe termnal portion
shown in Fig. 1 in that the straight pipe 32 accomodated in the

| ar ge-di aneter portion 23 in Fig. 1 is not provided. The wire carbon
menber 33 is constituted of three wre carbon bundl es 33a, 33b, 33c, each

bundl e bei ngsecosRosed Dbadbdeikes bewe neheIdal 55 dhe &%Qanié\%Séel@@?ti ng
element 4 is placed anong the three uniformwre carbon bundles 33a, 33b,

33c such tthatsetwisedesposedousdbss ahta al 33yb) n3zdehgepterc@hct Denghass pi pe
100. Wien the wire carbon bundles 33a, 33b, 33c are 46 30 Cctober 2004
i nserted addchoakedyipootite ohsh dérdil the gl dsslbipe MOOhiné heseawire
carbon bundl es 33a, 33b, 33c have a function as a chucking portion of a
drill or atdrpP$ibyomaehe neagcrnswite pestingnel¢rentrboinwihe beaténg
element 4 in the center  of the glass pipe 100. Consequently, the carbon
wire heati®gy erenshisa pipedl@hosed substantially in the center of the
gl ass pi pe 100. CIt is inmportant that the carbon wire bundles are uniform
and the quantityCYISEEEH Y 2§ LARTe BEIoIAt Yol MeRRtih BFder to
di spose the.carbon wire heati element 4 in the center of the g S pipe
100 17t SERERE: T S by e S Bore thir oof s SRVEler hioeelll:
It is important that the carbon wire bundles are
uniform and the quantity of the bundles is three or more
odd number in order to dispose the carbon wire heating
element 4 in the center of the glass pipe 100. If the
guantity of the wire carbon bundles is even or those
bundles are not uniform, it is difficult to dispose the
carbon wire heating element 4 in the center of the glass
pipe 1.
Thus, the wire carbon bundles 33a, 33b, 33c are
preferred to be as uniform as possible. For example, if
the wire carbon bundles 33a, 33b, 33c are structured using
eight wire carbon materials in total, preferably, two wire
carbon bundles each composed of three wire carbon materials
are formed while a wire carbon bundle composed of two wire
carbon materials is formed.
If the quantity of the wire carbon bundles is three
or more odd number, it is difficult to load them into the
glass pipe 10 in a compressed state.

Therefore, it is particularly preferable to provide

with three uniform wire carbon bundles.
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bundl es are not uniform it is difficult to dispose the cap9Ry-H804
heating elenment 4 in the center of the glass pipe 1. Thus, the wre carbon
bundl es 33a, 33b, 33c are preferred to be as uniform as possible. For
exanple, if the wire carbon bundles 33a, 33b, 33c are structured using
eight wire carbon materials in total, preferably, two wire carbon bundles
each conposed of three wire carbon materials are forned while a wire
carbon bundl e conposed of two wire carbon materials is formed. If the

quantity of the mid ecasdon ndlfsat $hd W BSne ) MNEs QA Puhers;ide i s
difficult to load theminto the glass pipe 10 in a conpressed state.

Ther ef or e, enlfod Enqratf ticuhdsdy mefeioblel i HaYdHanatdtint hreg WHhoOr m

wi re carbon bundles. 47 30 Cctober 2004 The carbon wire (heating el enent) 4
used in thediastthenrodiorentiis husedindse Idmentni 4 el caidon Jmd efbals t he
sanme one as the carbon wire heating elenment 4 is used and about 10

bundl es eakh Rwmposedtath abomwoIeDE RIB500 33 bore f3 1) scddwimg t he
dianeter of 5 to 15 pm for exanple, 7 m are knitted into a knitted cord
or a brai dedPsGhabord the rianctramt & &3 B dimbdirmigmmnpiet ik wire
carbon material, a carbon wire havin absorcgti on-water quantity of 2 x

10-3 g/ ¢ il Sufisd P d Nt gy FRTE A F5 IRt ded gtorabHent

about knitfing . span and fuzz of carbon single-fibers is enployed.
Accor di ng %(‘ngrﬂe e erfbodt MEHtP Yt THe® present

As the wire carbon material, a carbon wire having
absorption water quantity of 2 x 1073 g/cm® is used and the
same carbon wire 4 as the first embodiment about knitting
span and fuzz of carbon single-fibers is employed.

According to a preferred embodiment of the present
invention, a bundle of 2 to 4 wire carbon materials is
referred to as wire carbon bundle. As a result, a spring
performance is applied in the diameter direction of the
wire carbon member so that end portions of the wire carbon
heating element can be nipped firmly.

The total number of the wire carbon bundles 33a, 33b,
33c is preferred to be larger than at least the quantity of
the carbon wire heating elements 4 to be buried therein and
if the guantity of the wire carbon bundles is five or more
times that of the carbon wire heating elements, preferably,
electric resistance is reduced thereby suppressing heat
generation from the wire carbon bundles 33a, 33b, 33c.

Fig. 5 shows a terminal portion to which the terminal
portion shown in Figs. 4A and 4B is applied. This terminal

portion is provided with a sheath pipe 101 for
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invention, a bundle of 2 to 4 wire carbon materials is refy (5&8%#909@ wre
carbon bundle. As a result, a spring performance is applie int

di aneter direction of the wre carbon nenber so that end portions of the
wire carbon heating el enent can be nipped firmy. The total nunber of the
wi re carbon bundles 33a, 33b, 33c is preferred to be larger than at |east
the quantity of the carbon wire heating elenents 4 to be buried therein
and if the quantity of the wire carbon bundles is five or nore tines that
of the cardotomhsdabbadi tige eheoBahsont Poeéerabhys pepeclodcan@sistance is
reduced thereby suppressing heat generation fromthe wire carbon bundl es
33a, 33b, @Bartfiglads shewsern 1@2 nbhathpoiésoart@aihibbdyhest 6 pmeal
portion shown in Figs. 4A and 4B is applied. This termnal portion is
provi ded wintegrashbathiphpehd 0dh¢arh 481130 Biober 2004 acconmodating the

af orenenti oned gl ass pipe 100 and a quartz gl ass nenber 102 of the heater
mai n body is formef Pfegrad 1§ mankiadiersheathephipe ot thhectefniralas a
manuf acturi ng, method for_the termnal portion showmn in Fig. 4, a

manuf act urk At HeR R RriR hEldt et mi %dﬁarb‘éﬁﬁ%‘hréw@vﬁe?]ﬁo‘#l gor 5thay be used.
Thus, the _termn ortrion shown Fig. .5 will be described here while a

descripti of %b%‘i‘ft?l r%%f%l&?“ﬁ?ljr@ lﬂje‘?ho%i PRY ]?‘ﬁeus? r ni APSpotR®on shown

e ST R T Tt S R LT L

carbon wi r%bf@tén@eséﬂ@mo A5oRsSed AL QHI0 1 8nE "BLl8oa for the
terminal portion shown in Figs. 4A and 4B is refrained.

(1) Pirst, after passing through the inside of the
sheath pipe 101 made of guartz glass, an end portion of the
carbon wire heating element 4 is passed through the inside
of the glass pip 100.

{2) Next, the wire carbon bundles 33a, 33b, 33c are
folded back and a guide string is attached to each of their
folded back portions. Then, the wire carbon bundles 33a,
33b, 33c¢ are pulled into the glass pipe 100 by taking care
so0 that the guide strings do not entangle with each other
with the carbon wire heating element 4 located in the
center of the glass pipe 100.

Because the wire carbon bundles 33a, 33b, 33c are
folded back, the quantity of the wire carbon materials of
each bundle doubles within the glass pipe 100.

{3) The guide string is pulled further while
adjusting the wire carbon bundles 33a, 33b, 33c so that the
carbon wire heating element 4 is located in the center of

the wire carbon bundles 33a, 33b, 33c and the folded back
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of the glass pip 100. (2) Next, the wire carbon bundles 33 are
fol ded back and a guide string is attached to each of thei ?”O(i(gt&d%ggg%ck
portions. Then, the wire carbon bundles 33a, 33b, 33c are pulled into the
gl ass pipe 100 by taking care so that the guide strings do not entangle

Wi th each other wth the carbon wire heating elenent 4 |ocated in the
center of the glass pipe 100. Because the wire carbon bundles 33a, 33b, 33c
are folded back, the quantity of the wire carbon materials of each bundle

doubl es wigdi#idhe GF agise P Pee 109rbéB) biThe1 84 882 St13199 35 paskd ed further
while adjusting the wire carbon bundl es 33a, 33b, 33c so that the carbon

Wi re heatingc®tedent 4nispé@cai@ipdPcide TOOA €5t Ofhe tiLa ¥4 181 S&r bom. bundl es
33a, 33b, 33c and the folded back 49 30 October 2004 portions of the wire
carbon burgkdesu33ath83bari3dc atee hosategd alemnopen &ncomosddosd 100a of
the gl ass pipe 100. Because the carbon wire heating elenent is

accommodat et x€d) xedihivw t the ¢hesyl pise pl p@ 4@6h sticht thiatist is conpressed
by the wire carbon bundl es having the fol ded back portions, a high fixing
force can HERESMESR ned. tiia)wier t ¢arkonfbum@lef reacardorhdufrell @sd 33a, 33b,
33c protruding froman end portion of the glass pipe 100 are cut off. (5)
After thatP2PhePYrakandi po hooh i Sixhaeriesce nean baenairi@ingdpe 101 of

uartz gl ass and yresjistance value is . adjusted adj usting tensi on of the
garbon ajre heatf%@ ﬂortlons o% €%e wirejcarbont%hndies 33§{ 33b, 33c

protruding from an end portion of the glass pipe 100 are
cut off.

(5) After that, the glass pipe 100 is inserted into
the sheath pipe 101 of quartz glass and resistance value is
adjusted by adjusting tension of the carbon wire heating
element 4 and finally, then the open end portion 10la of
the sheath pipe 101 is closed.

The wire carbon member 33 is comprised of plural the
wire carbon bundles 33a, 33b, 33c each produced by
gathering wire carbon material together and the carbon wire
heating element 4 is disposed among the plural the carbon
wire bundles 33a, 33b, 33c such that it is located
substantially in the center of the glass pipe.

That is, the wire carbon bundles 33a, 33b, 33c
achieve a function like a chuck portion of a drill or a
drilling machine so as to locate the carbon wire heating
element 4 in the center of the glass pipe 100.

As a result, the carbon wire heating element 4 is
disposed substantially in the center of the glass pipe 100

so that it does not make contact with the glass pipe 100
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element 4 and finally, then the open end portion 10la of ti@ﬁo?@&f}}%o@i pe
101 is closed. The wire carbon nenber 33 is conprised of plural the wre
carbon bundl es 33a, 33b, 33c. each produced by gathering wire carbon
material together and the carbon wire heating elenment 4 is di sposed anong
the plural the carbon wre bundles 33a, 33b, 33c such that it is |ocated
substantially in the center of the glass pipe. That is, the wire carbon
bundl es 33a, 33b, 33c achieve a function |ike a chuck portion of a drill

or a driliido-4mchd NEnso-As5cd® docate the carbon wire heating elenent 4
in the center of the glass pipe 100. As a result, the carbon wire heating

element 4 is dicposegheubist antdatd Yod dtheesentes @faddeo ghassoPi fHeg 100
so that it does not make contact with the gl ass pipe 100 50 30 Cctober 2004

and can bethatcadeedsy ik . h&Goneg ueldhent re£acs | oo besdeee ey gl ass pi pe
100 and the carbon wre heating elenment 4 is avoided thereby suppressing
br eaki ng ofunpres giueg tlore¢disng eas onj randu¢ hus, thiherdester sedviltes)ife can
be prolonged remarkably as conpared to a conventional exanple. Further,
because t Hehe chgdodr eV heat 1 hee etaimde drobopacdetenabkaahyiasly in the
center of the wire carbon bundles 33a, 33b, 33c, its resistance can be

adj ust ed cBRMPILEBER B CUNER b QRAIL RRERDLT t | OHST BRSE hePoFa @S akbdn

‘bundl es 33a, .33b, 33c exist on the intlo,ducti on side (opposite side to the

ConnectingF%ﬁp%S Yﬁr?Fﬁf%ﬁﬂQﬁnﬁ%ﬁW%Pt is passed substantialliy in

the center of the wire carbon bundles 33a, 33b, 33c, its
resistance can be adjusted easily.

Because the folded back portions of the wire carbon
bundles 33a, 33b, 33c exist on the introduction side
(opposite side to the connecting wire) of the carbon wire
heating element 4 of the glass pipe 100 which accommodates
the end portion of the carbon wire heating element 4, it
prevents dust and dirt from entering into the guartz glass
member 102 for sealing the carbon wire heating element 4
through the end portions of the wire carbon bundles 33a,
33b, 33c and the dust and dirt from reacting with an inner
wall of the quartz glass member 102 and adhering to
generate heating unevenness.

Further, this structure facilitates insexrtion of the
connecting wire into a compressed wire carbon member and
enables the tip portion of this connecting wire to be fixed
more firmly so as to achieve stabilized power supply.

In the meantime, the absorption water guantity of the
carbon wire heating element 4 is preferred to be 2 x 1073

g/cm’® or less in the condition that this is sealed within
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heati ng el enent 4 of the glass pipe 100 whi ch accommodat es Ot(ﬁ&ol?eiﬁ“i()@@”i on
of the carbon wire heating elenent 4, it prevents dust ancf dirt from
entering into the quartz glass nenber 102 for sealing the carbon wre
heating el enent 4 through the end portions of the wire carbon bundl es 33a,
33b, 33c and the dust and dirt fromreacting with an inner wall of the
quartz gl ass nenber 102 and adhering to generate heating unevenness.
Further, this structure facilitates insertion of the connecting wire into

a conpr essegk Wik Lr €21 H0Ns SBhiRse ANd conabh@snt e, tddn PRIt on Of £k s
connecting wire to be fixed nore firmy So as 1o achieve stabilized power

supply. | bldek nesst i 12, stifieredsad ptéonc et e epandh tyi ©f Rdecigg@rbon wire
heating elenent 4 is preferred to be 2 x 10-3 g/cnB or less in the

condi ti on ¢hatentthi sedkisgadiedtod thiwisd 30 Sotobben200at hgetpedt Zogl ass
menber. Consequently, generation of the black spot is suppressed, so that
a carbon vwhardezingtiel emente sgataimgedieat er havi ng an excel | ent heat
generation characteristic can be obtained. Further, the term nal portion
of the second drbddigtentth |temel ik e edmiah thed esegwedto Figs. 6A to

8. According to this enbodi nent, as shown in Figs. 6A and 6B, a glass pipe
103 for aﬁ%ﬁﬁﬂ)’d&??ﬁd’“%-ﬁe Rardrcmbed wildt i fRETEMeNttY T50% orfledt®n the
shape of letter T while a sealing end portion 103a is forned at an end
thereof and” a spiral type glass pipe 104 for the heater main body is

According to this embodiment, as shown in Figs. 6A
and 6B, a glass pipe 103 for accommodating the carbon wire
heating element 4 is formed in the shape of letter T while
a sealing end portion 103a is formed at an end thereof and
a spiral type glass pipe 104 for the heater main body is
extended from a bent portion 103b.

The carbon wire heating element 4 and the wire carbon
bundles 33a, 33b, 33c are disposed substantially in
parallel to each other from an open end portion 103c and
the sealing end portion 103a of the glass pipe 103 and the
carbon wire heating element 4 is introduced from among the
wire carbon bundles 33a, 33b, 33c at the bent portion 103b
of the glass pipe 103.

A length L1 of the glass pipe 103 from the bent
portion 103b to the sealing end portion 103a is set to 1.5
times or more the inside diameter of the glass pipe 104
extended from the bent portion 103b.

Because the carbon wire heating element 4 is disposed
among the three wire carbon bundles 33a, 33b, 33c and

located substantially in the center of the glass pipe 103,
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extended froma bent portion 103b. The carbon wire heating1ls 2foand
the wire carbon bundles 33a, 33b, 33c are disposed substantially in
~parallel to each other froman open end portion 103c and the sealing end
portion 103a of the glass pipe 103 and the carbon wire heating elenent 4
is introduced fromanong the wre carbon bundles 33a, 33b, 33c at the bent
portion 103b of the glass pipe 103. Alength LI of the glass pipe 103 from
the bent portion 103b to the sealing end portion 103a is set to 1.5 tines

or nore thenénsifecdiaretgit ofsthgoghass piye d04nexy;epded,from the bent
portion 103b. Because the carbon wire heating el ement 4 s di Sposed anmpng

the three mériseear bonp baoed esravach83enB836oahdon | 06ah edo SRSt 8Ll ahky i n
the center of the glass pipe 103, 52 30 Cctober 2004 such an event that as

shown in Femgd Borthenw 02a cardoswollbabess B8Be phbecedpdroivhheoBenEoportion
103b to the sealing end portion 103a are swollen at the bent portion 103b
so that theatatibencarbren heate ngeat enenéldmemkes makeat actomtabt whehi nner
wal | with a pressure never occurs. If the length of the glass pipe 103 from
the bent W®egtiorenoshliovitle sdareésgurendeoetioncydsa is less than 1.5
times the inside dianeter of the extended gl ass fige, pressing function of
the wire carbon Fenbt? B9ttt nde pehasparironldd3brem e Beating end
portion 103a is we so that as shown in Fig, 8 (like a conventional

L- shaped %ﬁ%&%o%igﬁéP Schra $robtwm ehAtPeh lﬂPréO%%rb%nl%%%bEP§n33

1.5 times the inside diameter of the extended glass pipe,
pressing function cof the wire carbon member 33 from the
bent portion 103b to the sealing end portion 103a is weak,
so that as shown in Fig. 8 (like a conventional L-shaped
glass pipe), such a problem that the wire carbon members 33
are swollen at the bent portion 103b and the carbon wire
heating element 2 makes a contact with the inner wall with
a pressure is likely to occur.

Because the carbon wire heating element 4, the wire
carbon materials, wire carbon bundles 33a, 33b, 33c¢ and
connecting wire 31 in this modification are the same as
described above, description of these components is
omitted.

Next, a manufacturing method will be described based
on Fig. 7.

(1) The carbon wire heating element 4 is passed from
the open end portion 103c of the glass pipe 103 through the
bent portion 103b and then through the spiral glass pipe
104 and introduced out from the open end portion 104a of

the glass pipe 4.
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are swollen at the bent portion 103b and the carbon wire %a(gét{;n&r%ggent 2
makes a contact with the inner wall with a pressure is liKely to occur.
Because the carbon wire heating elenent 4, the wire carbon materials, wire
carbon bundl es 33a, 33b, 33c and connecting wire 31 in this nodification
are the sane as described above, description of these conponents is
omtted. Next, a manufacturing nethod will be described based on Fig. 7.
(1) The carbon wire heating elenent 4 is passed from the open end portion

103c of the gl asg) pipe,d 03 fhreugh éé‘f’oox@%ﬁncﬁ{?ér%im%}%,a“ﬁé hen, t hrough

the spiral glass pipe 104 and i1ntroduced out e open end portion

104a of thel G @Ssadk Pend a SPuBle Ftpbes 2004c{Londexto Lden W f exie@r bon
bundl es 33a, 33b, 33c are folded back and a guide string is attached to

each of theolded deselbaske Poshs ONSThTHi Gu ik der 51Md NOs | Bnt AbdOEkIE esl o ut
fromthe open end portion 103a of the gl ass pipe 103 before sealing. Then,
the wire cardrontleinopes S3d, p3BbioB3C0ds eof ptihd egli dmé opie DO BSSePdpe 103
by taking care so that the guide strings do not entangle with each ot her
with the seabomywire heating elenment 4 located in the center of the glass
pi pe 103. Because the wire carbon bundles 33a, 33b, 33c are fol ded back,
the quantity of EHwmilkhe céktprcarhrerhudle’ ddh il Bdouit es within

the gl ass pipe 103. . .
ghfﬁed into the glass pipe 103 by taking care so that the
guide strings do not entangle with each other with the
carbon wire heating element 4 located in the center of the
glass pipe 103. Because the wire carbon bundles 33a, 33b,
33c are folded back, the quantity of the wire carbon
materials of each bundle doubles within the glass pipe 103.

(3) The guide string is pulled further while
adjusting the wire carbon bundles 33a, 33b, 33c¢c so that the
carbon wire heating element 4 is located in the center of
the wire carbon bundles 33a, 33b, 33c and the folded back
portions of the wire carbon bundles 33a, 33b, 33c are
located at an open end portion 103a of the glass pipe 103.
Because the carbon wire heating element is accommodated
(fixed) within the glass pipe 103 such that it is
compressed by the wire carbon bundles having the folded
back portions, a high fixing force can be maintained.

{4} Portions of the wire carbon bundles 33a, 33b, 33c
protruding fﬁom an end portion 103c of the glass pipe 103
are cut off. After that, the open end portion 103a is
fused together with heat so as to form a sealing end

portion.
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(3) The guide string is pulled further while adjusting theghg,&apen
bundl es 33a, 33b, 33c so that the carbon wire heating elenent 4 1s |ocated
in the center of the wire carbon bundles 33a, 33b, 33c and the fol ded back
portions of the wire carbon bundles 33a, 33b, 33c are |ocated at an open
end portion 103a of the glass pipe 103. Because the carbon wire heating

el ement is accommpdated (fixed) within the glass pipe 103 such that it is
conpressed by the wire carbon bundl es having the folded back portions, a

hi gh fixing for e it e-drai Hitad Nasked Dy RAITd O Pt dpi M re cafdon

bundl es 33a, 33b, 33c protruding froman end portion 103c. of the glass

pi pe 103 @ahautwifd .hdAitaig tdldmernthel oped ©Neh POF 1 i e 163en iend fused
together with heat so as to forma sealing end portion. 54 30 Cctober 2004
Resi st ancepdst ianh ust ethdywhafugtipey drehsiton lofatdwe siodes bgremi ¢red heat i ng
element 4 and finally, the open end portion of the glass pipe and its
heat er si deoBped etk PbrI¢dn are closed. A nodification of the termn nal
portion shown in Fig. 5 w |l be described with reference to Fig. 9. Like
reference nuner dt AEF R EHePE Fhhd Sav Herrertsian Frowsidm [Birg.ones to

t he nmenbers sho in Fig., 5 a detailed descriptjon thereof is omtted.
Thi s nodi ﬁa&%ﬁﬂo%e ef fetRIr et RS- QI S i p O shown in Fig.

o) hos ol b dE AERLLNS 00U eddhed NS RS UGS RO LSS 20 & T1rs!

similar ones to the members shown in Fig. 5, a detailed
description thereof 1s omitted.

This modification has such a feature that the glass
pipe 100 shown in Fig. 5 is divided to two sections. That
is, this modification includes a first glass pipe 105 for
accommodating a part of the carbon wire heating element 4
and a second glass pipe 106 for accommodating the end
portion of the connecting wire 31 for supplying electric
power to the carbon wire heating element 4 and the end
portion of the carbon wire heating element 4 and having the
same axis as the first glass pipe 105.

Like the wire carbon member 33 at the terminal
portion shown in Fig. 5, the first and second glass pipes
105, 106 accommodate wire carbon members 107, 108 for
nipping the carbon wire heating element 4 and the electric
power supplying connecting wire 31 in a compressed state.

The wire carbon members 107, 108 are composed of
plural wire carbon bundles each composed of wire carbon
materials like the wire carbon members 33 and the carbon

wire heating element 4 is disposed among the plural the
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accommodating a part of the carbon wre heating el enent 4 d

gl ass pipe 106 for accommodating the end portion of the coéﬁggg?%%%&??e 31
for supplying electric power to the carbon wire heating elenment 4 and the
end portion of the carbon wire heating el enent 4 and having the sane axis
as the first glass pipe 105. Like the wire carbon nenber 33 at the term nal
portion shown in Fig. 5, the first and second gl ass pipes 105, 106
accommodate wire carbon nenbers 107, 108 for nipping the carbon wire

heating elgieatcdrigng bived B4 £Cid CsuPONETt SADPDY VN0 KONREEEL PO W £8:31 in a
conpressed state. The wire carbon nenbers 107,” 108 are conposed of plural

Wi re car boml dssmdb se eneh. conposied wfamt ie CafhOnca BRI ks hékeitde wire
carbon nmenbers 33 and the carbon wre heating elenent 4 is di sposed anong
the pluraleldrees B0t CherwRO0caben arsiiosr Hunelt es1 @dda sebsi apssadil y in
the center of the glass pipe 105. In the neantine, the carbon wire heating
el enent 4 sipeistdrt vty cir o akhberto 1107 ADS8starandi sposed ghabst antial |y
in parallel to the first and second glass pipes 105, 106. Part of the
carbon wi rRipRatIMy elent 4 is accommpdated in the first glass pipe 105

and an end portion of the connecting wire 31 for_supply electric power and
an end portion TR RE EHrHoiriRIe Hew itRpteinhentemen 2 Brcomodat ed i n

t he second gl ass pipe, 106. For_the reason, ,the antities of the wire
carbon merb ‘?‘%m&?f%‘gﬁcb?%aweoefl%? T iTERTIeL§7 r3Rd o Fed grrei iyt B s

pi pes 105’o§O@he connecting wire 31 for supply electric power and an
end portion of the carbon wire heating element 4 are
accommodated in the second giass pipe 106. For the reason,
the quantities of the wire carbon members 107, 108 can be
adjusted in the first and second glass pipes 105, 106.

Thus, the wire carbon members 108 can be accommodated
densely within the second glass pipe 106 for accommodating
the connecting wire 31 whose connecting condition with the
wire carbon members is likely to be changed due to
vibration or the like. As a result, a specific connecting
condition is maintained between the connecting wire 31 and
the wire carbon members 108 thereby stabilizing electric
resistance value.

If speaking specifically, if the length of the glass
pipe 100 shown in Fig. 5 is 300 mm or more, when the wire
carbon member 33 is inserted and accommodated, its
frictional resistance is increased, so that the wire carbon
members 33 cannot be accommodated densely. Consequently,
the nipping of the end portion of the connecting wire 4

becomes unstable, so that electric resistance value changes
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Thus, the wire carbon nenbers 108 can be accommodat ed den%%u%x&%%ab@4the
second gl ass pipe 106 for accommbdating the connecting wire 31 ose
connecting condition with the wre carbon nenbers is |likely to be changed
due to vibration or the like. As a result, a specific connecting condition
i s mai ntained between the connecting wire 31 and the wire carbon nenbers
108 thereby stabilizing electric resistance value. |If speaking
specifically, if the length of the glass pipe 100 shown in Fig. 5 is 300

nm or nor ei f Wir AHifomi 1€ 2SI bR BMbeE SSrhdnd NSgstedoand accommodat ed,
its frictional resistance is increased, so that the wire carbon nenmbers 33

cannot be accommidas edi flettse! VendGomserueid | ylass hei g pps ngo ®fmd her end
portion of the connecting wire 4 becones unstable, so that electric
resi st ancenved uetlchamess 561130 rtdberd@0do i fwai beatioms i sndpphéed to the
termnal portion. Thus, if the Iength of the glass pipe is 300 nmor nore,
the gl ass Pipetitsy dv¥i el wore woaskeen irnembans 1G@ igudmt i sycoidthbansre
carbon menbers 108 in the second glass pipe 106 for nipping the end
portion ofPiPfR EohnER® imPmine thra erdnpeetien gef thancemeeqibmgiviref the
wi re carbo menbers 107 in the first glass pipe 105 so as to pass,
accommodat®t 1 g3 LorREtRRy Wikl BieRtihy yof Beltaudkre neampeR car bon
menbers 3 for, nippi t he .end_, portion of the necting wire 31 can be
accommdat%%f“b%%%gje@,lrbleﬂ%cﬁ’g?l? o‘?f?%% %Jrl%%tfé)g TRsTIANRATA ue i s
suppressed, despld . v Prafl oL aPRLl el o g he: L8 "Bl iy .
Because the wire carbon members 3 for nipping the end
portion of the connecting wire 31 can be accommodated
densely, deflection of the electric resistance value is
suppressed despite vibration applied on the terminal
portion, thereby stabilizing electric resistance.
Next, a manufacturing method for the terminal portion
shown in Fig. 9 will be described.
(1) After passing through the inside of the sheath
pipe 101 made of quartz glass, an end portion of the carbon
wire heating element 4 is passed through the inside of the
glass pipes 105, 106.
(2) Next, plural the wire carbon bundles are folded
back and a guide string is attached to each of the folded
back portions. Then, the wire carbon bundles are pulled
into the first and second glass pipes 105, 106 while taking
care so that the guide strings do not entangle with each
other. At this time, the carbon wire heating element 4 is

kept in the center of the first and second glass pipes 105,

106. Then, the folded back portions of the wire carbon
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portion, thereby stabilizing electric resistance. Next, a nggy Hhing
nmethod for the termnal portion shown in Fig. 9 will be descr%tggééfﬂo??)

After passing through the inside of the sheath pipe 101 made of quartz

gl ass, an end portion of the carbon wre heating elenent 4 is passed
through the inside of the glass pipes 105, 106. (2) Next, plural the wire
carbon bundl es are folded back and a guide string is attached to each of
the fol ded back portions. Then, the wire carbon bundles are pulled into

the first Bagdyses0Rde 0l 885t P PES é@é,op%&é i sotekiRdorCahe Bprihat the

gui de strings do not entangle with eac other. At this tinme, the carbon

W re heatiggassepepé #0ss kept in the center of the first and second gl ass
pi pes 105, 106. Then, the fol ded back portions of the wire carbon 57 30
Cct ober 2004 bundd eshsirer | teat edcled fhesopghaendopostion D ihefiast

gl ass pipe 105. (3) After that, the first glass pipe 105 is inserted into
t he sheat hipipetH®Isheaeh gfipeat®: mhdssof ()adnotdbassi re carbon bundle is
fol ded back and the guide string is attached to the fol ded back portion.
Then, the gui del%} ringither passedatboudiinotly ihefohde¢debatk tded Seeond

gl ass pipe 106 and this wire carbon bundle is pulled into the inside of
the secondd@t@RsShrped 108, akaehed thethe of ededadercharefohons | Beatted at
e oo helle PO hefl ind e SR o8Ca RSB Ponty Oend Bie be S "HRE 11

second glass pipe 106 and this wire carbon bundle is pulled
into the inside of the second glass pipe 106, so that the
folded back portion is located at the open end portion of
the second glass pipe 106.

Meanwhile, when the plural the wire carbon bundles
are pulled in, it is permissible to pass that guide string
through the inside of the second glass pipe 106 at the same
time.

Thus, as compared to a case for the first glass pipe
105, two wire carbon bundles (two wire carbon bundles are
produced because a single wire carbon bundle is folded
back) are accommodated within the second glass pipe 106.

(5) After that, the second glass pipe 106 is inserted
into the sheath pipe 101 made of quartz glass. At this
time, the second glass pipe 106 is inserted up to a
position where an end face of the second glass pipe 106
makes contact with an end face of the first glass pipe 105.

(6) Portions of the wire carbon bundle protruding
from an end portion 106a of the second glass pipe 106 is

cut out and removed.
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are pulled in, it is permssible to pass that guide string e
inside of the second glass pipe 106 at the same tine. Thué“hgégggaog?ed to
a case for the first glass pipe 105, two wire carbon bundles (two wire
carbon bundl es are produced because a single wire carbon bundle is fol ded
back) are accommodated within the second gl ass pi pe 106. (5) After that,
the second glass pipe 106 is inserted into the sheath pipe 101 nade of
quartz glass. At this tine, the second glass pipe 106 is inserted up to a

position where amentdace it t he sacond Ol ass e A0 Bk fAHAEt With
an end face of the first glass pipe 105. (6) Portions of the wre carbon

bundl e pr @iy udiNngst fiPnais and EErihdncd06sn ofi tdensecnnd dlagsnpipe 106 is
cut out and renoved. 58 30 COctober 2004 (7) After that, electric resi stance

val ue is adjeistethedtyiragljwiste Y tensiode ofed hencartion sedendeptddg el enent
4, the connecting wire 31 is inserted into the second glass pipe 106 and
finally, theopdt et poima oy 10dze ofpemesnd heatti g pe0 L0 1of stiod osed firmy
and conpleted. As a result, the quantity of the wire carbon nenbers 108 in
t he secondhyiadds wigre U6 Jvml@lrp&fﬁqbsflml}en@lqbommm}et&ﬁ t he connecting
wire 31 can be nmade larger than the quantity of the wire carbon nmenbers
107 in the firstrglradesyie s, awntHat vhdhonitien iGRrwir agbaitsert ed

Iqﬂgﬁt ;[ P;\ &TO Cﬁgldc‘t%:, A% r%rfcg Oe?sscapnn?ee fdé’p‘?rﬁjlér'l rnnlgs tTlPee eanbdsoproprtéloonn wat er
of the connecting wire 31 can be made larger than the
quantity of the wire carbon members 107 in the first glass
pipe 105, so that the connecting wire 31 inserted into the
second glass pipe 106 can be nipped firmly.

The absorption water guantity of the carbon wire
heating element 4 is preferred to be 2 x 1073 g/cm® or less
in the condition that it is sealed in the guartz glass
member. As a result, generation of the black spot during
usage is suppressed, so that a carbon wire heating element
sealing heater having an excellent heat generation
characteristic can be obtained.

Because according to the second embodiment, the
carbon wire heating element can be disposed substantially
in the center of the glass pipe for accommodation, a
contact between the glass pipe and the carbon wire heating
element can be blocked and thus, a heater in which breaking
of the carbon wire heating element is blocked can be
obtained.

Next, a third embodiment of the carbon wire heating

element sealing heater of the present invention will be
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heating elenent 4 is preferred to be 2 x 10-3 g/cnB or |esg olthhd-RB04
condition that it is sealed in the quartz glass nenber. As a result,
generation of the black spot during usage is suppressed, so that a carbon
wire heating el enment sealing heater having an excellent heat generation
characteristic can be obtained. Because according to the second enbodi nent,
the carbon wire heating el enent can be di sposed substantially in the
center of the glass pipe for accormbdation, a contact between the gl ass

pi pe and thescarbon ¢ head fdid-c & &M< cafy bfo bf pekeds a«%}%mu a heater

in which breaking of the carbon wire heating element is blocked can be

obtai ned. MNext,1@, thi1d wabesh M ridn tiher £ atdomni i re deat i nge 5 £ Sfrent
seal ing heater of the present invention will be 59 30 Cctober 2004

descri bed médterefZr@nc@upOiddgsa Héatdr Idorsosmpm, iseatigg 10, this
heater (carbon wire heating el enent sealing heater) 200 conprises a heater
portion 22fermeadl ngotteioanal 3pastdwinde@ 3th provh datonobot e endstof t he
heater portion 220 and a heater holding portion 240 for holding the

heat er porp¢oni@2®X 20 rendis hewter pordinon @20 ién s2heafoyeneldtnng
portion is constituted of a quartz gl ass pipe 220a which accommopdates the
carbon w reh®eza Ry ep@rekn £24bmosed of carbon fiber bundl es and forned
spirally with linear  partions and circul ar portions. The sane carbon wire

heat generati ngtel ghEhtPPERY IRF §i975t2 divbodi reifta § Iqnaiprting

portion is constituted of a quartz glass pipe 220a which
accommodates the carbon wire heating element 4 composed of
carbon fiber bundles and formed spirally with linear
portions and circular portions. The same carbon wire heat
generating element 4 as the first embodiment is used.

That is, the quartz glass pipe 220a is wound spirally
in the vertical direction. The guartz glass pipe 220a
extended vertically is formed linearly while the quartz
glass pipe 220a at the top and bottom portions are formed
circularly.

If speaking further in detail, as shown in Figs. 10
and 11, this guartz glass pipe 220a comprises introduction
portions 225 connected to the sealing terminal portions 230
and extended horizontally, a first linear portion 221
leading from the introduction portion 225 and extended
upward linearly, top circular portion 222 extended from the
first linear portion 221, a second linear portion 223
extended linearly downward from the top circular portion
222 and a bottom circular portion 224 extended from the

second linear portion 223.
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That is, the quartz glass pipe 220a is wound spirally in %@qm¥a&&b§@4
direction. The quartz glass pipe 220a extended vertically 1s tornme
linearly while the quartz glass pipe 220a at the top and bottom portions
are formed circularly. If speaking further in detail, as shown in Figs. 10
and 11, this quartz gl ass pipe 220a conprises introduction portions 225
connected to the sealing termnal portions 230 and extended horizontally,
a first linear portion 221 leading fromthe introduction portion 225 and

extended upwar drid ngd +z éP@s&iéﬁiﬂé a2 PO 14 OF iy %%%pm the

first linear portion 221, a second linear portion 223 linearly

downwar d fcﬁ@rmé@@irﬁ%ptlﬁérﬁﬂiﬁ POFAighe Bec 2od B2 DOt{9m €hpcul gLy prtion
224 extended fromthe second linear portion 223. 60 30 Cctober 2004 The

quartz gl assripige 220a tise f osa@ed spt fal iyt hyoreommez: s ngnd hend i st tohr ai ght
portion 221, the top circular portion 222, the second straight portion 223
and the botiomlay rpot@iopoli4 cand2dhamd: ¢ hent frepeshlsngedhib Sngohdhnayi on by
connecting to the first straight portion 221 again and by w nding several
times. Fi ne@nyecthrg boetdme ciicst astrpbyht opoLdicon 2dhnegetd 4ndthe
introduction portion 225, which is connected to other sealing term nal
portion 23’01.1'1%1‘?9 3 BorR i F et | hynal brenthe betbemropioeatad inside this

quartz gl ass pj pe Oa and this carbon wire heating elenment 4 is wound
fromthe s%%lf’iph‘g“ té m HafORRRF BN 2360 % hiBbEPLEHel Pt PIEREST oA Por ti on

225, the f*ﬁf%h is connected to other sealing terminal portion 230.

The carbon wire heating element 4 is accommodated
inside this quartz glass pipe 220a and this carbon wire
heating element 4 is wound from the sealing terminal
portion 230 through the introduction portion 225, the first
straight portion 221, the top circular portion 222, the
second straight portion 223 and the bottom circular portion
224 several times and after that, introduced to the other
sealing terminal portion 230.

The introduction portions 225 are provided on the
same face side and the sealing terminal portions 230 are
formed on one side of the heater portion 220.

Because the heater portion 220 is formed by winding
the quartz glass pipe 220a spirally in the vertical
direction, the straight quartz glass pipes 220a (221, 223)
are disposed before and after in the radiation direction.
That is, radiation from the straight quartz glass pipes
220a (221, 223) disposed before and after increases
radiating heat in the direction of a vertical plane

(lateral direction) as indicated by an arrow of Fig. 1l.
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straight portion 221, the top circular portion 222, the s Lahght
portion 223 and the bottomcircular portion 224 several t%@ggggﬁ%zg??er
that, introduced to the other sealing termnal portion 230. The

i ntroduction portions 225 are provided on the sane face side and the
sealing termnal portions 230 are forned on one side of the heater portion
220. Because the heater portion 220 is formed by winding the quartz gl ass
pi pe 220a spirally in the vertical direction, the straight quartz gl ass

pi pes 220a (221,pd)se A dsPoses hefefe anghaf{§ds 19nd herd agdi afd on

direction. That is, radiation fromthe straight quartz glass pipes 220a
(221, 223)onli sposeshdbef of€ gk adt efhé NEELasSLSporath@t 209, heady i Pad he
direction of a vertical plane (lateral direction) as indicated by an arrow
of Fig. 1llbe 6dord@ednédbes 20P#Hvdecansecd henseashdignt es4% By . poaki ons 230
are formed on the same face side of the heater portion 220, they can be
connect ed ¢rPes ponesideure etf{aof oghmwingn easdd yof Arhopposlieg stelemimal he
formation side of the sealing termnal portions 230 across the heater
portion 220 xekens 230 taerozadike ilvmistdeomhien 2B & posives aas efhect i ng
plate 236 on  the formation side of the sealing termnal portion 230 can
i ncrease tFRATHACR i DS ur tHEEsS, Alsppsinefd et rching olas,23¢ o1
preferable to | oy. t he one containing a thermal expansjion black |ead
G DR

sheet seal PhoP L PRtk AR BT DI SSCFTOM bR ST et ff pFRit e i n
Vi ewpoi nt's; , ofe JIPTANE RN Afs i 9 PUELLY paracterist & and;reflestion
236, it is preferable to employ the one containing a
thermal expansion black lead sheet sealed between two

quartz glass plates from outside atmosphere in viewpoints
of improvement of high purity characteristic and reflection
efficiency. It is preferable to provide this integrally
with the sealing terminal portions 230, the introduction
portions 225 or the heater holding portion 240 by welding
in viewpoints of space saving.

As shown in Fig. 12B, the thickness of first and
second straight portions 221, 223 of the quartz glass pipe
220a is formed substantially equally.

On the other hand, as shown in Fig. 12A, the
thickness of the top circular portion 222 and the bottom
circular portion 224 is formed such that the thickness B of
its inner peripheral side is larger than the thickness A of
its outer peripheral side. More specifically, the
thickness B of the inner peripheral side is formed 1.1-2
times larger than the thickness A of the outer peripheral

portion. The outside diameter and the inside diameter of
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efficiency. It is preferable to provide this integrally w i ng
termnal portions 230, the introduction portions 225 or tﬁtgrtl?]éé%feé?gﬁ%l di ng

portion 240 by welding in viewoints of space saving. As shown in Fig.
12B, the thickness of first and second straight portions 221, 223 of the
quartz glass pipe 220a is forned substantially equally. On the other hand,
as shown in Fig. 12A, the thickness of the top circular portion 222 and
the bottom circular portion 224 is fornmed such that the thickness B of

its inner Qefm pherdle sfdest Sah@r §8Eohdan: theghhighnessnd 031, i3s3 outer
peri pheral side. Mdrre specifically, the thictkness B of the 1nner

peri pher altisd deop Scf of B Ipdrioh | FES 4@d 0ehe thatdhe-1 b gkaess A of the
outer peripheral portion. The outside dianmeter and the inside dianmeter of

62 30 Cct qhbert20L Bhcdrof fdéhmed i lisde Bnths econs Simanghdnporti ons 221, 2283,
the top circular portion 222 and the bottomcircular portion 224 are
formed under thésmmsalirtensionskndes dbisef tiiee tinmckngssr iplofrahesidmer
peripheral side is formed larger, its heat capacity is |arger than the
ot her portimnermgdislazges heltpphert cepgcioy tionl2eanthan Hehdot t om
circular portion 224, heat radiation in the direction of the inner
peri phery TS RBFL1PRGH: heBUs r R athontom ¢hecwlaeRIBni ot 2he vud er
periphery. Further, radiatjng heat fromthe straight quartz | ass pi pes
di sposed” Hetore Gy a‘?ltlé‘?ujc%ﬁ %%riblr‘_é%eﬁ‘éd Rem T H Hy Pt AtRE i n a
direction cpiel_ré)&:nidérguégrtl’geo fglﬁegepgéjlrf&lxery is weaker than heat
radiation in the direction of the outer periphery.

Further, radiating heat from the straight quartz
glass pipes disposed before and after can be prevented from
being radiated in a direction perpendicular to the vertical
plane direction (longitudinally).

Further, this structure reinforces a portion having a
high stress in the heater of the present invention which
accommodates the carbon wire heating element within a
quartz glass pipe wound spirally with a predetermined
tensile force thereby preventing generation of damage or
the like.

The curvature radius r of each of the top circular
portion 222 and the bottom circular portion 224 is formed
to be twice or more to five times or less the outside
diameter of the guartz glass pipe 220a.

If this curvature radius r is less than the guartz
glass pipe 220a, the inside of the quartz glass pipe 220a

may be deformed when the circular portion is formed. For

the reason, there is such a fear that the accommodated
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pl ane direction (longitudinally). Further, this structure rg

portion having a high stress in the heater of the present @n@%ﬁ%eﬁgﬁofl\hi ch
accomodat es the carbon wire heating element within a quartz glass pipe
wound spirally with a predetermined tensile force thereby preventing
generation of damage or the like. The curvature radius r of each of the
top circular portion 222 and the bottomcircular portion 224 is forned to
be twice or nore to five tines or |less the outside dianmeter of the quartz

gl ass pi pe-2d0h dird NSty ked@d Usay hekd eSsntd@n §hen quastz gl ass
pi pe 220a, the inside of the quartz glass pipe 220a nay be deforned when

the circulainpordd on o5 {108 MpehrOrgldde gaRS 04 herieidis sécio@ fear that
t he acconmpdat ed 63 30 Oct ober 2004 carbon wire heating el enent 4 may nake

contact wgtefdwabidineromeaiiie cdtiide puadt zi Pl Ess PipeatdZoa, radiwdh +s not
preferable. on the other hand, if the curvature radius r exceeds five

ti mes the exdsrde Tiaetereofthdeowuside dlasstepipe, thdeqwadth @lasdhe
heater increases and the radiation in the vertical direction increases,
whi ch is rotpepridiersbitth dhetlie rheatgn Seeombet ran@hthporadivrsion1, 223
have a length of four times or nore the outside of the quartz glass pipe
220a, in otheih&wremtical ehigigrioion wirtersoor ehi®e 12m@h of the top

circular portion 2 and the bottom circular portion 224.
preferable.

The first and second straight portions 221, 223 have
a length of four times or more the outside of the quartz
glass pipe 220a, in other words, a length of twice or more
the length of the top circular portion 222 and the bottom
circular portion 224.

Because the first and second straight portions 221,
223 have a length of twice or more the length of the top
circular portion 222 and the bottom circular portion 224,
radiation heat in the direction of the vertical plane
(latepal directicon) can be made larger than the radiation
heat in the vertical direction.

An interval T (see Fig. 10) between the quartz glass
pipes 220a at the top circular portion 222 and the bottom
circular portion 224 can be selected appropriately and as
this interval is smaller, the radiation heat in the
direction of the vertical plane (lateral direction) can be
increased.

However, because the heater portion 220 is formed by
winding the quartz glass pipe 220a spirally in the vertical

direction, the straight quartz glass pipes 220a (221, 223)
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Because the first and second straight portions 221, 223 haypoaoh&9blh of
twce or nore the length of the top circular portion 222 and the bottom
circular portion 224, radiation heat in the direction of the verti cal

pl ane (lateral direction) can be nmade |arger than the radiation heat in
the vertical direction. An interval T (see Fig. 10) between the quartz
glass pipes 220a at the top circular portion 222 and the bottom circular
portion 224 can be selected appropriately and as this interval is smaller,

the radi atapa deaposadtberdreeshionrobrt be vBet bgakaphageqiraterah,
direction) can be increased. However, because the heater portion 220 is

f or med by ThﬁndfngetthqUhﬁtqugtazSgbape 22Ppa $piwalbhy teot Aenvenyi cal
direction, the straight quartz gl ass pipes 220a (221, 223) 64 30 Cctober
2004 are dt@@b@@ﬁoheMQa@ Bndmatherstnaipetradaatzngldssepipen2203herefore,
if the quartz gl ass pe is wound too densely, radiation heat fromthe
strai ght q&%@%g §+5B@S%¢p@fQQDacapQQq)b@|@p@@eaféecbxveamnosobéhaSed
effectively, sp that the inside of the wound quartz gl ass pipe 220a is
heat ed abﬁ%?nh??&deT%Esth%r%@%?%bﬂyarFﬁeg%P?EUPbPeq%EQ@zlglb@@tﬁﬂpe 220a
(222, 224) ES mougg with at least a gap of one to three tinmes the outside
di amet er of"YHE™ % ¥tz gl ass pipe 220a wth respect to an adjacent

heat o top. ol d NS pi AL ST P60 BEG THECORTScto0rth FhESF rEFEE £70%he
(222, 224) is wound with at least a gap of one to three
times the outside diameter of the quartz glass pipe 220a
with respect to an adjacent circular quartz glass pipe.

The heater holding portion 240 includes a heater top
holding pipe 241 provided in contact with the inside of the
circular quartz glass pipe 220a (222) formed on the top, a
heater bottom holding pipe 242 provided in contact with the
outside of the circular quartz glass pipe 220a (224) formed
on the bottom and linking members 243 for linking the
heater top holding pipe 241 with the heater bottom holding
pipe 242.

Then, the top circular quartz glass pipe 220a (222)
and the heater top holding pipe 241 are welded together.
The bottom circular quartz glass pipe 220a (224) and the
heater bottom heolding pipe 242 are welded together.
Further, the linking member 243 is welded with the heater
top holding pipe 241 and the heater bottom holding pipe
242.

Thus, the heater holding portion 240 is integrated

with the heater portion 220. Provision of such a heater
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circular quartz glass pipe 220a (222) forned on the top, a tom
hol di ng pi pe 242 provided in contact with the outside of Eﬁgiggg%&pgé
quartz gl ass pipe 220a (224) forned on the bottomand |inking nmenbers 243
for linking the heater top holding pipe 241 with the heater bottom hol di ng
pi pe 242. Then, the top circular quartz glass pipe 220a (222) and the
heater top hol di ng pi pe 241 are wel ded together. The bottom circul ar
quartz gl ass pipe 220a (224) and the heater bottom hol di ng pi pe 242 are

wel ded t ogeiherng RS 44 140k N Jehela 2431 sl dad, Wi hefdie heat er
top hol di ng pi pe 241 and the heater bottom holding pipe ™ 242. Thus, the

heat er holqhnge PO HOHRAD 0 StHEHQYF sk e W Il theorheat@ingxd ti on 220.
Provi sion of such a heater 65 30 Cct ober 2004 hol di ng portion 240 increases

mechani cal Fsttlengt podvidieon hemtigie posdtion A dhatshying gdasd izgp from a
damage. Further, provision of the heater bottom hol ding pipe 242 inproves
i nst al | at iiompyperd oriventcel 1 Huirdih epe r freatarcapaci Byrtlofr t Hesati reagarifpprti on
where the heater holding portion 240 is attached to the circularly forned
quart z gl &% PipeciZA0ear 2Rt R4 )whgy ddvedieatier dbyl diery gasihigen he
radiation on the side of the inner peripheral portion further. Next, the
struct ure 90 the adachef tler nival cihertlianly 23orned | e tde stra e dei®e h
reference to Figs. 11, 13A, 13B and 14. This_sealing term nal portion 230
contains #2@nidi mpd ) PO TL3FRF a HHRRY HREEF2 D01 | i ZRAFIGAR es

on the side of the inner peripheral portion further.

Next, the structure of the sealing terminal portion
230 will be described with reference to Figs. 11, 13A, 13B
and 14. This sealing terminal portion 230 contains a
connecting line 31 and a single heater portion 220 requires
two sealing terminal portions 230 as shown in Fig. 10.
Because these sealing terminal portions 230 have the same
structure, one sealing terminal portion 230 will be
described.

This sealing terminal portion 230 includes a glass
pipe 231 composing the sealing terminal portion, a straight
pipe 232 accommodated inside the glass pipe 231, plural the
wire carbon materials 33 accommodated in the straight pipe
32 in a compressed state, a sealing glass pipe 235 for
sealing an end portion of the glass pipe 231 and the
connecting wire 31 made of tungsten provided on the sealing
glass pipe 235.

The carbon wire heating element 4 introduced from the
introduction portion of the quartz glass pipe 200a has the

same -structure as the carbon wire heating elements of the
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two sealing termnal portions 230 as shown in Fig. 10. Becgusg

b39B64

sealing termnal portions 230 have the sane structure, one seaPlng
termnal portion 230 will be described. This sealing term nal por
i ncludes a glass pipe 231 conposing the sealing term nal portion,
straight pipe 232 acconmodated inside the glass pipe 231, plural

carbon materials 33 accommpbdated in the straight pipe

state,

pi pe

t er m nal

tion 230
a
the wre

32 in a conpressed

a sealing glass pipe 235 for sealing an end portion of the glass

pi pe 231 afdl$heemEONIBSHt NghdV §€cSdd NBESo @I mdMNIStBie PESVH SR, DR t he
sealing glass pipe 235. The carbon wire heating elenent 4 introduced from
the intrddection ebenéon ©fis heomgpastZd dbpss Pt pec2OPa hasyhihen sane
structure as the carbon wire heating elenents of the 66 30 Cctober 2004
first enbods nerppendoseebmck ntbioeli wend . cdtieoc andiosrihI® 3bheating el enent 4
is connected by a structure in which it 1is nipped by plural the wire

car bon nmat&@¢ANMROEB el cormkat srd hoh hep5pe ad Ihtwhilpen 282 withés phee gl ass

231 in a conpressed state and the connecting wire 31 of the

seal i ng

potl i bh 2IPTRE DI CE et ¢ A rhet b recree Boindrarbre abt GB. timhe

seal i ng gl ass fg£e 235 is constjtuted of, froma fusion side with the

gl ass

pi pe® By

Ne it L RPSESECN ot @ i bh 2ameckedradcthe dal ¥ag porti on

235b and tungst en . 9] ass, portion 235c. As shown in Fig. 14, the
connecting it e é%/r%h‘%i%f%‘

The sealing glass pipe 235 is constituted of, from
fusion side with the glass pipe 231, the quartz glass
portion 235a, a graded sealing portion 235b and tungsten

(W) glass portion 235c.

a

As shown in Fig. 14, the connecting wire 234 made of

tungsten (W) connected to the carbon wire accommodated
within the straight pipe 232 in a compressed state is
pinch-sealed by the pinch sealing portion 235c of the

tungsten (W) glass portion 235c.

The pinch-sealing portion 235d is formed of tungsten

(W) having a thermal expansion coefficient near the
tungsten (W) constituting the connecting wire and the
fusion side of the glass pipe 231 is formed of quartz

glass.

Because the pinch-sealing portion 235d is formed of

tungsten (W) glass having a thermal expansion coefficient

near tungsten (W) constituting the connecting wire 234, the

glass portion {(pinch-sealing portion 235d) can be prevented

from being damaged with thermal expansion when the

connecting wire 234 is at high temperatures.
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tungsten (W connected to the carbon w re accommodat ed “j%Bkﬂx&#§2ﬁblaight
pi pe 232 in a conpressed state is pinch-sealed by the pinc¢h sealtng
portion 235c of the tungsten (W glass portion 235c. The pi nch-sealing
portion 235d is fornmed of tungsten (W having a thernmal expansion
coefficient near the tungsten (W constituting the connecting wire and the
fusion side of the glass pipe 231 is fornmed of quartz glass. Because the
pi nch-sealing portion 235d is fornmed of tungsten (W glass having a

thermal expansi on; QR HtHusdadle t4ISTHEDN Ms£NStd tad ngpdde: -

connecting wre 234, the glass portion (pinch-sealing portion 235d) can be
prevent ed gfaamdigia @ IEmBGas vé thudderaath expansl K4 tdwe] LHnnecting
wire 234 is at high tenperatures. 67 30 Cctober 2004 Further, because the
seal i ng glresde pipecidBSsdmpiagizrt gl @bssPi pe ABS) 14 s hei gaset witth ddre gl ass
pipe 231 is mnade of the sane quartz glass as the glass pipe 231, it can

be preventlE dremridesd gt damdeeichgv ddmadwed mmal tle xpasrsiaoh. exgandder, usi ng

hi gh purity quartz gl ass enables to protect fromnetallic pollution.
Further, tHEtgreided sl inglpdrut oy 2850rtzs dasecndieteedi thwotpet t z

gl ass portion 235a and the tungsten (W glass portion 235c. The side in
contact wiiHP® Metfulariz R LSEEHottion 235a in which its Si02 conponent

22%)\(% g lnf[a S 2r co anQunrei\:r}fe r ,C hta}jneg eg rgar c?edc%l as!elg/ L Jl.nsg Cp(»)o toisoend 203I5bq uiasr tfzo rgn|1eads S
between the quartz glass portion 23%a and the tungsten (W)
glass portion 235c.

The side in contact with the quartz glass portion
235a in which its Si0; component and W glass component
change gradually is composed of guartz glass component or
material having a similar thermal expansion coefficient
thereto, this material being oriented so as to adjoin the W
glass portion 235b. Then, the graded sealing portion 235b,
whose thermal expansion coefficient is distributed with a
gradient so as to make its thermal expansion coefficient
approximate that of the W glass, is provided between the
quartz glass portion 235a and the tungsten (W) glass
portion 235c, thereby preventing the glass pipe 235 from
being damaged due to thermal expansion at high
temperatures.

As shown in Figs. 13A and 13B, in the sealing
terminal portion 230, the carbon wire heating element 4 is
nipped by the plural the wire carbon materials 33 in a

compressed state and electrically connected to the

connecting wire 31 through the plural the wire carbon

68



material having a simlar thermal expansion coefficient ther }
material being oriented so as to adjoin the W glass porti Igﬁ (%@ﬁrtzﬁi?fgn,

the graded sealing portion 235b, whose thermal expansion coefficient is
distributed with a gradient so as to make its thermal expansion
coefficient approximate that of the Wglass, is provided between the
quartz glass portion 235a and the tungsten (W glass portion 235c, thereby
preventing the gl ass pipe 235 from being danaged due to thermal expansion
at high trespersdlges3. As shown in Figs. 13A and 13B, in the sealing
termnal portion 230, the carbon wire heating elenment 4 is nipped by the
plural the wre EBardore neierdatlsorB3vinre dreatoimpy eslsaerst ot elandotel ectrically
connected to the connecting wire 31 through the plural the wire carbon 68
30 Cct obercooeched etizdst B3, t Begsr seonthecithrd oni v rleuhedt rogolel ement 4 is
not connected directly to the connecting wire but through the plural the
wi re car borlWad brilg s B3 Lrdmbdieriala 3T orpraasedrsedt ) @onnection
between the wire carbon material 33 and the carbon wire heating el enent 4

is never TRIRFFTHRE TR FCYMEHRT g B ¥tent e edthescarhPyh o
he wi 1o CHHON Tt sl S HF THEOLORERt AL Whe 1F FHEEonhel i PV 9F o | s
10, TR0 938 BT VG PR 214! ) SRUECkLOD, e Ko, ATl e
temperature. Further, because the temperature drops
sufficiently within the wire carbon materials 33, the
connection with the connecting wire is not made loose
thereby excellent electric connection being maintained.

Additionally, carbon components in the plural the
wire carbon materials 33 exert reduction action so as to
suppress increase of oxidation on the conductive wires and
consequently, generation of a spark can be prevented.

When the carbon wire heating element 4 is sealed
within the guartz glass member, the absorption water
quantity of the carbon wire heating element 4 is preferred
to be 2 x 1073 g/cm® or less. Consequently, generation of
the black spot is blocked, so that a carbon wire heating
element sealing heater having an excellent heat generation
characteristic can be obtained.

According to the third embodiment of the present
invention, the sealing terminal portion 230 (particularly,
internal structure of the straight pipe 232) is preferred

to adopt any structure of the terminal portions of the

second embodiment. As a result, there is provided a carbon
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wire carbon materials 33 exert reduction action so as to gMﬂﬂ%a§§szgrease
of oxidation on the conductive wires and consequently, generation of a
spark can be prevented. Wien the carbon wire heating elenent 4 is seal ed
within the quartz glass nenber, the absorption water quantity of the
carbon wire heating elenent 4 is preferred to be 2 x 10-3 g/cnB or |ess.
Consequently, generation of the black spot is blocked, so that a carbon
wire heating elenent sealing heater having an excellent heat generation
characteriwiie et ey ablanmdiet]. shexaiglimeator the Wi gl egiodigrent of the

present invention, the sealing termnal portion 230 (particularly,
i nternal dStetuodan eclod ddubat nai ghthed pn@ 3 enentpraierites glasadopte any
structure of the termnal portions of the second enbodinment. As a result,
there i s provdecked carddmrsk B30y @&f ober Q0dowi wierddatanignel e€hesmgntseal i ng
heater in which contact between the carbon wire heating el ement and the
gl ass pi pels iinptipliked- and breaking of the carbon wire heating elenent is
i nhi bited. The manufacturing nethod for the third enbodiment wll be
described with refermHtEad Higy mrhad for the SHed mmkefidte™h porti on
225, the first straight, rtian 221, the top circular portjon 222, the
second st“fla]r'sjgtﬁe pfg‘?%%]rpegg% et Dot T 'S TS Yordtdnl b4 are  forned
and the quartz gL S i pe ,220a i.s, wound spireiil. After that, the quartz
gl ass pipe 31 haVing'i dIHetat-IF g Chth 44 i (7 T et R 9208 | s
fused to tggition 221, the top circular portion 222, the second

straight portion 23 and the bottom circular portion 24 are

formed and the quartz glass pipe 220a is wound spirally.

After that, the gquartz glass pipe 31 having a diameter

larger than the quartz glass pipe 220a is fused to the

introduction portion 225.

(2) The carbon wire heating element 4 is passed
between the quartz glass pipes 231 provided on both ends of
the guartz glass pipe 220a.
(3) Next, the carbon wire heating element 4 is

inserted into the straight pipe 232 and the wire carbon

members 33 are accommodated in the straight pipe 232 in a

condition that their insertion sides are in a U shape. At

this time, an introduction string is passed through the U-

shaped portion on the wire carbon member insertion side and

by pulling that introduction string, the wire carbon

members 33 can be accommodated within the straight pipe 232

in a compressed state. Consequently, the carbon wire

heating element is fixed firmly. Then, the wire carbon

mempber and carbon wire heating element protruding from a
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i ntroduction portion 225. (2) The carbon wire heating ele t i sed
bet ween the quartz glass pipes 231 provided on both ends gf%%(gﬁgb%gggfz

gl ass pipe 220a. (3) Next, the carbon wire heating elenent 4 is inserted
into the straight pipe 232 and the wire carbon nenbers 33 are acconmmodat ed
in the straight pipe 232 in a condition that their insertion sides are in
a Ushape. At this tinme, an introduction string is passed through the U
shaped portion on the wire carbon nenber insertion side and by pulling

that introgustd ProSttidg, atdecd reecarbon  nenbers 33 can be accommmodat ed
within the straight pipe 232 in a conpressed state. Consequently, the

carbon wire heatdngrredeneite iscddxga fdapgd y232Thien, wideh WHe waddbon  nenber
and carbon wire heating elenent protruding froma 70 30 Cctober 2004 di stal
portion areaduin afidnbdry IFhemd tttee séarbghtwiprpehL32ind ahdmdnt he ate e
carbon menbers 33 and the carbon wire heating elenent 4 are acconmmodat ed
in a conprassainadated i 5 inseymetbisrd stwte quarizsgtasd jpipe 284, (5)

Next, the connecting termnal 31 of the sealing glass pipe 235 is inserted
so as to coiicled @lawd rpg 1331the carbon wire heating el enent 4 with the
connecting termnal 31. (6) Next, the quartz gl ass pipe 231 and the sealing
gl ass pi pe 235 ar® ffgdo tidfetIRENSH I itRPvaRh nyl 9hddts vieajedd f or

exanpl e, ngifa{sogefgli éaSZSt oirg airgsaesrted so as to connect electrically
the carbon wire heating element 4 with the connecting
terminal 31.

(6) Next, the quartz glass pipe 231 and the sealing
glass pipe 235 are fused together while introducing
inactive gas, for example, nitrogen gas from a gas
introduction port (not shown) so as to form the sealing
terminal portion 230. In the meantime, the nitrogen gas
protects the carbon wire heating element 4 and the wire
carbon members 33 from being deteriorated by heating.

(7} After the other sealing terminal portion 3 is
formed, the inside of the quartz glass pipe 220a is
depressurized to 100 torr or less and after that, by
sealing the gas introduction port with an oxyhydrogen
burner, a heater is completed (Fig. 10).

The above-described manufacturing method enables a
heater of this embodiment to be manufactured easily.

Next, a modification of the third embodiment will be
described with reference to Figs. 15 to 18. Like reference

numerals are attached to the same components or similar

components to the members shown in Figs. 10 to 14 and a
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i ntroduction port (not shown) so as to formthe sealing teryy j on
230. In the neantine, the nitrogen gas protects the carbo&ﬁnﬁééh%ag?+ng

el enent 4 and the wire carbon nmenbers 33 from being deteriorated by
heating. (7) After the other sealing terminal portion 3 is forned, the
inside of the quartz glass pipe 220a is depressurized to 100 torr or |ess
and after that, by sealing the gas introduction port with an oxyhydrogen
burner, a heater is conpleted (Fig. 10). The above-descri bed manufacturing

nmet hod enaddesi Ped heederiwtidhi shepbodi pendmiocdHe. nanuf actured easily.

Next, a nodification of the third enbodinent will be described with
reference to Fi gghidbGertloodBinent keas ef ef @nicere nires s werall Soratd Achathd® t he
same conponents or simlar conponents to the menbers shown in Figs. 10 to
14 and a 7dn 3thadctbbewl 2004uaiet ai § bas destpe pt2dnfeireedodn i shenidp ethd Thi s
enbodi rent has a feature in prevention of damage on the circular quartz

gl ass pi pePeRroRd brdamede opn ahdeo PR NS | otonadEien@ntlze portion B
for connecting the sealing terminal_portion 230 with the quartz gl ass pipe
221. If ar® cﬁ%ﬁnw%rwt%mc@@smwai%@e@uwtzaqflfm F¥pe P2 due to
vi bration m t he earthquake or the like or a worker is applied to the
quartz gl pi pes 220, 221 as shown in Fig. 15, stress is concentrated on

020 o S WL R P R PP B L DU g dammed. 1T
arrows Pl, P2 due to vibration from the earthquake or the
like or a workexr is applied to the quartz glass pipes 220,
221 as shown in Fig. 15, stress is concentrated on Al, A2
of the quartz glass pipes 220, 221 so that they may be
damaged. If as shown in Fig. 15, the bottom face of the
heater bottom holding pipe 242 is located below the bottom
face of the sealing glass pipe 235 of the sealing terminal
portion 230 (protruded by the length 1), if a heater 200 is
provided, the bottom face of the heater bottom holding pipe
242 makes contact with the ground.

If an external force P3 is applied to a portion B
which combines the sealing terminal portion 230 with the
quartz glass pipe 221, that portion B may be damaged by
vibration or the like.

According to this modification, a portion likely to
be damaged by such an external force as vibration is
improved. As shown in Fig. 16, a hallow heater top holding
rod-like body 251 is provided with a predetermined gap t;
on an inner side of the circular quartz glass pipe 222

formed on the top.
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heat er bottom hol ding pipe 242 is |ocated bel ow t he bottom,,f e
sealing glass pipe 235 of the sealing termnal portion 23 0(%&%@?28@5 by
the length 1), if a heater 200 is provided, the bottomface of the heater
bott om hol di ng pi pe 242 nmakes contact with the ground. If an external
force P3 is applied to a portion B which conbines the sealing term nal
portion 230 with the quartz glass pipe 221, that portion B nmay be damaged
by vibration or the like. According to this nodification, a portion |ikely

to be damaged musuedyr amexdminalid arog, as7 VitHathoitdi® fd@rOy ethe As
shown in Fig. 16, a hallow heater top holding rod-like body 251 is
provi ded vid aw piedet e rivn tnesh dapl ding arodnl i lmasody des of 1. heochtedl| ar
quartz gl ass pipe 222 formed on the top. 72 30 Cctober 2004 Further, as
shown i n RBxpddikrmirredodiomiceetofabiove thal kot treatferceatft drhehol di ng
rod-1ike body 254 is |located a predeterm ned distance t2 above the bottom
face of theezkdHd Mereimhaoporen od3®30. Different fromthe
above-described enbodi ment, as shown in Fig. 18, the heater top hol ding
rod-1i ke body 2PLfferantdday e ahqTandes Guided Yredipeie 29 formed on
the top and the smal]-diameter, hallow circular, quartz _glass rod_ 245.
Li Kevi Se, TG o Bot tom HEt diFF FodCR i ke by BBA-15k¢ i Redv bgothe
circul ar quar z%ss i pe ., 224 forpmed on the bottom he
Sl |- et e b Tl A QR 2 1 LT g 99 2? efned on

the top and the small-diameter, hallow circular guartz

glass rod 245. Likewise, the heater bottom holding rod-

like body 254 is fixed by the circular quartz glass pipe

224 formed on the bottom and the small-diameter, hallow

circular quartz glass rod 246.

Because the predetermined gap t; exists between the

inner side of the circular guartz glass pipe 222 formed on

the top and the heater top holding rod-like body 251, a

collision between the gquartz glass pipe 222 and the heater

top holding rod-like body 251 can be avoided thereby

preventing a damage. Particularly, a collision between a

connecting portion of the guartz glass pipe 222 and the

second straight portion 223 and the heater top holding rod-

like body 251 can be avoided. This gap t; is preferred to

be 0.2 mm or more from viewpoint of avoiding such a

collision.

Because the bottom face of the heater bottom holding
rod-like body 254 is located the predetermined distance t,

above the bottom face of the sealing terminal portion 230,

even if a heater is placed on a horizontal plane, the
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Because the predeterm ned gap t1 exists between the inner 8,04 2bhe
circular quartz glass pipe 222 forned on the top and the heater top
hol di ng rod-1i ke body 251, a collision between the quartz gl ass pipe 222
and the heater top holding rod-1ike body 251 can be avoi ded thereby
preventing a damage. Particularly, a collision between a connecting
portion of the quartz glass pipe 222 and the second straight portion 223
and the heater top holding rod- |ike body 251 can be avoided. This gap t1l
is preferriesttan becd. 2f MhOrhedt €r f15ONt oth VPO i g Of o VD] 1k NG GWCH5 &
collision. Because the bottom face of the heater bottom holding rod-Ilike
body 254 imseveacatakes heopracketelth ned thstanteti@n fdbove the bottom face of
the sealing termnal portion 230, even if a heater is placed on a

hori zont al pl anélhuhe §8B0L Octoberc 2004 ot tiorn fiaxeamfl tdv digmties bott om
hol ding rod-1i ke body 254 never makes contact with an installation face.
Thus, eventh¢ SEFEhGEKs | F athonlike apphe depldiuemtBace hef ebhre Hepaker or t he

| i ke, the botton1face of the heater bottom holding rod-Iike body 254 never
makes contRREC WtkPPl‘%h%gHﬁ%‘faJrJr]é%lefa%% R R g]&?%t‘é‘él?’@?@tt%t}bortl on B

(|ntroduct|on ort 2?{& c cts the sealing termpal portion 230
with the g jgn %A%Ie %M%%GCM% 1% FOTHeCHrRdet er mi ned

RSN A T O
terminal portion 230 with the quartz glass pipe 224 from a
damage.

Meanwhile, the predetermined distance t; is preferred
to be 0.5 mm or more. The reason is that if there is a
difference 'in height of 0.5 mm or more, the bottom face of
the heater bottom holding rod-like body 254 never makes
contact with the installation face even if the vertical
vibration is applied due to the earthquake or the like.

Further, the heater top holding rod-like body 251 is
fixed with the circular quartz glass pipe 222 formed on the
top and the small-diameter hallow circular quartz glass rod
245 and the heater bottom holding rod-like body 254 is
fixed with the circular quartz glass pipe formed on the
bottom and the small-diameter hallow circular quartz glass
rod 246.

Thus, the heater portion 220 can be maintained and
even if a large external force is applied, the hallow
circular quartz glass rods 245, 246 are damaged so as to
avoid a damage in the heater portion 220.

In the meantime, when the carbon wire heating element

14



the heater bottom holding rod-1ike body 254 never makes copt@&bbapiobhgt he
installation face even if the vertical vibration is applied due to the
eart hquake or the like. Further, the heater top holding rod-Iike body 251
is fixed with the circular quartz glass pipe 222 forned on the top and the
smal | -di ameter hallow circular quartz glass rod 245 and the heater bottom
hol ding rod-like body 254 is fixed with the circular quartz gl ass pipe
formed on the bottomand the small-dianeter hallow circular quartz gl ass
rod 246. Thuss shelédalertiperqhant 22¢lzss bhenbet Nt ahaedoandpteyen if a

| arge external force is applied, the hallow circular quartz glass rods
245, 246 afeteanagedtsoy ashereofivos dpreflanmege to béeldeat ehapo? tk on0220. In
the nmeantijre, when the carbon wire heating element 74 30 October 2004 4 is
seal ed in t 5% Fart £O§P&gEchEAer SeRRE2EBSDr pLi 6he WABEK §pant duyinber eof
is preferred to pbe less than 2 x 10- 3 g/Cn8 . Consequently, generation of
the bl ack ¥Ppo¥e dt?i HPPILAFEIi sSQuppiesBethriRon t hh¥e aheak bod M eRehBati ng

el ement sealin eat er _having an excel] ent heat generatinp characteristic
can be obt?af JéJd'.g‘Jg %%J?%i}_f ﬁb‘i‘fbr?‘% Ik hf%}é‘f%Jrf%‘Ftt%%aY h??‘&ejé%b%‘? nent as
descri bed Qﬁ’fcté?fé@iéscélf gér%)yu?éfneg]‘ pol I utant substance,

particularTy no diffusrion of po ant “substance such as inpure netal or

the like from h%é%ﬂﬁé ecd -tt%‘%a@% | Ut 00, Qghfzfcﬁ’:é;r%?%?irﬁ'@mgbi ect is

suppressed, so that a heater having directivity o i'on heat and
described above, there is no diffusion of pollutant

substance, particularly no diffusion of pollutant substance
such as impure metal or the like from heating object.

Thus, pollution of a processing object is suppressed, so
that a heater having directivity of radiation heat and
capable of intensifying radiation heat in the direction of
a vertical plane can be obtained.

Next, a fluid heating apparatus using the carbon wire
heating element sealing heater of the fourth embodiment
will be described. A case where gas is used as this fluid
will be explained in detail with reference to Figs. 19 to
24 .

As shown in Fig. 19, a gas heating apparatus 300 of
the present invention comprises a heating pipe 301 for
heating gas supplied from a gas supply source, a heater
portion 302 formed spirally around an outer periphery of
the heating pipe 301, heat insulating body 303 made of
quartz glass which accommodates the heating pipe 301 and
the heater portion 302, a housing 304 accommodating the

heat insulating body 303 for accommodating the heating pipe
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capable of intensifying radiation heat in the direction of I
pl ane can be obtained. Next, a fluid heating apparatus usiﬁgqyﬁg&%gﬁg%n
wire heating elenent sealing heater of the fourth enbodinent wll be
descri bed. A case where gas is used as this fluid wll be explained in
detail with reference to Figs. 19 to 24. As shown in Fig. 19, a gas heating
apparatus 300 of the present invention conprises a heating pipe 301 for
heati ng gas supplied froma gas supply source, a heater portion 302 forned

spirally ageunch@n:RutiesaDeF | PHLF YoRf 302 he Negh | por PEpensdPd, heat _
i nsul ati ng body 303 nade of quartz glass which accommbdates the heating

pi pe 301 antkuldiei heaherepoil i M5 3020vadddUse ige SP4tRs Cowapdat i ng the heat
i nsul ati ng body 303 for accommobdating the heating pipe 75 30 Cctober 2004
301 and t hmsheeingpasedon3@D2amd hilgd powsiyg hedd, & nseheddchongapose al 305
provi ded between the heat insulating body 303 and the housing 304, a
connect i ng3 % pevi3DEh Whizhoas ngasdiatiodusipeon pipee ewdsesend is
connected to a gas supply source while the other end is connected to the
heating pipBAtemhdia &ofmecsipiglpi peurad7vhive chhe sothgfasendtdducti on

pi pe, whose end is_ connected to the heating pipe 301 while the other end
is connect¥Neeted skt tomdiRd bR heRi PHgS Pt ot s? ngPrR FakRY RHR shown) .

As shown i ig., 2 filler material 312, which resists passin as and a
i f1uston B oIF e @ et toduceton BiEe, WSS &GS "9 O

connected to the heating pipe 301 while the other end is
connected to a semiconductor heating processing furnace
(not shown).

As shown in Fig. 21, filler material 312, which
resists passing gas and a diffusion plate 313 are disposed
within the heating pipe 301.

A heat generating portion of the heater portion 302
is constituted of the quartz glass pipe 311 in which the
carbon wire heating element 4 (not shown) as a carbon fiber
described in the first embodiment is sealed and disposed
spirally on the surface of the heating pipe 301.

As shown in Fig. 19, this quartz glass pipe 311 is
comprised of a spiral quartz glass pipe 31la, a straight
pipe 311b made of quartz glass connected to an end of the
spiral quartz glass pipe 31la and for supporting the spiral
structure of the quartz glass pipe 31la, and a straight
pipe 31lc (not shown) connected to the other end of the
spiral quartz glass pipe 31la for supporting the spiral
structure of the quartz glass pipe 31lla.

The spiral quartz glass pipe 31lla communicates with
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wi thin the heating pipe 301. A heat generating portion of Qﬁﬁ%a 8004
portion 302 is constituted of the quartz glass pipe 311 in Ich the
carbon wire heating el enent 4 (not shown) as a carbon fiber described in
the first enbodinment is seal ed and disposed spirally on the surface of the
heating pipe 301. As shown in Fig. 19, this quartz glass pipe 311 is
conprised of a spiral quartz glass pipe 311la, a straight pipe 311b made of
gquartz gl ass connected to an end of the spiral quartz glass pipe 31lla and

for supporghdigst el it dlpesStIUDb Ure1 08 dhe CWaréZrigdassi Al peeliddy and a
straight pipe 311c (not shown) connected to the other end of the ~spiral

quartz gl askerpimpe Blia forommpdotdd nih tttee SPhIod]l Ghamct WEaod ghee quartz

gl ass pipe 31la. The spiral quartz gl ass pipe 31lla communicates with 76 30
Cct ober 2004la hendt Irat ghduqrghebr @i e 3dtica Agtdt thipear bbb i 3 €l deat i ng

el ement 4 is accomodated in the spiral quartz glass pipe 3lla and

i ntroduced fromh reesting drermpingels Bidbior813k] &% ssadwmgin éfig nal9 pior ti on
317 as shown in Fig. 19 is provided on each end portion of the straight

pi pes 311HRToBHARd 9} KRA¢heendRahalohor | B 3soraidiet fR¥mes ebbddi ment
this sealhﬁﬁlterninal ortion 317 has a connecting line 317a for supplying

el ectrici t¥1%s thi's® bWl heat TPl erthtthe thessambetiaents t he
port 1 on 30371 W S e B4 Tich RiF6 ekt | nif &l At s ot Soai BT n s
quartz gl%ﬁ%éﬂng]§u$E§§fhg electricity.
As this carbon wire heating element 4, the same one

as the carbon wire heating element of the first embodiment

is used. The heater portion 302 in which the carbon wire

heating element is sealed in its quartz glass pipe 11 has a

smaller heat capacity than a conventional high purity

silicon carbide heater, so that metallic pollution harmful

for semiconductor wafer, generation of particles,

generation of impurity gas and the like are suppressed.

The absorption water quantity is 2 x 1073 g/cmé or less and

generation of the black.spot during usage is suppressed, so

that a heat generation characteristic is more excellent.

Usually, the heating pipe 301 is formed in a

cylindrical shape of transparent quartz glass about 1 to 3

mm thick. After the filler material 312 and the diffusion

plate 313 are accommodated, the heating pipe 301 is closed

with side end plates provided with the connecting pipes

306, 307 and sealed firmly.

The sizes (effective diameter, effective length) of

the heating pipe 301 are set up appropriately considering
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smal | er heat capacity than a conventional high purity silisg Bhgle
heater, so that netallic pollution harnful for senlconductor ma er,
generation of particles, generation of inpurity gas and the like are
suppressed. The absorption water quantity is 2 x 10-3 g/ cnB or |ess and
generation of the black spot during usage is suppressed, so that a heat
generation characteristic is nore excellent. Usually, the heating pipe 301
is formed in a cylindrical shape of transparent quartz glass about 1 to 3

mm thi ck. ¥fd efuddie fy ldergdmte] i ek and tde did fusi - phate H3 are

accomodat ed, the heating pipe 301 is closed wth side end pl ates provided

Wi th the conecddpiritipesd e 130k anth sealed § ) Ry e dhecsi#es (effective
di aneter, effective length) of the heating pipe 301 are set up

appropri atcalaynejm’tsuckerﬂmg:dﬂﬂm e twihielre 20044 & thite ctttiard | tem@fh gas 1@ be

heat ed, heating tenperature, gas heat capacity and the |ike and usually,
the effectiove&20Minameter is 50 to 100 mMmmwhile the effective length is 100
to 200 mMm As the filler material 312 to be disposed within the heating

pi pe 301, a subdiaride i lfhesi mptshgral coldime Hkelispeamparemimudre z beads
as shown in Fig. 21 together is wused. The shape of the quartz gl ass bead

i s not al WBALINeRime I 1 ¢ SWHTraNc T 45 kg st eokwen Shepe is

capabl e of absorbing radiati heat and provi ding paSS|ng as With heat
ef Pectivel as‘rﬁ?g:rl%r g?fé”‘ § @Srspown in Fig. 21 together 1s

used.

The shape of the quartz glass bead is not always

_restricted to a short-column like shape if that shape is

capable of absorbing radiation heat and providing passing
gas with heat effectively but spherical shape, rotary
elliptical shape, short-column cylindrical shape, saddle
shape or the like may be adopted. However, any shape which
causes distortion upon fusion or likely generates cracks or
chipping upon usage is not preferable and the short-column
cylindrical shape is preferred because it is és cheap as
possible and easy to process and other reasons.

Because heat conductivity of quartzes prope;ty of the
quartz glass or the like 1s not so large, most heat energy
transmitted from the carbon wire heating element of the
heater portion 302 to the interior of the heating pipe 301
through the quartz glass pipe 311 containing the same
carbon wire heating element is radiation heat. For the
reason, the filler material 312 within the heating pipe 301
is preferred to be transparent body rather than a black

body.
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el l'iptical shape, short-colum cylindrical shape, saddle sjyapgosd:obbe |ike
may be adopted. However, any shape which causes distortion upon fusion or

| i kel y generates cracks or chipping upon usage is not preferable and the
short-colum cylindrical shape is preferred because it is.as cheap as
possi bl e and easy to process and other reasons. Because heat conductivity
of quartzes property of the quartz glass or the like is not so | arge, nost
heat energy transmtted fromthe carbon wire heating el enent of the

heater portion 32 toeddienind ettt Df the hebténonPieei 301312 hi oughet he
quartz gl ass pipe 311 containing the sanme carbon wire heating elenent is
radi-ati on hbatk Bodyt headizison, héde sl dlesonmtérbpl tBd2smiefhca the heating
pipe 301 is preferred to be transparent body rather than a black body. 78
30 Cct oberpP@uoioThet ridagdpnlacktihadyivhihe énlyethanserfate3@@rtsonhes bl ack
body, radiation heat is _ absorbed bglthe surface portion of the black body
while onl yretlsurherkedortTbnthe fibkar pakeniel. 317 ipetfansearapteri al

312 is trqgs ar ent ,boq% proj ected radjation heat reaches a center portion
through tr | RTSHECT | ERYI Rl e PRt r5REFPS | A CeBRDY i RaFklORmNNer, so

as to heat_the interior of the filler material 312 equally. Consequently,
gas passirﬁpr?$ﬁQnﬁﬁF?§ﬁ9??ﬂ%ﬁio?e%#e?%%o%e%? ngEpFPpetsdt tan be heated

o o LR B AL TR o HeLk AL ER DR 5 gt colum
filler material 312 equally. Consequently, gas passing
through the interior of the heating pipe 301 can be heated
equally.

The shape of the transparent quartz glass bead is
short-column cylindrical and its size is selected
appropriately depending on gas permeability (ventilation
resistance pressure loss). Usually, 4 to 15 mm in diameter
and 4 to 15 mm in length is used, and more preferably, 6 to
12mm in diameter and 6 to 12 mm in length is adopted.

Particularly, a substance formed by fusing two kinds
of short-column cylindrical quartz glass beads of 6 to 12
mm in diameter and 6 to 12 mm in length and 4 to 10 mm in
diameter and 4 to 10 mm in length mixedly at a ratio in
quantity of 1:4 or 4:1 (more preferably, 6:4 or 8:2) is
unlikely to generate cracks or chipping or acceptable in
terms of filling ratio and gas pressure loss.

A disc-like diffusion plate 313 made of qguartz glass
is formed on a upstream side face of the quartz glass bead

formed substance (filler material 312) integrally with the

same quartz glass bead formed substance by fusion or the
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appropriately depending on gas perneability (ventilation r
pressure loss). Usually, 4 to 15 mmin diameter and 4 to fﬁﬁaﬁégﬂ%ﬁg%gth

is used, and nore preferably, 6 to 12nm in dianmeter and 6 to 12 nmin

l ength is adopted. Particularly, a substance fornmed by fusing two kinds of
short-colum cylindrical quartz glass beads of 6 to 12 mmin dianmeter and
6 to 12 mmin length and 4 to 10 mMmmin dianeter and 4 to 10 nmin |length
m xedly at aratio in quantity of 1:4 or 4:1 (nore preferably, 6:4 or 8:2)
is unlikely;t® generate cracks or chipping or acceptable in terns of
filling ratio and gas pressure |oss. A disc-like diffusion plate 313 nade

of quartz gl ass pésSsh@hieth o @ UpsSt reaia sd derdacen ob14he sarizs gl ass bead
formed substance (filler material 312) integrally with the sanme quartz

gl ass beadplwrakdiisubsganceldy IuSaon Tie thearOi B8P EEtobertR hike. As
shown in Fig. 24, this diffusion plate 313 has plural through holes 313a.
The gquant ihgles iher¢hsesighs hol @ses ntreasese asentegoeise feof theatcant er
thereof toward its outer periphery. That is, a rate of openings per unit
areas i s highepubar ther bpitery perThpder s t hanrobe t e ceetEngs ppetiomit Because
the disc-like diffusion plate 313 nmade of quartz glass is fornmed on the
upst ream s3Ee2§ at® bighee oRuBie oW PHYLPRRT YNt hiE hor hike gerarter gl ass
bead formed substance (filler material 312), gas introduced into the
interior 0P°¥HeCheating pipe 301 is diffused fromthe

Because the disc-like diffusion plate 313 made of
quartz glass is formed on the upstream side face of the
quartz glass by fusion with this quartz glass bead formed
substance (filler material 312), gas introduced into the
interior of the heating pipe 301 is diffused from the
center portion toward the outer periphéry by the diffusion
plate 313, so that it flows from the entire upstream side
face of the filler material 312 into the interior.

Particularly because the opening rate per unit area
of the outer periphery is formed higher than the central
portion, gas introduced into the heating pipe 301 is
diffused toward the outer periphery of the heating pipe
301, so that gas flows from the entire upstream side face
of the filler material 312. Consequently, gas flows
through the entire region of the filler material 312.

Therefore, because gas flows through the entire
region of the filler material 312, heat conversion
efficiency is improved and gas residence is further
improved.

Because the diffusion plate 313 is formed integrally
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center portion toward the outer periphery by the diffusion 3gbhabser3dgds SO
that it flows fromthe entire upstreamside face of the filler materi al
312 into the interior. Particularly because the opening rate per unit area
of the outer periphery is formed higher than the central portion, gas
introduced into the heating pipe 301 is diffused toward the outer

peri phery of the heating pipe 301, so that gas flows fromthe entire
upstream side face of the filler material 312. Consequently, gas flows

through then efHd nepsegdan ofdé headd | berenateri pdr e dher efof 6,y because
gas flows through the entire region of the filler material 312,” heat

conver si onfu=fdn cendye i 51 kaproivedt ante gasatesi denTEe i 5s fust her i nproved.
Because the diffusion plate 313 is fornmed integrally 80 30 Cct ober 2004 on
t he upstraantsialel ¥ abpaafti hpldss | leeadnt espataBd?, byhe felsy gproreritiond i ke,
the filler material 312 is not partially (quartz glass bead) separated,

t her eby prasmeitd igen qehavat bnles parthel bsker the |ike. As nmeans for
allowing gas to flow fromthe entire surface on the upstream side of the
filler material 7312e3ns {or FekRsiidh|#ag o-¢ of v WersutFialendiiamet er of the
diffusion plate 313 snaller than the inside di arreter of the heating pipe

301 so as W HHMAP g H&WW@%tqﬁfvﬁ?% fhlkeF yeakpelahaildnelt

di f f |ate 313 | f the he 301. Such
Structure s Qni%%e%%l%olbér%tfe% B oo O ot SOAC 4% O bihg el or med upon

prOdUCt'c"hlffu51on plate 313 smaller than the inside diameter of the
heating pipe 301 so as to form a gap between the both with
a structure that the diffusion plate 313 is not fused with
the heating pipe 301. Such a structure enables to protect
the heating pipe 301 from being deformed upon production,
thereby improving dimensional stability.

If a diffusion plate 313 having a structure
containing the gap between the outer peripheral face of the
diffusion plate 313 and the inner peripheral face of the
heating pipe is exemplified, if the inside diameter of the
heating pipe 301 is 56 mm, the length thereof is 205 mm and
the thickness thereof is 3 mm, a diffusion plate 313 in
which the outside diameter thereof is 53 mm, the thickness
is 3 mm and 37 through holes each having the diameter of 3
mm exist can be used.

To ensure a structure in which the outer peripheral
face of the diffusion plate 313 and the inner peripheral
face of the heating pipe 301 are brought into a firm
contact or fused, the inside diameter of the heating pipe

301 is formed to be substantially the same as the outside
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t hereby i nproving di nensional stability. If a diffusion pl %b%@t&ﬁ?%ﬁi ng a
structure containing the gap between the outer peripheral face of the

di ffusion plate 313 and the inner peripheral face of the heating pipe is
exenplified, if the inside dianmeter of the heating pipe 301 is 56 nm the
| ength thereof is 205 nmand the thickness thereof is 3 nm a diffusion
plate 313 in which the outside dianeter thereof is 53 nm the thickness

is 3 nmand 37 through hol es each having the dianmeter of 3 nmexist can be

used. To edBafi€rdr Séf UEhAI @i ffushbghoides outer peripheral face of the
diffusion plate 313 and the inner peripheral face of the heating pipe 301

are brought intoaa fnproeotieact offfcsatky tde tnsikeatbanpberioh the
‘heating pipe 301 is forned to be substantially the sanme as the outside 81
30 Cct oberbR (0L teanet@rhed t tieeysli fddbaond pfatre 818, hdateénppoveibeat
efficiency of the heater portion 302 by reflecting heat rays radiated from
t he heat er3Qdrewionrao2tivitieatd, insel ety i pody a3 0 Hgcbodys 30Becovers t he
heating pi pe 301 and the heater portion 302. Then, the heat insulating
body 303 ikedfi kppseEPsi ht mrdethpussaier I0artprf 20Abl yThenhi ghepurity
heat insulating material 305 such as glass wool is |oaded in a space

bet ween t H¥EaheRSHRWIRG iFrRboiS 303 ¥R hobishhy Bea beushna gap

bet ween thfoyeat i nsul ati ng body 303 and the heater portion 303.

Preferably, a high purity heat insulating material
305 such as glass wool is loaded in a space between the
heat insulating body 303 and the housing 304 or in a gap
between the heat insulating body 303 and the heater portion
303.

Although the housing 304 for accommodating the heat
insulating body 303 internally so as to form the outer
shape of the gas heating apparatus 300 is preferred to be
structured with quartz glass material, the material for use
is not restricted to the quartz glass material, but for
example, a metallic case may be used. This housing 304 is
cylindrical and closed after the heating pipe 301, the
heater portion 302 and the heat insulating plate 303 are
accommodated. The side end face of the housing 304 has
openings for introducing out the connecting pipes 306, 307
and the sealing terminal portion 317 of the heater portion
302.

According to the third embodiment, preferably, the
sealing terminal portion 317 adopts any structure of the

terminal portions of the second embodiment. Consequently,
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Al t hough the housing 304 for accommodating the heat insul ajg®hgohedyp803
internally so as to formthe outer shape of the gas heating apparatus 300
is preferred to be structured with quartz glass naterial, the material for
use is not restricted to the quartz glass material, but for exanple, a
nmetallic case may be used. This housing 304 is «cylindrical and cl osed
after the heating pipe 301, the heater portion 302 and the heat insulating
pl ate 303 are accomopbdated. The side end face of the housing 304 has

openi ngs farcomtaodust tigeauttidecsopnecting pepesnd0sledit and the seal ing
term nal portion 317 of the heater portion 302. According to the third
enbodi mrentglasefermdl 5 pheversead ngo tiehat nal caasen oni B4 Theatophg any
structure of the term nal portions of the second enbodi nent. Consequently,
82 30 Cct obesmemo4sen ko deta et weerwh heh dar dolning ref higat | ogriedbemente and
the glass pipe is prevented, so that a carbon wire heating el enent

seal i ng he@&ring EPbreakitRpPoIs e ¢ boh bteing@ating el ement is
suppressed can he obtained. Next, a nethod for manufacturing a fornmed body

(filler material™¥12) 2P A4% JABH AL TR FTHhPOuartz gl ass
Deads w1l e eSSl Decka FARY LA 9000, pF, U312 8203, begss, prgduced by
(2 1 A S AR e e PlesggreLe, (1 arger bea):
Additionally, theyst, two kinds of quartz glass beads produced by
cutting a transparent quartz glass material rod of 6 to 12
mm in diameter to 6 tco 12 mm are mixed at a ratio of for
example, 7 (larger bead): 3 (smaller bead) so as to
produced usually, 600 to 1,000 pieces. Additionally, the
diffusion plate 313 is produced from quartz glass plate and
the through holes are made at predetermined positions in a
predetermined quantity.

Then, as shown in Fig. 23, a carbon jig 314 is placed
in a quartz cylinder (heating pipe 301) and the diffusion
plate 313 is mounted thereon. Further, the quartz glass
beads are poured onto this diffusion plate 313.

After that, this quartz cylinder (heating pipe 301)
is applied into a cylindrical split mold 315 made of carbon
and by heating at higher 1450°C while pressing with a
carbon weight, the quartz glass beads are fused partially
with each other so as to produce a cylindrical formed body.
At the same time, the diffusion plate 313 is fused with the

cylindrical formed body so that they are integrated. At

this time, the cylindrical formed body is fused with the
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di ffusion plate 313 is produced fromquartz glass plate andy
hol es are made at predetermned positions in a predetermne

0

A6bdr '2694‘ gh

quanti t

Then, as shown in Fig. 23, a carbon jig 314 is placed in a quartz cyllnder
(heati ng pipe 301) and the diffusion plate 313 is nounted thereon.
Further, the quartz glass beads are poured onto this diffusion plate 313.
After that, this quartz cylinder (heating pipe 301) is applied into a
cylindrical split nold 315 nade of carbon and by heating at higher 1450C
whi | e presgidit M d il indar femvRighdipd B nuaid zid@sshdeadse are fused
partially wth each other so as to produce a cylindrical fornmed body. At
the sane timeegtdwee=dli ffusion plate 313 is fused with the cylindrical
formed body so that they are integrated. At this tine, the cylindrical
formed body is fAlsggdwgh hiptdre 8318t d@otmwirey, 200dbaglardzl iad itnderhed heat i ng
pipe 301) so that they are integrated. Al though upon nanufacturing, a |oad
appl i ed t o-atheliopanientcomahty orfalnigt iapmbtedppt itz qukasy gl ass
beads in the vicinity of the dlffu3|oncgate 313, but the mrtz gl ass

beads are BRAY B tHe Hel it Fusivh Pratd Basiegy Ririe Db

hile As a

result, se arat| on}l of the uartz S beads can, be bl ocked thereby
ﬁwga@eds PAEARREE ST

generatio Fiede org Ihe filler
mat eri al 12 roduced in suc wa posed the h ng e 301,
gas i ntrodiced “into™M H‘ee]?%}attl nd*Dihe % as eé%alf%%%ho#ea#e p%‘g%‘g s bent

glass beads can be blocked thereby generation of particles

and the like being suppressed.

Because the filler material 312 produced in such a

way is disposed in the heating pipe 301, gas introduced

into the heating pipe 301 passes through fine passages bent

and intersecting in complicated way, constituted of the

filler material 312, so as to provide with suitable

resident time. Radiation heat from the heater portion

repeats transmission, refraction, scattering and reflection

in complicated way inside the filler material 312.

As a result, the introduced gas can be supplied with

a sufficient heat amount. Thus, heat exchahge efficiency

excels so that the sizes of the heating pipe and heater

portion can be reduced.

Because the diffusion plate 313 is formed integrally

on the upstream side face of the filler material 312,

gas

introduced into inside of the heating pipe 301 is diffused

by the diffusion plate 313 as shown in Fig. 22, so that gas

flows in from the entire upstream side face of the filler

material 312.
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and intersecting in conplicated way, constituted of the fijhl®hoymRb ?@4 al
312, so as to provide with suitable resident tine. Radiation heat fromthe
heater portion repeats transm ssion, refraction, scattering and reflection
in complicated way inside the filler material 312. As a result, the

i ntroduced gas can be supplied with a sufficient heat amount. Thus, heat
exchange efficiency excels so that the sizes of the heating pipe and
heater portion can be reduced. Because the diffusion plate 313 is forned

integrally on tddiRatdean siges facg,ofcthadr Iy dmterd aéeg%% Has
i ntroduced into |n5|de of the eating pipe 301 is diffused by the

di ffusi on fHat®E Bl asatshowd i 3N Fj Go 22hatsgddateHasendd oms in&fdﬁﬂt he
entire upstreamside face of the filler mterial 312. 84 30 t ober 2004

Consequentdrnyd rgmst fd:omsaridy aufii ¢ henentid eini@ghwsd of FidehdA | [1&ie mat eri al
312, so that gas residence is inproved and heat exchange efficiency is

i nproved. FurkdremattdieialillrismterenalpBdi2idsl nevsrapardd add/ separ at ed
and generation of particles therewith can be prevented. A two- dot chain
line in Figgnexatinh caff enrfasciepvihdestitha eardide qedomisdd t hiks terdodi ment
will be described with reference to Figs. 25, 26. Although according to
the previ Gt é?ﬁﬁ)’di merte ¥heigH fAusinigatee B8 FXO%ormed on the upstream
face of the fil]er materléT 312, accordi ng to this enbodi rrent t he

di f fusi on pl at ed'eits, BIPETEFHr RN Un Hhe FRIGERRTRE 11

described with reference to Figs. 25, 26.

Although according to the previous embodiment, the
diffusion plate 313 is formed on the upstream face of the
filler material 312, according to this embodiment, the
diffusion plates 313, 316 are formed on the upstream face
and downstream face of the filler material {(cylindrical
formed body) 312.

The diffusion plate 313 provided on this upstream
face has the same structure as the diffusion plate of the
previous embodiment. Although the diffusion plate 316
basically has the same structure as the diffusion plate of
the previous embodiment, the outside diameter of the
diffusion plate 316 is formed to be smaller than the inside
diameter of the heating pipe 301. Further, like the
diffusion plate 316, the diffusion plate 313 to be provided
on the upstream face may be formed to have a outside
diameter smaller than the inside diameter of the heating
pipe 301.

When producing the formed bodies and the diffusion

plates 313, 316 using such qguartz glass beads, the quartz
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and downstream face of the filler material (cylindrical fagmwdhedyss 312.
The diffusion plate 313 provided on this upstream face has the sane
structure as the diffusion plate of the previous enbodi nent. Although the
di ffusion plate 316 basically has the sane structure as the diffusion

pl ate of the previous enbodi nent, the outside dianmeter of the diffusion
plate 316 is forned to be smaller than the inside dianmeter of the heating
pi pe 301. Further, like the diffusion plate 316, the diffusion plate 313

to be provgless esadhendpshé eam§acesa@yndedf pragdok ophaves az oyl side
di anmeter smaller than the inside dianeter of the heating pipe 301. Wen

produci ng dte fatutacborkesl biod tihe giédushonempbairven8ldnd346 sBbHg such
gquartz gl ass beads, the quartz 85 30 Cctober 2004 gl ass bead and the first,
second di ffusiion- p2at eshS13ri3d® J by e3bhhinif act aced 1imkehé hguprewi ous

embodi ment and as shown in Fig. 25 the carbon jig 314 is placed in the
quartz cyl¢nwbErdehetheaiginy fein®130hhdandeth fALEfoniphapbaB4d3313 ispunt ed
thereon. Further, the quartz gl ass bead and the second diffusion plate 316
are pl aced"P el sCRRFIQRI onFubFae® 3alze Wearkz ghiss goerd zanyl theler
(heating pipe 301). ] applied into the carbon made cylindrical split nold
315, a ca?eg%‘?f“ge‘%bﬁfuﬁjs&gl%%?t%%ﬁse%eaE’IJda‘FI%%t%‘EI Berig 4858 @$10R| gher so
as to fuse e tz glass beads partially together to a cylindrical

f or med bocﬁ/f.ahce%'

After, this quartz cylinder (heating pipe 301) is
applied into the carbon made cylindrical split mold 315, a
carbon weight is placed thereon and heated at 1450°C or
higher so as to fuse the quartz glass beads partially
together to a cylindrical formed body.
| At the same time, the first, second diffusion plates
313, 316 are fused with the cylindrical formed body so that
they are integrated. Further, the cylindrical formed body
312a is fused with the quartz pipe (heating pipe 301) so
that they are integrated.

If the outside diameter of the first diffusion plate
313 is formed to be smaller than the inside diameter of the
heating pipe 301, a gap is formed between the both. If the
outside diameter of the first diffusiod plate 313 is equal
to the inside diameter of the heating pipe 301, both of
them are fused together so that they are integrated.

On the other hand, because the second diffusion plate
3le is formed to be smaller than the inside diameter of the
heating pipe 301, both of them are not fused or integrated.

That is, because a load is applied to the quartz glass
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At the sane tine, the first, second diffusion plates 313, RlG.85& 2hysed
with the cylindrical fornmed body so that they are integrated. Further, the
cylindrical formed body 312a is fused with the quartz pipe (heating pipe
301) so that they are integrated. If the outside dianmeter of the first
diffusion plate 313 is forned to be snmaller than the inside dianeter of
the heating pipe 301, a gap is forned between the both. If the outside
dianeter of the first diffusion plate 313 is equal to the inside dianeter

of the heabéagspbpepd8dsihgt bthef sébentanerfusednt pygthes180 that they are
integrated. On the other hand, because the second diffusion plate 316 is

forned to deasnal ybasshhamadibeatrasiideodhadetser tbitt Bre Beabhag pi pe 301,
both of themare not fused or integrated. That is, because a load is
applied todihBugantplygtassl8es BOkexct obeus 2008 beadsebynqir éssEngibhe second
diffusion plate 316, the quartz glass beads are deformed so that the
second diP}aseohl bl bt efBUBed| hksbe Thasali tot heeséuohdedilifuston ofl ate 316
is formed to be equal to the inside dianmeter of the heating pipe 301 and
both of thERFredftRePiRyethbrandpetbne] themsetenfuapef bevehhprate 316
but al so the heati pi pe 301 are deforned, |acking dinensional
stabilit ,n%%i%%stQﬁ%ts TR r%bfg?skﬁ%aﬁ%%t% SUPFPerentsPokbe is applied
to th f b I b ight f f usi
o] e qu . %a s _be oca eg aboye g . Vel rom above, fusion
portions ?%%%&l% r§} %s?ggfa¥%eé% %f?%ggl %ggﬁgﬁdgl%?%31?ﬁ? e.
stability, which is not preferable.
Because a sufficient force is applied to the quartz
glass beads located above by a weight from above, fusion
portions (neck portions) of the quartz glass beads are
large.
Because the weight is distributed as it goes from up
to down so that the force applied to the quartz glass beads
downward becomes smaller, the fusion portion of the quartz
glass beads is smaller than the fusion portion (neck
portion) of the quartz glass beads located upward.
The reason is that if the neck portion is larger, the
gap between the quartz glass beads is smaller and if the
neck portion is smaller, the gap between the quartz glass
beads is larger.
Therefore, porosity on the upper side of the formed
body formed by fusing the quartz beads together is formed
to be smaller than the porosity on the lower side. In the
meantime, the upper side of this formed body responds to

the downstream side of the heating pipe while the lower

side responds to the upstream side of the heating pipe.
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Because the weight is distributed as it goes fromup to dQ%ﬂ?§8m&56ﬁ4the
smal ['er, "the

force appl

ied to the quartz gl ass beads downward becones

fusion portion of the quartz glass beads is snmaller than the fusion
portion (neck portion) of the quartz gl ass beads | ocated upward. The reason
is that if the neck portion is larger, the gap between the quartz gl ass

beads is snmaller and if the neck portion is snaller, the gap between the
quartz glass beads is larger. Therefore, porosity on the upper side of the
formed body forqmd byHdIs NG d her qual tZHeads 4ag8ihernd & fidmednto be
smal ler than the porosity on the lower side. I'n the neantinme, the upper
side of this s riach ROfYy IREP WIS Gre td1Endtsdd eamsd decif the heating

pi pe while the | ower

pi pe. 87 3IfeAnimhernt2004 fHemesd thelsives difpgde frushdrdped | Bnad ek
of the quartz glass beads were neasured. Upon the neasurenent,

portion)

formed bodyoMasiai ppetl 4 ntimadnogenl fithorqukert sof dsorbeats altdppeedint i |

si de responds to the upstream side of the heating

t he

gquartz gl ass beads dropped was neasured and the size of the neck portion

was cal cutas eedgwrad Rnd ides etk tdhethavorecls pewitfiaalvas because the

quartz glass was etched in HF solution having 16% density at a velocity of

8 mh, a

constant i
neck -porti

G R 9] R dldt Zrep e bdaldie dr opped was  neasured and by
multiplying this time by that etching velocity and a constant (the
R e

s 2 bétHsE

é%ghed in HF solution having 16% density at a velocity of 8
um/h, a time until the quartz glass beads dropped was
measured and by multiplying this time by that etching
velocity and a constant (the constant is 2 because the
etching is progressed from both sides of the neck portion),
a quantity {size of the neck portion}) of an etched portion
was obtained.

- Consequently, as shown in Fig. 26, that quantity was
80 pm on the downstream side while it was 4 pm on the
upstream side. As evident from this, it was verified that
the porosity on the upstream side was large while the
porosity on the downstream side was small.

Because the porosity in the formed body on the

downstream side formed by fusing the quartz glass beads

‘together is smaller than the porosity on the upstream side,

gas residence can be improved thereby leading to
improvement of heat exchange efficiency.

Because the diffusion plates are formed integrally on
the upstream and downstream sides of the filler material,

the filler material is not partially separated thereby

88
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a quantity (size of the neck portion) of an etched portion jpas.shbapsped.
Consequently, as shown in Fig. 26, that quantity was 80 mon the
downstream side while it was 4 mon the wupstreamside. As evident from
this, it was verified that the porosity on the upstream side was |arge
while the porosity on the downstream side was small. Because the porosity
in the fornmed body on the downstream side forned by fusing the quartz

gl ass beads together is smaller than the porosity on the upstream side,
gas resi depeevesinibe papt Dybss tded ebye | Boldd nBrén bé g ayenerited heat
exchange efficiency. Because the diffusion plates are fornmed integrally on
t he upstredme gty downst ream sides of the filler material, the filler
material is not partially separated thereby 88 30 October 2004 preventing
particles and tHelihidkeglf raomdreingl gelrerndtiath gderiebyenplahmilighs afl exanpl e
in which qg; is enployed as fluid by a fluid heating apparatus using the
carbon w reY heaktiwel e aRRad Falgihast €t ofhe A presentré Nveritimh has
descri bed ove, even jf liquid such as pure water is used instead of gas,
the sane R ore Sl Y fRRAT XA hetNot R TR JeveREte HeRS this

enbodi nent , enabl.es tq obtain a flujd heating apparatus enploying the
carbon wi I IR @ ci"é‘?]’en‘?v%réa‘r% HEHT TV Thi Th BEF H@%Hug%d%r?fi si ze,

having exgeld et 9as; 485  dRNeR0 L Nal: RXEhANgS ILLET K, and
obtained.

As described, this embodiment enables to obtain a
fluid heating apparatus employing the carbon wire heating
element sealing heater which can be reduced in size, having
excellent gas residence and heat exchange efficiency and
capable of suppressing generation of particles and the

like.
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capabl e of suppressing generation of particles and the |I|g@0§@oe'§@0@:t ober
2004 CLAIMs: 1. A carbon wire heating el enent sealing heater in which a
carbon wire heating el enent using carbon fibers is sealed in a quartz

gl ass nmenber, wherein absorption water quantity of the carbon w re heating
element is 2 x 10-3 g/cnB or less. 2. A carbon wre heating el enment sealing
heater in which a carbon wre heating el enent produced by knitting plural
carbon fibers is sealed in a quartz glass nenber, wherein absorption water
quantity ofrAhescarbon wire heating element is 2 x 103 g/cnB or less. 3.
The carbon wire heating el enment sealing heater according to claim1l or 2,

wherein the quartz gl @ssodrenbere hsat Uyl af etk asdat 19y hetyesn fhe
di aneter of the carbon wre heating elenment and the inside dianeter of the

quartz glwskclpi pecasbdn 2vioe ShedtiddeeTanidon wieg heathay £laeatiseal i ng
heater according to claim3, having a U shaped configuration while a
strai ght hesaled) v emeqiaritsz pybyvssedesiner t evlménaln portions are provi ded on
both ends through bent portions, wherein the carbon wire heating el enent
is di sposed of f akrRorremervgdory i oot theo fushe caflass wipe. h@dting

element is 2 x 107 g/cm® or less.

2, A carbon wire heating element sealing heater in
which a carbon wire heating element produced by knitting
plural carbon fibers is sealed in a quartz glass member,
wherein

absorption water quantity of the carbon wire heating

element is 2 x 107 g/cm® or less.

3. The carbon wire heating element sealing heater
according to claim 1 or 2, wherein the quartz glass member
is tubular and a ratio between the diameter of the carbon
wire heating element and the inside diameter of the quartz

glass pipe is 1:2 to 5,

4. The carbon wire heating element sealing heater
according to claim 3, having a U-shaped configuration while
a straight heating element is provided and terminal
portions are provided on both ends through bent portions,
wherein

the carbon wire heating element is disposed off the

center portion of the quartz glass pipe.
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.30 Cctober 2004 5. The carbon wire heating el ement sealing fpegiisher 2004
according to claiml1l or 2, further conprising: a glass pipe disposed at an
end portion of the quartz glass nenber and for acconmodating the end
portion of the carbon wire heating elenent; a wire carbon nmenber for

ni pping an end portion of the carbon wire heating elenment; and a term nal
portion whose end is acconmmopdated in the glass pipe and which contains a
connecting wire for power supply nipped by conpressed wire carbon nenbers,
wherein the wire carbon nenber is constituted of plural wire carbon
bundl es conposed of wire carbon materials, and the carbon wire heating

el ement is di sposedrhsubstBbhi ahik¥ hBathgqCentREnef skbhe ighassRide anong
the plural wire carbon bundles. .6. The Carbon wire heati'ng el ement

seal i ng heateordaagotdi agatif ¢l 8kl @ur2hekuebheh i6QmMel: Si RUas fJifsd

gl ass pi pe disposed at an end portion of the quartz glass nenber and for
accommodat dngpaspdr et ohnt hadcapvbohon bé theatuagtel ererts; m@mdecorchdql ass

pi pe having the same axis as that of the first glass pipe and for
accommodat fay aacommddpoingohhef eadppaet isopplfy tbenrneationg wiiree f or
supplying electric power to the carbon wire heating el enent and an end
portion of PERELBEr BoAMGNEE RedirfAgcakbpaninemied fort adpdald por winoh
accomodated in the first and second gl ass piges in a conpressed state and
havi ng a WPEL¢arhsh HﬁﬁbéﬁrQQDBUlEEtgBéF1290@ EBENG ppindg ot AeT8dNEdn wire

h in I n r .
eating e Sg?ggo% Sh ggeend is accommodated in the glass pipe and

which contains a connecting wire for power supply nipped by
compressed wire carbon members, wherein

the wire carbon member is constituted of plural wire
carbon bundles composed of wire carbon materials, and

the carbon wire heating element is disposed
substantially in the center of the glass pipe among the

plural wire carbon bundles.

6. The carbon wire heating element sealing heater
according to claim 1 or 2, further comprising: a first
glass pipe disposed at an end portion of the quartz glass
member and for accommodating a part of the carbon wire
heating element; a second glass pipe having the same axis
as that of the first glass pipe and for accommodating an
end portion of a power supply connecting wire for supplying
electric power to the carbon wire heating element and an
end portion of the carbon wire heating element; and a
terminal portion accommodated in the first and second glass

pipes in a compressed state and having a wire carbon member
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supply connecting wire, wherein the wire carbon nenber is c@nsiihtdtags of
plural wire carbon bundles conposed of wire carbon naterials and the
carbon wire heating elenent is disposed substantially in the center of the
gl ass pi pe anong the plural wire carbon bundles. 7. The carbon wire

heati ng el enent sealing heater according to claim®6, wherein the quantity
of the wire carbon nenbers accomodated in the second glass pipe is

| arger than that of the wire carbon nenbers accommopdated in the first gl ass
pi pe. 8. Ther cardimoM e heatiddry «l eadatses) i digraat ednd gassding to claim
5 6 or 7, wherein the wire carbon bundles are accommodated in the gl ass
pi pe such dumtly fadrdedthiaok wiord | artserdid he wire carbon bundl es are | ocated
on an introduction side of the carbon wire heating elenent in the glass

pi pe for accommudat iwiget e dyh peantbieon icf ddrest icartesh ol reel thedlt iwigeeel enment .
9. The carbon wire heating el enent sealing heater according to claim®6, 7
“or 8, wher@ibarhéundlsts giarepgip e ol e crrithatialpmi s tarst t he  car bon

wire heating elenent is formed linearly while the second glass pipe for
accomodat i ng erfd*$SATRTS Yorre feead2 ) dansidy lzvoeﬂ@wﬁ@c?suppl y
connecting wire for supplying electric power to the carbon wire heating
el ement ancﬂqu@rbtdrad;]ﬁpvﬁ’{etq“%éﬁqw érrfgrﬁahﬁ JIAFHRARE |FHIH 1§ t he car bon
Wi re heati ng, ellerr.ent an th% vvic[e carbon bundl es are di sposed

pfural wire carbon bundles.

7. The carbon wire heating element sealing heater
according to claim 6, wherein the guantity of the wire
carbon members accommodated in the second glass pipe is
largér than that of the wire carbon members accommodated in

the first glass pipe.

8. The carbon wire heating element sealing heater
according to claim 5, 6 or 7, wherein the wire carbon
bundles are accommodated in the glass pipe such that
folded-back portions of the wire carbon bundles are located
on an introduction side of the carbon wire heating element
in the glass pipe for accommodating the end portion of the

carbon wire heating element.

9. The carbon wire heating element sealing heater
according to claim 6, 7 or 8, wherein

the first glass pipe for accommodating a part of the
carbon wire heating element is formed linearly while the

second glass pipe for accommodating end portions of the
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substantially in parallel to axes of the first and second g @dsspdehBes. and
the carbon wire heating elenent is introduced froman end portion of the
first glass pipe. 10. The carbon wire heating el ement sealing heater
according to claim5, wherein a glass pipe for accommodating the carbon
wire heating elenent is fornmed in a T shape while an end thereof is

seal ed, the carbon wire heating el enent and the carbon wire bundles are

di sposed substantially in parallel to the axes from an opening ‘end portion

of the gl as6udi PRIBPLP SERd G n@N BOT £ PN EHST £0L o @i@cﬁ@fc?ée‘ggng re

heating elenent is introduced fromanong the wre carbon bun t a bent

portion oftd hehql essodn peird hedihen ¢ as beied rendieghd N BhsmeM rseal i ng
heater according to claim1, 2 or 3, conprising a heater portion nade of
quartz gl dssatpimpe ¢lenacc awsrofiatmey Biced b, Wike cdeiadn ngied enent 1 g@nposed
of carbon fibers, sealing termnal portions provided on both ends of the
quartz gl askemgpe afd the host eraport i mmdheks saconhesgdsgd t er m nal provi ded
on 93 30 Cctober 2004 the sealing term nal portion, wherein the heater
portion i SSYotrAE AW ridi iep il uake 2xes a6 Pipefbpit adng secendal |y
while the aluartz gl ass priﬁﬁe extending vertically is forned linearly and

t he quart Z-HtadE RfiPes the top and bottom portions are forned

circularly, and . ,
y the carbon wire heating element is introduced from an

end portion of the first glass pipe.

10. The carbon wire heating element sealing heater
according to claim 5, wherein

a glass pipe for accommodating the carbon wire
heating element is formed in a T shape while an end thereof
is sealed,

the carbon wire heating element and the carbon wire
bundles are disposed substantially in parallel to the axes
from an opening end portion of the glass pipe to a sealing
end portion thereof, and the carbon wire heating element is
introduced from among the wire carbon bundles at a bent

portion of the glass pipe.

11. The carbon wire heating element sealing heater
according to claim 1, 2 or 3, comprising a heater portion
made of quartz glass pipe for accommodating a carbon wire
heating element composed of carbon fibers, sealing terminal
portions provided on both ends of the quartz giéﬁs pipe of

the heater portion and a connecting terminal provided on

93



the sealing termnal portions are formed at end portions afydlhspgvand z

gl ass pipes of the heater portion extended to sides of the sane faces.

The carbon wire heating el ement sealing heater according to claiml1, 2 or
3, conprising a heater portion nmade of quartz glass pipe for accommobdati ng
a carbon wire heating elenent conposed of carbon fibers, sealing term nal
portions provided on both ends of the quartz gl ass pipe of the heater
portion and a connecting term nal provided on the sealing term nal

portion, whesesdalheg heatRinPOrdsonids, fRhaBLdiRY W nding the quartz gl ass
pi pe spirally vertically while the quartz glass pipe extending vertically
is formed |inearthye anshtde sperion 08 aSSrmd@asy ofikdiEnd ophangudett om
portions are forned circularly, and the sealing term nal portions are
fornmed at @halss poipe onsiodllheveriat ¢zl Dy asisi pé pelse ofjus biez hebies POSEi on
extended to sides of the sane faces, the sealing termnal portion including
a gl ass pipeteidinaceoniodat ingianfemepolinenrby ah@ claebguamize heating
94 30 Cctober 2004 elenent and wire carbon nmenber acconmodated in the glass
pi pe in a ThHHT RERPE Pt aneor crndi ik Hep apcehEopdrarenfoviedhe car bon
wire heating elenent, the wire carbon nenber being constituted of plural
Wre carbdﬁ“ﬁﬂﬁh?%%yeaimdconposed of wire carbon materials, - the carbon

Wi re heating el nt bein i sposed anong. the plural wire carbon bundl es
and substan?iall ?rﬁ?iifé%(¥e mf%éﬁ poré&ons g&e %Brmeé at end
portions of the quartz glass pipes of the heater portion

extended to sides of the same faces.

12. The carbon wire heating element sealing heater
according to c¢laim 1, 2 or 3, comprising a heater portion
made of quartz glass pipe for accommodating a carbon wire
heating element composed of carbon fibers, sealing terminal
portions provided on both ends of the quartz glass pipe of
the heater portion and a connecting terminal provided on
the sealing terminal portion, wherein

the heater portion is formed by winding the guartz
glasé pipe spirally vertically while the quartz glass pipe
extending vertically is formed linearly and the quartz
glass pipes on the top and bottom portions are formed
circularly, and

the sealing terminal portions are formed at end
portions of the quartz glass pipes of the heater portion
extended to sides of the same faces,

the sealing terminal portion including a glass pipe

for accommodating an end portion of the carbon wire heating
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center of the glass pipe. 13. The carbon wire heating elengﬁpjaa@;b@g%
heater according to claim11l or 12, wherein a curvature radius o{ t he

quartz glass pipe fornmed circularly is twice or nore to five tinmes or |ess
the outside dianeter of the quartz glass pipe. 14. The carbon wire heating
el ement sealing heater according to claim1l, 12 or 13, wherein a ratio
between the thickness of the heater portion formed circularly of the
gquartz glass on the side of an outer peripheral portion and on the side of

an inner perémBet ahn@Owt £ONcA 8bdn ImdmbOr 2acdSmndBgr6ar PANLMET §1 488t i ng
el ement sealing heater according to any one of the clains 11°to 14,

wherei n a pipé etnt apchapdéagedesbetei snietdednippihg hnstde pbrai6hrcul ar
quartz glass pipe forned on the top while a heater bottom hol di ng nenber
is wel ded ¢D tie ocatisodewdDfethea®bngOelemebey 2004 circular quartz gl ass

pi pe fornmed on the bottom 16. The carbon wire heating el enent sealing
heater accordi nghe ovtrai paalson whemeen lze boy torm$ateuoédt e hatar bottom
hol di ng menber is |ocated above the bottom face of the sealing term nal
portion. I7iT@ FREPen heddfhgs appah atoBrednprPSi njra cerbPngnaheniats,
according to claim1 or 2, a heating, pipe for heating fluid supplied from
a fluid supply sOif ce2TROMeutE? NPRFiTorctoneRE aebiwdlt FROPRAt 2RNDi pe and

made of qu@ﬁéZplgigfswfégecggéogcggnd ggtégg é&gsggﬁnglY§rfnhgﬁélng

center of the glass pipe.

13. The carbon wire heating element sealing heater
according to claim 11 or 12, wherein a curvature radius of
the quartz glass pipe formed circularly is twice or more to

five times or less the outside diameter of the quartz glass

pipe.

14. The carbon wire heating element sealing heater
according to claim 11, 12 or 13, wherein a ratio between
the thickness of the heater portion formed circularly of
the quartz glass on the side of an outer peripheral portion

and on the side of an inner peripheral portion is 1:1.1 to

2.

15. The carbon wire heating element sealing heater
according to any one of the claims 11 to 14, wherein a
heater top holding member is welded to the inside of a
circular quartz glass pipe formed on the top while a heater

bottom holding member is welded to the outside of the
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el ement conposed of carbon fibers and a housing for accom@dsiihng 2bhe
heating pi pe and the heater portion, wherein filler material resisting
passing fluid is disposed inside the heating pipe while a diffusion plate
is formed integrally with an upstreamside face of the filler material.
18. A fluid heating apparatus according to claim17, wherein the glass
pi pe accommobdates an end portion of the carbon wire heating elenent at an
end portion of the heater portion; wire carbon nenber is accommopdated in

the gl ass cpipelin quaeorPrebses 1@ efdBfedi PRI Aige apoersportion of the
carbon wire heating elenent and a termnal portion is accombdated in an
end portion of the glass pipe with a 96 30 October 2004 power supply
connecting wire nipped by the conpressed wire carbon nmenber, the wire
carbon nmenber i st@ori¥te tagdrbrofwiptartaaming elbandon demidires eactheconposed
of wire carbon materials, the carbon wire heating el enment is disposed anong
the plur @cspFeLeariboreiimdl by aesebstantebtoy face hef cam dreatoér t he

gl ass pipe. 19. The fluid heating apparatus according to claim17 or 18,
wher ei n t RPFTIM o kg ingmler shhriecatedmaheowe t@%g@ﬁt@na%&;c%aﬁ, t he
diffusion_giat%ﬁ%f.a qgartz | ass  plate while the diffusion plate is fused
with at | a8t Bt TTAce B %e #9156 naterial formed by fusing the quartz

beads toget her.

17. A fluid heating apparatus comprising a sealing
heater according to claim 1 or 2, a heating pipe for
heating fluid supplied from a fluid supply source, a heater
portion formed around the heating pipe and made of quartz
glass pipe for accommodating the carbon wire heating
element composed of carbon fibers and a housing for
accommodating the heating pipe and the heater portion,
wherein

filler material resisting passing fluid is disposed
inside the heating pipe while a diffusion plate is formed
integrally with an upstream side face of the filler

material.

18. A fluid heating apparatus according to claim 17,
wherein the glass pipe accommodates an end portion of the
carbon wire heating element at an end portion of the heater
portion; wire carbon member is accommodated in the glass
pipe in a compressed state for nipping an end portion of
the carbon wire heating element and a terminal portion is

accommodated in an end portion of the glass pipe with a
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20. The fluid heating apparatus according to claim17 18 qm(;gom*@gggln
the diffusion plate is conposed of a disc-like quartz glass plate
containing plural through holes and the ratio of openings per unit area by
the through holes is larger on an outer peripheral portion than in the
central portion. 21. The fluid heating apparatus according to any one of
clains 17 to 20, wherein the porosity on a dowstream side of the filler
material formed by fusing the short- colum |ike quartz glass beads is

snmal | er orpdwier pUIMSi ¥ YeortiedtindIpst e ai Sidle. b P e 30 &4k 590k LARBON
W RE HEATI'NG OBJECT SEALI NG HEATER AND FLUI D H TI NG APPARATUS USI NG THE

SAMVE HEATERARSTRAGIHAF, DI SCLOSURE A carbon wire heating el ement sealing
heater is provided. Therein, a carbon wire heating el ement using carbon
fibers is seal edlien vel rpiaradrbagl assnlreenier ,comerieiut edbsO it ol wal e
gquantity of the carbon wire heating elenment is 2 x 10-3 g/cn8 or |ess.
Fig. 1 98 carbon bundles each composed of wire carbon materials,
the carbon wire heating element is disposed among the
plural wire carbon bundles and substantially in the center

of the glass pipe.

19. The fluid heating apparatus according to claim 17
or 18, wherein the filler material is short-column like
quartz glass bead, the diffusion plate is a quartz glass
plate while the diffusion plate is fused with at least one
face of the filler material formed by fusing the quartz

beads together.

20. The fluid heating apparatus according to claim 17
18 or 19, wherein the diffusion plate is composed of a
disc-like quartz glass plate containing plural through
holes and the ratio of openings per unit area by the
through holes is larger on an outer peripheral portion than

in the central portion.

21. The fluid heating apparatus according to any one
of claims 17 to 20, wherein the porosity on a downstream
side of the filler material formed by fusing the short-
column like quartz glass beads is smaller on the porosity

on the upstream side.

97





